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49.1. Radiations From a Hot Body

The usual method of producing artificial light consists in raising a solid body or vapour to
incandescence by applying heat to it. It isfound that as the body is gradually heated above room
temperature, it begins to radiate energy in the surrounding medium in the form of electromagnetic
waves of various wavelengths. The nature of this radiant energy depends on the temperature of the
hot body. Thus, when the temperature is low, radiated energy isin the form of heat waves only but
when acertain temperatureisreached, light waves are also radiated out in addition to heat wavesand
the body becomesluminous. Further increase in temperature produces an increase in the amount of
both kinds of radiations but the colour of light or visible radiation changes from bright red to orange,
to yellow and then finally, if the temperature is high enough, to white. Astemperatureisincreased,
the wavelength of the visible radiation goes on becoming shorter. It should be noted that heat waves
areidentical tolight waves except that they are of longer wavel ength and hence produce no impression
on theretina. Obvioudly, from the point of view of light emission, heat energy represents so much
wasted energy.

energy radiated out in the form of light

total energy radiated out by the hot body
luminous source and, obviously, depends on the temperature of the source. As the temperature is
increased beyond that at which light waves were first given off, the radiant efficiency increases,
because light energy will increasein greater proportion than the total radiated energy. When emitted
light becomeswhitei.e, it includes al the visible wavelengths, from extreme red to extreme violet,
then afurther increase in temperature produces radiations which are of wavel ength smaller than that
of violet radiations. Such radiationsareinvisibleand areknown asultra-violet radiations. Itisfound
that maximum radiant efficiency would occur at about 6200°C and even then the value of thismaximum
efficiency would be 20%. Since thistemperatureisfar above the highest that has yet been obtained
in practice, it isobviousthat the actual efficiency of al artificial sourcesof light i.e. those depending
on temperature incandescence, is low.

As discussed above, light is radiant energy which is assumed to be propagated in the form of
transversewavesthrough aninvisible medium known as ether. Theselight wavestravel with avelocity
of 2.99776 x 10° m/sor 3x 108 m/s approximately but their wavelengthsare different. Thewavelength
of red light isnearly 0.000078 cm and that of violet light 0.000039 cm. Since these wavelengths are
very small, instead of using 1 cm as the unit for their measurement, a submultiple 107 cm is used.
This submultiple is known as Angstrom Unit (A.U.)

1AU. =10%em=10"m

Hence, the wave-length of red light becomes A, = 7800 x 10 ”mor 7800 A.U. and A, =3900 x
10 m or 3900 A.U. The sensation of colour is due to the difference in the wavel engths and hence
frequencies of the light radiations.

The ratio is called the radiant efficiency of the

49.2. Solid Angle

Consider an area A which ispart of asphereof radiusr (Fig. 49.1). Let usfind the solid anglew
subtended by this area at the centre C of the sphere. For this purpose, et point C be joined to every
point onthe edges of theareaA. Then, the angle enclosed by the cone at point C givesthe solid angle.
Itsvalueis

w = Az steradian inr ‘; g |
r L
The unit of solid angleissteradian (sr). If, in the above equa- Ié:LF E)/@ =
tion, A = r?, then w = 1 steradian. Hence, steradian is defined as ~
the angle subtended at the centre of asphere by apart of itssurface
having an areaequal to (radius)z.

Fig. 49.1
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Obviously, the solid angle subtended at the
centre by whole of the spherical surface = 4mtr?/r® = 4t
steradian (sr).

49.3. Definitions

Before proceeding further, definitions of a few
principal termsemployed in connection with illumination,
are given below :

1. Candda. Itistheunit of luminousintensity of a
source. It is defined as 1/60th of the luminous intensity
per cm? of a black body radiator at the temperature of
solidification of platinum (2045°K).

