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Today we take up lesson 20 titled conclusions on illumination engineering. We are half way
through the course, so having come half way the course has got two basic components. One on
illumination engineering and electric utility services, before we take up the electrical utility
services it's time we had a re look at what we had done in the last 19 lessons.
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* Recap the summary of material covered
under lllumination Engg.

« Culminates 50 % of the course

« Nineteen lessons covered need for
lighting, behavior of eye, Principles of
artificial Lighting, Measurements,
calculations & Applications

Therefore this lesson tries to recap the summary of material covered in the area of illumination
engineering. It's about the 50% of the course which we have targeted and if you see in one line
the 19 lessons covered the need for lighting, behavior of eye to the lighting principles of artificial
lighting, appropriate measurements and relevant calculations and applications in various areas. In
these terms we had internal applications, external applications or interior lighting or exterior
lighting. So we try to have a quick recap of the entire thing 19 lectures in this lesson.
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Going to the beginning, it was with the introduction where we emphasized unlike other areas of
engineering and science, illumination engineer or illumination engineering needs concepts of



physiology, psychology which are related to the human behavior and human anatomy whereas
exact sciences of math, chemistry, physics along with the economics and aesthetic sense which
architect have to be useful to the humanity. So that is how an illumination engineers need to be
much more than an engineer in true sense.
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+ Good lighting our eyes clearly and
pleasantly perceive things.

= Artificial lighting use some form of
physical phenomena.

« All lighting sources today employ electrical
energy.

Now good lighting is necessary so that we can perceive things very clearly and pleasantly
because eyes are the perception, through eyes we get most of the information. And the artificial
lighting is enabled us to have our activities extended round the clock which were earlier
restricted only from dawn to dusk and this has to use some kind of a physical phenomena and
needless further to emphasize that all these sources employ electrical energy and that’s one of the
reasons why half the course has been devoted to electric utility services which will begin in the
next lesson. The electric current sources in sense could be either DC or AC as we have already
seen. The introduction does cover some aspects of, basic aspects of electrical energy.
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« Electric Current sources
« DC
*+ AC - single phase and three phase.

» Sources of electrical energy — Hydro & Thermal.
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The normal usage has been the AC single phase or three phase and the energy per say could be
hydro and thermal of course there are renewable energy resources because these are, these days
non-conventional energy resources are coming up. The diagram here shows in total sense what a
power system consists of, you have right from the generation and which is at 11 or 33 kv down
to the user and at 400 volts. Now what we find? We have stepping down at two levels that is
transmission level and the distribution level through the transformers in fact some of these things
will be covered as a part of your second part of the course on electrical utility. Load as already
said is always unbalanced and it is in three phases.
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Radiation

Light — Radiant energy that provides visual
sensation

Human eye can sense — 380nm (violet) to
700nm (red)

Maximal relative energy content of sunlight

Maximal luminosity of human eye

Artificial light sources
Incandescent Lamp
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The next lesson tried to look into the radiation and light is the radiation radiant energy that
provides visual sensation and we have seen that there is a certain sensitivity of human eye and
therefore the radiant energy from the sunlight which is the natural source of light can be
categorized into three distinct regions. One the region below 380 nanometers called the ultra
violet region and the other above 600, 700 nanometers wave length that is the infra-red and the
visible region which if you pass a natural sunlight through a prism you can see the, it's splitting
into the various colours which we normally refer as vibgyor and are also observed to be found
during a rainbow.

Now the relative content of the energy is very high around the blue green zone for a natural
sunlight considering sunlight is a maxima around noon time and the sensitivity of the eye which
is the response of the eye to this light which we can also call as a luminosity of human eye is also
found to be incidentally close to that. Now with this information available one needs to look at
what kind of a light source that may be there. Therefore artificial light sources could broadly be
categorized into two, one an incandescent lamps other gas discharge lamps.
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« Physical Processes employed for artificial
lighting
* Incandescence
* Luminescence
* Fluorescence
* Phosphorescence

+ Good efficient lighting obtained by combining
luminescence & fluorescence

The physical processes employed therefore for lighting are incandescence which basically is a
form of a light radiation by virtue of heating of a filament, luminescence and is the radiation
from the heating of a gas or a vapor metal vapor. Fluorescence is radiation being at a particular
wave length which is reconverted through certain materials into visible zone like you have the
fluorescent lamps which are radiating in the ultra violet zone but with the help of phosphors, this
ultra violet radiant energy is converted in to visible zone. Then you have there are certain
materials which can retain light and reradiate at a later point in time phosphorescence that is
what we call and in fact these are used highly in having luminescent sign boards on the highways
etc.

So a combinations of luminescence and fluorescence are being used, incandescence no doubt has
the origin of artificial lighting is not highly used because it predominantly depends on the what
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you call heating effect and as already seen in several of these lessons, the efficiency of these
lamps is talked in terms of the light output in terms of lumens for every watt of energy that is
consumed and that is very high for an incandescent lamp.
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* A human eye resembles a camera in structure
and function.

* Important parts of a human eye
~ Iris / pupil
~ Lens
~ Retina

« Types of vision
~ Photopic (fine image details and color
discrimination, due to cone cells).
~ Scotopic (functions in dim light and no
image details, due to rod cells)

The next lesson was to do with the eyes and their behavior with the vision. And in this respect
the human eye resembles a camera in structure and function. It has three important parts like iris
or pupil which allows light to go in similar to the, I mean the shutter opening and lens you have a
similar lens and retina response corresponds to the film. And these, with this we have two basic
categories of vision which we call photopic and scotopic which means fine image details and
colour discrimination which is due to the nerve cells which are often called cone cells and
scotopic which helps us in seeing in dim light and get an image details, this is due to the rod
cells. So there are two categories of nerve fibers that enable us to view.
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* Human eye is achromatic in nature

» Dispersive power of human eye is little greater
than water

* Purkinjee Effect — shift of luminosity and ability
of eye to adjust

« Maxima of sensitivity of
~ cone cells — 550nm (yellowish green hue)
~ rod cells — 507nm (bluish green)

The human eye is in sense it is achromatic in nature and it's dispersive power if you would like to
attribute it to it is a little greater than the water and there is a shift of luminosity and ability of
eye in fact that is where when we are trying to design the lighting systems, we try to see that
human eye has an excellent adjustability depending on the conditions. But how does it do? It
does with the help of an optical muscle. So the, obviously they tend to have some fatigue getting
set in to it. So, to avoid that, the adjustability one has to look at how the eye is able to adjust with
minimal fatigue.

