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Wavelength (metres)
-4 1012 00 08 0% 104 102 I 102 |04

@ Cosmic rays @. FM broadcasting (radic)
@ Ultraviolet “ @ Shortwave radio

(3) Infrared X-rays

@ Broadcasting general @ Radar

@ Y — rays Television

Visible spectrum

S L S O B L
380 400 500 600 700 760 Wavelength (nm)

Figure 2.2 Electromagnetic spectrum.
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Ultraviolet and infrared radiation

Table 2.1 Classification of UY and IR radiation

Group Ultraviolet Infrared
A 315-400 7801400
B 280-315 1400-3000
C 100-280 3000-1000000

All wavelengths are given in nanometres.
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1 fi* at a distance of 1 ft subtends 1 s

1 m? at a distance of 1 m subtends 1 sr




Thus one foot-candle is equal to one lumen per square
foot or approximately 10.764 . In practical
applications, as when measuring room illumination, it
IS very difficult to measure illuminance more
accurately than+1®%0, and for many purposes it is quite
sufficient to think of one footcandle as about ten lux as
IS typically done in the lighting industry.
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Laws of illumination

Inverse square law

Luminous flux reaching
Plane Y planes X, Y, and
Z is equal

Plane Z

Figure 3.1 Inverse square law.
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1

[umi E) « .
uminance (E) Gtancel (3.1)
[t can be shown that:
Illuminance (E) = Intrf-n51ty 2 (3.2)
(distance)

where the illuminance is measured in Jux, the intensity is measured in
candela and the distance is measured in metres.



(a)

(b)

Flow of light

Plane A | )

Flow of light

Y

Plane A
rotated through 6°

Length of Plane A intercepting flow of light in (b}
is increased from that shown in (2) by a facu:ar( | )
cos 6°
Since luminous flux is constant,
illuminance on Plane A in (b) is reduced from that shown in (a)

by 3 factor (259 = cos 0

Thus B = =" 5x cos 6° (3.3)

gure 3.2 Cosine law. Distan

\
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Light source
emitting 750 Cd
——— in all directions

B

. Geometric centre
of inspection cover

2.75 metres

|
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| ",
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|
|
|
I
|
|
|
|

Ground level

",

- 175 metres . \Talephnna

cable duct

Figure 3.3 Cross-section through telephone cable duct.



Combination law

/ .

The inverse square law and the cosine law can be usefully

combined into one law. Calculation of the horizontal
Illuminance at point A of the

arrangement shown in Figure3.4 involves trigonometry.

L = cos B
d
from which:
2
no_ cos’
d2
transposing:
d® = h*

cos0

Horizontal
illuminance (E)
(in lux) at Point A

Intensity X cos’®

Now since Illuminance (E) = {[intensity + (d?] X cosf} it can be shown
that by substituting for d?,

(3.4)



Light source of equal luminous
intensity in all directions

Figure 3.4 Combination law. . Point A
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llluminance and luminance

llluminance (symbol E) is the term givento the quantity of luminous

flux falling on unit area of a surface. It is measured in lux, whichis
equivalent to lumens per square metre. Luminance (symbol L) is the

luminous intensity emitted by a light source per unit area. It is
measuredin candela per square metre.

AN

n illuminated

! I3‘3I'-I-"a\a::llz—ﬁ.'ll*ll:isin,g sign |<] O [:>
RV

Luminaires

Ca The atvention of
nopY approaching motorists
I X -/! _‘\"“| X | will be attracrted by the
! luminance

of the advertising sign
Typical working plane

i.e. level at which nozzle

of petrol pump is inserced Petrol purmps

into neck of petrol tank of vehicle

________ T

vYworking plane ifluminance
provided by the overhead luminaires
mounted on canopy

Figure X.4 Petrol station forecourt.