A source of one candela (cd) emits one lumen per
steradian. Hence, total flux emitted by it alround is Fireworks radiate light energy of different

41t x 1 = 41t lumen. frequencies, which appear in different colours
2. LuminousFlux (F or ®). Itisthelight energy radiated out

per second from the body in the form of luminous light waves. ﬁv | Lumen
Since, it is a rate of flow of energy, it is a sort of power unit. v if

Unit of luminousflux islumen (Im). Itisdefined astheflux contained il Sizmdtam

per unit solid angle of a source of one candela or standard candle

(Fig. 49.2).
Approximate rel ation between lumen and electric unit of power g 4arq

i.e wattisgivenas Candle

1lumen = 0.0016 wett (approx.) Fig. 49.2

3. Lumen-hour. Itisthe quantity of light delivered in one hour by aflux of one lumen.*

4. Luminous Intengty (1) or Candle-power of a point source in any particular direction is
given by the luminous flux radiated out per unit solid angle in that direction. In other words, it is
solid angular flux density of a sourcein aspecified direction.

If d@ isthe luminous flux radiated out by a source within a solid angle of dw steradian in any
particular direction, then | = d®/dw.

If flux ismeasured in lumens and solid anglein steradian, then itsunit islumen/steradian (Im/sr)
or candela (cd).

If asource has an average luminousintensity of | Im/sr (or | candela), then total flux radiated by
ital aroundis® = wl =41 lumen.

Generally, the luminousintensity or candle power of asourceisdifferent in different directions.
The average candle-power of a source is the average vaue of its candle power in all directions.
Obvioudly, it isgiven by total flux (in Im) emitted in al directionsin all planesdivided by 41t This
average candle-power is also known as mean spherical candle-power (M.S.C.P).

_ total fluxin lumens
41

If the average is taken over a hemisphere (instead of sphere), then this average candle power is
known as mean hemispherical candle-power (M.H.S.C.P).

Itisgiven by thetotal flux emitted in ahemisphere (usually the lower one) divided by the solid
angle subtended at the point source by the hemisphere.

0 MHSCP = flux emitted i2n a hemisphere

s

*  Itissimilar to watt-hour (Wh)

O M.S.C.P.
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5. Reduction Factor of asourceis given by theratio, f = M.S.C.P/M.H.C.P. where M.H.C.P.
isthe mean horizontal candle power.

It isalso referred to as spherical reduction factor.

6. Illluminanceor Illumination (E). When the luminous flux falls on asurface, it issaid to be
illuminated. The illumination of a surface is measured by the normal luminous flux per unit area
received by it.

If d® isthe luminous flux incident normally on an areadA, then E = d®/dA or E = ©/A.

Unit. Since flux @ is measured in lumens and area in m?, unit of E is Im/m? or lux. The
aternative name is metre-candle (m-cd). Let usseewhy ? Imagine a sphere of radius of one metre
around a point source of one candela. Flux radiated out by this source is 4ttlumen. Thisflux falls
normally on the curved surface of the spherewhichis= 4rm?. Obvious! y, illumination at every point
on the inner surface of this sphere is 4t Imv4m m? = 1 InVm?. However, the term ImVm? is to be
perferred to metre-candle.

7. Luminance (L) of an Extended Source. Suppose A A isan element of area of an extended
source and At itsluminousintensity when viewed in adirection making an angle @with the perpendicul ar
to the surface of the source (Fig. 49.3), then luminance of the source element is given by

Al _ Al >
L= A Acos@ TAA cd/m® ..() Extended
Source
where AA' = AAcos@ AA

area of the source element projected
onto a plane perpendicular to the
specified direction.
Aswill be seen from Art. 49.5.
| cos® Al

or

E = o2 AE= ? cos 0
Substituting the value of A | from Eq. (i) above, we get Illuminated
Surface
AE = L‘(?ZA cosO =L cosH. dw
0
wheredw = AA'/d? steradian
Fig. 49.3
E :jL cosO.dw=L jcose.doo
—if L isconstant.