In fact all of us have experienced that over a days’ time eyes do get tired which after a nights rest
become comfortable in using. So the Purkinjee effect is what is the ability of eyes to adjust with
use is what we call, in fact the eye defects are talked in terms of use abuse and misuse | would
say. The sensitivity of the cone cells is around 550 nanometers which is around yellow green,
yellowish green and the rod cells is around 507 nanometers bluish green.
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+ Good lighting
~ Prevention of defective vision
~ Optimization of resources
~ Improving conditions of visibility

* Visibility depends on = (Observer Issues)
~ size / details of object
~ level / quality of illumination
~ contrast / color
~ available time

Incidentally, the eye sensitivity and what you call the response of the eye and the incandescent
lamp radiant energy output and to a large extend spectrum of light output from the natural light
are coincident. The good lighting therefore aims at preventing any defective vision, optimizing
the resources and a making visible condition so that the efficiency of the user improves.
Obviously it depends on various issues such as the object being observed, level and quality of
illumination and the contrast and colour because contrast and colour are going to decide how
much of adjustment the human eye has to do and the available time.
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« Visibility depends on — (Observer Issues)
~ efficacy of individual
~ one’s eye defects
~ optical / physical fatigue
~ distraction

» Causes of fatigue -
~ rotating source
~ focusing on the source of glare
~ reading double impression
~ after a days work pupil is dilated




In fact it is the visibility depends on various things like how good the persons eye is | mean there
are any defects you could have fatigue, how much of distraction is there and individual
efficiency. These are related to your observer. Now what could be the reasons for fatigue?
Fatigue could be by virtue of the source itself being moving or rotating source, it could be having
a glare. Glare as we say arises when the line of vision is coming in the, | mean or there is a bright
source of light in the line of vision.

Now this does happen when you try to read some of those printing which has got double
impression and whenever pupil is dilated or opening becomes larger and there is sort of fatigue,
focusing on the source of a glare also gives rise to fatigue.
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* A nights rest offsets fatigue due to a days
work

« Visibility reduces due to eye defects and
fatigues

* Eye defects caused due to -
~ aging
~ use
~ abuse

* Good illumination looks for producing
clear and quick images

Now as already mentioned a night’s rest always offsets fatigue due to a day’s work similarly a
week end rest does offset the fatigue over the week. Now there are issues of reduction in
visibility because of eye defects and fatigue. Eye defects could be due to age, use and abuse as
also. Good illumination should always look for producing clear and quick images. So that is the
aim.



(Refer Slide Time: 00:13:18 min)

¢ Indian Institute of Technology, Kharagpur

« lllumination affects physiology as well as
psychology, hence quality lighting is important

Factors governing illumination quality :
~ glare

~ diffusion

~ direction / focus

~ composition

~ distribution

« Minimum lighting required for good visibility is
100 ft-cd or more0

So, any lighting system looks for this because the light provided effects physiology as well as
psychology and this is what we mean by a quality of lighting. In fact we need different levels of
lighting or different kinds of lighting for different applications. Now illumination quality as
already mentioned depends on the direction, how it is distributed and if there is a glare or there is
no glare. This is from the functioning of the lighting point of view and it is believed around 100
foot candle is good enough for good visibility. This is a minimum requirement for a good
visibility.
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* For good visibility, brightness of surrounding
should be greater than 0.01 ft-L & also should
be less than that of test object

» Apart from illumination, visibility is talked in

terms of .
~ visual acuity
~ visual efficacy
~ visual speed
~ visual health
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Brightness of source, see there are two issues as we look into the photometry that becomes clear
once again. One is the brightness or luminance intensity of the source other is the illuminance,
illuminance or the luminance intensity on the surface of the object. Now here we are talking
about brightness of surrounding. See, unless there is a certain match between the contrast and the
object being observed with respect to the environment, it may not be possible to have good
visibility.

So good visibility, brightness of surrounding should be well above 0.01 foot lamberts and should
be less than that of the test object. Test object means the object of interest. Now coming to the
talking about the eye, there are certain indices or certain terms used to talk about the visibility
aspect, one of them is visual activity or the performance, visual efficacy how good it is, speed the
moment you are shown an object are you able to recognize, the health meaning the if there are
any defects or not.
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« Acuity is the ability to distinguish details
depending upon:

~ brightness of the object
~ characteristics of light entering the eye

~ contrast maintained
« Age vs. Vision
~ reduction of visual activity
~ decrease in size & elasticity of pupil
~ decrease in flexibility of optic lens
~ leading to higher illumination requirement

Now acuity by definition is the able to distinguish details depending on the brightness of the
object, characteristics of light entering and depending on the contrast that is maintained. All of us
are very clear in fact it's very easy if you have a sharp contrast like a black board and a white
chalk, it becomes very easy to read. So these apart, age has effect it reduces visual activity and
this occurs due to the decrease in the size of the pupil and reduction in the elasticity of the
muscles and there is reduction in flexibility of optic lens and therefore we find that with the age
we need higher levels of illumination compared to the youngsters.
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*« Monochromatic light & acuity :
~ distinct images on retina
~ details are distinguished well

« Combination of different colors reduces acuity
which is known as Chromatic Aberration

+ Color sensation by eye has a lag which depends
on:

~ presentation & cessation of stimulus

~ rate of rise / fall (different for various
colors)

~ simultaneous colors & combination of
colors

The monochromatic light enables to get distinguish images on the retina and details are very well
distinguished. It is in fact found if you have combination of different colours, there is a reduction
in visual acuity because what happens is the eye adjustment for different colours becomes
focused at different points and that leads to what we call chromatic aberration. There is a certain
lag also associated with colour sensation and this depends on how the colour is presented and
how the stimulus is removed or the rate at which it is given whether the colours are given
simultaneously or combined, these are the issues.
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Laws of lllumination

* Unit of luminous intensity is Candela (Cd), it is
the luminous intensity of a surface which
is1/600,000 of a blackbody, at the solidification
temp. of Platinum (1773 °C) under standard
atmospheric pressure.

