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Ponting Indsostry

Within the automolive lndushry sutemotive lishting occupies
a significant position, which is prowingly em hasized by
economy requ’vvnments, It muet ensure fast and safe traffic
even under lew visibility conditions sunch as twilight, fog,
night, cte.

A veriet, of 1i hting device s has been introducad by the
industry, to permit suiteble sbservation ~onditions for all
participants in road troftic, anl signel the presence of the
vehicle or the intentions of 118 driver in a definite manner
« . thnut disturbing the smooth flow, or jecpardizing the safe-
ty, of the iraftic.

Other types of lighiing Fixturoo are uvsed for local illumina-
tion either inaide c¢r cutaide the vehicle, or in its close
proximity.

It is obviocus, that such an extensive assortment of lighting
fixtures differe remarkably in both Adesign and lighting
properties.

wing  to thene facts, this paper is divided into the
f'ollowing sectionu:

1. Luminous Properties of the Lizhting_Fixtures analysed from

- - e p - e - - e s - - — - - U"'."— -—- - -

the point of view of photomeiric quantities /luminous flux,
luminous intensity, brightness, luminous emittance, illumi=-
netion/, cunlities of 1icht colority, artical marping and

licht utilization.

2, Design_keatures of intividual lightang rixtures, datermine-

¥Ion ol optimum type:, ccpecially of fe head lightis, which
require maximum atlentien due to hizgh tecthinical and servi-
ce derande, Jther types of 1ihtin;, fixtures and darands
specified by nzectnslovak CON/ and 0% ctandnrds, as well
gs special demands imposed upon the lichting fixtures from
the point of view of maintaining n2oedsory cleatric, me=-
chanizal-optical and ad uastmont ran s Are also analysed.

4, irodnctisn ol Aqtugmki!o_gihLLAQV_rixtgrug in~1ndes a brief
Jecoription of the CShufacture of 1ndividunl c smponent
narta, especiaily of tue beadla bty /pirabollc Tirrors,

headlight glascea, corrier and rcotifyiny ecuipment/, as

well nas their contrnl and szrembly.

4. Test.rp_trocedurss are Aivided intn foul aenarate para,raho:

- e - -







5.

6.

@, betermining the physicsl properties of the light by
meene of experimental methsdas with the aid of photoe
seters, inte raters, luxmeters and colorimetric
devices;

b. Testing of nghting fixtures /headlights, lamps,
refruceors/ in the fuctory, nccerding to the
respective recomenluiiomof =CE wnd CSN;

¢s Testing of liynting fixtures mounted in operaeti
position on the vehicle, according to the rcapcggivo
recomendstions of LCE sand CSN, snd their correct
adjustment;

4., Special to~tyng equipment,

The signiticance of laboratery testing is emphasised with
respect to recent advances in optics. A proposed optisum
testin_ lab ratory outfit 1c adder,

Tropicalizotion ~overs apecial requirements upon instru=
ments arc devices which are vred in climates causing une
favourable corrosiorn of compenent parts of metals end

plastics. The analys:is is hased on the tentptive CSN
standard whereirn the properties of metals, alioys, plastics
and protectine filme for component parts used in the
tropics are specified, ani testing procedures for such
component parts, inclidings their cv lustion, are deter-
minad,

W o e an B e o . " w— v E»— T I R e T -

P R e

a, Determination of optimum conditions from the stand-
point uf the national economy tor the establishment
of individual plants;

b. Materisl requirements;
¢, Personel demands, qualification of menagement staff;

d. Necessary cooperation;
- with developed countries;
- among developing countries.

A statement of general considerations concerning the
possibilities for menufacturing sutcmotive lighting in
developing countries is sttached,

Ladigslayv 2 a j 1 ¢

Renearch Yorker
Mrtnr Car Rescarch Ingtitute







VR.1317
English
& Csntents
A D O S ou OB @S 20 =5 26 o =0 - M
Intreduotioen 1
I. Lighting properties of the lizhtine fittinss 2
" The esswnce of light
Basic photometric quantities k]
I1. Celour radiatien -+ 9
Light colority measuring 9
Cnremat ic ce-ordinates ef light 10
III, Mo vehiole ht 2l
Main headlights S a
Auxiliary headlights /Desoription/ . 22
| Luminous eource ) 23
i Refleoter 28
|
f Diffusing glass )
Mailn headlights with "H" lamps problems 39
Auxiliary headlights /Desiga, problems/ '}
Bigna®l lighcting fittings 46
IV, Preduotjion ef lightins fittipes 49
Productien eof reflecters 4©
Preductien of Aiffusing glasses 53
Preductien of eignal lighting fittings %
Vo Testinz techniques for moter vehiole lishting fittinss 57
Intreduotien 57
Testing techniques 38
Basic regunlations 56
Tosts of the luminous technical preperties 60

Measuring ef the light chremsoity o




/%1317
Baglish

vI.

Glaring by the headlighte

Pelarization ef light

Measuring eof the refleoting glaseee

AMjustment ef the lighting fittings en the vehiocle

Bssic laboratory measurings oarried out in the
lighting enginesring testing shep

Speolal mwasurings in the motsr vehicle lighting
engineering testing shep

Trepioalizatien
Definitien of basio terms

Definitien of olimatic regiens
Classification of the atmosphere with respect
te corresiveness
Basic requirements regarding the universal design
Preper material for the universal versien

Climatic tests

- Gomclusien

vii.

Eosnonioal and vreduotisn censideretiens

(lenerel consideratiens

Prerequisites fsr the construotien of a preductien
plant

Laysut planring techniques

Cenclusien

67

68
68

70

T2
76

83
83
83

99

100
107



G AT 2

/%.1317

English

Zables in the texi
1. Table sf coefficlents X}, ¥4 » Z A. 18
2., Burvey of coefficients S4.XL, BA.JA» BReBA

fer normal light "A" 19
3. OCaloulation of cnromatic co-ordinates of glass

R 2001/1961-2 20
4, Burepean headlights and iodine lamp hsadlighta . 42
8. BSignal lighting fitting luminous and techniocal

preoperties A 47
6. Classification according to the deleterious effects a7
7 Contact influences of various metals with respect

te corresion 90

Supplewent /Drawings,Diagrams,Photographs/ 108
l. Trichromatio co-ordinate system 109
2., Basioc /ohromatioc/ triangle « C,I.,E, = modified 110
3. Spuaclal representation of the chromatic co-ordinates 110
4, Three basio components of white light 111
S Basic /ohromatic/ triangle - C,I.E, 109
6. Colerimetric triangle, /Determinatien of the

chromatio regions/ 112
7. Principle ef the 1edine "H" lamp 113
8a,b,0. ledine "H" laczps 114
9. Course of the :ays in the parabela 113
10, Ceurse ef the passing light rays in the reflecter 115
11, Cemposed mirror ef ths Cibié headlight 115
12, Reflector with circular feocus 116
13. Reflecter acoording te the French patent ne,l 318 683 116
l4a, Headlight ef the Balder system 117
145, Diagrem with the distribution of the individuval and

composed lights’ iselux lines 117
15, Prinociple ef sslving the headlight pattern

118




D/.1311

16.

7.
18,

19.

N,

Oemparisen dlagren of & nermal lasp vwith an tedine
lamp

Prinociple sf the French patent ne.l 296 036 Cibié
Headlight with twe fllaments a divided and an
eliptical mirrer

Test wall fer distancs and symmetrical passing
lights

Test wall fer auxiliary headlights

Test wall for asymmetrical paessing lighta

The dependence hetween lighting and electrie
ourrent in case of a selenium pheteeleotrie cell
Phetoveltaic oell

Phetoemiagive oell

Principle ef ths snisphetemster
Principle of the integrater
Test lamps selecting instrvment
Photegraph of a picture of the lamp’s filamemt
system, projected by the test lamps seleoting
instrument

Geniophotometsr equipped with a recerding devioce
Gonlephotemeter, Stapd with measuring phetesleotrie
oell

Equipment for semi-aytomatioc measuring ef the
photometric properties of headlight inserts,
Measuring and control table

EqQuipment for semi-avtomatic measuring ef the

photometrio properties of hoadlight inserts,
Stand with clamping and turning devices

119
118

ia
b ¥ )
121

120
122

12)
12
124

124
129




8.
3.

LB

T

13.

2/%.1317

Saglioh
I of cepsylved literetyre
Dr.Mavelka: Geometriokd eptika ,“Geemetry Opties”/
Ing.Prekep: Svetelnd technixa /“Lighting Engineering”/
Kalendevekf-Strnad: Peteelextrické Xldnky /“Pneteelectrie
Cellas" '
G.Kortuem Grundlagen und Anvendungen der analyti-
schen Kelerimetrie
R.Bewig: Nandbuoh der Lichthonnik
K., M8tae & Cel,t Preckhaus AR. aer Optik

K.Partod-.Bartellovd: Urychlend xorein{ sceuiky pre piimsfelé
atmosféry /“Accelerated Corresion Tests
Por Seaelde Atmoepheres”/

Ryehtore-Bartdkevd: Trepikalizace elextricxjoh zaf1zen{
/'Trepicalisatien of Zleotrical Equipment®/

Eslektiv: Inoykiepedie vilsnnesti,.Druhy 4{1l: Viredba
/"Enoyclepaedia of kfriolency.Volume Twes
Preduotien”/

JJNVN,TlenJ . J . Baldert G10hlampen uit jedhaltigem Nillgass,
Philipes Teohnieche Runaschau, 19611964,
Nro,7/8.

Bally,Cidie ,Deveux: Utilisation des lampes & ieds aans les
prejecteurs d’autemedile, Ingenieurs ee
1'Astemodile, 6-63,

P.Deveaux: La lamps & lode - Belutien d'avemir,
Bolence et vie, e, 1964-64, Autemedile,

Czecheslevak State Stanaards:

Cul v3 8510 /"Electredepesited Pretective Ceatings of
Metal®/

0¥ 05 vlda /" Comdensation (hasber Corresion Test"/



DABANTY
Inglioh
14,

15,
16,
7.

Osecnsslevak State Otandards:

Gsy 01 1711 /"Light Mmessurings., Light tmits”/

O8N 30 4305 /"Eleotrio apd Signal Lamps fer Moter
Vehicles"/

BN 30 4303 /"Headlignts fer Moter Vehiocles"/

CB¥ 30 4002 /"Meter Vehiole Electrical Equipment"/

Osn 30 4302 /"Meter Venicle Lighting"/

E/ECK/32%) ECE/Trans 505, Réglement no, 1-7,

180/1C 22/8Seoretariat 71/240 K/

A,Nelud! Otdsxy ekenomickéhs resveje neresvimteéhe
xapitalism /“Undeveleped Capitalisa
Ksenemiocal Deveiepment Preblems"/.




- - ID/¥G.13/17

English
Pege 1 °

The requirements of a safe and undisturbed traffic on the
‘roads under difficult conditions of visibility /at night, at
dusk, during foggy weather et sim,/ with high travelling speeds
and a heavy traffic which are nowadays as a rule required from
the economics point of view, serve as a challenge to the designers
of motor vehicle accessories and result in the construction of

a series of lighting fittings of various properties and designs,

With respect to their mode of exploitation these lighting
fittings may be divided into three basies groups:

8/ 1lighting fittings which should create on the roads proper
observation conditions for all of their users in the
vicinity of the motor vehicle with gpecial emphasis to the
«drivers and thus to contribute to the intensification of
their physical dispeosition in controlling the veincle.
This may be achieved especially by headlights with distance,
passing (r combined lights, auxiliary headlights /distance,
partially distance, adjustable spot and wide angle lights/
and reversing lights

b/  1lighting fittings which eignal the presence of a vehicle
on the road under unfavorable traffic conditions as well
as the intention of the driver to carry out some manoeuvre
with his vehicle, These include indicator lamps / rear,
side, stop lights, direction indicator lamps, rear reflex
reflectors/;

¢/ 1lighting fittings for loecal lighting either on the ou:taide
of the vehicle - signal lampa /rear number plate lights,
parking lights/ or inside the vehicle /ceiling /dome/,
seat, panel /dashboard/, runboard lights/,

It is evident that for such a wide assortment of lighting
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£ittings various requirements will be imposed on their light~-
ing properties as well as design.

) § Lighting properties of the

I S S WY TS P W W BAP AR D S S B e W WS

The lighting properties of the 1ighting fittings depend
oo the physical properties of light as well as ob the mode of

exploitation of the light,

The egsence of light

In explaining the luminous phenomena and their application
on motor vehicle lighting engineering we usually resort %o
primary geometry optics which in gemeral exploits the concepts
and laws of Buclijean geometry., The luminous source is consider-
ed as one or more mathematical points and the luminous ray as
s methematical streight line. It is evident that the essence
of light desoribed in such a manner is only the first approxima-
tion of this explication, the laws of which may be congidered
as valid only whem the wavelength of the employed light may be

considered to be neglectable,

The wave characteristics of light /when studying light
polarization/ and diffraction phenomena resulting from light
interference are considered only in exceptional cases in design-
ing motor vehicle lighting instruments.

In order to understand the activity of the lighting
fittings fully, it is necessary to add as well to the geometry
optics photometric relations showing the mutual connection of
individual optical instrument parameters, especially luminous
intensity, luminance, illumination and glare,
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Baais photometric guantities

The 1ight source emits radient energy, the quantity of
vMﬂpuuﬂt“tmeucuudﬁomgutﬂuP and evokes
in the observer's eye a certain luminous perception 7, called
the luminous flux, The human eye retine 1s sensitive to the
rediation of wevelengths from 380 fykto 260 uyw. However the
sensitivity is not the same in the whole extent; maximum sensi-
tivity occurs in the case of yellow-green light of a 555 n M
wavelength. Further details are included in the Czechoslovak
State Standard /3:N/ No. C<N 01 1710 where gengitivity 7 v
values for cone vision /employed at daylight/ as well as rod
vision /ohservatioos at night/ are listed, Further study of
this standard will show, €.ge that the luminous flux of red
1ight of a proper length 660 Q)L.muat be more than 16 times
larger than the luminous flux of yellow=-green light of a wave-
length of 555 mAL for the same facet in oxrder to evoke the same
sight sensations,

It should also be mentioned thnt the sight sensitivity
values listed in the above mentioned Czechoslovak State Standard

are called as well the relative luminous efficiency of radiation

of & given wavelength Vi . In our case -

'660 n)\.: l%_ whereas v555 m/u= l.

The unit of the luminous flux is a lumep /la/ which is
defined as a luminous flux raclated by an absolutely black body
at a temperature of 2042° K /1.6, the temperature of solidify-
ing platinum/ of an area of E%;ﬁcmz = 5,305 x 10'5cm2.

Por practical purposes the black radiator is substituted

by etalon lamps gauged at & photometric laboratory by moasuring
on a photometric bench,




cou

In technical prsctice & multiple of she lumes is empleyed -
the dekalumen /dla/; 1 dla = 10 1=,

™he guantity of 1ixht Q is the product of the luminows
flux and time
Q =7 x %,
1¢s wmit is the volume of light which the sourve rediates duriag
%he flux of 1 la per second, i.¢. 1 lumaR~geqcnd /lms/. A greater
_weis is the Jurap-hour /lmb/y 1 lmh = 3600 lms,

The Junipous intensity I of s point source is slways givea
43 8 certain direction; it mey be defined as the ratio of the

luminous flux AP emitted by a source ip a solid engle 4R, 1.,
1 = 4% .