8. Luminous Exitance (M) of a Surface. The luminous exitance (M) at a point on a surface
isdefined asluminousflux emitted per unit areain al directions. If anelement of anilluminated area
A A emitsatotal flux of A® in all directions (over asolid angle of 2t steradian) then
M = AD/AA Ivm’
It can be proved that M = 1i_ in the case of auniform diffuse source.
9. Transamittance (T) of an llluminated Diffuse Reflecting Surface. It is defined as the ratio
of the total luminous flux transmitted by it to the total flux incident onit.
The relation between luminous exitance (M) of asurface transmitting light and illuminance (E)
on the other side of itis
M =TE or T = ME
Sincelight falling on asurfaceiseither transmitted, reflected or absorbed the following relation

holds good
T+p+a =1 where a isthe absorptance of the surface.
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10. Reéflection Ratioor Coefficient of Reflection or Reflectance(p). Itisgiven by theluminous
flux reflected from a small area of the surface to the total flux incident upon it
p = M/Ei.e. ratio of luminous exitance and illuminance.
Itisalwayslessthan unity. Itsvalueiszerofor idea ‘black body’ and unity for aperfect reflector.

11. Specific Output or Efficiency of alamp is the ratio of luminous flux to the power intake.
Itsunit islumen/watt (Im/W). Following relations should be taken note of :

(a) lumen _ 4mxM.S.C.P.
watt wett
or m ___Am
W watt/M.S.C.P.
. 41 f
b f = M.S.CP/MH.CP O | S
(b) since S.C.P/ C m/W WATM SCP
; _ 4m watt/M.H.C.P.
c) Obviously, wattYM.S.C.P. = =
© ¥ Im/W f
d) Also  watyMHCP = *Tf —¢xwatgm.sCP
1m/W

12. Specific Consumption. It is defined as the ratio of the power input to the average candle-
power. It isexpressed in terms of watts per average candle or watts/M.S.C.P.

The summary of the above quantities along with their units and symbol isgivenin Table 49.1.

Table 49.1
Name of Qty Unit Symbols
L uminous Flux Lumen For®
Luminous Intensity (candle-power) Candela I
Illumination or Illuminance Im/m? or lux E
Luminance or Brightness cd/m? LorB
Luminous Exitance Im/m? M

49.4. Calculation of Luminance (L) of a Diffuse Reflecting Surface

Theluminance (or brightness) of asurfacelargely dependson the character of the surface, if itis
itself not the emitter. In the case of apolished surface, the luminance
depends on the angle of viewing. But if the surface is matt and ‘ M
diffusion is good, then the luminance or brightness is practicaly
independent of the angle of viewing. However, thereflectance of the /
surface reducesthe brightness proportionately. InFig. 49.4isshown

a perfectly diffusing surface of small area A. Suppose that at point 0
M on a hemisphere with centre O and radius R, the illuminance is fle-do4
L cd/m?. Obviously, luminousintensity at point M is= L x A cos 8 Fig. 494

candela (or lumen/steradian). Now, the hemisphere can be divided into anumber of zones as shown.
Consider one such zone M N between 6 and (6 + d6). The width of thiszoneis R.d6 and length 2riR
sin 8 so that its area (shown shaded) is = 2riR* sin 6. dB. Hence, it subtends asolid angle = 2rR* sin
0.d6/R*= 2mtsin 6. d6 steradian at point O. The luminous flux passing through this zoneis

dd =L AcosBx2msin6.d0=1L Ax2sinBcos6dB=1LASN26d6lumen
Total flux passing through the whole hemisphereis

2
(0] :I TILA Sin206.d6 =1L A lumen
0
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If the illumination of the surface (produced by a light source) is E Im/m? and p isits reflection
coefficient, then @ = p A E lumen.
Equating thetwo values of flux, wehavetL A = pA E
or L = pE/mcdm’ = pE Im/m?
For example, consider a perfectly diffusing surface having p = 0.8 and held at a distance of 2
metres from a source of luminousintensity 100 candela at right anglesto the direction of flux. Then
E = 100/22 = 25 Im/m®
L = pE/m=25x 0.8/1=6.36 cd/m’ = 636 x 1= 20 Im/m’