* Luminous intensity over 1 steradian solid angle
by a source of 1 Cd is called as 1 lumen flux (Im)
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Having looked at how the eye behaves, we had a look at the certain issues that govern the light
radiation which we could call as loss of illumination. Here to begin with we looked at what
should be the standard for a unit of light which was originally believed to be a candle has been
given as a candela. It is the luminous intensity of a surface which is 1 by 600,000 of a black body
which is the solidification temperature of platinum under standard atmospheric pressure. Now
luminous intensity over a one steradian is what we call as the light flux and is termed as lumen.
If you consider a light source as a point source, the total light radiating out over one solid angle
by a source of one candela is what we call 1 lumen and therefore when the whole light is radiated
in all directions, we associate what we call mean spherical luminous intensity which is nothing
but average intensity into solid angle or MSLI.

(Refer Slide Time: 00:18:08 min)
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*« MSLI = average intensity x solid angle (mean
spherical Luminous intensity).

* Luminous Flux = luminous intensity * solid
angle

* [lluminance is luminous flux per unit area

The luminous flux is luminous intensity into solid angle that’s what we have already said. So if
you have 4 phi steradian if we take a complete sphere from a one candela source, you could
expect it is 4 by lumens. Illuminance is luminance flux per unit area. What is this? This is the
effect of this source on the object surface of the task surface per unit area, the light flux falling
perpendicularly to the task surface. In fact all the recommendations which we as a user we look
at, we talk in terms of illuminance and it is standard unit is lux.
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« Frechner’s Law - the same percentage change
in stimulus calculated from the least amount
perceptible gives the same change in sensation.

* Inverse Square Law — The intensity of
illumination produced by a point source varies
inversely as square of the distance from the
source.

There are two laws, the one of them governing this is a frechner’s law which says that if there is
a percentage change in stimulus from the least perceptible amount, it gives the same change in
sensation that is one. The other of course we have name the... (Refer Slide Time: 19:29) we have
the inverse square law which says intensity of illumination by a point source varies inversely as
square of the distance from the source. Now when we employ this and extend this, you will find
similarly if you have a line of source you will find that the intensity would vary intensely with
the distance whereas if you have a large sheet of source it would be independent of the distance.
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Lamberts cosine law of incidence basically talks about given the candle power at any distance
over the, what is the illuminance it is given this. And similarly for the source in a plane we could
talk in terms of a cosine law of emission where intensity is intensity per unit area or per
horizontal surface due to the source is specified. This is about the laws.
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Photometry

* Light output from a source of light is obtained
by comparing it with a primary standard
(standard lamp)

*+ Methods of comparing a test lamp with a
standard
lamp:
~ vary position of standard lamp
~ vary position of test lamp
~ vary position of the screen

Having quantified, having felt the need for the light source and how eye effects, it’s time there
was a need to look at the measurements. The measurements are done using photometry which in
fact use some kind of a photometric benches where the light output from a source of light is
compared with the primary standard or a standard lamp and the methods of comparing could be
test lamp for the standard lamp by varying position of the standard lamp or varying position of
test lamp or varying the position of the screen. The screen is the one which is placed in between
the two lamps and there on which we try to adjust or balance to get the same brightness on either
side. Now these days in fact we do have what are called as a photometers or light sensitivity lux
meters which employ the electronic circuits or photo electric devices which directly based on the
voltage generator are calibrated in terms of a, what you call the intensity in lux.
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« Luminnaires are used for directing the light
from a source of light in the desired direction

* Types of luminaires :
~ directed reflectors
~ diffusing

The luminaires are used for directing the light from a source of light in the desired direction apart
from giving the fixture, in fact there could be directed reflectors and diffusing because one is you
reflect the light to get it in the direction. We are talking of luminaires right here in the
photometry essentially because when you are talking making the photometric measurements, you
are looking at the light output and unless light is directed, the light radiates in all 360 degrees and
all light may not be useful in the task. So, we will take up the luminaires once again when we
talk about the lighting systems.
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* Incandescence - radiation at high temp.
* Incandescent Lamps :

~ Type-B : tungsten / osmium / tantalum
filament, in vacuum

~ Type-C : tungsten filament, in inert gas
(generally a mixture of Ar & N,)
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The next thing is to look at the sources themselves. We said there are various phenomena that are
used and broadly they could be incandescent lamps and discharge lamps. Incandescent lamps is
radiation at high temperature and there are two categories one which have, which these days use
tungsten which evolve over a period from carbon, tantalum, osmium in vacuum medium and had
the problem of what is called as a lamp darkening because of the tungsten getting evaporated at
that temperature getting deposited due to convective currents on the bulb surface.

As opposed to this we have type C tungsten filament in inert gas generally a mixture of argon
and nitrogen when enables the evaporated tungsten to recombine and get deposited back on the
filament. In addition to this filaments are coiled so that they occupy less space and there is less
scope for the material to evaporate. Why is tungsten chosen?

(Refer Slide Time: 00:23:38 min)

“1‘ Indian Institute of Technology, Kharagpur

* Tungsten is ductile in nature, has high MP &
high efficiency which makes it suitable for
use as filament

« Use of inert gas in incandescent lamps helps
in decreasing the rate of evaporation of
tungsten & improves efficiency

+ Higher efficiency is obtained when
incandescent lamps are operated at low
voltages

Tungsten is chosen because the ductile in nature has a high melting point and efficiency and
suitable for use as a filament. Use of inert gas helps in decreasing the rate of evaporation and
there by improves the efficiency. In fact that has been the reason you will find that these the
vacuum based incandescent lamps are there in only low wattage. Obviously here | must mention
once again that most of the times we talk in terms of the wattage. We know | want to get more
light in a particular room, if | want to loosely talk about it I might say okay let me get 50 watts or
100 watts of lamp. So the wattage really tells me whether 1 am going to get a higher light or
lower light and there that’s why you find these vacuum lamps are there at 5 watts to about 25
watts. However the efficiency of these lamps has been much low and that is what led to the
improvement of what you call discharge lamps into the picture which effect this.
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 Filament character

~ filament length ~ filament diameter
~ coil spacing ~ lead wires

~ method of mounting ~ no. of supports
~ properties of gas employed ~ gas pressure
~ bulb size ~ shape of bulb

So the filament characteristics of course depend on the length, the spacing of the coil, the way
they are mounted and of course the gap gas is to be employed for a low, employed for avoiding
the lamp darkening. You also have to have leads to take in and take out and the glass envelope is
what we call bulb and that shape does matter filament diameter decides what would be the
radiation output.
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* Bulbs are designed for :

~ uniform radiation

~ accurate consumption of power

~ efficiency

~ life rating

Bulbs are designed for uniform radiation and they are having accurate consumption of power and
to give good efficiency.