If we consider that the luminous intensity is in all the
directiocns in the given spece the same /isotropic rediator/,
e -

=2
1 ar .
Prom this formuls the followiag equatices may de darived ¢
P = I x JL ') .
80 that the total flux P, radisted by the isotropie redister

of luminous intensity into the whole space is -
P = 41 x J Py

The luminous intensity unit is 1 gandels /od/, A point
source of & lumipous intensity of 1 lm in a unit solid angle
/steradian/ has the intensity of 1 ¢d. It may be deduced thas
the luminous intensity of an absolutely black body having an
ares of 1 cl2 is in the vertical direction with & temperature
of 2042°K equal to 60 cd,

The relations between the originally employed luminous
intensity uuits and 1 ¢d, are as follows ;
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1 81 /international candle/
1 BX /Hefuner's candle/

1,02 cd,
0.92 cd,

Laminance

Thervsas luminous ipntensity was related to a point source,
luminence is constidersd with soupces of final dimengicns and we
define it as tas rutlo of the slement luminous intensity of the
source luminous surface {\ Io, 4in the direction oK /measured
from the element normal to the projection surface A S of

Shis element to the pline perpendicular to the directian ¥k , 1.0,

- A 1A
La = AS @ cosy *

If we call the dlapetor of the luminous surface 8 the
apparent source surfuce then it may be said that the luninapnge

8 punerically eyn] to the lunioous iptengity per surfsce unig
gL the appar-nt sourge surface,

It may bLe proved by esperiments tiat in case of homogemeous-~
Ay luminous bodies, the luninous intemsity changes sccoriing to
iembert's cosine laos, i,e,

I“:lniﬂmd'

where In is the luainous intensity in the directicn of the
permal to the luminous surface /cosine radiator/, The mentiomed
1aw shows that the iuninous source having s spherical shape
appesrs like a uniformly bright disc,

The unit of luminance is 1 pig /nt/, i.¢, the luminance of
8 swrface source 1 n’ large and s luainous intensity of 1 1lm in
She direction parpendicular to the source plane, A larger unit
18 1 a%1ld /eb/; 1 sb = 10* pt,

In order to determine the luminamee of perfect diffusers,

the fellowing units are employed
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1 apostilb /asb/ 1asb = -11\,- ot ,
1 lambert /la/ 11 :-:k-sb,
1 footlambert /ftl/ 1 f¢1 = 3.,42nt ,

It 48 the luminance of a perfect diffuser with a luminous
flux of 1 1m per 1 n2, 1 dn® end 1 f£t°,

Por better imagination we list examples of some luminance

sources:
Sun 2 x 107 ot
Tungsten filament at 2?00°l lx 107 nt
Fluorescent lamp 6x 103 nt
Candle fleme 5 x 107 nt
511ghtly clouded sky 3,2 x 10 ot -
Moan 2,9 x 10° Jt :
Mars 2 x10° ot
Bunlit white paper 2.8 x 10* o
Moonlit white paper 3x 10" nt.

Laminous emittance

Iuninous emittance H is defined as follows
g o= —%5— ,
where A3 1s the source surface element and AF the luminous
flux emitted by this surface into the entire half-space.Luminous
emittance is thus determined - in contrast to luminance - by the
luminous flux, emitted by a luminous surface into all directions,

In case of the cosine radistor, the following equation is
valdid ¢+ H =N x L,

Thus the luminous emittance T\ 1is a multiple of its
luminance,

It is evident that from the observer's point of view,




ID/¥G.13/1t
nglish
age 7
luminence is always decisive as it is defined by the luminous
intensity which is perceived by sight whereas luminous enittance
4ncludes the luminous flux as well which passes the eye into

the unseen part of space,
Illumipation

Illumination E is the luminous flux density, falling om &
oonsidered surface, i, o,
E =-$F .

_ Thus it is stated by a similar relation as the luminous
emittance H with the difference that in case of luminous emittance
a luminous flux emitted by a surface element is considered,
whereas in the case of illumination a luminous flux falling

on the element is envolved,

The unit of illumination is 1 Jux / 1 1lx/, It a luminous
flux of 1 lumen falls on a surface of 1 n?, the surface illumi-
pation 18 1 lux, It is also possible to say that the illumine-
tion of 1 1x is effected by a luminous intensity source of
1 ¢d fslling perpendicularly on a surface 1 m distant from the

aource,

The product of illumination and the time of illumination

duration is called the guantity of illumination or exposure.
Its unit 18 1 lux-~hour /lxh/ or 1 photo—hour /pht/.

In the Anglo~Saxon countries the following illumination
units are employed : 1 foot-candle /fc/ and 1 phot /ph/, 1.9,
the illumination effected by 1 cd onto a distance of 1 foot or
1 cm /or the surface has an illunination of 1 fc/l ph/ if a
flux of 1 1lm falls on 1 ft2/1 cmzj The following equations are
valids l1fe = 10,764 1x

4

lph = 10 x.
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Illumination examples i

Starlit sky illumination 0,0003 Ix
Pull mocn illumination 0.15 1Ix
Street illumination =20 1x
Comfortable reading illumination 30 1x
Room illunination 20~-100 1x
Clouded sky illumination 1000 Ix
Sunpy - in shadow 2000~10000 ix
Direct noon sunshine 70000-~-100000 ix,

Besic photomutric laws

a/ Light spreads in straight lines so that illumination
B of surface elements perpendicular to the direction of the pro-
pagation i8 in an inverse proportion to the square of distance

2 <from the point source 3

8138.231'%:%.

b/ The illunination of a plane element by a beam of
parallel rays is in proportion to the cosine of the angle of
incidence /Cosine law/ :

dE - degosﬁ .

r
6/ The resulting illumination of the surface element by
several sources is equal to the sum of illumination by the
individual sources /Addition law/

B:EI'EZ’BS,"'
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I3 Colour radiation

Light colority neasuring

When radiant energy passes through a transparent material,
®.8¢ glass, 1t changes partially into another kind of energy
/especially heat/, The radiant flux is thus weakencd, absorbed,
when passing; througl the naterial, In case that this absorption
48 in the sphere of visidble radiation proportionate to the
energetic structure of the incident radiatiom, the observed
substances appear in the same colour as that of the incident
radiation, On duyli-ht this substenee 18 pellucid, colourless,
However if the obasorvud substance absorbs tho radiation of sone
of the wovelenjtla more expressively, thesn it is colourcd, Thus
glass, e,3., sbsorbing all the radiation except for red, is of
@ red colour, In the light of another colour, this glass is

opaquoe, Such glasses are enployed as monochroratic filters,

Howevor there exiat others subsotances as well that let
through lights in a wide colour range and absorb only sorie of
them, In thie case the colour of the substance depends not only
on their light absorption but on the structure of the incident
light, If, e,g, , white light should fall on glass absorbin;
blue-green light, then the rest of the light that passed through
88 well as the glass would be of a complementary, 1,e. red ione,
In the case of visual erploitation we usually do not make any
dlffofence between both the types of the colour glasses, However
when we test their optical properties with respect to photo-

chemical exploitation, it is necessary to respect the different
characteristics,

For lighting engineering purposes we carry out measurings




1D/95:13/117
English
Page 10

of the glass colourities by moans of photometric methods -
either visually or by photoelectric tubes on special single
purpose apparatuses, Basically two types of such instrunents
exist: special photometers which obtain monochromatic light
by means of prism or yrid monochromatora and their results may
be used in the calculaiion of colour coordinates and photo-
meters where a set of various coloured filters is employed

to achieve monochroiatic light. These offer results in a
faster but less accurate vway, Therefore they are used anly for
ﬁ.ndin‘g out the characteristic curves of glass permeability or
for comparing the permeability of substances of a similar colour

tone,
Chromatic co-ordinates of lirzht

It may be said that from the point of view of colorinmetry

each colour radistion may be characterized by two values s
colour and intensity, Both values uay be expressed by so called
ghromaticity co-ordinutes. “e consider the colour of light as &

two~dimensional value and intonsity as a single-dimensicnal
value, Thus we introduce three co-ordinates, two by means of
which the colour is determined and one for determining the colour
intensity,

For measuring the colour of 1light, either natursl co-ordi-

patea or irichrometic co-ordinates are employed,

The patural co-ordinates of light are its tome and purity,

The light tone 1s given by the wavelength of radiaticr,
Light, having the shortest wavelength perceptible to the eye,
is of a purple colour zL = 0.58/44; blue light has a longexr vave =
length, then follows yellow and the red light has the longest
length of visible radiation Az = 0.78/4“ The individual cclour

tones of thuse monochromatic lights pass gradually frou cre to
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4he other and fill wp s contipucus spectrum, The huren eye does
pot perceive the same intensity of varicus colours with the
same iptensity. %e say that the photometric structure of light
4s pot identicel with its energetic structure, Tke paxinun
sensitivity 1is for ccne vision with a wavelepgth of k = 0.555/..4
snd for rod visiono X: 3.51(“/~. The mipnimum is for both periphe=
ral spectrsl colours, Ip case of ccone vision it 18 Dpece:.sary <«
in order to achieve a lumincus f£lux of 1 lumen = to have a 1ight
of ./\ = 0.555M wavelength , 1/683 "/, vhervas in the other case
to have a light of a A - o.&}ﬁﬂ,{. 1/12 W, i,e. sabout 56-tines

nore,

The co)our purity of light is expressed by the qu. 1tity of
monochromatic light in the whole luninous radiaticn, Thus nono-
chromatic 1light has a chromaticity with a 100 ¢ purity, Other
lights are lights ccuoposed of the radistion of at least two
wavelengths and the purity of their colours is less than 100 %
Purple 1li¢cht 1s an exception, Although it 1s not conochromatie
as it is created by the mixing of btlue and red light, it oy
posess a 100 < purity.

Ip order to state unanbiguously the pumerical value of the
ngﬂa} co-ordinates of 1ight it was pnecessarxy to specify the
sight perception whick ie basically a subjective sensation, by
means of certain criterias and to defipe it precisely 3

o/ The observer's eye has @& normal visual acuity; cone vision
s copsidered /Czechoslovak State Standard no. &% 01 1711/
the image 1s created cu the eye's yellow spot,

b/ Chromatic light is observed directly, isolatedly /on &
black or neutrally grey background/ .

¢/ The eye must be perfectly adspted and not influenced by the
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offect of the coatrast.

&/ The inteusity of light must De adeguate so that the rod
vision would not be svoked /at least 3 ant/,

fxsshromstic co-ordinate syptems

exploit the knowledge that amy light mey be obtained by
mixing three arbitrary monochrosatic lights, under the condi~-
$ios that ncue of those three lights has such a tone which may
%o obtaiped by mixing the remaining two, The Intermational
Cosmission on Illumination /C,I.%,/ - further on C.I.E, orly -

bes chosen lighte that differ es much as possible by their
colours ; red R of a X = 0.700/1.« wavelength, green G of a
l 2 0.5&61}; wavelength and blue B of a * - 0.#558/‘. vave~
length,

I» the following explanaticns the values R, G and B denote
the real quantities of the montioned lights, called ss well
besie lights, If we mark their unit quartities ss r g b o then
She following formulas are valid

r spfar 6 plg v by o

Peoegeoed= ),

The magnitude of the unit quantities of basic lights was
selected in the ratio of 1.000 94,5907 s 0,0601 - which
éorTesponds with th:ir photometric effect during visual observe=
Siom, The energetical volume is however different apd is
70,210 ¢ 11,3855 ; 1,0000 ,

The C.I.E, colorimetric system exploits from the mentioned
valuwes for cc-ordinate determinatice purposes ocoly two / r g /
@8 the third / b / may be calculated from the relatico
Pegebd = 1 )b 5 1 - . - g, As the third co-
oxdisate deieornining the intensity of light, aay of the R,G,B
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values may be taken as well as their sum, For practical
purposes the C.I.E, system uses the G value, If we know this

value, we can calculate the entire luminous flux

3=R1—G~vﬁ=—g—o

piegram no. 1 shows the vector OA 1ight ccmposed of busie
lights with ictersities of K, ¢, B, The corresponding unit
vector is limited Ly point A, It pay be proven that the end
points of unit vectors of various lights fill up a plane which

intersects the co-ordinate axes ip unit distances frciz the

origin O, This plcae cuty in the first cec--ordinate quadrent
the so-called colcnr feolorinetric/ triengle, each point of
which ipdicsates a certain coleour of light, i,e, its tone and
purity,

Experinents have shc:m that apart from the three basio
spectral colours, determined by the epexes of the coloritctrie
triangle, all other cpoctrel colours and pure purple colours are
depicted outside of the tilangle. Py Joining these poirta we
got 8 curve chowiny the colours of pure spectral lights, Inside
the curve all possible toves and purities of existing colour

lights are depicted, /Cee talle no, 2./

It may be proven that the colorimetric co~ordinates r , g
/poasidl . b/ are determined by the distances of a point, repre-
senting a specific light, from the sides of the triangle, if we
determine fts height as h = 1, The tone of the light is deterrin=
ed by the point of intersection A of the cornectiny line | _a
with the curve of the spectral lighte, the purity of which 1s
defined by the ratio s = —z:i" . Proon the table it is evident
that the purity value varies between O /Point g coalesces with
point F/ and 1 /Point g coalesces with point A/,

The trichromatic system /r, g, G/ has certain disadvanteages
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whep it comes to practical exploitation: the colour tones are
spread unevenly in the colorimetric triangle as the prevalent
part is occupied by the blue and green colours whereas colours
reangiong from red over yellow to green are accumulated on 8
small area, Further on, colours lying outside of the triangle
have one of the co-ordinates negative which of ten leads to
errors in calculations, A further disadvantage lies in the fact
that point E, depicting white /colourless, day/light protrudes
past the centre of the triangle which is disadvantageous for
determining the colour purity, Therefore the C.I.E. elaborated
through a proper traneformation of the R, G, P or r, g, G
systems a neuw system - the X, Y, Z or X, ¥, Y in such a nanner,
80 that sll the real lightc would be depicted by points inside
the colour triasngle, The point, determining the white colour,
would be approximately in the triamgle's centroid and the
spectral colours would be distributed along the trianpgle’s
periphery more evenly. The cc~ordinate plare XY is of & zero
photometric volume /so-called alychna/ and the co~ordinate Y
shows directly the photorietric volume of light. Ly the above
mentioned trensformatiom the triangle RC3 thus changed into the
triangle XYZ, If we mark the unit vectors X, Y, 2, the well-
known relations asre once again velid i

) €' CYA Xelel pRYCYA

XeYyes: 21,

In thie sytem, monochromatic radiation fills up the curve
according to table no,3, the general equation of which
/ X,Y,2 ™ £/ 1/ we may divide up into the following rel.ticnsi
x =ty /h/ Y = £, 47 T o= f£3/4/
and plot according to table no. 4, /See slso table no.”./ The

projection of the mentioned curve on the unit plane determinos
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« after a certain modification - the contour line oy the new
eolour triangle, the sides of which show /as in the firat case/
pure, monochromatic lights, whereas impure lights lle inside
the triangle, The relative purity of their colours may be
determined from lines of & similar purity which run inside the

triangle and are murked with the purity percentage,

For calculaticn purpcses we mark the functiows X, Y, Z by
the following symbols: xJd , YA , £d o The coefficient TA
was selected in such a manner so that it would be in e direct
propoertion to the relstive coefficlent of the lumiocus flux,
The firal shape of the trensformed colour triangle according
to tebles no. S or 6 enables co-ordinates x, ¥y to be rcad
according to the menner, usual in geometry. The tolerunce areas
for white light and monoclhivomatic lights are specitied by the
respective Czechoslovek State Standards /CSI/ or by the ISO/TC
22/5ecretariute 71/240 L/ regulations,

Procedure of deterniniig the colour co-ordinstes

First of sll we carry out a spectral analysis of the
luminous radiation norral and find cut what the total rediaticn
energy 5., divided up to separate wavelengths is, Then we divide
up the 5. energy into three conponents in suclh a manper 80
that for each wavelength we multiply the Ak, A, T A
coefficients, the magnitude of which 1s prescribed by the C.I.L,
/See table no,l,/ Thus we calculate the following terms
sAxXA, SAXYA , 54 x T A, The total radiation ener.y
8 A may be plotted into the curve f / L/ which we substitute
saccording to the above montioned directions by three mew curves
BAxxAd ,8AxYA ,5Ax TA ., The areas delimited by these

curves and the axis, show thege totals

A ®»I3AxTA
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= $SsAxTA
C - fS JX;-‘-.