Relationship between luminous intensity and
luminous flux

Sphere
Surface area
of base of
cone = R2
Eﬁtensity _ Luminous flux (¢) in lumens
candela  Solid angle (w) in steradians
: Luminous
intensity at
centre of sphere
= | candela

Luminous flux
contained within
cone = | lumen

Figure 3.5 Relationship between luminous intensity and luminous flux. When radius
of cone = R and surface area of base of cone = R’ the three dimensional angle
contained is termed a solid angle or a steradian. There are 41 steradians in a sphere.
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Work example oo

Consider Figure 3.6, which refers to a beacon whose light source is
emitting a beam of light in the direction shown. The light sourcein the
beaconis a2 kW tungsten filament lamp. The luminous efficacy of
the lamp is 18lumens per watt. If the efficiency of the luminaire
optical systemis 55 per cent and the solid angle of the beam of the
beaconis 0.5 steradian, the intensity of the beamcan be calculated from:

2 kWY tungsten filament light source
{luminaire optical system efficiency = 55%)

R L I e — e e e o — o ——

Solid angle of light cutput
= 0.5 steradian

Figure 3.6 Light beacon.
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nd characteristic

- Structure of the human eye

H ® EBE g

Figure 4.1 Cross-section through human eye. | Cornea; 2 Iris; 3 Pupil; 4 Anterior
chamber containing aqueous humour; 5 Ciliary muscle; 6 Suspensory ligament; 7 Lens
capsule; 8 Crystalline lens; 9 Rectus muscle (in sclera); 10 Sclera; i | Choriod; 12
Optic nerve; |3 Retina; 14 Vitreous cavity containing vitreous humour.



Rad Cone

Figure 4.2 Scructure of rods wnd cores.

Light entering the eye
Afferent
NEUrTIne
Conrectng
el
Blcsds amed
cord |
Pigmene L Biind spoc (region
m—.--.--llri L LU Lowwhara i rve SScad
layer converge o form
Eh ol el
Cypric nerve

'hﬂljm&mﬂdﬂm'm:lhlﬁcri-’uﬁmdmmm



ligament musche
(shack) (
Near vision
A rays
All the rays are focused to 2 poinm ,
on the foves at the recina | — mmr
=
a diszanc object
{almost paralied)
Suspensory Cliary
ligament mauscle

ftw)  (relaxed)

Figure 4.4 Cross-section of lens in near and distant vision.



Figure 4.5 Blind spot.



Isual pathway

Left eye Right eye

Optic chiasma

Lateral
geniculate body

Figure 4.8 Visual pathway: horizontal section through brain.
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Photopic and scotopic vision

SN

Sensitivity
=
w1

-

|
|
|
' 1
“‘F‘F’ 1\|_|
400 450 500 550 600 650 700
Wavelength (nm)

re 4.11 Spectral luminous efficiency of the light-adapted eye (V,).



Eye

MNear point

o e
= m e
i e

e
o

Lens has its
greatest convexity

(maximum accommodation) Range of accommodation

~ i
Eye
e T s s s a——
) Far point
Lens is flattened

{no accommeodation)

Figure 4.12 Range of accommodation.
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Perception by sight.
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Glass envelope

Figure 7.4 General lighting service {GLS) lamp.

Coiled tungsten filament



] Evaporated 2
tungsten

Halogens

Filament
Lamp
envelope

3 4
Tungsten halide

diffuses back O @

towards filament

(SR ©

Tungsten halide Tungsten atoms
dissociates in vapour phase are in
into atomic form excess for stable

equilibrium and tungsten
will re-deposit on to filament

. Tungsten

@ Halogen
Figure 7.5 Tungsten halogen cycle.



High pressure filling

of argon/nitrogen
and brominefiodine \
7 i S ]
NI X | i —
e \
Tungsten filament Quartz tube Pinch seal

Capsule type

=

Figure 7.6 Tungsten halogen lamps.