18



(Refer Slide Time: 00:25:30 min)

+ Luminescence — chemical / electrical action
on gas / vapor producing radiation

» Fluorescence - radiation is absorbed at one

wavelength & radiated at another
wavelength

« Combination of luminescence &
fluorescence increase efficiency far beyond
incandescence

The rating of course depends on the life rating typically these are rated for about 1000 hour’s
kind of a thing these days. So coming to the other category of lamps they are the discharge
lamps. As | said the first one was the incandescence then is the luminance which is the radiation
by virtue of a gas being gas or a metal vapor being made conducting. So they, this is the
chemical or electrical action on gas or vapor producing radiation and in fact fluorescence is the
other form of discharge lamps where radiation is absorbed at one wave length and is reradiated at
another wave length like you have the fluorescent lamps where UV radiation is converted into
visible radiation. The most lighting schemes use a combination of these two and they give the
light output or the luminescence efficiency in terms of lumens per watt much higher than what
you get from incandescence.
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+ Discharge lamps consist of discharge of
electricity through a tube containing a
conducting medium

+ Types of electron emission
~ Electric Field Emission
~ Thermionic Emission
~ Photoelectric Emission

They are essentially consisting of a discharge of electricity through a tube containing a
conducting medium and types of electron which depends on electron emission. This could be
based on electric field that is you create a field by shear application of the voltage you have the
electron emission which could be called as a cold condition or cold cathode type. Other
alternatives would thermionic emission where there is a filament which is heated and there by
the cathode emits electrons being at a higher temperature.
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* In a discharge lamp :
~ gas / vapor made luminous by an electric
discharge ~ color / intensity are
dependent on gas / vapor used

~ intensity to some extent proportional to
current.

« Types of discharge lamps :
~ Mercury Vapor Lamps
~ Sodium Vapor Lamps

So, in a sense a discharge lamp has a gas or a vapor which is made luminous by an electric
discharge whose colour intensity depend on the gas or vapor used an intensity is proportional to
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the current. Here it strikes an arc and arc is predominantly a constant current phenomena
therefore there are additional accessories required, the discharge lamps commonly in use are
mercury vapor lamps and sodium vapor lamps.

(Refer Slide Time: 00:27:42 min)
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« Hg-lamps give a light bluish green color

(deficient in red color)

* In a Hg-vapor lamp, a starting electrode is

provided to initiate the arc. After a run-up time
of 2 min., Hg-vapor discharge starts

Mercury vapor lamps give light bluish colour, there is a some deficiency in red colour but in a
mercury vapor lamp starting electrode is provided. All of them need a starting because it needs
ionization or gas to be struck and there is a run up time which is around 2 minutes the vapor

discharge starts.

(Refer Slide Time: 00:28:10 min)
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+ Gas at high pressure improves the CRI (color

rendering index) of discharge lamps

With Na-lamps a pre-heating heater is provided.
The lamp glows initially with red color (Ne-
vapor discharge) & then turns to orange yellow
arc (Na-vapor discharge)




As opposed to this gas at high pressure improves these are, see they are categorizes low pressure
as well as high pressure. In high pressure there is a good colour rendering. Now what is this
colour rendering? In fact we have not said anything about it. Colour rendering is the issue which
enables observing the object colour in total. With sodium lamps a pre heating heater is processed
lamp glows initially with red colour.

Why does it happen, because the starting element or a starting electrode is by way of neon vapor
and then it turns to characteristic orangish yellow which is a sodium vapor discharge. Now here
of the lamps we have covered, there is a certain thing called the utilization. As we have already
seen the continuous spectrum is obtained in case of a incandescent lamps whereas discharge
lamps tend to give what is called as a line spectrum but line spectrum we saw the utilization ratio
considering the human eye sensitivity is much higher in case of a sodium vapor lamp whereas
which is lesser in case of a mercury vapor lamp because it has got two bands. One band in the
visible zone and one band in the ultra violet zone, in fact that is where the fluorescent lamps
comes into picture to employ usefully use that.
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Discharge Lamps |l

« LP Na-vapor Lamp - in this type of lamp the
outer envelope of inner surface is coated with
Indium Oxide & that acts as an IR - reflector

+ HP Hg-vapor Lamp - gives rise to bluish white
line spectrum, together with some phosphors
improves color

The low pressure sodium vapor lamp has the coated interior and therefore it reflects most of the
thing and ensures that there is good radiation whereas high pressure mercury vapor lamp gives
line spectrum and in order to have that’s why in order to get good colour rendering sometimes
phosphors are added. In fact the mercury vapor lamp together with metal halides which is often
used in sports lighting is aided to give the, what you call colour rendering. Some luminance in
power that is put in the tubular lamps, it enhances the brilliancy of light that’s why we are saying
that.
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+ If some luminescent powder is put in the
tubular lamps it enhances brilliancy of light

+ Radiation from LP Hg-vapor lamp (which is in
the UV-region) is impinged on luminescent
materials to reradiate at longer wavelength of
visible spectrum

The radiation from low pressure mercury vapor lamp impinged on a luminescent material

reradiates at a longer wave length of visible spectrum. So this is what we call as the fluorescent
lamp or colloquially known as tube lights.
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+ Types of Fluorescent Lamps :
~ Day Light Lamp
~ Standard White Lamp
~ Soft White Lamp

« Factors deciding the dimension of fluorescent
lamps :

~ luminous efficiency

~ brightness
~ lumen output
~ lumen maintenance
~ reliable starting

The types of fluorescent lamps could be day light lamp, standard white light lamp, soft white
lamp in fact this is a line source and the factors that decide the type of fluorescent lamps are the
luminous efficiency of course you remember lot of energy which is getting wasted in a low

pressure mercury vapor lamp in the UV reason is being converted into what you call visible light
therefore the efficiency increases brightness.
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(Refer Slide Time: 00:31:15 min)
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+ Factors deciding the lamp voltage :

~ arc length
~ bulb diameter
~ lamp current

And the lamp depends on the voltage at which it is go on a operate in fact we find that the
voltage required to maintain the arc is much lower than the initial voltage and therefore this
depends on the diameter of the bulb, arc length and the current. I told you these are all depending
on a discharge or an arc discharge which is a constant current phenomena.