However in reality the above mentioned calculstion is not
4ptroduced ss in case of the ordipary meagurings we use as 8
rule the standardized 1light A, /lee Note./ for which the listed
products may be found in Table no, ’. This table includea values
modified in .ucl & way so that the term B ® FSAx J A would be
equal to 100, as then the co-ordiinate Y, expressing the inten-
sity of light let through by the gless, may be calculated dirnct~
1y from the percentage of tre standardized liszht A intrnsity,
Thep we meusure by means of e spectral photc¢nmoter the perreabl-
14ty of the given ylass for the ${ndividual monochroretic lights
/in the ranye sccording to Table no.l./ The spectral corpcositica
of light 1is determined by the terms 3

= $8 x zIatax O L
Y = $3 x yutuxzBa
2 = $8 x TyTuax AW
Then we carry out the products S A X ;.Ax‘r.l, BA x JuxT.d,
84 x TL 2T L for all the wavelengths and their sura X, T, 7.

At last we determine the chrcmatic co-ordinates from the relations

- X - Y -
LS €Y I =Y - o o

Thus calculated co-ordinates are to be plotted into the trichro-
matic triangle /Table nv.r/, Then we make sure, whether the

point with the x, b4 co~-ordinates is in the permissible colour
gone, The colorimetric purity of light let thrcug) the glacn will
be determined directly by reading the colorimetric triwcsle

/Table po,t,/ with the 8id of curves of the samse purity,

In order to feciliate work it is advisable to use for the

records of the measurements s#nd for calculations prepared forva
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/8.8 Sccoriicg to Table vo,3./

Bove

Table ne.” 1« velia for normal lipht A, 1.0, the 11, Lt
of ar. orMnary uudl /ubout 300 7/ with 8 chronatic tezperature
of 1 = 'Had” K, tue chromtic cv-ordinates of which are
X = 0.7,

J T 0 wmUs,

Apart €roa 1) Lt &, 1tubting enclineering has the following

Ilf,k“@? at . pdor " fyeet g

LAt B /the 140b1 o0 e ondn with dipect sun 110t/ 8
Tt oaom Wy ok T 0 tms oy I 0,618,

fL4vht C Jeprses witsn abffuand A AR YA

4

T e Fy o X 0,801 Y

it

0,31€6%,

Lsgh’f E /i 0 v Lube Moty g

T o= sy x T 0. 8858 g = 0.3333,
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Zable pos)
rable of cosfficlents XA, T A, Tlo
Ton T6 YL TEL T ¥ YT
380 0,0014 0,000 0,0065 600 1,0622 0,6310 0,0008
390 42 1 201 610 1,0026 2
400 143 4 679 620 00,8544 2
410 435 12 2074 630 6424
420 1344 40 6456 640 4479
830 2839 116 1,38% 650 2835
&30 3463 230 1,7471 660 1649
450 3302 380 1,77°L 670 874
460 2908 600 1,6692 €8C 468
470 1954 910 1,2876 690 229
480 956 1390 0,8130 700 114
320 2080 4652 710 58 21
49 3230 2970 720 29 10
93 5030 182 730 14 5
633 7100 782 740 ? 3
1655 8670 422 750 3 1l
2904 9540 203 760 2 1
4334 9950 87 770 1
5945 9950 39 == -= - -
7621 9520 >] Total 10.68 10.68 10.€8
9163 8700 17 s==msocosososTooTorToIIIIS -
590 1,0263 7570 1
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Zable po,2
survey of coefficients 5 x4, S.A.y.,( sSd .:J

s o . A W G o - -

"I“'”EIZ;_L 54 T ..Jg,zl s "””".ZI;’;;ji'IZIZ’yl('Sfx‘IéZC'
380 0,001 o 0,006 6GO 12,700 7,547 0,010
390 5 . 23 610 12,669 6,550 4
400 19 0,001 95 620 11,373 5,071 3
410 71 2 A40 630 8,920 3,704
420 262 8 1,2% GHO 6,558 7,50
430 649 M 3,107 650 B,%%56 1,657
440 976 61 4,047 660 2,678 0,672
850 - 1,031 117 5,439 ©70 1,440 5350
%60 1.019 "0 5,81 680 0,604 292
47 0.776 557 5,116 690 304 146
1480 428 £ 3,036 700 209 75
490 160 1,029 2,470 710 110 40
500 27 1,702 1,509 720 57 19
510 57 3,082 0,969 730 ’8 10
520 425 4,771 525 740 11 6 .

530 1,214 (,3°? 309 750 6 2

ss0 2,313 7,600 1 260

550 3,732 8,568 75 770 2 .

560 5,510 9,222 56~ ———==-- —memmmmem e ——— c————
570 7,571 9,457 21 Potnl 109,673 109,00 45,447
s80 9,719 9,228 18 —=—m—mcosm—mm=-ceo=== e -

590 11,579 8,540 12
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Caloulation of chrematic ce-erdimates eof glass R 2001/1961-.3.

Stesvcsccavesaceean bk it LA DL L LR T T Y Y TN Y Y iyt

Yave- I'er- Cesecfficients Product of data in ocelumn
legth mea- 2 apd 3
» —tt
30 1.15 o0,001 , 0.006 0.00118 . 0.0069
390 1.35 5 . 2) 678 . 3108
&0 0.9 10 0,001 93 1710 0.0009 837
410 61 Tl 2 3400 321 122 20740
420 1] 262 8 1.2 18441 440 69080
430 58 549 T 3.167 )5689 1408 1,74188
&0 1.3 926 61 4,647 1.80% ™3 6.0411
M 1.2 1.031 117  5.438 1.2 1404 6,522
80 0.8 1.019 210 5,88} %0153 1680 o,6808
:g 7 0,776 ) 5.116 u.sf;g Adga  3,3812
64 438 a2 3.63%6 8 4043 3.3638
90 61 160 1.039 2.324 975 633 1.8176
50 0.5% 27 L. 798 1.5%09 139 6960 0, 7T3548
510 s ST .08 0.96% 26 1. 3840 43608
830 3% 4238 4. M E 18478 1.66085 18378
$30 3% 1.216 4,323 2289 2,2127 10818
ro b 2,313 7.40C 168 693 2.380 4860
% 3 3.7%2 8,548 ;2 1.8 3.an 3000
360 4 3,50 +.add 8.304 3,6888 1440
s 45 T 571 5,487 21 3.4069 A, 25%6
1.1 $.719 9.a28 10 10. 6909 10,1508
4.% 11.:™ 8B,%60 18 28,9478 21. 3%
9.0 la.re 7,847 10 114,3% A£7.9a)
610 20 12,94 6,384 A -g.}e 17,120
$80 3 11.57% 5,071 3 J06.68a 173.414
2: ~ n. 980 ). 70% 377.160 155,568
L3 P9 L LY IS RY "4 887,986 114,472
:z a,.% 4 %% 1.037 194,999 TR, BAG
T 4 a8 o0.972 118.260 A3, 700
57 s LY Y. S 63,16 23.8
6M0 8. 5 0 B0s 298 36.58 13.2
6950 o8 04 148 18.18 6.57
O 8 20y ™ « 804 3.37%
0 110 L « 98 1.80
70 .9 ’S 19 2.95%5 0.8455
TI0 o4 2 0 1.2% 0.4
™0 43,8 11 ¢ 0.4796 2616
- y I
. L, 50
™TO 41,3 F o
Xe s 2
23 s 1983.6935 08535.9679 28,9433
ze . 2 0.600 heaks
- ‘m . 0.5007 0.6849 ¢ 0.3047 ¢ 0.010) 8

A 0.9999

28
s? W’&R % 0.010% T3 8.%60 2.

--......‘.".“..‘.“.-.. ..‘..“‘...‘--‘..-".
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Netbor vehiole l14ghting

fittinges

Main headlighte

As was mentioned in ehapser 1, the headlights are the
basio lighting fittings ef moter venicles, From the point of
viev of oonstrvwotion as well as functien, the meet oomplioated

are the main headlights,

The main headlights are manufactured either with separate
distance and passing lights or they are preduoed with Joined,
cosbined or group lights. /For dstailed informsatisn, See Cseche-
elovak Btate Btandard No, CON 30 4302: Motor vehiocle lightinug

»
anpd No, TSN 30 4303: Motor vehiole headlights,/

According te the aeslgn, the main headlights are dilvided
inte headlighte s! the Eurepsan type - marced "E" /according te
the Myrepean Economic Commissien - ECK eor ICK/ or of the Americanm,
Sealed~Bean Lype,

The sain headlights are compesed of headlight ineerts and
sasings, The insert oensisis of the light source, ceflector apd
protective diffusing glass, The oasing includes the setting-up
/reetifying/ devices, which enable the turning and tilting of the
Boadlight insert vy te 8uon a degree so that it 1s possible te
align the optical axes e¢f beth headlights into a position parallel
te the lengituwdinal axis of the vehiole., Tne setting np device
eomtrel 1s sutside the wehicle - only in soms states the adjnet-
ment of the headlights’ position may be osarried eut duyring driving

fres the driver’'s positien, In Csecheslevakia, rgulations do net
permit this,

The "5" headlizhta are either symmetrioal sr asyusetriosl =
where the saximn luaincus intensity of the passing lights 1is

shifted ts the euteide etrip of the roadway, With respeot te the
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direction ef traffio on the roadway, the asymmetrical passing
1ights are either right-silded /most frequent case/ or left-
sided /in England only/. The American system inoludes seversl
types, Rasloally it differs from the "E" system/Which has a
metal reflector and a removable bulb/ in the faot that it has

a glass reflecter solidly fused together with the protecting
glass, /See furtrer on in the text./ The headlights have either
separate or joined lights, The passing lights ensure as well

a more intense lighting of the ocutside strip of the roadway,
However thiis is causdd by the faot that the filament of the
passing light 1s properly aligned along the axis whereas in case
of the imropsan system the passing light filament ie loocated in
the headlight centrically and shifts the meximum of 19minous ine-
tensity to the ountslde by means of optlcs - by the diffraction
of the A1ffusing rlnas design., The Ameriloan system offers a more
intensive lighting of the roadway especially near the vehicle
what however causes on narrcw roads a greater danger of glare to

the driver coming from the vprosite direotion.

The Amerlocan system hoadlights have the luminous souroce
either sealad into thes headlight insert /in the form of two bare
alectrodes, used especially in the USA amd other American states/
or 1l 1s formed by a bulb that may be arbitrarily extended /used
in England/., Lately & Sealed-beam headllight with a soreen was

alsg produced - thus of the European type, It is possible to use
it in whele Europe.

Auxiliary headlights

Technically lesa complicated are the auxiliary headlighte,
designed as a rule as separate lighting fittings, Most employed
are the fog lights, placed in a pair across the vehiole in suoch

a way'uo that they would not be higher up than the passing lights
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of the main headlights, Other auxiliary lighting fittings, i.e.
the reversing lights, auxiliary distence lights and adjustable
spot lights are employed in en arbitrary number and positiom,
Por Czechoslovakia the technical and photometric requirements
regarding the main and auxiliary headlighte are stated in the
Ozechoslovak State Standard no, GSN 30 4002 - Motor wehicles'
electrical equipment and (SN 30 4303 -~ Motor vehicle lighting
fittings.

Ianinous sourcge

In recent lighting fittings mede in Eurcpe, lamps with
coiled coll tungsten filaments are employed, Their bulbs are
filled with inert gas under pressure, The lamps for the main
"E® headlights are of the double filament bulb type, The fila-
ment for the distance lights has the form of the letters U or
¥V and it is mounted into the working position in such s way
80 that the luminous centroid would fall into the headlight
reflector focus whereas the passing light filament ~ straight
and pamlle]}éiith the beadlight axis - 18 mourted in front of

the focus and somewhat besides the axis. From the bottom 1t

is covered by a screen for rectifying the passing light which
thus forms only & luminous semi-cone, widening away from the
headlight where the lamp is mounted, With respect to the positiom
of the filament and in relatiom to the mirror axis, this semi=-
cone points somewhat under the horizontal plane and thus illue
minates the roadway only and does not glare the drivers in the

opposite direction and other users of the roadway,

The shape of the luminous flux may be changed up to a
~ certain degree by the shape of the filament and its position,

The passing light filament screen is either flat or double-
winged /the wing angle is 195°/, In the first case a straight
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140 Youwndary /1.0, symmetrie light/ cocure botwees the illw-
nizated spacs in the direet vicinity of the wvehicle and the
wlit space abdbove the roadsay, In the second ease, the boundary
14me of both parts is shifted to the right or possidly lefs
belf of the field of view, obliquely up by 15° /right-sided

or poesidly left-sided amymmetric light/,

The filaments and screens are mountsd om metal /most
frequently braza/ bases by two electrodes fused into the
bottom of the bulb, Through tLem the current is conducted
from the holder to the lamp, In case of symmetrical lamps,
Ba204 bases are used, In case of aaymmetrical iamps, support-
isg ricgs with two trisds of pressed contact faces and center-
ing poses are soldered on the outside of the holders, Fy this
2% 1s possible to mocunt the lamps sccurstely into the head-
1ight reflector socket, Instead of contacts three electrodes
are mounted on Lhe base, designed for the mounting of the

electric current eupply connectors, /The bases are of the

P 43 ¢ typey

Por bdifilar lampe for the main hesdlights with ssymmetrie
oal light the following light parameters are valid;

A R W S i A S T " Yy U W WD e 2 VT o Y D U e Al e e . S D

Rated voltage: 67 127 287
“ Iuminous flux -
Distarce lighs 750 1=
Pussing light 400 1a
Service life 100 houre

The increased reguiroments regarding traffic safety umnder
cendisions of worse visibility make the increased luminous ine
Sevsity of the headlignts necessary, This cean be attailped either

8y employing reflectors with o larger reflection surfase or by
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Bose effective luminous a ‘irees., The second solution seems $o
99 = froa the point of view of operation as well as economios
= Bore advantageous and thus the effort of the technicians con-
esntrated in this direction, With resgpect to the fact that there
bas deen a great endeavour to find a better material for the
production of filamentas than tungsten /which is used from the
$ime shortly following the invention of the lamp/, though with
minor results, the above mentioned teak may be fulfilled ocoly
by reising the heating temperature, This leads however to the
shortening of the lamps’® useful life, Thus various rare gasee
Wwore added to the inert gas in the bulbe / xenon, krypton/
which have a greater molecular weight than the molecular
weight of inert nitrogen, use up less emergy for their heating
WP, 80 that the filament would not hawve to be heated up to sueh
& high temperature,

However the decisive progress occcured with the inventioms
of the "H" laamps and their application in the motor vehicls
inadustry, These lamps are characteriatioc due to their consider-
able raice in the specific /luminous/ output, their increased
eervice life and small size, Basically they are comman lanmps
with tungsten filaments, mounted in bulbe with inert gas snd
vapours of some halogens, msost frequently fodine, poaalbl}
bromine /in the meantime for laboratory tests ocoly/, which
show certain great advantages of the bromine especially in the
FO8pect that no severe chemicn]l purity 1s rejuired as in the
688¢ of 1odine and that & purple film does not occur op the
buld as in the case of iodiney the ebesorptivity may reach up te
S % of the lamp's luminou: flux, Howaver in the case of bromine
Shore 1s & dissdvantace - 1te aggressiveness, At the present

Sime, teats are carried ocut in Cgechoslovakia exploiting
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fluorine. Ths molecules of this gas /iodine/, coming into
contact with the filament heated to & temperature exceeding
3000°0 break down to atomic lodine, dispersing inside the
lamp. At the same time tungsten evaporstes and its atona
settle on the relativaly cooler wall of the buldb where they
ecombipe with the atomic iodine into tungsten diiodide Wi,,
Thus a brown film is created which absorbs a part of the
juminous flux and decreases the lamp’s luminance,

However if the bulb’s temperature is higher than 25000,
the tingsten diiodile remains in a gaseous state, diffuses
from the buldb’a wall towards the filament and when it reaches
the space around the filament havioy a temperature over 1200°0.
4t again hreoaks down into lodine and tungsten, /Gee Table noe
2./ Tungsten again 1s deposited oo the filament and iodine
returns into the regeneration cycle. Thus the following
ﬂwtionatuoplace:JEZ?,Jg lv?Jz___’sz.