Tungsten filament



Dichroic reflector

Heat

Heat

/ i}xx\
AN
quwl_...,n.._u...uvunuru/f#
h..‘.n_».__o____.o af e ._fl.um..__.....f
_:mhq BV EE ﬂfﬁﬂf
./.l-lvllll|

Light

Low refractive
index materials

Figure 7.7 Dichroic reflector lamp.



Nucleus
of atom

Figure 7.3 Emission of light from gas discharges. (1) Application of energy
displaces electron to higher energy level orbit; @ Electron remains in higher
energy level orbit for typically nanoseconds before returning to its original energy
level orbit. In doing so, light is emitted, the wavelength of which depends upon the
difference in energy between the two orbits.



oW |

Positive ion
Electron Discharge tube

) © @—n—b fe O A
@ \l' FR—— (@ ;|
0° - I/ ©09- /

| /
Negative lonization Excitation
electrode (gas becomes (gas emits
(cathode) conductive) radiation)

(uv or visible)

Figure 7.8 Light production in discharge lamp.

Direction
$of current

Positive
electrode
(anode)



Lamp, cathodes* ('Elzassl tube

Phosphor coating
on inside of lamp tube converts
ultraviolet radiation
into visible light

Figure 7.9 Tubular fluorescent lamp. *The term cathodes is often used when
referring to both electrodes, even though they take on the roles of anode and
cathode alternately.



Inside a
Fluorescent
Lamp

T~ Glass
Tube

~ Electrode

Inert Gas

Mercury
©2001 HowStulfWorks




100 e

3
\
"

Percentage of maximum light output
~ ®
= =)

3
e —

SOJ

0 10 20 30 40 50

Ambient temperature (°C)

Figure 7.10 Typical effect of ambient temperature on light output of tubular
fluorescent lamp.
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Nickel-plated
end cap
Auxiliary
electrode
/ resistor
Internal
' phosphor
i coating on
Lamp outer envelope
electrodes <
(main and .
auxilliary) ',.\\
Isothermal
outer envelope
Quartz
discharge
tube

Figure 7.13 High pressure mercury vapour lamp.



a Bayonet cap

T
Lt

Starting \ \
electrode

Support framework
Discharge tube Main electrodes
>0
Series-connected Outer envelope

tungsten filament

Figure 7.14 Mercury blended lamp.



Nickel-plated
end cap

Main electrodes

Glass envelope

%

=

Figure 7.15 Metal halide lamp (tubular).

Getter ring
(controls
impurities)

Discharge
tube



U-shaped
discharge tube

Outer envelope
coated internally
with indium oxide

Dimples for greater
sodium retention
and efficiency

Evacuated space
between outer

envelope
and discharge tube

Figure 7.16 Low pressure sodium lamp.

[/ W
- %_—_h
C )
|
C )

End cap

Electrodes coated
with electron-emittin
material

Neon/argon to assist
in lamp starting
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4 — Strictly two spectral lines
at wavelengths of 589 nm and 589.6 nm

Relative magnitude
LY~
]

0 T T T T T T T 1
350 400 450 500 550 &00 650 700 750 800

Wavelength (nm)

Figure 7.17 Spectral output of low pressure sodium lamp.



Nickel-plated

§ end cap

1 \ Getter ring
@ {controls impurities)

Isothermal internal diffuse
outer envelope coating

Sintered aluminium
oxide discharge tube

S
~J__ T

Figure 7.18 High pressure sodium lamp.



S sl

Primary winding "
supplied at :'::"
typically 2.65 MHz H
Primary coil
Ferrite
core

Glass envelope

Circulating secondary
current in
mercury vapour

Phosphor coating
on inside
of lamp envelope

Figure 7.19 Induction lamp.