49.5. Laws of lllumination or llluminance

Theillumination (E) of asurface depends upon the following factors. The sourceisassumed to
be a point source or is otherwise sufficiently away from the surface to be regarded as such.
(i) Eisdirectly proportional to the luminous intensity (1) of the source or E (1 |
(i) InverseSquareLaw. Theillumination of asurfaceisinversely proportional to the square of
the distance of the surface from the source.
In other words, E O 1/r®
Pr oof
In Fig. 49.5 are shown portions of the surfaces of three spheres whose radii are in the ratio
1:2:3. All these portions, obviously, subtend the same solid angle at the source and hence receive
the same amount of total flux. However, since their areasareintheratioof 1: 4: 9, their illumina
1.1
29
(iff) Lambert’'sCosinelLaw. According tothislaw, Eisdirectly proportional to the cosine of the
angle made by the normal to the illuminated surface with the direction of the incident flux.

tionsareintheratiol:

Radius =3 x

Radius =2 x

Radius = x

Source >

Yy

4

Fig. 49.5 Fig. 49.6
Pr oof

As shown in Fig. 49.6, let ® be the flux incident on the surface of area A when in position 1.
When this surface is turned back through an angle 6, then the flux incident on it is ® cos 6. Hence,
illumination of the surface when in position 1isE; = ®/A. But when in position 2.
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Illumination

E,=E,cos0

Combining all these factors together, we get E = | cos 6/r. The unit isIm/m?.

The above expression
makes the determination of
illumination possible at a
given point provided the
position and the luminous
intensity or candle power (in
the given direction) of the
source (or sources) by which
itisilluminated, areknown as
illustrated by the following
examples.

Consider a lamp of
uniform luminous intensity
suspended at aheight h above
theworking planeasshownin
Fig. 49.7. Let usconsider the

Fig. 49.7

value of illumination at point A immediately below the lamp and at other points B,C,D etc., lyingin
the working plane at different distancesfrom A.

EA =
N
= —— xcos6,.
EB LBZ 1
_ ol h
. By = |_|32XLB
1 h |\
Now i EAand(LB)
0 Es = EAcosg’E)1
Similarly,

lamp.

Since, cos6;, = h/LB

Solution. Luminous intensity of the lamp is
| = 1200/41t=95.5cd

Asseen from Fig. 49.8.

|—2 —since6=0andcosb =1
h

Ly = (/82 +62=10m;cos0=8/10=0.8
Now, E = | cosB/r’
O E; = 955 x 0.8/10°= 0.764 Im/m”

E.= E,. cos’ 6, and E; = E, cos’ 65 and so on.
Example49.1. A lamp giving out 1200 Imin all directionsis
suspended 8 m above the working plane. Calculate the illumina-
tion at a point on the working plane 6 m away from the foot of the
(Electrical Technology, Aligarh Mudim Univ.)

0
6@
g
(e
A 6m B
Fig. 49.8

Example 49.2. A small light source with intensity uniform in all directions is mounted at a
height of 10 metresabove a horizontal surface. Two points A and B both lie on the surface with point
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A directly beneath the source. How far is B from A if the L
illumination at Bisonly 1/10 asgreatasatA? (AM.I.E.) |

Solution. Let the intensity of the lamp be | and the
distance between A and B be x metres as shown in Fig. 49.9.
lluminationat point ~ A,E, = 1/10°=1/100 lux
Illumination at point B,
Illumination at point B,

N XSLEZ _ 1ol
102 [10° +X°5 (100 +>)Y? 0
Ea
10"
101 1,1

8 m
N
&Q

EB:

Since E;

—— > = x—_, [0 x=191m A 6m B
(100 + x°) 10 100 Fig. 49.9

Example49.3. Acorridor islighted by 4 lamps spaced 10 m apart and suspended at a height of
5 mabovethe centreline of thefloor. If each lamp gives200 C.P.inall directionsbel ow the horizontal,
find the illumination at the point on the floor mid-way between the second and third lamps.

(Electrical Engineering, Bombay Univ.)

Solution. Asseen from 49.10, illumination at point C isdueto all thefour lamps. Since point C
issymmetrically situated between the lamps, illumination at this point istwice that dueto L, and L.

I cos@,/L,C* L,C=52+15% =158m
cos® = 5/15.8

(i) illuminationdueto L,

220x (5/15.9)
250

illuminationduetol, = = 0.253 Im/m?