The highest tunysten gas concentration 1s in the vicipnity
of the filament whereas in the vicinity of the bulb wall it s
the smallest, almost zero, The velocity of the tungsten atomg?
4diffusion from the filament to the wall depends on the densi®y
and temperature of the iodine vapours. Iodine is ccnstantly
reconstituted anl eveporated tungsten again settles on the
filament, Io thLis manner the blackenin, of the buld /purple
fila/ is suppressed and thecretically the lamp attains unlimi G-
od service life. At the same time 1t is possible arbitrarily
%0 raise the filament temperature as well as its luminance,
However in reality there are considerable limitations present
with respect to the neceasary balance between the filament and
the duld wall temperatures and unfavourable influences appesr,

resulting from the concentratiom diffusiom, thermodiffusiom,

L
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The process dcpends cn the exact quantity of iodine under the
given conditions which it is very difficult to determine, If
there is more iodine present in the bulb than neceusary, then
4t settles op the wall and absorbs the light, Tungsten does
pot evaporate {rom all of the parts of the filament evenly and
with the same velocity as the filament does not have a uniform
temperature along its entire length, At the hottest part the
evaporation is the greatest and thus the weakening of the fila-
ment is the greatest. Tungsten regeneration, however, is

slower so that finanlly a defect in the larmp?s filamsnt occurs,

Hitherto results from the testing of these lamps have
however shown that in spite of the above menticned deficiencies
and considerable production difficulties, the *"H* lanps show
a considerable increase in the specific luminous output as
well 8s 1ile - almost throughout the entire life of the lamp,
Purther on the stability of the luminous flux is ensured;
they have small dimensions which is quite advantagecus for the
design of the lighting fittinga and they bave a bettor colour
tone of the light, A disadvantage'is the high operation tempe=-
rature so that for their production it is necessary to employ
silica glasse and the reflection layers of the reflectors muaﬁ
resist the increansd temperature, Finally, it is also neceasary
to consider the fact that it is impossible /at present/ to
mount inside the lamp bulb two filaments at one time as the
cold one would be attac-ed during the operaticn by ioilne and
the iodine cycle would be impaired, Thus a pnaber of problems
arose which must be considered when solving the motor vehicle
headlights, Last but not least it is necussary %o consider the
higher ocost of the iodine lamps,
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Recommendation EHK/B/BCR/324; R/ECR/TRARS %03, Regloment
no,? = introduces three types of single filament "H® lampe
marked l!l,ﬂz.ﬂ). Their rated voltages ure 6, 12 and 2a v,
input 55, 55 and 70 W and luminous flux 1350, 1550 amd 1900
ln./5ee Table no.8a,b,c./ The lamps are suitable for the
design of the main and suxiliary hesdlights.

Reflector

The task of the reflector is to direct the rays whieh
come from the luminous source located in the focus or its
immediate vicinity in such a manier so that they would fall
on the diffusing glass at the required place and directiom,
At the same time the radiant energy losses should be as small
&8 posaible,

A%t tha present time, reflectors of a Reradboloidal shace

are used almost exclusively, However experiments were also
carried out with elipsoldal ghape reflectors as a number of
Patents show. The solution rests as a rule in the fact that
in one of the elipacid focuses there is the luminous souree
whereas in the secand an suxiliary optical system is located
that tranaposes the lighting source by means of a diffusing
€lass to & proper place. In some cases the auxiliary optieal
system is absent, However, far as we know, reflectors of this
tYpe were not introduced anywhere, as from the technological
and operation point of view they are rather complicated and
they require a sultiple face mirror /Difficult assembly and
8djusting!/, high production precisiom of the mirror, highly

&ccurate positioning of the source and then the reflection

layer heats up considerably, However the greater exploitaties
of the luminous flux of the source is very advantageous,
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Fowadays parabolojde] reflectorp are commonly used, either
admmple or gompoged with a gircular or pe¢'anyular entry opening,
The construction parameters of the s‘mple parsboloidal

reflectors /mirrors/ include the [.cal Aistun e £ and the
effective diameter D, poeaibly the f-nunber, £/D, Basically in
the case of thease headlighta, the principal geometrical rule
applies, sccording to which a beam of rays, originating in the
parabola focus P reflects in paranllsl with the axis whereas

the bunch of rays of a beam coming from point A /lying in froaot
of ¥ - Gee Table po,9/ is directed with s tendency %o aim,after
the reflection,obliquely down /under the condition that the
rays, coming from point A to the space below tho axis, are
screened/, /inre Table no, 9., 'horttin :t{n’, forn 21, 2, 3,/
It is evidert from the table that by shifting point A elong the

axis or besidea 1%, the oLiiqueness of the reflected rays may
b changed,

In practice, point A is achieved - in the case of passing
lights -~ D7 neans of a filament screened from the bottom by a
screen and shifted under the axis, /Table no,10,./ Thus in the
luminous flux an approximate shadow semi-cone with apex ¥
oecours, spreadiog from the headlight, Thus there 1s no direct
light above the optical axis, so that the users of the roads
are not dartleqd,

The reflectors for the American headligzhts are of a paras~-
beloidal shape as well, The principle of their function ie
ovident froa Tsble no,9, The distance light filament is situated

ia focus P, the pessing 1ight filament under the focus at
peint A,

fembined refisgtory are gemerally used with s rectangulsr
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entry opening. As a representative model of a great number of
similar products we mention the Cibié headlight for Citro¥n

AMI 6 motor cars, The leading idea during the construction of
this headlight was to equip the vehicle with a highl; effective
headlight from the lighting point of view without having to
enlarge its heipht dimension as this does not appear -~ from

the esthetic as well as stylistic point of view fespecially in
the case of modern, low vehicles/ - as favourable. Besides
that, the delation of the upper section of the circular opening
theoratically improves the conditions for attaining a good
passing light. /It limits tho occurance of filament parasitic
images above the light-shade boundary./ The Cibié reflector
consists of three mirrors /See Table no.1l1/ of which the largest
one /1/ with a rectangular entry opening is a part of the para=-
boloid, liuited by the two planes 2, 2, In order that the
luminous flux which would fall on the 2,2' planes would not be
totally lost for lighting, two identical auxiliary mirrcrs 3,3?
of a paraboloidal shape are present, the parsmeters of which
were deternined in such a manner, so that they would absorb as
much as possible of the luninous flux without disturbing the
requiremont nenticued in the paragraph above, The 3,3'mirrors
are welded to the main /1/ mirror, The advantages of the Cibié
headlight are evident especially in the case of the distance
lights which have not only a great lumincus range but illuminate
well the space in front of the vehicle as well, In the case of

passing lizhts, theoretically more advantageous conditions are

achieved as well, as =

8/ the horizontal zone of the headlight which - as it

was mentioned above - is decisive for the intensity as well as

Quality of lighting, is quite considerable here /The width of
the reflectori/y
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b/ the beam of rays on the outside of the roadway is
consideradbly wide which iz advantageous especially for driving
into turns

o/ the parasitic rays, leading upwarda, which influence
the visibility unfavourably especially when driving ir a fog,
are here strongly limited,

However, a great disadvantage is the necessity of fulfille
ing a high degree of precision not only during the production
but during assemdbly and adjusting of the individual mirrors eas
well, Tests, carried out in Czechoslovakia, showed that only a
small percentage of the tested headlights has the presumed pro=

perties,

Besides the above mentioned and practically exploited
reflectors there are a great many solutiopns that have not yet
been put into wide use, though some of them eapecially those ip
connection with the "H" lamps, are patented, Dus to the fact
that some of them are based on completely new idous, it seens
advisable to offer at least brief information about them, It is
presumed that "H" lamps in the form of cylinders are to be ex-
Ploited, The screens may be used externally only so that
with the increased luminance of the source, danger of creating
parasitic light spots occurs cbove the light-shade boundary due
to undesirable light reflections on the buldb wall or on some
Places of the mirror., Special attention must be devoted to this
phenomenon when solving the reflectors for the "H" lamps sven
though -~ according to the opinion of some specialists -~ the
sharp boundary of light and shade of the passing light tires
the eye of the driver more than the gradual transition of light
into shade, However, strikingly light places are not permitted,

An older proposal of the Cibié company exploited two identie
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eal incomplete paraboloidal mirrors, symmetrical along the
horizontal plane, A cylindrical screen is attached around the
filament V in such a msnner, so that in the upper half it is
mounted from the focus towards the apex and in the lower half
contrarywise., It 15 evident that in both the halwvee of the
mirror some of the rays will pass through the focus./See Table
00,12,/ Howaver these are reflected in parallel with the axis;
all other rayus which the screen does nmot catch will reflect in
such a manner that they will be directed down, i,e, under the
light~shade boundary, This arrangement enables ~ in comparison
with the classical headlight - the exploitation of the entire
reflection surface, however, only with half of the luninous
flux, A great advantage is, that in this way a greater working
surface is attained and due to this fact also the possibility
of supplying under the light-shade boundary an increased illumie
nation, The mentioned solutiom is interesting especially from
the point of view of exploitation in small headlights where it
48 desir le to have a better lighting output, However it is
Deécessar; to consider that this method may be used only in the
case of separate headlights with passing lights, i,e, for
vehicles with two pairs of main headlights,

The French patent no, 1,318.683, Group 8 62 d - F 21 B
introduces a multi-part reflector in the form of rotary surfaces
with axes 7Bl or poasibly CCl, the resulting curves 8 and 11 of
which /See Table D0,13/ are the branches of paraboles with the
same focus P on the main axis AAl of the headlight,

The size of both of the mirrers is limited by two pairs of

the planes & , which pass through the axes of rotation Bl and

OCl and form angles o, /3 with the main plane T o determined by
the axes,
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The luminous filament § is mounted in a grooved screen
in such a way so that it is in front of the "ocus F of the
system, Two acreens, 68 and 7a are mounted symmetrically to
the axis, Thoir top edges determine tne light-shade boundary
of the passing light, The angle o is determined in such a
manner 80 that the upper part of the mirror would be omitted
as it has an influence on the creatiaon of the parasitic images
in the unlit part of the light pattern /o = approximately
66°./

The reflector system is supplerented by two parabeloidal
mirrors, The upper mirror 12 - depicted on Table no,l3 - is
part of the surface, originated by the rotation of the parabo-
la’s arch around the axis 13 of the filament 5, The cieated
parabola has the focus 14 locuted over the filament 5 and a
little to the rear /i,e, towards the headlight epex/, The
resulting focal line of this mirror has the form of a circular
arch, The mirror 12 is su;plerecnted by & screen 12, cituated
according to Tabtle¢ pno,12 above and vehind the lumincus source
in such & way 80 that the front edge of the screen would 1ie
directly on the focul line 184, The screen 15 is in :vality a
part of the cylinder surface, arrunged in such a manner, g0 that
it would 1imit the lumicous flux falling ¢o the auxiliary
mirror 12, Thus it allows passage o those rays only that come
out of the headlight along the horizontal plene or below it,
Similarly the bottom anxiliary mirror 12', created by the rota-
tim of a part of the parabola with tie focus 14 around the
axis 13 and supplemented by screen 15', reflects ruaye syain in
& horizontal direction or obliquely downwards only, (m Table no,
13 the peripheral oblique rays are marked ss dashes. 1Loir in-
clination may be regulated by changing the length of the fila-

ment 15 or by changing the parsmeters ©f the 12 and 12°parabolas,
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It nust be stated that the idea of using four mirrors
arranged in the sbove mcntioned manner is original snd pre-
sumes 8 good knowledge and experiences of the author but its
introduction will be even more difficult than in the last case

mentiopned previously,

In conclusion we wish to show what 1s the future trend
of the idea for exploiting the *H" lamps, Table no,l4a shows
8 headlight of the Ralder system where three "H" lamps are
mounted in the same casing together with ome normal motor car
lerpe They are covered by one ditffusing glass with four diffe-
rent patterns., The first lamp I is mounted in the rotary para-
boloidal mirror with an exit opening of a 75 mm g. The light,
reflected by this mirror, passes through the strougly diffusinog
pattern in such a manner so that it crvates & wide luminous
beam, as 1% is evident from disgram I on Table no.l4b, The
second "H" lamp II is in the parebvoloidal mirror of a 60 mm 4
and it creates a concentrated luminous beam by mcans of a lighte
ly d4ffusing psttern, as may bs seen from diagrem II, Thre third
*H* lerp III, mounted in a mirror of a 7?5 mm ¢ has a pattern
with minor diffusion only, The lighting is shovn cp diagram III,
By combining the luminous beams I and II asyrmetricul passirg
light is obtained,/accovrding to the European code, Disgran A,/
By combining II and III, distance light is achieved./Diasgram B/,

When switching the distance light to the passing light and
vice versa, the bean I always recsins in actiom which ensures

a certain continuity in the illumination of the roadray, In the

upper pr:t of the headlight an ordinary mot.or car lsmp is mounte
ed, used as a parking light,
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Dittuliqg_glasl

Originally diffusing glass was used for the protectiom
of extremely delicate reflection layers of the reflectors
against mechanical abrasive wear and ageinst the effect of
unfavorable atmospheric and chemicul conditions as well as for

diffusing the light to the sides,

Experiments have shown that even an accurately produced
and entirely smooth reflector equipped with a smooth cover
6lass end a clear glsss bulb only, shows a number of various
internal reflexes which form on the luminous patterm on the
roadway light end dark spots, disturbing otservuticn, Thus
grooving of the protectins glass was introduced, possible
grooving of the reflector ani larp bul® which would diffuse the
light to the cides and thus equalize to a large extent the
upeven illumination in the luninous pattern, Besides that,
the grooving weakens the excessive ccncentratiom of 1ight in
the axial dircction which is radiated by the cormun reflector
with the source in itu focus, The dimensicus of the dirfuslon
to the sides may be changed by the depth of the grooviog, In
older type headlights, slightly mat /satinized/ lemp bulbs
were employed es well which aided the more even illuminatico
but at the cost of increasing the luminonce and thus glare as

well of the headlight whem looking from the side,

At present grooving of the reflectors and lamps 1s no
more carried out as it causes an uneven diffusion which makes
the obaervance of quite strict requirements as to the distribue
tion of the lighting intepsity in the luminous pattern /as it
is the case, e.g, of asymmetrical headlights with passing
lights/ impossible, Here the distribution of the illuminaticm

is completely asymmetrical and may be achieved only by a pre-
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ealonlated and carefully carried eut arrsngement of the cever

glass, The calculatien of the optical elements whioh have the
shape of acall priscs, grooves, wedges er aspherical forms,
the complsX of which we call the protecting glase patiern, re-
quires considerable time, The designing of new headlighte with
asysmetrical pessing lighte peees today the most Cifficult
thesretical part of the task, especially with regard to the
faot, that the solved pattern myet satisfy requirements axpect-
o0 frem the pasaing lights ae well as from the listence lights,