Table 7.2 Lamp characteristics

e Olasin

Tw applications

Lamp type Previous ILCOS coding Lamp efficacy Quoted lomp
coding (lumens life (hours)
per watt)
Tungsten filament GLS I 10 to I8 1000 to 2000 Domestic
Tungsten halogen TH HS I5 to 25 2000 to 4000 Projector, car headlamps, display,
stage lighting, traffic signals
High pressure MBF QE 30 to 60 14 000 to 25000 Car parks, older
mercury road lighting installations
Low pressure MCF FD (tubular) 65 to 95 6000 to 15000 Offices, hotels
mercury (fluorescent) FS (compact) 65 to 95 8000 to 10000 restaurants, domestic
Metal halide MBI M 65 to 85 6000 to |3 000 Sports floodlighting,
commercial interiors
Low pressure sodium SOX LS 70 wo 150 11000 to 22 000 Car parks, road lighting
High pressure SON 5 55 o 120 12000 to 26 000 Road lighting,
Sodium car parks, civic areas
Induction XF 70 to B0 &0 000 Domestic, commercial, industrial

saounos S| [BIDYIIE puR [EIMER
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¥ 40 ¥ sizeeid ®

Lluminaire Distribution Typa
oL ]
St Lo et Dicgct Semi-Direct Direct-Indirecr Semi-lncirect ladirent

MOMIHS j‘- - sIndirec i i

Per Cent Expected Dirt Depreciation | 10 20 30 40 | 10 20 30 40 10 20 30 40 | 10 20 30 40 | 10 20 3C 40