(Refer Slide Time: 00:31:45 min)

Discharge Lamps

+ Fluorescent lamps are LP Hg-vapor lamps
+ For a given current & tube diameter of

fluorescent lamp we have :

~ voltage is directly proportional to length

~ voltage is inversely proportional to diameter
~ voltage is inversely proportional to current

through discharge tube

Continuing with the discharge lamps, the fluorescent lamps are the excellent example of low
pressure mercury vapor lamps and for a given current and tube diameter, voltage is proportional
to the length, inversely proportional to the diameter and is inversely proportional to the current
through the discharge tubes. These are the observation based on the studies.
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+ ByaT,, fluorescent tube we mean that a tube

with diameter of 12 x (1/8)" = 1.5*

+ Radiation output from a fluorescent tube is
directly proportional to the current density in

the tube

Fluorescent lamps emit a considerable
amount of UV & IR radiation along with

visible radiation

And they are normally talked in terms of a T sub some number like for instance if we say T, its
fluorescent tubes that has a diameter of 1.5 inches. In fact these days we get slim or thin type of
fluorescent tubes and Ts is what we call and that is a very state of arc situation. Now the radians
of the radiation is all obviously proportional to the current density therefore diameter decides
what kind of a thing. They emit considerable amount of UV and IR along with visible radiation
and this UV radiation is what we are making useful.

(Refer Slide Time: 00:32:51 min)
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+ UV radiations is beneficial in small
quantities. Applications of UV radiation:
~ purification
~ detoxifying bacteria
~ curing of diseases

~ dye & food processing

~ employed in producing Vitamin-D in

food sources

In fact UV lights as such are also used in purification that is all of us are using water purification
systems which are essentially based on this. In health for detoxifying bacteria, curing of diseases
and food processing for preservation and enables in producing vitamin D in so food sources.
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+ Compact Fluorescent Lamps (CFL) are
compact, efficient, energy saving, higher
lifetime, reasonably good CRI & near
daylight illumination characteristics.
Moreover they have all the accessories
inbuilt. Hence they are better than common

fluorescent lamps

Compact fluorescent lamps are nothing but the compact efficient energy saving higher life time.
Fluorescent lamps which can be retrofitted into the same outlets where incandescent lamps have
been put. Now recall that they need a higher starting voltage for the arc to strike, so in order to
and arc is a constant current thing. So there is an impedance required to be placed in series to
maintain the current and this impedance takes the form of a coil which we often call inductive
coil called choke. So there are several accessories involved, all of them are built within the same
envelope.

(Refer Slide Time: 00:34:04 min)
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lHlumination Systems

* lllumination system comprises of a lamp (the
artificial source of light), luminnaires & the
control gear

« Commercial luminnaires can be categorized
into
~ general
~ industrial
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Illumination systems, so having talked about the lights now the time to look at the illumination
systems, illumination systems comprise of what? The source of artificial light lamp, luminaires
which suspend or support them and the control gear. Control gear meaning you need to switch
on, switch off, direct or vary the level of illumination. There are luminaires are categorized as
general and industrial. Industrial requirements are most stringent because it could be hazardous
environments could be there depending on the nature of the industry.

(Refer Slide Time: 00:34:44 min)
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+ Luminnaires are characterized by the way
they control & direct light :

~ luminous intensity
~ luminous distribution

~ number of lamps

+ Use of mirrors in luminnaires are avoided as
they they cause glare

Now depending on the way they control and direct light and they distribute the light they are
categorized okay. In fact we have seen luminaires which direct the entire light let us say for
interior applications towards the ceiling and we perceive the light by way of redirection. Use of
mirrors in luminaires is provided to direct the light where you want. You would like light to be
directed towards the task.
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+ Efficiency of a luminnaire is talked in terms of
light output ratio (LOR). This includes both
downward as well as upward light.

Practically DLOR (downward LOR) is of

importance

* Luminnaires for hazardous areas :
~ maintains temp
~ is encapsulated to resist pressure

Now there is a term LOR or light output ratio which is essentially talks about the efficiency of a
luminaire. Now the luminaire efficiency includes a total output. Let us say a lamp or a set of
lamps are provided in a luminaire, the ratio of the light radiated towards the task or downwards
to the total light is what we call light output ratio. Practically down light, down, downward LOR
is of importance but if we have some reflectors in fact these days most of them have what is
called the mirror optic reflectors so that most of the light going towards upward direction is
directed downwards towards the task. Luminaires for the hazardous areas needs to be taken care.
They have to be encapsulated so that there is no pressure build up.

(Refer Slide Time: 00:37:03 min)
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* Gasketted luminnaires which are completely
sealed takes care of handling moisture & dust.

« Emergency lighting should have self supporting
power system to provide lighting when normal
lighting fails
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And recall in most of these fluorescent lamps which are being extensively for interior application
or there is a, what you call starting device called the starter which is nothing but a bimetallic strip
which opens up. That is there is a spark involve and if this is not controlled, it can be hazardous
and lead to fire hazard. Now these have to be sealed and taken care so that the moisture and dust
does not enter because that can be lead to the thing.

(Refer Slide Time: 00:37:12 min)
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« Control gears are the accessories that help
in controlling the requisite amount of light
flux on the work plane

« Gas discharge lamps are constant current
devices. Constant current is achieved by
use of ballasts.