As & resnmé it 18 possible to defirs the task of the
pattern en one hand as a complex counterbalancing the luminous
intensity irregnlarities /caused by small deformations of the
reflecter, internal reflexes in tha lamp bulb, on the edxes of
the parabola et sim,/, of the dlatance as well as the passing
1ighte, On the other hand 1t may defined as the transmiesion
of light to the space helow the oblique light-shade boundary
as well 85 the creation of an asymmetrioc passing light. In the
latter cass, the npper part of the mirror in case of the comron
hesadlights is exploited only, ae the lower part 18 covered by

the lamp screen,

As was mentioned above, the rays pass in the case of pass-
ing lights in such a mnner, that after the refleotion on the
reflector they are directed downwards, oross each other and
{1lyminate the epace under the headlight’s axis. The upper left
semi-vave L /in the direction of driving - Bee Table no.l58/
of the hesdlight dlrects the raye to the bottom part F’ of the
11luminatoed space /See Table no,15b/ and vice versa, Fron the
draving 1t 1s evident that the concentration of light in epace
A, where there are the poln.s of maximim lighting R 50, R 75

/aefined acoording to the Czechoslovak State Standard ne, CON

30 4303 or the E/kCk/3243 E/ECE Trans 505, Réglement ne,l/,
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WAy be reached most ¢asily in svenh a case, vhen in the epece L
of the pattern ~ next ta the axis - a field with smll prisme
will bde oreated, which will cendense vne lwmineus intensity in
the area F’ on the wall at place A’,

At the same time it is lmpofsible to choose an arbitrary
shape of the luminonws pattern, transposed into place A, as in
reality all light coming from the pareveleid, 18 a summary of
an infrinite quant ity of the passing light lamp filament, All
theee patterns have the shape of narrew facets /trapezoids/,
directed - in tha camse of the centered filamenta - radially tee
wards the headlight's axis, On the test wall it will oreate at
a distance of 25 meters lumineus strips of a consideradie length
which may be limiteC only by shading tne protecting glass, which
will deorease the total intensity ef the pattern’s 1lluminatien,

As we require that the light boundary be nnder the onlique
beundary ', the most advatagerus are those parts of the glass
which are near the horizental axis, The nigher they are, the
less advantageous 18 the pattern fer our purposes. If the cehe
oentration of light in the spaze P’ 1s not suffiolent even when
#xploiting the small prisms mounted in space L, thé we vise spaoe
? near the axis as well, which wenld normally ensuyre filament
patterns in space L°, Howrver due to the faot that 1in space P we
intredwoe small priems having a preper inoclination, we transpese
the 1light inte & regilen whion is roughly symmetrical with the

headlight’s axis, 1.e, under the right oblique I’ heundary,

It is evidsnt that even in this vase it 1s necessary te uvee
advantageously enly tnose parts or the Zlaas which lle in the
vicinity ef the horizental axis. The mere we retreat from it,
the larger is 're danger of surpassing the boundary rr’ and
1lluminating the part of space above 1%, whioh should remain
unlit, se that the driver coming frem the epposite directien

*
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wow1d net ne dazzled.

whar selecting the preper part of ihe glase for ereating
the pattern it myst de further considered that the erfeos of &
streps - furton sspecliaily at the end ef the filamant cauvses
& otre.&« fiare o[ the lnaminous patterns and especiaiiy due te
aperrations of shape and edges of the pattern during the prees-
ing of the glass, & senalierable 4iffysion of light ocours
whioch can As:iesiate censiderably the theoretiocally calculated
pattern, Pra:tise shows that 1t 1s possible to exploit fer the
pasalrs 1'shr (atterm only these parts near te the hcrizoutal
axis of tras =lass, From this peint of view it 1e alse evident
that for ir .ensifying the light intensity ef the passing lights,
the reflscters with a rectangvlar shape are especially advantae
geous,

Tne calonlation proper is carried out by trigonometrioal
tracing of the rays’ trsocks when paseing through the entire
system, further on by determining a1d adapting the refrastion
angle of the small priesms /wedges/ in sych & maruer so that the
track would appear en the correot place of the test wall, thme
oorreatly located in the 1lit up space, The ocalculation 1is oarried
out mam:ally er by means of an sutematio computer,

During normal caloulat ions we consider ae a rule that the
filament 1s mownted centrically and thus it is quite suffilcient
te apply the theerems of plane trigonemetry, Thme we receive
enly approximate resuylts which 1t is necessary te check by means
of practical tests and then acocording to them moderate the filnal
result,

On the ether side, resulte from the automatioc computer
apply the laws of three-Aimensional Eyoclidean space, 1,6, they
exploit the Carthesian /erthogenal/ ce-erdinate system. A dise
advantage of this method llee in the necessity ef seleoting a

large nuzher of rays, eo that the characteristioc luminous pattemn
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osuM de secured with a suffiotent a00urasy sver the required
test length, 1.0, 35 neters,

*E" lamp main headlighte’ problems

The main parameters of the headlights are the effective
spening, the luminons source luminance and the lumineus flux -
which are at dieposal. The luminous range of the headlight,
the dinesions anpd the intensity ef the lumineus zene depend

on thenm,

The mitual relation ef the luminance and luminous flux is
determined by the input eof the lwminons source, i.e, by the
lasp, Common moter vehicle lamps having an input ef 45 W supply
abont 550 lm and with a pedium luminance of 850 od/om® they have
a real /average/ sarvioe life of about 150 hours, If we wish te
raise the lymirous flux merely by 10 %, the service life would

drep by up to 45 %,

However when we uyse the "H"lamps, the luminance of whioh
18 in case ef an approximately same lighting area as well s
service life avout twice larger, the luminance of the whole
headlight will be raised proportionally, If only a minor increase
in the luminance will be enfficient, e.g. 1+5 timee, then 1t %8
possible to uee a headlight with a smaller effective spening,
which from the constmMmotion and appsarance point ef view i»
frequently quite advantageous, 1

As it was already mentioned, it is impossidle in the mean- |
time to loocate in a single hylb of the commercial "H" lamp
simltaneously the distance ae well ae the passing light flla=-
ments, Thue it 1s possible to deeign the "H" headlight as a
separate ene enly, i,¢, separate for the distance light as well

a8 fer the passing 1ight, or te employ one of theee headlight

types with a soreen, mounted outside of the lamp bulb, enadbling
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the change sver te the seeent Lyps of 1igM, .

Distance lights

The introduction sf the "K® lampe in the distames heedlighte
dees rot practically involve any great technloal predbless. In
oase of headllghite with an erdinary lamp an illuyminatioen ef
Egin 2 32 1x 1s presoribed fer the 4lstance sf 25 meters /Accerd=
ing ts the Czecheslovak State Standards er the k,C,k., regula-
tiens/. However, in reality 1t is considerably higher in the ocase
of headlishte having a larger effeotive spening, For example, fer
& healll. 't «f a 14 mm dlameter commonly 40 lx are stated, fer
headlights of a 200 mm dlametsr - 100 1x and in the case of rectane

@ular types even more than 100 1x,

In any oase it is necessary that the lighting in frent of the

vohicle be homogemious snd so intensive in order to enaure a

sufficient lighting even during the maximmm speed of the vehicle,

Purther on it 1s necessary to respect the nuecessity that in ths

oas® of the tranaition from distance light to passing light there

wenld not be & great difference in the lighting, especially in the
reglon of pnints R 75 so that the safety of drivirg wenuld nct be
affected, If the “H" lamp will be nsed, the luminons inteneity fer
& distanca of 25 meters - in case of the 135 mm diameter headlizht
= 18 inoreased to about 100 1x} in the case sf the 162 mm dlameter
te 150 1x and in the case of the 200 mr # up te 200 1x,

Table no,16 shows luyminoys intensity curves for the Marshal

# 170 headlights with ordinary lamps snd for the Marshal ¢ 130
headlighta with ilodine lamps, The ourves 1, 3 are valid for the

right edge of the roadway, ourves 2, 4 for the same edgs at a
height sf 0°75 m,

Passing lights

Here the problem 1s more complicated as a 1light 1s invelved
which sven in the ocase of a oonsiderably increased utput maet
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ot Gassle mere than the present lights equipped with classiocal
jampe. The passing lights of the Bnropean type are specified by
homslegation reguiations which prescribe a certain illuminatisn
@8 variens places of the test walls at a distance of 25 meters
frem the tested headlights - as it will be Alsrvased later on,
Tne sharsoteriustic pointe are especially B 50, H, R 75 ama R 50,
Waen the passliy 1lghts are in operation, the greatest diffiocule
4y 18 the o;:urwmc- o1 the presurined values of lighting for
the test points H amd R 75, 1,0, E, , ER?S' as their angle in-
terval 1e 1° only. At othsar tent places of the passing light
the presoribed aistribytion of the iuminons intensity may be
aenieved by employing a preper patterr. of the cover glaes, The
‘ Quality eof the passing light ie expreseed by the lumineue
eseffiolent . - 7ER 5 .
z --—-—--—--EH

In the case of the older symmeiriocal lights, k2 3 <« 5,
in the oase o1 the present /in aversge/ 9 = 12, Higher values
8ay de reachea ovnly in the case of hoadlights with a very
sffeotive dlameter which from the rperation point eof view is
disadvantageous, If we equlp the olassical hea’.ight with "H"
lanps, then the total luminena flux will inoreszse byt at the
same time the gzlaring effeot will s™ow ae the coeffioient will
remain the same, /Table no, 4./

Thus in the case of some forelgn manufacturers, long-term
and ocostly reeearch wopk was carried out which ensured the possi-
bility of deslgning headligiits with separate “H" passing lights
without necessarily surpassing the lighting at peint H, which
mst not axceea 0,7 lx, At present this problem 1is alse being
selved vwith success in Osecheslovakia,
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Table no, 4

European headlights and lodine lamp headlights .

Test point HV 75 R 4
European headlights
Diameter in mm lLuminous intensity in 1x E75 3 EH
Classical g 176 0.7 9 13
headlignt
with ¥ 137 0.5 5 10
eMinary
lamp ~ rectangular 0.7 12 17
Headlighta with todin? lampse
Classiocal g 176 1.4 18 13
headlight
with "H" $ 137 1 10 10
lamp
rectangilar 1.4 24 17
Bpecial # 137 with
headlight oircular
with "H" focus 0.7 18 as
lamp
rectangular
with shift,
axis 0.6 a2 3

Cezbined 1lights

As 1t was alresdy mentioned above, the predblem eof preduoing
"H" lamps with two fllaments has net yet been reliably selved -
thsugh acoording to information of soms ef the foreign mamifaotu-
rers, dating back to 1966, the lamps with twe filaments should
have been commonly on sale a* the beginning ef 1968, Therefore the

effort of the designers werking in the meantime en the headlighte
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d1ffmeing glaney
t/ The sirror may censiet of twe horisentally against each

Tre eptical devices mentiensd sud 4/ may be a part of the

other ohifted seal-paraboloidal mirrors of which ene has the
foona in the senroe ard the other bdesides it, The first mirrer
sreates the supplementary part of the distance light, whereas the
oooend 11zt creates the passing light and part ef the dlstance
1ighs.
Preneh patent vo. 1,.376.728 - Marshel

The ebjest of thie patent 10 a headlight vith an 1odine lamp
oguipped with a hallev sylinder shaped soreen, having several
sponiage sdapted Ln ewsh ¢ sanner that the l1ght paseing threugh
e will sreste the paasing light, If the headlight should eneure
Glsbance light 88 well, the sereen vill be shifted by means of
8 tlestreragnat nleng the paredelsa axte. In thie wa; the pacsage
#111 be epen te all the reye and dlstance light will be ensured,
Promen patont se. 1.477.8551 « Prilipe

This patent dem.ant ststes Lhal & headlight, Lhe mirrer of
IR Lo senpesed of tes Mentical paradelods shifted againet
el staer in the Rerizestal 2irectiion ond raving the filavent )
Memkad eteen Whe fosl of Lhese Nalves /Bee Tarle ne, 18/,
SRage s s ssaleve goed paselag light bt is teoulfizsient for ne
$10%aene Light. Thorefere Lhe Laventor Latretnecs 1Inte the focwe
of Whe apeer Ll of Lhe Birrer 84rees Lhe 8116 of the head light
® Fortnes sniicary fligeeed & ami Purtner on sest te Lhe exit
SRaieg 05 e titary hellew alrrer of oa oliptisal shape, seunted
B Gn o marer 90 v2ed tis fesl will servespend wilh tre feaf

o WAL tie jasenele Me i sest.airrers. la LA18 sese Lhe s lllary

TR0000ne , 1ocetad 18 sue Pusnt oil] Megnre 1o \he other fowwe,
WS stosmse vise give sup Seses renghly psrellel eliA the saie,
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which 18 exploited for the distance light,

In conclusion it may be said that according to information
frem abroad as well ae technical and patent literature et sim,,
great interest ie devoted to the solution of the headlights with
the "H"lamps, especially by motor vehicle manufacturers, The
headlights with combined "H" lighte ire onrrently on sale, It is
expected that once the problem of two-filament "H" lamps will be
settled, the headlighte of practically all vehicles will be

equipped with this lamp,

Apxiliary headlights

From the large group of auxiliary headlights at least the
mest frequently naod fog 1lights /wide angle lighting fittings/
By be mentioned,

These have a smaller or msdium luminons intensity and employ
pareboloidal mirrors, inclnding oiroular or rectangular exit
opcnings; The protecting glasses are ysnal ly deeply grooved in
the perpandicular direction eo that a widely d1ffused light beam
with a linmited height but wide side range will be achieved, This
18 quite desirable as it enables better visibility in a dense

fog - at least of the road edges - possibly even the middle part
ef the roadway,

The fog lights should replace during driving in a fog the
®aln headlights as the luminous cone of the latter ie not propere
1y adapted for driving during a bad lirpidity of air eo that they
4e not 1lluminate the roadway sufficlently and on the other hand
they create an intenesive diffuysion reflection on the fog droplets
which dazzles the driver and hinders his needed orientation on
the roadway, Practisal tests have shown that the fog lighte
88elst consideradly in lmproving visibility during & fog only in
Sueh a case, when they are properly movnted, Lur.ing a light feg,

the feg lignts sneuld be &8 lov as possidble and ihe duklnous ocone
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1imited in its heignt, should be dirscted slightly obliquely
downwvaras. However if the fog 18 denser, the voluwe of light
dirfueed in the direction eof the driver’s vision inoreases

and vne lyminance of the illuminaved fog inoreaswvs 1n coupari.
son with the iuminance of the roadway. in order to let more
1light fall en the roadway and lees on the fog it is neceseary
to moynt tne fog lignts somewhat higher ard at the aame time

to tilt the axie of the luminous cone more from the horizontal,
During a dense fog the neight of the fog light shonld ensuyre
that the driver’'s direotion of view on near ivoms wiil not oe
jdentical with tne fog light luminoue oone’'s axie, However tne
fog lighte met remain eufficiently high as well as sufficient~
1y tilved down,

From what was mentioned above follows that the feg lights
should be mounted in an adjuetable way, However in praoctice we
negleot the proper position for light feg conditions and mount
the rog lights maximaily 45 om above the roadway, with a suffle
olent inclination. The fog lights myet however be located lower

than the main headlights,

Bignal lighting fittings

The teohniocal requiremsnts regarding signal lighting fitte
ings and the mode of testing their parameters are presoribed by
the Czechoslovak State Standard no. UsN 30 4305 /for Czechoslo=
vakia/. They are mamfaotured with a red lignt - as resar and
stop lighte, with an orange light « a8 front and rear direction
indicator lampe eor with®white 1light - as side llghts, Lighting
lamps, 1.6, lighting fittings for the lighting ef the muuber
plates, running-boards, ceiling, seat, panel et sim. llghting
fittingn, have as a rule vhite lights, The luminous teohnioal

properties of the signal lighting fittings are stated on the
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folleving Iahle D, 3!