|
Room Cavity Rotio
1 .96 .94 .02 | .97 .02 .80 .84 | .91 .87 .§0 .G | .01 .87 .80 .78 | .90 . .76 .GO
2 .96 .94 .92 | .96 .92 .08 .82 | .04 .S7 .80 .751 .04 .87 .79 .72 | .90 .80 69 .59
3 .95 .93 .00 | .9¢ .91 .87 .92 | .94 &5 .79 .7 | .9+ .86-.78 .71 | .90 .79 .68 .58
1 95 .92 .90 | .95 .%0 .85 .50 | .94 .8€ .79 .73 | .01 .86 S .70 | .89 .78 .67 .5
S .91 .01 .89 | .9¢ .90 .84 .79 | .93 .Sb .7€ .72 | .93 .86 .77 .69 | .89 .78 .66 .55
[ .94 .91 .88 | .04 .89 .83 .78 ] .93 .85 .78 .71 | .93 .85 .76 .58 | .89 .77 .66 .54
7 94 .90 .87 | .93 .88 .32 77| .03 .84 .77 .0 | .92 .8% .76 .63 | .89 .76 .65 .53
8 .03 .89 .8C | .93 SV .81 .75 .93 .84 .76 .69 | .93 .84 .75 .68 | .85 .76 .64 .52
9 .02 .88 .85 .93 .37 .80 .74 | .93-.84 .76 .68 | .63 .34 .75 .67 | .83 .75 .63 .51
10 .92 .87 .85 | .93 .86 .79 .72 .63 .84 .75 .67 | .92 .83 .75 .67 | .88 .75 .52 .50
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Multiplying Factors for Other thon 20 Per Cent Effective Floor Covity Reflectance
7 .
% {
Eg:_c_ﬁvo { | |
e 80 l 70 : 50 , 30 ! 10
Reflect- 'i | !
ance, pec i { |
N | i ! ]
woil | 0 so 30 10 70 S0 30 1045 30 10 s 30 10| s 30 10
Reflect- ‘ |
once, pw l | l
R For 30 Per Cent Effective Floor Cavity Reflectance (20 Per Cent = 1.00)
Room
Covity
Ratio |
1 1.092 1.082 1.075 1.068/1.077 1.070 1.064 1.059‘1.049 1.044 1.0401.028 1.026 1.023]1.012 1.010 1.008
2 1.070 1.006 1.055 1.047/1.068 1.057 1.048 1.0391.041 1.033 1.027]1.026 1.021 1.017{1.013 1.010 1.006
3 1.070 1.05% 1.042 1.033{1.061 1.048 1.037 1.02831.034 1.027 1.0201.024 1.017 1. 012‘1 .014 1.009 1.005
4 1.062 1.045 1.033 1.0241.055 1.040 1.020 1.021]1.030 1.022 1.0151.022 1.015 1.0101.014 1.009 1.004
5 1.056 1.038 1.026 1.0181.050 1.034 1.024 1.015;1 .027 1.018 1.0121.020 1.013 1. 1.014 1.009 1.004
6 1.052 1.033 1.021 1.0141.047 1.030 1.020 1.0121. 024 1.015 1.0091.019 1.012 1.006/1.014 1.008 1.003
7 1.047 1.029 1.018 1.011]3.043 1.026 1.017 1. oos,: 022 1.013 1.00711.018 1.010 1.005{1.014 1.008 1.003
8 1.044 1.026 1.015 1.009/1.040 1.02¢4 1.015 1.0071.020 1.012 1.006/1.017 1.009 1.004{1.013 1.007 1.003
Q9 1.040 3.024 1.014 1.007]2.037 1.022 1.014 1.0061.019 1.011 1.0051.016 1.008 1.004]1.013 1.007 1.002
10 1.037 1.022 1.012 1.006/1.034 1.020 1.012 1. m.')ll 017 1.010 1.004/1.005 1.009 1.003{1.013 1.007 1.002
) e For 10 Per Cent Effective Floor Cavity Reflectance (20 Per Cent = 1.00)
Covity |
Rotio l |
1 923 9290 .935 940 | .933 .939 943 948 . .956 .960 .93 | .973 .976 .979 | .980 1 .993
2 931 942 950 958 t 050 949 957 .963 . .962 .9068 .974 i .976 .980 .985 | 088 901 005
3 939 951 .496] .969 945 057 966 973 967 975 981 9" .G83 988 | 988 .992 996
4 944 058 069 978 .950 .963 .973 .980 ] 972 980 .9S6 980 986 .99 087 902 996
5 L0949 9G4 976 983 954 968 978 085 ! .975 983 .989 981 088 993 087 992 997
6 053 969 980 9580 058 972 982 989 977 985 .992 082 989 .995 | 987 .993 .997
7 957 973 .9083 901 961 975 .985 .901 | (979 987 .994 L9083 .990 996 087 .903 .998
8 060 976 .986 .903 963 .977 957 003 | 981 088 .005 | .084 .901 .907 J987 .004 998
9 963 .978 987 994 065,970 989 994 : 083 900 .99¢ | .985 .092 998 | .088 .094 .999
10 965 .980 .989 995 967 081 .000 005 | .981 001 .097 | 686 .093 .998 | .98S .004 .099
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CEILING : ) ! !
| (%) 0,70 50 | 30 e
TypicAL j = ) e
DISTRIBUTION | WALw ' i i ! TypicaL LUMINAIRE
AND | (% 50 30 10:50 30 1030 30 19130 10, 0 AND EsTiMATED
MaxiMunM '———— ————— — : —1| MaintENANCE FacToRrs
Spacing® | Room | COEFFICIENTS OF UTILIZATION (ZONAL METHOD)
| RaTio For 10% FLOOR REFLEGTANCE
l (Index) (See end for 307 Floor Multipliers)
! N | | | :
Q,. 06 (J) lso 26 .25‘29 26 .23, .26 2325 .23| 22|
0.8 () .36 .32 .29!.35 .32 .29.35 .31 .29|.31 ..:9 z‘.
1.0 (H H) ! 43 .10 37'.43 10 .37|.42 .30 .37/.30 . ‘
i11.25(G )141 4442047 44 41046 .43 . 41].43 -H 'H)
.5 (F ) B0 4T B0 4T 4440 46 44 46 44] 43
2.0 (E) :)3 30 401,53 .50 480,51 .50 48[ 49 471 46) Single lamp aluminum troffer
2.5 (D 35 .03 .51 .55 .53 .51|.54 .52 .50(.51 oO 401, with baffles
Max. 3.0 (C) .37 .54 .53'.56 .54 .52:.55 .53 .511.52 . ‘ ), Laint. Good )
Spacing '+.0 (B) .39 .57 .55,.58 .56 .55!.56 55 .o4| .54 73 52 Fuctor Med. .70
~ 0.8xMH :5.0 (A) .60 .38 .57.59 .57 .56l.S: 5 .96 .56 )4 33 Poor .65
) : i l | i
o% 0.6 (O .27 .24 .21 .27 .23 211,27 .23 .214.23 ..
0.8 (h .33 "‘i .26 .32 .29 .26{.32 .28 .26].28 .26 .2
1.0 (H) .36 .33 .30 .36 .33 .30:.35 .32 .30].32 ..
1.25(G) .40 .36 .34 .39 .36 .34/.38% 36 34| 36
0.5 (F) .42 .39 .37'.42 .39 .37|.41 .38 .36/ .38 .36 .3/
2.0 (E) .45 42 40 .44 .42 4044 42 10[. 41 ,40u$0 Two latup aluminum troffer
2.5 (D) .47 44 .43 .46 44 42045 44 4243 420 4 with louvers
Max. 3.0 (C) 48 46 44 .47 46 44147 45 44] 44 437 42 Maint. Good .75
Spacing 4.0 (B) 30 48 461,49 .48 46/.48% 47 .46|.46 .45 44 Factor Med. .70
08SxMH 5.0 (A) 30 .49 4R 50 .10 481,149 48 4747 46 .45 Poor .65
3 i ! |