Continuing with the illumination systems, there should be some control gears which help in
controlling the flux on the work plane apart from that you have the accessories. The use of
ballast which | have already told they are called chokes that the impedances which take the form
of an inductive coil in case of a, what you call AC application whereas it may take the form of a
resister in case of a DC operated fluorescent lamp.
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Requirements for good ballasts :
~ less undue power loss

~ should offer high impedance to audio
frequency
~ should suppress EMI/ RFI/ TVI
~ should provide proper starting conditions
~ should have as high power factor as
possible
To improve power factor capa

Now these ballast should be such that they do not themselves cause any interference, they should
be able to start in fact it's a and at the same time they need to see that power factor system is
maintained. In order to do that we add what are called as a capacitors in the series with the
system or in parallel of the line.

(Refer Slide Time: 00:36:16 min)
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+ Excepting HP Hg-vapor lamps, all lamps have
starting voltage > spark over voltage. Hence
starters & igniters are used as starting
devices.

Igniters are small three electrode devices
which are fired by controlled pulses from
small electronic circuits

Apart from local & general lighting dimmers /
timers are used for two - stage lighting

Now most lamps have starting voltages greater than the spark over voltage and therefore there
are starters or igniters as already told you, told to you, igniters are used in some mercury vapor
lamps these are small three electrode devices which are again controlled by electronic circuits.
The third electrode when the gate pulses are given, it gives rise to the closer of the switch.
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Apart from local and general lighting, you can need to have the light flux control which are
sometimes obtained used by using what are called dimmers. Dimmers are nothing but auto
transformers which vary the voltage. This can be used only when you are using certain
incandescent lamps especially in the theater lighting and stage lighting where you want to
enhance a particular thing or reduce that is where you do use this. In fact these auto transformers
were initially developed for this kind of a thing and that’s why they were also termed as
demostats.

(Refer Slide Time: 00:39:29 min)
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Glare

« Glare is the brightness within the field of
vision

« Effects of glare :
~ injures the eye
~ disturbs the nervous system
~ causes annoyance, discomfort & fatigue
~ reduces efficiency of work
~ interferes with clear vision
~ risk of accident increases

Now one of the issues which was there in performance of the eye was glare. Glare is a very
important thing therefore the next lesson, try covering the glare and as already defined is the
brightness within the field of vision and this could injure the eye. It could disturb the nervous
system when the glare is less it can create a noise but if it is more it could be discomfort and
fatigue. Now there by it reduces the efficiency of work because you will not be able to see
clearly and if it is happens with the street lighting, it can create accidents.
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+ Types of glare :

~ Direct Glare - bright luminaire in the
field of vision

~ Reflected Glare - reflection from a

glossy surface

* Reflected glare causes more annoyance
than direct glare

Now the glare itself is called as a direct glare where in case of a source is there within reflected
glare is a basically, when this light falling on another glassy surface gets and another thing is you
do get glare from the natural light through the windows. The reflected glare is does not really
damage the eyes but it is only an annoyance but still it is to be avoided.

(Refer Slide Time: 00:40:34 min)
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Direct glare can be minimized by mounting
luminaires well above the line of vision

Disability Glare impairs the vision

Discomfort Glare increases with time of
exposure

One simple rule to minimize glare is never mount luminaires below the line of vision have them,
in fact we find most of the time most of our interior lights are placed closer to the ceiling.
Disability glare is what we call which impairs the vision. Discomfort glare meaning the longer
you are exposed to the glare, the more discomfort you will get.
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» Glare Evaluation Systems :

~ American system (VCP)
~ British system (Glare Index)

~ European system (Luminance Curves)

* Luminance angle limit for luminaires :
45° <y < 85°

The glare evaluation system have been there one of them is the visual comfort index or the
American system and the British system is a glare index and the European system which is for
often followed is the luminance curves. Luminance angle for assessment of these curves is kept

between the angles subtended at the eye between 45 to 85 degrees.

(Refer Slide Time: 00:41:32 min)
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« Glare from windows can be prevented by
using :
~ curtains
~ blinds
~ louvers

+ Glare from windows is of two types :
~ veiling reflections
~ reflected glare

| said there could be glare from windows, this can be taken care by suitable design of curtains,
blinders, blinds and louvers. And it is again it can be reflected the light entering through the
window could again that reflected from another glassy surface or it could be veiling reflections.
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» Techniques for minimization of glare from
luminaires :

~ not locating luminaires in forbidden zone

~ increase light from sideways
~ luminaires having large surface area

Now in all the glare is to be minimized and it can be minimized by not locating luminaires in the
forbidden zone or that is you try avoid light coming into the line of vision bright sources and the
other thing is have low intensity sources spread over a larger surface area there by brightness is
limited and you and increase the light coming from sideways and at times you have a light
placed in the opposite direction to avoid the glare.

(Refer Slide Time: 00:42:34 min)
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* CRF (Contrast Rendition Factor) — influence
of lighting on task contrast & task visibility

Task Visibility = Given_Emission

Sphere_llluminance

= Sphere llluminance - llluminance by the
source providing equal luminous intensity
in all directions. Also known as ESI (Equal
Spherical llluminance)

In this aspect there is one factor design in terms of the influence of lighting on the task visibility
that is what we call contrast condition factor and task visibility is talked in terms of the total
theoretical illuminance that is possible in a spherical direction with respect to the given
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condition. The sphere illuminance which we say illuminance by the source provided equal
illuminance intensity in all directions. This is also known as ESI or equal spherical illuminance.
So this is how one talks about the task visibility. So this is the way to talk about the glare and
too.

(Refer Slide Time: 00:43:18 min)

;'”:i:"‘:. Indian Institute of Technology, Kharagpur

=228

» Three categories of lighting :

~ general lighting
~ local lighting
~ combination of local & general lighting

« Combination of general & local lighting are
preferred to avoid glare

In fact lighting using general lighting together with local lighting also helps to a large extent in
taking care of the glare and this is the about the glare.

(Refer Slide Time: 00:43:34 min)
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Three Components of Color Perception are
Source of lllumination, Object Illluminated
and detector

Source color tells us about spectral power
distribution of the light source

Object Color denotes appearance of the
object due to selective appearance of
incident light

Perceived Color is a result of object
characteristics together with viewing
conditions
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The next topic which tried to cover was the colour. Colour has three components, one is the
perception how we perceive and the source of illumination, the object illuminated and the
detector. Detector, which is the detector? Detector is obviously human eye, source colour tells us
about the spectral power distribution which is associated with the source whereas the object
colour is the colour that appears due to the selective appearance of the incident light. So the
based on the way the object reflects, you perceive and perceived colour is the result of object
characteristics together with viewing conditions, it depends on the external lighting and visual
health of the person.