Bignal lighting fitting lumineué and technical preperties

--------------------------- LA X 2 X X X 2 R R B R R B X R 2 X 2 T X T T X T R PERIRE g -

R. of lighting Celeour sf Valuss far 1 Values fer 2 levele
11

light lovel of of luminous

lumineus intensity

lnumuy

lln. -nx. day night
Ld LA LA 4 L L X L L L L T L 2 L X 3 T 22 X 1 1 X 2 2 X B ¥ R o o e e L L L L X ¥ Y Fr--
Mear light Red 2 04 12 ¢a - -
S8ide 1light White A od 60 od -
Svep light Red %0 04 160 04| li ain

e ROV '.r' g 3

Frent direoctien Orange 50 od .w 178 o€ u;"
indicater lamp -,:7&3 -‘:
Rear direction Orange SO od 200 od
ML FH LN :

The preperties of lighting lamps are net stated by regwlatiens,
Puorther sn, values of the Light chrepeciiy ge-srdinates are
speoified for the red and erange colours, /8ee Lhe above mentiennd
Csechuslovak State Standard,/ An impertant preperty of the lightinsg
fittings 1s their luaminance whioh hewever has net yet deen stated
by any standard, Thue we eften see greuped rear lighting fittings
whioh fregwently - especsially during the night - 4isturh the sight
sonfort of the following car’s driver as they dassle his cometinee
even te such an extent that an immsdlate sight indispeeitien
/b5linding glare/ may scour which may lead te a traffie scsidenmt,

The decisive faoter fer eveking & sight sensatien te the
centrast of lusinanoe of the edserved shjeat and lis surrennd lags
/ve=called relative lusinance/, Prectical tests have shown that

with & relative luminance of 1 ¢t 10 a sensitive sight 4letureanse

BAY eccur and with a relative lusinence of 1 1 100 even & glase,
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Witk respect te the fact that the maxisus dearedle lwmie
Bange for & humam eye is adout 20 - 30 stilde, it 18 reccomend~
od that the exit faces of the lighting fittings De saffi-leads
17 large, aa far sa possitle plame - withowt epticel effocta,
possidly wrooved, vith & shallow prefile or It la better Seo
oquip them with o seamty detting ehi:-h scattere light omite
901l %5 tha sides sed *hus 4esresets ramsideraily the tetal
luninemes of the lighting fitting, TWe refloction surfoeee
wher the iadividaal lempe of the ilghting fiseings should W
Sedoreted Lo such & ammner o0 LMt 00 ref locved |ighe weuld
W suffistently 4iffused, Than 10eee ouwsfasee sheuii be fiss ly
Mtted., The airreve should B0 vith regards %¢ 0etis surt see
00 Jarg® 08 pansidio end he) shouid Newe o large raiins of
oares e,

FLih reapoet to photemetry 1V Lo SOSLNN #Y o POl
Wt e lighting fitsiage® iightieg Heteeeity shanii agyrened
WD We precerided lamp lavmisown flus 0o Setsen |bedd swundagy
of daunbomn Le%ensity s o il ee tanisanes a8 Seth ssiwse goww
itk Whe aperestiem weitage i weve 40 ¢ Amgee of sespenateg
e astom Seundesy, |
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oYy 18 weven wd Nea o tesrdamay ‘e POLNID Ve the erigisel
T 40 sarisns dirssticome oi18h o 41 Toreat stresgth and thew
G0 298 scsept LAe 2x: reet shape of 1he prescing tes]l, The
Smgisedisel fidrtllation 1o ke 1irec’ iem of the rellilag 3o
W uae of lasreansd 4utilitgy of tbe material ia this diree~
Shan end the reeulilag preceings have s grester or .esser
PUality . Turther am 1% L0 sececsary Ve ssert o great cafe 90
Wt She esed seterial weuld not age fast - that it weuld ped
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Ponceting

Fosesing sa) be taslically deme by twe metheds o
& e cleseleal metiod, camalsting of gredual passiag of
W piroduct frem ame ;50 of press te spether; (m the sccomtrie
PUves & 4100 is prececd frem & steel strip, (m the drsving
PUSss, preproeniag ssd paredela sheping 1a carried sut, (m
e fristion prese the gesersl shape 18 sized ocut and ov other
P00 the reflectiers are treated,

W On ssders treamefer precees /0,.¢. the Leluler Co. tranefer
Posesse,/ the refleater ia pressed ia several weork cpernticne
45 ¢ slagie mmehine, The suplettaticm of this tressfer press

10 We predustion presumse great lots of reflectors to be pro=
Mtiﬁmum“cntﬁmmuhtmdu
Ppenge,

m;ﬁxdﬁ--ﬁmuumqu




Pt We shensiloens of We cUiabage oo et e apurtibes
omibd et W preasnd-40 nd mn ' = profasts Sepeestated,

e presstag ool 16 2 peovsaicbinl pun-h ond Sia, The
Pl 40 produned bW lethe-tuss lag, Sasdenisg nd esswnl griede
Mg. Mo plose is *ested agaiast fagilght 87 evese of & oo
plate,

Par 2o 90 taew, some [eruigp ancul se turers onsider en-
pledting Sae Sesinclegy of preceisg She parsdeletdal fesm 1o
8 odagle streke wm 8 hpiremiienl press W esame of & rudber
puDeh filled with veter, The feformation setiviy) fduriag e
Grentag eperstion russ 18 Shis methed alnest ldeally sed thwe
e shape of the pressing Ls guarateed by the 4dle,

Afser finisking the pressing, the latermal surfese of the
presision reflectors /e,g. for the mals headlights/ is grewnd
Jpelished/ for the coating /finishimg/ varmish,

There are several grindisy methods, However tesically 4%
18 required that the direction of grinding be followed as far
88 possidls in planes parslle]l with the parsboloid’s axis as
$he grinding material takes off materisl from the top to the
odge of the parsboloid, 1.,e, perpedicularly to the savinesa
sad the roughness grooves, csused by the drawing which - as 1%
%08 pentiocned previously - have a circumferential directica,
Thus it 1s possibdle to create & good quality surface under the
seating varnish lajyer,

Criading is carried out in special fixtures with the ald
of adbrusive discs of s very fine greis and baving s proper dia=
8eter of curvature, possidly with the aid of elaatic discs,
Soms mapuficturers use adbresive band fors grinding, The detalls
62 operstien a8 well as the employed equipment are held by the

seapufecturing companies ip strict seerecy due to danger of
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competition,

After grinding the internpal surface df the reflector it
is covered by a reflection layer consisting of em undercocat
metal paint and possibly a protective coat, The application .
of the undercoat paint is carried out after perfect degressing
and phosphating of the surface by dipping /spraying/ most
frequently in & tunnel line and drying /beking/ at a tempera=-
ture of 150° - 190° C /according to the type of the varmish/,
There are various dipping veruishes. It is required that alter
the baking it should endure temperatures of about 120°C without
eracking or scaling, that bubbles should not occur on the sur-
face and that minor surface irregularities of the ground para=
bola be removed./In Czechoslovakia high quality surfaces are
eovered by the Herberts 3071a type varrcish, produced by the
GDR,/ The thickness of the cout reaches about 25  pdy in case of
doudle dipping some 30 to 55/u.. The undercoat varnish is covered
by means of the vacuum steaming method by the reflecticn_proper
ddYer which is either of pure gluminum or more frequently of
&8 elloy of eluminum and 5 % of titapium, Some nanufacturers
equip such metal coated surfaces by protective coatings applied
by the vacuum coating process /€lyptal undercoat vernish/ of
@ small thickness which ensures a long service life of the
mirror even in extremely humid regions with a frequent conden-

sation, /The lte is prolong:d according to some measurements
oesrried out up

reflectivity,/

0 five times, with about & 3 % decrease in the

The checking of thée ground face surface quality is based
@8 the presumption that the most effective method is evaluating
the 1light-shade boundary of the passing lights® image, The

ebocking in the workshop is carried out visually by obeserving
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the image sharpaess of the straight edgee of the b jegle’
ineges or images of drewm parsllel 1ise sete /gride/ and W
comparing thoz with a model paredels,

Shape deviaticns will presemt themselves 8o lossl wawving
apd greater roughnesses ss lime unelarpuesses,

Production of Aiffusing glasses

Diffusing ylasses sre manufesctured &y ** - preseiag of
molten glass batch /gzlass metal/ at a tempeorature ¢ i1 owd
1200°C, The glass batch is a2 mizxture of Quarts sead, flusee
/potash or soda/ and limestone which renders the gless resiatent
against the effects of water, Besides tlat the glass bk.tech
contains a sasll amount of other sub.tances whicl epsure the
good course of glass plaining and that the glass 1s celeurloens,
The dosing of the glass is carried ocut most fremwotly auteme~
tically. Manual doeing is bpot acceptable as it does peot enmsure
the same batch volume, Due to that the pre ‘ged glassses weould
have various thickneases, transmittance andi different ocptieal
effects,

Pressing is carried out on hydraulic presses; coeling ia
tunnel furnaces,

Cooled gless contains sbout 70 % of G10, /silicom dioxide/,
16 = 17 % of Na,0 /sodium oxide/, 8,5 % of Cal /ealcium oxide/,
further on some !203 /irop trioxide/ and traces of other oaides,
the most interesting of which ise nzoj /boreon tricxide, which

ensures the clarity of glass,

The pressing of glass is carried out by meens of two-pars
®moulds /core and counterpi e/, produced from various materials,
As the production of the moulds is quite laborious and requires
considerable precision, individual metsllurgical works develop

Baterials which suit dest their experiences ss well as tested
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1streduetion .

Besh lighting fisting desigped for use om a motor wehicle
et comply ir respect with its techaical and operation pro-
porties, joesibdly even deailgn, with the reepective rejulatioos
/Cseehoalovak iitate tandanis - &K/, Ip case no regulation
M statad hy th» state existas /for some losy important
Mghting fittings/, then the technical and scceptance condie
Stems uwsually elaborated by *hn manufacturers in sgreement$

oith the custowsrs’ companies, are valid,

Por the basie lightin; fittings - poasibly even luminous
souPees -~ the Lurcjean Ecouumic Commisaion /EEC/ introduced
for all of 1ts wenuer states so-called recommendations which
servssyond to the moat recaent knowledge, requirements und cone
vebtions of the Intemsational Lightin, Engincering (r aniza-
ke /1.3.0,/. /Deviations are carried out only in thous

o88%9 where it 1a to the pro’it% of the product’s quality and
e the safety of traffic,/ The product must comply with these

regalations, should it be freely saleable in those countries
Shiokh are msnders of the £,8,C,

In Csechosiovakia there are mo difficulties in sdbtioco-
iog She £,.E,C, recommendaticns as the Czechoslovak State Stane
6arde s8N/ are published o8 & rule after the declaration of
e B.2.C. recommendations, For all of the member atates of
e B.5.0,, se-called netional testing estadblishments are

Ootherised 4o carry out teete of the lighting fittings,
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prescribed by the E,E.C, recommendationa, The Czechoslovak
national testing establishment at the Bz Company of Prague~
TroJa, is a meaber since 1967, The products, approved by this
testing establishmont are marked by the symbol "E &%, /Symbol

"E 1" is reserved for the German Federal Republic, "E 2" for

Prance, "E 3" for the Netherlands, etc./

The so-far issued recormendations of the E,E,C, are valid
for asynmetcical headlights /Reglement 1 and 2/, reflex reflee=
tors /Reglement 3/, re«ar numdber plate lights /Reglement 4/,
Sealod~beam headlights of the European type /Re;lement 5/,
direction indicator lamps /Reglement 6/, side and stop lights
/Reglsnent 7/ and "H™ lamp headlights /Reglement 8/,

Testins tsachniques

The testing techniques employed for the motor vehicle
lighting fittings applied to a wide range of lipghting fittiogs,
mentioned in Chapt r 1, are quite diverse, However each light=-
ing fitting 18 basically subject to tests in a testing establish=
ment and besides that some of the more important lighting
fittings are subject to tests with respect to thelr paraneters
after mounting and ad justing on the vehicle. The detailed
course of the tests is stated in the respective standards,

Basic rggplationa

The basic regulations for all electrical equipment and
installations serving as accessories and equipment of motor
vehicles are atated for Czechoslovakia in the Czechoslovak
State Standard no, $SN 30 4002 - Motor vehicle electrical

equipment, This standard prescribes conditions for the con=
Btruction of individual elements of the electrical oquipment,

its proteotion and resistance against interfering influences
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/including the protectios sgainmet an usfavoursble environment,
eorroeion, changes in temperature, great temperatures, haatdiey,
dust, vidbrations and shocks/, Purther oo it states the tyoee of
tests which it divides up into type, check, plece emd acceptamee
tests,

By tIDe tests a complex of ell pressribed partial tests s
understood which take place in the case of a new product or a
change in the desigzn, material or production teclinoleygy - Af
these do have an influence on the change of the products® pre-
perties, They take place aa well when the production is shifted
to another plunt or when production is resumed after a tenporarxy
etop in production, For type teats, two products are selected
at random, approved by the technical inapection of the manufage-
turer, Ghould not just one of the products comply with the
test specifications, e,g, even merely in ons of the partial
tests, the whole test must be repeated in ths entire extens

witlk two next products,

The gheck testg are carried out by a special technical
product inspection department of the manufacturing plant oo
random picked products according to such time schedules and
with such a number of samples, so that the desired quality of
the products would be ensured, It is curried out at least
twice a year in the extent of the type test, If only opne of
the samples does not comply with the specifications during
the test, then the test is repeated in a full extent with a
double number of samples, The check tests are also carried

out by the authorized teating establishment in charge of a

permanent inspection of the quality of respective products in

the extent necessary for keeping their quality under obuarvse
ti“.
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peseidle tllmination 19 required, theoretically of a nere
valus, Nowever, tus to the Aiffusion of light orizinated ¥y
1% reflection o the reedway, on tusty particles ip the alr
&8 vell ia *he headlilght preper, a cortain illumimaties
Sceers here, the intenaity of which must net esxcesd .7 1x
and 0.3 13 &% the vest ,oin® B S, In this ey, 1azzling
of persome /veni-lea/ ~ming frem “he o posite Mrection
oheould de Aadered,

Teshnlenlly ment 11fflcult 1 the tllumiratiem specified
for Beat 11, T™iis is 41vided b the axle of the rondway iate
0o sectieme; 1a the left cme the 1lluminetion should be abewd
We seme a0 12 Bunt [V, whereas in the right me light s
POguired to -omcontrate wm the edge of the g Away 4* 8
8h0%anee of A - [eseidly 7% mrters, iy soans of simple eal-
enlations it may be detarmined that theee distances correspond
@I%h the braking tistanses of vumtomary vehicles travelling
OI%h & 5,004 of 6 - RO Bm / hour - mevertlaeless urisr the
capdition of rull cemcentrotion of the driver /Rencticn time)
obewt .? g04./, In realisy 1% 1o necessary te considap o
SOFIALD fatizue or lesser con-entretiem of the drivep, {0,
® lemger reactioem Sime, sc that the sheve scntiomed tracks
#i1) correspend 1n prectice with romaldaradly lewer speede,

Prem tis 1t 14 evident that wies we viakh te ;aae
Yohlelos st hisNer speeds ther theee matiomed, 1t 10 fipeg
of 811 necensary ts tncrease \he ietensity of lighting of the
SPaes teteeen ointe N end 7% #, This cam b tastienll, teme
AD %90 waye; eitrer by uslng & sujplementary Lighg or vy