Recessed Direct Fluorescent -

(F) .44 .40 .37.43 .40 .37|.42 .40 37|.39 .37|.36| Two lamp 12"-wide troffer

] bl

| 2.0 (E) .47 .44 420,47 .44 41]|.46 .43 .41|.42 41l.40 glass, plastic, or 30° louver
| !25 (D) 50 .47 .45/.49 .47 .45[.48 .46 .44[.45 .43/ .42 Louver Enclosald
I Max. 3.0 (C) |.51 .49 .47|.51 .48 .46(.50 .47 .46|.47 .45/ 44 Maint. Good .75 .70
. Spacing [+.0 (B) [.33 .51 .49(.53 .51 .49|.51 .50 .48[.49 .47|. 46|Factor Med. .70 .65
; 0.9xMH '5 0 (A) .55 .53 .52|.54 .53 .51|.53 .52 .51|.51 .50/.48 Poor .65 .55
|

i

|

o% !o‘s @ .24 .21 .19).24 .21 .19/.23 .21 .19/.20 .19'.13

0. 20 .26 .24(.29 .26 .24|.28 .26 .24(.26 .24/.23
1.0 (H) |.32 .29 .27|.32 .29 .27|.32 .29 .27|.29 27|
|l.25(G) .36 .32 .31|.35 .32 .31{.34 .32 .30|.32 .30].
1
12

.5 (F) |.38 .35 .33,.38 .35 .33|.37 .34 .32|.34 .32

‘ .32
2.0 (E) |.41 .38 .37/.40 .38 .36[.39 .38 .36|.37 .36

35| Two lamp 12" wide troffer

:‘2.5 (D) |.43 .40 .38/.42 .40 .38|.41 .39 .38/.39 .38/.37| with 45° metal louver
Max 3.0 (C) [.44 .42 .40{.43 .42 .40({.42 .41 .39/.40 .39(.38 Maint. Good .
Spacing 4.0 (B) |.45 .44 42|45 .43 .42].44 .43 42,42 41| 40/Factor Med. .10
0.6xMH 5.0 (A) [.47 .45 4446 .45 .44].45 .44 43|43 .42 41 Poor .65

* Maximum Spacing between luminaire centers for uniform illumination. MH-—Mounting Height asbove floor.
C H—Cah lr Height above floor.
Note: All reflectances are effective vulues (see page 9-3).
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