(Refer Slide Time: 00:44:33 min)
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» Color characteristics assessed by Color
Rendering Index (CRI)

+ Appearance of an object under test source
in comparison to appearance under
standard light conditions like those under
natural day light conditions.

+ Color standards follow Munsell system or
CIE system.

Now often these characteristics are assessed by what we call colour rendering index and
appearance of an object under test source in comparison to a standard light conditions is what we
mean by colour rendering index and this has to be like those under natural day light conditions.
In fact colour standards follow different systems like Munsell system, CIE system and LAB
space system.

36



(Refer Slide Time: 00:45:02 min)

szi:*':. Indian Institute of Technology, Kharagpur

Interior Lighting
* Good interior lighting is governed by :

~ intensity (ample to see clearly & distinctly)

~ distribution (nearly uniform)

~ soft & well diffused light

~ color (depending on taste / purpose)

~ source location should be above plane of
vision (to avoid glare)

Now having said so much it's time we had a look at the recommendations for interior lighting.
The good interior lighting requires good intensity so that you are able to see clearly and
distinctly. Often the recommendations talk about the horizontal illuminance distribution which is
made to be uniform. It’s preferred to have soft well diffused light. Colour of course depends on
the purpose, you may have certain colours in depending on the like in a game mood they may
have different colours whereas in a normal office environment you need to have reasonably good
quality day light conditions and above all the source locations should be well above the plane of
vision that is a plane passing through the average individual.

Let’s say if we are talking about an office where people are sitting, so the work table could be

around 0.7 to 0.8 meters from the floor and the eye height could be around 1 meter. So it should
be at least above 1.5 meters the light location that’s what we mean.
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« Shadows are required for actuating depth of
object. It shouldn’t be too apparent abruptly
or dense. Also it shouldn’t be harsh & needs
to be toned down

General lighting controlled to suit
psychological moods

Natural / daylight illumination constantly
varies with weather, time of day & season

And certain shadows are necessary for actuating the depth of the object, so it should be there but
they should not be apparent or abrupt or dense and at the same time it should not be very harsh.
General lighting is provided in most places along with some local lighting called the task lighting
to give the enhanced illuminance levels and also one has to bear in mind that the natural or day
light illumination varies with weather, time of the day and season. Therefore the location of the
windows becomes very important.

(Refer Slide Time: 00:47:05 min)
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* We design the window opening such that the
minimum daylight illuminance is twice the
artificial illuminance that is sufficient for the
required task

* Location of lamps depends on :
candle power
maximum allowable spacing
height at which located
should be clear of obstruction
distribution of light required

The minimum day light illumination, illuminance is twice that of the artificial illuminance that is
sufficient for the required task.
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So the way we design the windows is that even during the day minimum light due to this is twice
that of the artificial light which we may employ for performing in the night. Now one may sight
in this particular instance that especially in the closed corridors, you need higher levels of
illumination during the day than during the night because when you are coming from outside in
order to have rapid adjustment, in order to have gradual reduction in the intensity level you need
to have a higher illuminance levels. However the number of lamps and how we were gone to
decide that we have seen, it depends on the candle power and the height at which it is located,
what type of our obstruction is there and what type of task is being performed, how it is to be
distributed.

(Refer Slide Time: 00:48:13 min)
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« Color reflectance from the interior finishing
affects utilization

« Interior lighting needs to be periodically
checked & maintained

« Lamps should be replaced when they reach
70% of its life or illumination level falls
below standard. Moreover it is preferred to
change lamps in groups rather than
individually.

And the interiors have to be matched so that the proper reflectances are there and no doubt like
any other system, lighting system also needs to be periodically checked and maintained. And in
large offices and large interiors it is better that they are replaced in groups rather than individual
lamps and whenever they reach 70% of its life, it’s better that they are replaced.
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Sports Lighting

+ Sports Lighting has four user groups in
mind
a) Players
b) officials
c) Spectators and
d) Media.

Category of sport is made as A, B or C
depending on the size of the ball/object
and place of the game. “C” denotes fast
paced game with small sized object.

Now coming to this sports lighting, sports lighting has four user groups, this comes under the
category of the exterior lighting in mind one is the player, two officials, three spectators and 4
media. The category of sport is made as A B or C depending on the object involved like most
sports like we take football has got a ball, basketball has a ball, table tennis has a small ball, so
the three different games which we have talked about have different size balls cricket has a... So
these are the things therefore they are categorized A B B, C is what we mean is a fast paced
game with small sized object like for instance you take cricket is a really fast game with a
reasonably small ball whereas the issues...

(Refer Slide Time: 00:49:37 min)
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Horizontal llluminance, vertical illuminance
and illuminance uniformity are crucial for
this category of lighting.

Color appearance is very important for
media coverage.

Considering all user groups CRI of 65 and
color temperature of at least 4000K is
recommended.
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And therefore in order to talk about these recommendations, one talks about the horizontal
illuminance because you need the play area to be very well let and vertical illuminance is
required to be able to recognize the player and illuminance uniformity is necessary for this
category of lighting. Now that is how one talks about illuminance uniformity indices which are
the ratios from average to maximum and both horizontal as well as vertical.

Now colour appearance per say is not important for the players who are basically playing for
relaxing. In a tournament class yes, people are interested they are also it is the entertainment for
others and there to some extent it is necessary to recognize the players but these days with the lot
of media coverage, media coverage needs very good colour appearance and therefore
recommendations have been given different ways depending on the different media like you
have tv, tv coverage for the national level, international level and high definition television level.
Considering the all user groups it was found that a colour temperature of 4000 k and 65 colour
rendering index appears to be good for most class of sports. The illuminance levels of course
depending on the category A B C you have the illuminance levels.

(Refer Slide Time: 00:51:08 min)
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Lighting :

Road lighting aims safe, quick and
comfortable movement of traffic.

There are five categories of Roads, A, B, C,

D and E depending on the type and density
of traffic .