$atredusiag nere offective headlizhte,

Addiriemal LighSa. weed t111 edewt 154, 3.0, wnegl o

Siss shes the Lateneive exploitetion of were ¢ffeetioe bumie
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Bous sources was introduced, give s parrow luminous cone
intensively lighting up the outside edge of the rosdway in
& distance of 70 - 100 m and thus extend the effect c¢f the
passing lights with classical lamps, In the direction towards
the inside of the roadway, the light is screened im such a
mepuer ec that 1t would not dazzle on a straight treck the
users of the athe- ~~17 of the roadway. Verious types of
headlights were developed with special lamps /9. Novalux =
Darklic, Austrier pstent/ which do nmot prove to be coupatent
due to the possibility of dazzling the driver ccening frea a
ture from the cpposite direction, /According to Czechoslovek

regulations they are not allowed in this country,/

The second mcthod of raising the luminous intensity in
She vicinity of pcint 75 R by using new Wpes of headlights
with "H" laxps is (uite actual nowadays., It was discussed in
the preceding chapters,

Tae photoemetric properties of the guxiliary headlights

re tested on a wall /..ee¢ Figure no.20,/ The peesuriog 1s

sarried out in a similar way es in the case of the main head~

lights with distance lights,/Details are stated imn respeactive
pregulations./

The photonwiric properties of )iphtive fittinge are

Boasured in e similar way as in the case of headlights,

/Aecording to the Crechoslovak State Htandard no, Call 30 4308
The 1lluzination and signal 14,t*ing fittings for rcad motor
vyohicles./ Ip this case the test wall Lag nuch smaller dimen~
sices and it is used at such a distaice wlere 1t is possille
$o apply with & sufficient precisiom the btesic photometric law,
oEpreasing the relation bLetween the lightiog intensity and the

d1istenes of the source, /5ee Chapter 2,/
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According to practicel experiencer it is abcut ten times
the size of the largest dimension of the tested li htirg
fitting, As the shortest distance usually a distance of 1 @&

is chosen, for preciass messuring 10 oeters,

Measuringy of the light chrormacity

Measuring of the light chromacity is carried out on the
bagis of the international colorimotric system whicl. presumes
that the eye jorcelves light by means of three oryurs the ecb~
sitivity end colour of which differ:, and depends on the length
of the colour wuve, In deporndence on the cight sencetion, the
chromatic cc-erdinates of light x, y and g are deteimined, In
practice usually the co-ordinates » and j are stated, ss Lhe

third one 18 a supplerent to 1,

Chromatic lights are used exclusively in the case of
signal fiti ngs. An excepticn ure the yellow 1li_ hte which are
popvlar especially in Frunce for the main headlights as well
as for the foy 1iihts, The edvuutages which ure gscrited to
their light, i.,e, leseer dazzling effects and Letter diacerm=~
ing ability, =re questionsble and were 1rejected for & lopg

time outside of France,

At prasent the problem of exploiting yellow lights has
again been raised and rew measuring are cerried ocut irn order
to determine the properties of this 1light with a finel validity,
50 far the results show that especially in the cace of the fog
lights, there sre no theoreticanl grounds for ite use us the
lumincus diffusion which should be smaller in the case of
Jellow light then with white light - as some of the jracticians

believe -~ is the same for sll lights as water droplets, forming

the fog have a diameter of micron unit velues which is more
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thee the savelength of visibic huntaems relietie,

The ssasuring oynipmont (s sster rebbiele lightlag aughe
soering is basically of tee typee ¢

o/  epactirvibetsmsinsR. *wlived itk & Smechromter and

8 sregurics pheteeie-tric cell, During the wasurtsg, W0 e
Seseity of the iladiviiual chrommtie secapavente of the ligh
18 the whole sxtent of the vialble spectrum and frem then
ehromeatic co-oriinates are cslenlatod  accarding %o W
sethod, srnticned sbeve is Chapter 3/,

W gemAre botyBetell, Yrore She chrammceity of the \hsee
basic light componente c¢f the tseted lamp are sesgared with
etalom lightes. The mea.uricg say e performed either odjpetives
1y 4y means of the trichromatic colerimeter or swbjoctively

by means of e,¢, fulfricht’s photemeter,

The trichicratis SClOriFeler os,leits three phote-elec-
Sric elercnts with a sensitivity sceerding te Tsble se, &,

¥hen employing this methed slaborate calrulation operstioms
may be onitted as the evalustion is carried out direcily W
the elerents, However, 1t is nocessary that the semsitiviyy
of the elemants fo.low guite exactly aa the funclicne :‘ . f‘,.
S\ ®specially far as the course of Id 18 comceraed, The
realizaticn 1s slways Aifficult and thus isstruments with @
precision sensitivity of the elements, modified by proper
cclour filters, ere uitve rare, Common instruments c¢f this
type always have elements cof somewlat differemt projertiecs
than those prescribed, Thus it is pDecessary to correct the
Tresults offered by the instruments, so that they would be
least approximately e ual to the C,I,B, co-ordinates, They
are rather convenient for fast but less accurate measurisgs

of the light cbromecity,
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80 rolladle testing mthed 1o 0ma, !5 Tieboniovsiia & oube
Petive teoting wrthed bas Deee jrepaned secovding ts vhlod
e shoorver conperve the glare sf his sight W ot Mesdlight
Oi8h & conpeariser scures of 4 prescridad lunibance, & somboP
of woesurings wes 2arriod owt ohl.h proved that 1% senuld o
Peseidle ts ascorvale ba glare ¥5 thils erthed, A8 Sie seme
Sae the osboervatien of several wuber states of the §.1.G,
08 verified that the glare teet ia swperfivens, a8 She Meadh
ghts whizh comply vith the teet o the teoting wall seetfened
Deve conply e well with the glare test, s tAls rea; ~ct, e

Chochosloval jropesel ves ‘- rmulated et thes pessed en e the
Lignisg Eagiseering Cormisaion of the [,.,0, ot Brussels,

80 far 20 docision wes pecsed em tAils prepenel, Pez ns 1% Lo
EDOuR, & tendency sppeare sdread townrds the fatreduction of
S precisim odjective nothed,
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Sla S0 aot testeld Set 100 reflosted /By the detien smrface
of e reflestiing glese/,

e reflesting glasees have & shape of & very Tlat o linler
OV & trtang-lar prise, On the Seties enrfase Lhe)y are e pipred
MR o refisstion lapor of Pacwymeceated alumirnwe /eceverad by a
ooating of sarniet.’, Om Lhe wppar surfece \here is the priassatie
Sosdgn ri-n 1afleats light fallleg on Lhe refletire glase,
S0 vim reflastitan %y Lo Rattgm prfane 8f Lhe refleoting
S3a08 14 refrasts 1a Smeh & Sanmer Lhat 1L 1o directed im the
Sonbrod Sirexiten,

™e wese.rine of the lighilag ond Seshaleal para sters of
e flesttng glase 16 & vrohe?r now 1ine of tooting which atl Lhe
pressnd 18 ta se-.tomt Sevelepriat, A rezecseniation has besr
esed vy the 6.i.3, 88 o9ll 28 & Zsecheslevar Gtate tarla
MO0 Boen Lemssd et LBS esatnring Veehnipas af these prepertles
e sees puriisted ot sttil the Puestles remalus 28 up Lo wihat
Sagree teas 1d sscynpt wilh Lbe pronleass of Lha task, A vury
SAgEPaek sirvcaatsnde L0 Lem LA2E T Resling & mtjosat winloh
PPt ke seusitaranty S0 FTapent starssiaristl. e Lthan Lre Lasting
PPpipaent for seerriaintng Lo otsmmiris and solaris:trl: pres
PR ion of evdinary Liastisg Fibiings, Thie Lnt reduaee greag
ST 10100 and 1A sug 0 sald that 0e far 1t Ras met heen
PRels s 0 syou L) ephiami r*enditieons Tor Lo seaswring and
Solesnining of eptimnl. wsasuring aethads,

e 4177t 1100 of Boadaring Lz refloctiing glase raj b
Mahanily Siveiedt ane tew Raresteristls grewpe: firsd 1t ey
W Sl et SePY SEBE L Nisted LILOEALL100 A seas:red M
AR 490 St Lane of V20 s ilisaalel 0+40F o7 Gvea lose ol

Spaliy, VA0 oot tan 10 SA1il spue perielaing Lo e selerime

WY of e refiesting §0e for whish oe 40 a0t Mave st onl)
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ssasuring techniques but ales basic specificatiens of require-
monts regarding the precieien eof msasuring. In the colorimetry
of reflecting glasses 1t is slmest impessible te use the srdi.
mary olassical teohnigues with respect te their minor precieien
whioh is limited by the present benndaries ef technical poesibi-
1ities,

Thus it 1s impossible te state that the present equipmest
expleited for the measyring eof the paramsters ef the refleoting
glasses are fNlly satisfactsry. U'swally the preperties ¢f the
phetomltipliers are exploited which are capable - acoerding Ve
the velume of the fllament current - of mesasuring even very weak
light intensities, However a major disadvantage is that they
oQuire a high constancy ef the employed ocurrent's voltage asd
mainly the cirouymstance that thelr speotral sensitivity myst de
odapted ts the cone sensitivensss o¢f the human eyes. This cerrece
tien 10 28 & rile rether 4ifficult as the sensitivity of commen
phetomltipliere afflicte mest ef all the blue rediatien regiens,
The emissisn current is seasyred after amplification by means of
8 galvanemeter,

The measuring of the light ohremmeity is usually dene by
wans of the cemparisen visuyal methed,

flyeteent of the ligntipg fittinge on the venisles

The lecatien of the basio lighting fittinge en moter vehieles
f0 vevally specified in regnlations, /e,g5. Csecheslovak State Btanme
Sard re. "N 30 4302/, This means that their pesitien as well as

Wheir srientation and angles of geomstrio visibility are specified,
Theoe desis paraseters are ensured as & rule by the preper and
®ereful meunting ef the lighting fittings en preper plaser of the
Vehisle in eweh a way that after thelir dasie mouating 1t 15 met
BPOOSeary Lo shesk them.
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An exceptien are the main headlighte as their wreng adjuste

MRt dangerously threatens the safety ef traffio and quite free

Quently ie the cause of serious accidante,

The adjuysting sf the headlights sf the Buropean typs, 1.0,
intreduycing thelr optlcal axes into a horisontal positien parallel
with the longitndinal axie of the vehicle 1s oarried out elither
by aiming a’ the test wall er by a epecial ad jneting equipment,

the so-called regloscopes,

In the first case the passing light bourdary ie marked at o
distance of 10 m on a vertioal wall, siandins perrendionlarly te
the longitudinal axis of tre vshicle, in syoch a manner seo that
the boundary refraction wonld be lower b' es many ceantimsters
than ths height of the headlighte’ centre as 1e the distance of
the wall in revrre /thus an inolination ef the hesdlight by 1 £/,
Then the ocincidence of the passing light is carried cut with the
indicated boundary, This methed requires considerable space and

eannot be employed at an opsn space during the day,

Thus a mimher ¢f variouns eqiipmerts hae been developed,
onadbling the aldjnsting of headlighte on the vehiole, All eof them
oxploit prinoipally the eptical system,either lene or mirrers,
by which the luminous pattern created by the headlight on the test
wall 1e depicted in a haif scale in a dletance of about 1 meter,
Bome adjnstirg instryments enable checkup not only eof the correet
Shape and distridbution of the lucinous pattern of the teeted heade
light but also finding out the luminous intensity at lmportant
peints of the distance and paseing lighte,

The sdjusting of the Sealed~beax type headlights is ceneldee
redly eimpler than in the oase of the type "E" headlighte and it
10 carrisd out mechanioaily at beth headlights simsltarsously,

Ia principle three centaot surfaces are oexpleited, These surfacee

are carried eut on the face of each headlight insert by wvhich the
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plane, vertical Lo Whe Meadlighte’ ante (o Soteruiand,

Moot of the musrens siinsting o@iipmet Wieh (0 of varione
types, enabie first the od j-sting by Sweae of & mwsranise Vi
Suppert Heses vhish seee Inte sentart wilh Lthe sentasl Smrfases
of the pretecting glass, This adjnotment pertaise 1o Lthe anes of
the headlightes whi:h are iatreduced Lnte & misally pareilel podi-
Slem and then they are levelled in paralisl vita the lergltwtinal
axis of the verizle, The mesnarise regmires Lhatl he esaast spacing

of deth the nesdiights Be ¥rewn,

Sesting shey

T™he average lighting saglneering testing shep shenld be
oguipped - besides the fore mentiened teet wall and Llretrvssate for
e seasuring of the light shresasity « vith egmipment erenling 0@
testing of the lualnews intensity of Lhe senrses, the lusinowe flws,
1ighting, lnsirance, peseinly reflsetivity amt hasie parsmstoere of
siaple eptical systems, TMerefere the folleving paregreapre will b
Goveted teo & brief s:rvey of the epilpuent and metheds enpleyed for
the msasmring of the mentlisned values,

Measuring »f the lurinews intensity

T™e listineus intensity of the sewrees and lightiing filtinge
10 neadured on & phetemetiris dench, This bonsh sondiots of & iy
of /precisely lecated, raile, on whieh sarriages vwilh light sowrves,
00Feens and neadring lustr-aeais SAJ W0Y0 ia Such & maaner Vet
Shey are slveys co-azisl. ™e magnitede of Lhe ealft san be read
fres the scale ueinte’ ou the rell, paresitle lignt (o elirimeted

99 seans of & ssreen of & preper olse,

The hasls seasuring ievelves tre lualzaus Jaitasili asrmal
of & spoclal conotreition wiseh 1o wood for \he gaglang of vory

Mrmis,. ™e laderstery shevld %0 ogripped vith o series of mrmld
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SRt Ireolinsed 1AMeus it 100 o Lhat By seaparing ires I\ could
e found ot \hat ‘Ao lr luatinous (ntensity 414 met shange, The
Seturisg any %o 0erted after \he teoaporalares of Lhe whele lamy
0tle, Lt.o, after } - % ailmites, Jmring thatl Ltiam, the Lv: ol nensd

atonsingy 7l tres fer adeet o 8

Wen mrasmring the (:elness intensity, we Pretmam that wo werl
iR o polnt Seniree. However Lnls pres-wptien 10 never oheerved,
I8 fo posetinle te find enut Lhst show!ld Welfanlt in mamring et
enesed LMo vabho of 1 § then 1t 1¢ necessary te meammre ot a d1g-
Sanse *hish 1o opsal te at leasi five Limes the greatest dimenaton
of \he lignting fitting's Fllament, In Lhe 200 of & ten-fold
Gistanee, 1t 18 thesretincally 0,9 §,

™e lusines intensity weed Lo he seaomred by msans of
opoeial spripment /Meanetein head, flisker phetemster, ot sin./.
Povadage meotly odjsstive methods are enpleyed, In ohjeotive photee
WPy \he msaouring ergan 1s the pheteeleatris eell, se thet the
o 18 caupletely elialnsted fres the masmring greper of the
1igM . T™e sermatiss ariterion 1s the viswal sapability of an
GVOFane Miman eye average standardised sight/, the preperties of
Wik are presisely tefined ae regarde the svalsation of the light,
RIS 15 alee the ressen for whish we espley for precise msasuremenis
inesipmll) akasiasiris alla vwish nave the ssnsitivity tewvards
Selomre /o) wsane of serves’ ten filtere - 6lass or gelatine/ adapted
I8 Gweh ¢ sammer o0 that Lhey vill evaluate the seleuyrs in the same
Ay 08 o standardised muamn sye,

T™e sdvantage of odjestive shetemetry 1o Lhe presgptness, epeed
Oaf 008y repreducidility of the mammring, ™e dissdvantage s the
SAFMAewity of o perfees serrestion s that ssnlllary viesal measure
M08 10 teda) st11]l freqseatiy soed. Newever it majy e pres ;eed that
12 e fetare owen porfeet sorvestiod photoslseirie osolls will be

Sovelopet 00 et Sshjoelive maswriag will e senpletel; *listnateq
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fren the field of photemetry,

Fowedays ia 1ighting ~ngiseering, ahghevalinis sells
/7igere po,22/ are employeu almost exclusively, They bave the
shape of a plate and are covered by s layer of selenium with
8 translucent cost of rare metal /Ag, Au, P8/ oo the outside,
Light pessicg through the selenium evokes on She boundary e
sortais electric voltage, The second electrods ia “he baale
Betal plate, Connection is carried out t¢ the cover, The
eurreat is conducted away from the auxiliary metal ring aleng |
She periphery of the metal cover layer.