A
A 10m 10m E
————15m >« 15m >
Fig. 49.10
(ii) L,C=5+2m;6, = 45°; cosB,= 12
[lluminationduetoL, = % = 2.83 Im/m’

0 illumination at C dueto L, and L, = 3.08 Im/m”
lllumination at C dueto all the four lamps, E.= 2 x 3.08 = 6.16 Im/m?
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Example 49.4. Two lamps A and B of 200 candela and 400 candela respectively are situated

100 mapart. The height of A above the ground level is 10 mand that of Bis20 m. If a photometer
is placed at the centre of the line joining the two lamp posts, calculate its reading.

(Electrical Technology, Gujarat Univ.)

Solution. When theillumination photometer is placed at the centre point, it will read the value of
combined illumination produced by the two lamps (Fig. 49.11).

Now, L,C = y10°+50°
=51lm
L,C = 4/20° +50°
= 539m
cosB, = 10/51;
cosB, = 20/53.9
Illumination at point C due to

lampL,
_ 200x10
~ 51x2600
0.015 Im/m? Fig. 49.11
Similarly, illumination due to
lampL,

_ 400x20/53.9 _ 2
= 2000 = 0.051 Im/m

0.015 + 0.051
0.066 Im/m? or lux

Example49.5. The average luminous output of an 80-W fluorescent lamp 1.5 metre in length
and 3.5 cmdiameter is3300 lumens. Calculateitsaveragebrightness. If theauxiliary gear associated
with the lamp consumes a load equivalent to 25 percent of the lamp, cal culate the cost of running a
twin unit for 2500 hours at 30 paise per kWh.

Solution. Surface area of the lamp = 1tx 0.035 x 1.5 = 0.165 m?

Flux emitted per unit area = 3300/0.165=2 x 10* Im/m?
_ flux emitted per unit erea
I
2[80 + 0.25 x 80] = 200 W
Energy consumed for 2500 hr 2500 x 200 x 1073 = 500 kWh
cost Rs. 500 x 0.3 = Rs. 150.

Example 49.6. A small area 7.5 min diameter is to be illuminated by a lamp suspended at a
height of 4.5 mover the centre of thearea. Thelamp having an efficiency of 20 Im/w isfitted with a
reflector which directsthelight output only over the surfaceto beilluminated, giving uniformcandle
power over thisangle. Utilisation coefficient = 0.40. Find out the wattage of the lamp. Assume 800
lux of illumination level fromthe lamp. (AM.1.E)

Solution. A = md¥4=4418m% E =800 lux

Luminous flux reaching the surface = 800 x 44.18 = 35,344 Im

0 E

2
cd/m? = 2 x % = 6,382 cd/m?

0 B
Total load of twin fitting
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Total flux emitted by thelamp = 35,344/0.4 = 88,360 Im
Lamp wattage = 88,360/20 = 4420 W

Example 49.7. A lamp of 100 candela is placed 1 m below a
plane mirror which reflects 90% of light falling on it. The lamp is
hung 4 maboveground. Find theillumination at a point on theground
3 maway fromthe point vertically below the lamp.

Solution. Thelamp and mirror arrangementisshownin Fig. 49.12.
The lamp L produces animage L' as far behind the mirror asitisin
front. Height of theimage from the groundis (5 + 1) =6m. L' actsas
the secondary source of light and its candle power is= 0.9 x 100 = 90
candela.

Illumination at point B equals the sum of illumination dueto L
and that dueto L'

A 3m E
0 E, = &Ozxcose+ 5 C0s 6, Fig. 49.12
(LB) (L'B)
— %xgx%x\/% =5]ux SOOCi
Example 49.8. Alight source having an intensity of 500 candle
in all directions is fitted with a reflector so that it directs 80% of its 15°
light along a beam having a divergence of 15°. What is the total light
flux emitted along the beam? What will be the average illumination
produced on a surface normal to the beam direction at a distance of
10 m? (AM.I.E)
Solution. Total flux emitted along the beam = 0.8 (411 x 500) = e
5,227 Im o
Beamangle, 8 = 15°1=10m
Radius of the circleto beilluminated, r = | tan 6/2
= 10tan 15°/2=1.316 m r
Areaof the surface to beilluminated, A = 1r° = Tt x 1.316° \i/
= 544 m?
0 Averageillumination = 5227/5.44 = 961 lux Fig. 49.13