Mostly sodium vapor lamps are preferred
on the roads.

The next form of exterior lighting is the road lighting. The road lighting in fact aims at safe quick
and comfortable movement of traffic. Remember that we are, this is second category of external
lighting and there again you have to categorize the roads depending on the type and density of
the traffic and the mix of traffic. What are we trying to do? If you have a high speed vehicle
going then it needs to observe the obstruction much earlier and much more clearly and here again
you need to have a good vertical illuminance levels whereas on the other hand if it is
predominantly pedestrian traffic, the traffic speed is less so that is how one decides the category
of the road. Mostly we find colour rendering is not so important and therefore high utilization
ratios sodium vapor lamps are preferred on the roads.
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At junctions mercury vapor lamps may be
provided.

Tunnel lighting needs to be carried out in
such a way as to gradually change the
light level. Tunnels lit during the day as
well as night.

The junctions have to be identified therefore mercury vapor lamps are provided so that clearly
you distinguish between the junction and the road. Now here again there is a special requirement
as far as when tunnels are there in the roads. Tunnel lighting has to be carried out, gradually you
have to change the level | said the level of the light has to be gradually increased or decreased
and so tunnels have to be lit during the day as well as night whereas they require higher lights
requirements during the day. Now some of the residential areas where there may not be heavy
traffic and the gardens you could have post top lanterns which are convenient.

(Refer Slide Time: 00:53:10 min)
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Lighting Calculations

* llluminance level depends on the nature of
working environment & is specified in terms
of horizontal, vertical & inclined illuminance.

These are obtained graphically from
numerical tables.

Isolux diagrams are used for calculation of
illumnance & luminance levels
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Then we took up the, what is call as the lighting calculations which are required how one arrives
at the number of lamps and luminaires and this depends on the work environment it is talked in
terms of horizontal vertical inclined illuminance which can be obtained graphically from
numerical tables, in fact iso-lux diagrams are used for calculation of illuminance and luminance
levels.

(Refer Slide Time: 00:53:16 min)
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* A room can be divided into four zones for
calculation of illumination level :
~ work plane
~ wall area below luminaire
~ on the fieze (wall area above luminaire)
~ ceiling
« Horizontal illuminance is given by :

(1

L =—=xUFxM
" A

These days you do have software’s and which can easily do these things, all these is incorporate.
However as a student one needs to calculate oneself to understand how the software works. A
room can be divided into 4 zones as far as interior lighting goes work plane, wall area below the
luminaire which is called a frieze and wall area below the luminaire which is useful, ceiling and
the frieze is the wall area above the luminaire. Based on this we talked in terms of the horizontal
illuminance which is nothing but a low overall flux to the area multiplied by the utilization factor
considering the loss and the maintenance factor m.
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» Utilization Factor (UF) depends on :
~ light distribution of luminaire
~ reflectance of ceiling / walls

Ixb

» Room index (k) is given by : k= ———
)is g . h_x(l+b)

+ Vertical lllumination is given by :

P tot

=2t x UFx M
A

Apart from this we talk in terms of the roof room index which depends on the length, breadth of
the room and the height. It may be observed that the utilization factor itself depends on the
number of luminaires and how the ceiling involved are having their reflectances and therefore it
becomes necessary to periodically take care. Similarly one talks about the average illuminance in
the vertical direction too.

(Refer Slide Time: 00:54:24 min)
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* Luminaire Luminance is given by : Lv =

where Ay is the apparent area in
specified direction & is given by

A, =A,xcosy+A, xsiny

And luminaire luminance is talked in terms of the luminous intensity verses the area over that
angle, the apparent areas specified in the direction of interest okay.
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* Industrial lighting is dictated by :
~ nature of work
~ shape of space
~ ceiling structures

* Industrial lighting can be classified as :
~ single storey without skylight
~ multistorey
~ single storey with skylight
~ high bay light

Now the last thing which we look, took up with the lighting applications. The lighting
applications, the first application which we can think of is the industrial lighting. Industrial
lighting is depends on the nature of works, shape of space and the ceiling structure. Typically
industries have very high ceiling and they can be having single storey or a multi-storey with the
skylight or the light being available or high bay light. So whenever there is a high bay light
invariably there are the sodium vapor lamps which are used Whereas sometimes you do need
additional lighting for when the general lighting does not meet requirements you may have
illuminated magnifying glass, stroboscopic lighting or monochromatic lighting depending on the
various applications. In fact if you look at the fine PCP task you may need much more thing,
whereas the fluorescent lamps with louvers and diffusers are preferred in the office lighting.
(Refer Slide Time: 00:55:16 min)
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+ Additional lighting are used if general
lighting doesn't meet requirements Vviz.
illuminated magnifying glass, stroboscopic
lighting, monochromatic light etc.

* Fluorescent lamps with louvres & diffusers
are preferred for office lighting

Vertical illumination becomes necessary for
blackboards in educational institutions

In shops, restaurants & other commercial
places, local & color lighting is employed to
highlight a particular place / product
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The black boards in educational institutions or a chalk boards there is a need to have vertical
illumination, this is also the same case in the auditoria. In shops and restaurants and other
commercial places, local and colour lighting is employed because shops is one place where you
are trying to advertise a product. So, you need to highlight a particular place or a particular
product therefore there is increased requirement for local or colour lighting.

(Refer Slide Time: 00:56:18 min)
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* In hospitals lighting is done according to
convenience of patients, technicians &
doctors. Operation theatres need shadow
free lighting. ICU & X-ray rooms have low
luminance levels.

« Some of the Indian Standards for lighting
application are covered. Details can be had
from hand book of BIS. Mostly adopted from
CIE

Hospitals have varying requirement depending on whether it is for patients or technicians or
doctors and operation theaters do need shadow free lighting with higher levels whereas ICU and
X ray where patient is trying to rest, there should be minimum distraction you need very low
levels. Some of the Indian standards for lighting applications are also covered as a part of this
lecture and in fact they are all adopted from the, what you call CIE the international standards for
lighting and the hand book of BIS gives complete details. Thank you. So this is the total
summary of what has been covered in the 19 lectures on illumination engineering. So, we take up
the second aspect the electric utility in the next lesson. Thank you.
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