The generated current is meesured by s ajicroanme ter, the
veltage drop is measured on & R microvolt resistor, The volume
of the emission current depends on the effective surfaece of
She photoelectric cell, on the illuminetion and the quality
ef the sensitive layer, As a rule it is 20 - &C A per 1000 1x
and 1 OIZ of the effective surface, Az can be seen from figure
B0,22a, the current is roughly proportionate to the lighting,
The precise linear course comes into question only with small
1ighting values and with a small external resistance,

The advantege of a selenium photoelectric cell lies im
the fact that it may be considerably easily adjusted accordisg
%0 the sensitivity of human sight and that 1t 1s altogether
iadependent of temperature, However during a greater luminous
loed, fatigue appears, /After a longer blackout its original
properties ss a rule returs,/ ¥ do not usually losd the sele~
pium cells with more than 1000 luxes, They are used most of

81l for repid operation tests and they do pot require an auzi-
14ary source,

In the cese of present selenium photoelectric cells a

YOIy good correctico was atteined ao that according to some
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@a% 15 the 1iterature, the foulle i» mvesuring de aet escood
oves 3 § . Thea measurisg by the pheteelectric coll with
sorrection filters 1§ is necessary te take care tras tle

14ght falls vertically om the photeelectriec coll, If 1% drepe
obliguely, the measured value is smaller, The accursqy ef She
seasuring dejends as vwell oo the mountisg ef the pheteelectrie
¢01) and oo the desigp of the ;hotcelectrie coll casting,
During practical tests when the luminous beam fel] ex the
photoelectric cell ot ap arcle of tsg, the shewn faults in She
Beasuring were in the range of 10 - 2¢ 7 ,

Besides tre photovecltale cells, photgeris . are
oxploited in lighticg en;ireering, /5ee Figure pe., *),/ Theee
e0lls have inside a glase duld, in the middle ac anels A end
deposited co the wall, the cathode K ani “er photcurtrie puse
poses either ceelum or potassium /Fotassium cuide, silvep
0xide/, The buld is vecuumed and filled with zas, srges, sese,
helium or their mixture, The li;ht ertere inte the ;teteeloee
Sric cell by means of an aperture O, In the electris elpendd
of the photoelectric cell a battery is inticduced, as well e

Beasuring instruments and s variable resistanee,

Potassium photcelectric colls are mere aivaptogecus thes
Sho cesium cells as they are better corrected as rv. aris eome
Sensitivity of the humas eye and the emlssien currest 1o appoten
Eimstely directly proportismal to the lightiasg, ™hey se sood
especially for laboratory tests,

Deternination of the lumincus iatensity; eurve

The luminous imtepeity curve /er lumiseus sousee swrve/
$s weuaily measured 1o vericus directiicoms, oither eontisnensly,

18 the range of a complese revolution of Jﬁ'}‘, or ot fntervals,

0.8. 5°, 2° or evem less. Por messuring, Smirsdeisngieza s
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direction 1s then Sremsfered to the recorder, plottiag direet~
1y she adove mentioned isoluxes,

Ancther e uipment of a simpler construotion facilistes
the measuring ;rocess on the test wall by sutomatiocally turnisg
/eccoriing to s pre-aset program/ the teated lighting fitting is
secerdance #ith the anyle distance of the test points and the
band om the test wall,

A simllar squipment hags been developed im Crechoslovakis,
I%e working 4lstance may be reduced by msans »f the optical
&ysten from the required 25 meters to a mere 4,3 m, Ry this
semsidsrable working spece will be saved as well as time and
ehe worker, /See the following persgraphs of Chapter 9./

Beasurinyg the luminance

The measuring of luminamee 1s carried out by finding ews
the lumineus intensity of am acocurately limitved swurfase of a
Maown size s well as by special lastruments, the so-called
‘luhnct-mton. Is the rirss case the lighting intemsity is
Wasured from a sertain distance and this is cooverted teo
8 lumisous iatemsity or “he source luminence,

The lumlsance-meters are equipped either for sublegiive
MU IAE, *1;leiting the comparstive visual methods sinilarly
o8 15 the case of employing visual photomsters or for shisstim
LiLiag, ohere the scuree or a certals point of the scuree

§s prejectied e the pheteelectric eoll or o 4iffusiag filser
18 fremt of is,

Satalal aeaewriase 12 She astex vehicle MighSiag saciseeriag
jasiias ahep

Thes testisg the lumiseus propertics of the lighting
fitstiags o7 their individmsl parts it 1s oftem Decessery %o
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SAFYy out quite specisl messurings for which it is pecossary
%6 adapt the existing, or to elsborate new ssasuring techaiques
end possibly to develop special weasuring instrumects,

Thus a whole aeries of wrasuring epd lospection, singlew
purpose apparatuses was developed for the lighting suineoring
seme of which will be mentioned later am, /Ve will mentice
iastruments devslopad and manufactured dy the Owuy  Hotor
vehicle ressarch inastitute/ at Prague, Czechoslovekia,/

Practical teists have shown that even the smallest devige
Siems 1n the position or size of the fllament system or the
svtomobile lamp screen, especially 1in the case . asymmetrical
lampe, esuges a considerable deterioraticm of the luminous
i2%euaity Vistribution, Thus it is Decessary to use for the
verification tests of paraboloidal mirrors or entire headliigh
inserts ooly very carefully selected lamps where the dimsensice
Selerances are of the 0,1 mm order, Jhen using these lampe 1§
BAy be presumed that they 4o not have a cvonsiderabls influenge
@ the deterioratiom of the luminous pattern of the headlighs,
Thus e Skperatus for the selection of the ieat lampy bas bees
developed, the principie of ectioe of which censists is preo-
Jooting the lighting System of the tested lamp in s greet ee-
largement om the projection wall and thea the respective dimen~
siems sre determined by direct measurings om the shedow pattem,
Is exder to determine the mutual relatios between the angle
values at various Places, the lemp holder is turmabdle and it fo
oguipped with & precisiom angle scale amd & resding-off micre~
008pe, By & simple caloilatiom it is possidle te determine frem
e magnitude of the tura abd the respective rojection e the
prejestion wall the angle parsmeters of the lamp, The eppe retas

mhomndunnaﬂuhﬂtnmmﬁ-'l'm
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e rule each produstion company elsborated its own testing
methods /provided these methods were nod speoified 4o &
»inding ntandard/, Por example, the Czechoslovak State Sten~
dard oo, (5N 03 B131 specifies for the headlights asnd light-
ing fittings a tesat ip a condensing chamber at & temperature
of + 359C 1o & steam Dath with & 100 % relative humidity /im
sbeence of sulphur diexide/,

Copolusice
In couclusicem it 48 mecessary te remind that the troples~
1isstion is a very importass branch, All perts, components amd
sccesncries must be designed and technologically elaborated
with respect to the sroplicalisstiom regulatices and recommen~
daticna, The degree uwp to whieh tropicalizaiiom problems were
selved on o vebicle is ome of the important criteris sccordisg
0 which the ewstomer judges the vehiale,

If o product, 1t part, component, sub-group or even the
shele car 1o of o good guality with reepect to the construe~
Siem and techroicwgy, 1%e fumstiemel pareasters may otild
start dsterierstiag i o shert time If the treplealizetiem
18 8ot carried vt sufflciomsly, (mly these preducts whieh
afe vell treplsalised and have dasturaily & good qualisy eee~
truation sad Vechnelagy, Freve compotest La operaties, IS 1o
Srue thet Wweplsellsetien andes & produet sostlior and ralsee
190 jarchase cest Mt oV 00 same time 1t prelengs the duse~

ity of e preduet - Ln seme casee, 0.5, 18 lighniag
Mgineerisg supeents - oovesal Siase,
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il lcononioll and prodnoticn

Genersl corsiderations

When layout-planning sp industrial plant it is necessary
%0 respect not only economical requirements but genersl
saticnal economy requirements /purchasing rew materiels,
sales of products - on the domestic market as well as for
exporting, foreign competition, et eim./, politicel, military
and other ss well, easpecially in countries with a completely
or partially controlled natioual economy, These standpoints
ere variable frou the point of view of time and they require
a thorough apalysis of the present eituatico and its further
develcpment and thus cannot be the object of our present con~
sideraticus,

In this short treatiase it is possible only briefly to
sention the basic requirements which must be respected when
proposing the covstruction of the pleat proper. Froam the eco-
somical apect we alsc wiash to consider the influence of those
factors that influence the ereotion of am industrial plant,

Prerequisites for the construction of & production plans

The lecation, constructicn apd equipment of & plant has
8 grest iafluence om the economy and productivity of operatics,
EEperieaces show that for s certain type and volume of produe-
Siem wmly & fow places 13 & specific regiom are as s rule
suitedle. T™he sams applics in the case of selecting & con-
eS¥uetien 8i%e which depends em the type of bLuildings we wish
S0 erees, = W mtusl releticens of the isdividual departments,
% mashises and oquipment, ot oin,
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When layout-planning & plant it is necessery to cobaider
all the present as well as future copditions of successful
production, i,e. to plan purpoeefully as well as perspsctive-
1y so that the original situstion would not be 500D OVercome
and oircumstences which et the time of the foundation work
were not so important would not becone of atmost importance
and the originel conception would thus have to be modified
socording to them, In such a way production might become more
costly and the rentability might drop./Furthsr costs of con=
struction, changes in the plant transportaticm system, kandi-
capping of the produotion lines, et sim./

Generslly it mny be said about the branmch of lighting
engineering equiprent producticn that it is & branch which
does not require groat cepitel investments, The period when
the origival investuont starts returning back is consideradly
short; according to prusent experiences it is in average
about 3,5 years, Proam this follows that the productiocn
labouriousnoss is considersbly high; thus this branch requires
a relatively high number of workers,

Layout planning technigues

When elaborating the projeot for establishing s plant,

the sequence is usually as follows s

e/ Tor the specified product the most adventageous work
process is chosen, necessary co-operation is determined
/with whom and to what extent/, the poesibility of buying
finished components as well as semi-products, energy, water,
ot sim, is established,

b/ The machines and equipment as well as tvhe extent of
other technical instellaticms /in-plans trasnsport, ete./
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ere deteormined,

o/ The locatico of the plar$, duildings, their mutual
siting will be determined and opersticn installations /air

- conditioning/ will be proposed,

4/ The pland crgenization es well as the produation menage~-
ment will bs proposed,

Before ordering the elaboration of the projeot is is

' pecenssary to knows

the assortment of goods to be produved,

the marketing possibilities of the products and

from this following production volumes which the plant sheuld
produce per year,

Selection of the most advantageous work process

The work proco.as must be chosen scoording to the desige
of the lighting fitting and its technological process, The
Boders production process naturally presumes lot productiom,
The larger the produced lots, the larger msy the profite of
the plant be, the products cheaper and thus capable of cospe=
$ition on the aurket,

Belection of the design and technological process

In such a cuse when the motor vehicle lighting engineeriag
equipment is introduced as an entirely new branch, it is
Decessary to decide, how to start with the preparaticn of
the procduction -

8/ vwhether with ome'’s own comstruction and techvnology,

b/ or with a construction and technology gained o the besis
of licences,

The alternative a/ represents s consideradle delay in
production as especially some of the types of lighting fittings
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he distanes of e rew material seurees,
the locatien of the marked for She preducte,
e sarkes of ladeuwr,

She distanee of the ce~eperuting plamve,
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products and ewmployees,

She suitebility of the sites,

& sufficleat supply of water,

e source of electrical evergy,

pessible tax end other alleviatieme,
iasurssce, rest height, ot ein,

As 1% wes slresdy sentiocned in the preceding peregrephe,
28 18 posaidle to Aistridute the buildings ir sush s menper

80 that the individual departments would be linked up, As 18
8 emphasised 1n the introduction, the plant must be comstrushe
o4 with respect $0 the perspective development, Thus the selee~
Sied of the duildings must be well considered as they have &
fapertant influence em the producticn amd 1%s ecomcmy,

Ascording to the location amd aize of the desigped bduild~
iage, with respect to the production process, the layouts of
e dopeartmcots, stores, in-cperatics stores, weter, compressed
alp, elecsricel emergy distributien syste..s ot sin, and ether
peretimel oquipment /air cenditiening ot sin,/ are plansed,
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Produetion erganisatiom and ceatrol teckniques

It is presumed that the productiom sections are arranged
predominantly with respect to the technology and that the
responsibility for production coptrol is divided among the
ins¢ividusl production departments or workshops /foremen,
supervisors, dispstchers/, /See above, Chapter VII,/

To co-ordinate the linking production shope mutually
is recommended by means of unfinished product supplies

/yemporary storsges/,

Production task specifications and surveys of their fule
filling, data about work-in-progress, numbers of produced
perts may be elaborsted by means of punch-card techniques
and by employing a small automatic computer for batch data

; Prosessing,

Most advantageous seems to be the introduction of a swo=
shif$ operation in the basic productiom areas, In the auxiliary
dopartments the numdber of shifts will be subject to the
easuring of a continuous operation of the basic production,

Is is imposaidle to consider here the organization in
do%ell not only due to its large extent but also due to the

foes that it depends oo conditiocns which Ray vary from case $0
oase,

In conslusion it may be said that praciically the entime
ageads of control may be nowadays ocarried out with the aid of
peseh~card techniques and an automatic ccmputer, This leads te¢
eamsideradble savings of labour in the tdministration,

The requirement of introducing the computer brings with
$%s0lf not only progressive calculation methods but new organi-

5881 metheds as well /8tepping the incresss in the number of
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odniaistration elorks in case of imereaned produstion; Lsereas~
od production by & bDetter exploisatien of amchinee and oquip=
MEBS, rendering the survey of demand and sensungsien of

Baterial supplies and vork-ia-pregrese preduets sere precise
eand fast, o¢ sin,/

Oemclus!

——

In comclusiem So this chapter 1% may be seid et 1
oxder to de adle Se start layemt-plameiag o plant /vramely/,
4% 1s necessary to ask for sxpert adviee »et emly regardiing
oecmomics but productiocn es well - advies, relating te the
Pprodlens of the situation, its apprecistion esd desisien
whether to ereot the plant or sos,

Also the elaboration of the preject must de erdered
£¥em & company that 1is engaged 1a sueh sctivity,

However, g 1:irally 1% may be said that detter prosunp-
Sions for a wider developuent of the lighting eagineering
oquipment industry have those countries which are larger 10
8180, are pertially consolidated from the natiomel sconoy
point of view, where the motor vehicle induatry is under
development and which therefore have bdetier porspectives of
& voluminous domestic market, At the beginning it is usually
impossidle to presume exporting the produste. However 1% is

. Ppractiocally poesible to introduce in additioco the producties
of lighting engineering equipaent 1o eay state, as it doee
B3Ot 1mpose such high requirements om %he qualisy of the cea-
Structice ana eepecially em the prodwctice Sechnolegy.
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Table ne. 6, Oolorimetric sriangle, /Determinstiom of the
chromatioc regioms,/
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