Example49.9. A lamp has a uniform candle power of 300 in all directions and isfitted with a
reflector which directs 50% of the total emitted light uniformly on to a flat circular disc of 20 m
diameter placed 20 mvertically below the lamp. Calculate theillumination (a) at the centre and (b)
at the edge of the surface without the reflector. Repeat these two calculations with the reflector
provided. (Electrical Engg., Grad |.E.T.E.)

Solution. It should be noted that the formula E = I cos 6/r” will not be applicable when the
reflector isused. Moreover, with reflector, illumination would be uniform.

Without Reflector

(a) E=300x 1/20° = 0.75 Im/m*

(b) Here, 8 =tan™ (10/20) = 26.6°, cos 8 = 0.89 ; x* = 10° + 20° = 500

0 E =300 x 0.89/500 = 0.534 Im/m?

With Reflector

Luminous output of the lamp = 300 x 41tlumen
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Flux directed by the reflector 0.5 x 1200 11=600 1TIm

Illumination produced onthedisc = 600 17100 1= 6 Im/m?

It isthe same at every point of the disc.

Example49.10. Alightisplaced 3 mabove the ground and its candle power is 100 cos 8in any

downward direction making an angle g with the vertical. If P and Q are two points on the grond, P
being vertically under the light and the distance PQ being 3 m, calculate.

(a) theillumination of the ground at P and also at Q.
(b) thetotal radiations sent down by the lamp.
Solution. With reference to Fig. 49.14
(a) C.PaongLP=100xcos0° =100cd [ E, = 100/3°=11.1 Im/m”
C.P.adong LQ =100 x cos 45° = 70.7 O EQ = 70.7 x cos 45°/18 = 1.39 Im/m”

(b) Consider an imaginary hemisphere of radius r metre at whose centre lies the given lamp
(Fig. 49.15).

\

3m

Fig. 49.14 Fig. 49.15
CPaong LQ=100cos® O E, = 100 cos6/r’
Theareaof the elementary strip at an angular distance 6 from the vertical and of widthPQ =r. do
is= (2mr sin 6) x r.d® = 21w sin 6 d6.
Flux incident on the shaded area
_ 100rc2059 5

Tota flux over the hemisphere can be obtained by integrating the above expression between
proper limits.

Tr’ sin . d6 =100 Tt 2 sin 6. cos B dO = 100 Ttsin 26 do.

cos 20
2

2 _ 1007
0 2

O total flux

2
IO 100nsin29d9:100n‘ -

100 1t= 314.Im.

Example 49.11. A drawing office containing a number of boards and having a total effective
area of 70 n islit by a number of 40 Wincandescent lamps giving 11 Im/W. An illumination of 80
luxisrequired on the drawing boards. Assuming that 60% of the total light emitted by the lampsis
available for illuminating the drawing boards, estimate the number of lamps required.

Solution. Let N be the number of 40 W lamps required.

Output/lamp = 40x11 = 440Im; Total flux =440N Im
Flux actually utilized = 0.6 x 440N =264 N Im
lllumination required = 80 lux = 80 Im/m”
Total flux required at the rate of 80 Im/m? = 80 x 70 Im = 5600 Im
264N =5600 O N =21
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Example49.12. A perfectly diffusing surface hasaluminousintensity of 10 candlesat an angle
of 60° to the normal. I the area of the surface is 100 cn’, determine the brightness and total flux
radiated.

Solution. Brightness B isdefined astheluminous
intensity divided by the projected area (Fig. 49.16).

Luminousintensity = 10 candela

Projected area = A cos6
= 100 x cos 60°
= 50 cm”
0 B =1050x10* ©
= 2% 10° cd/m? Fig. 49.16

2mx 10° Im/m°—Art. 46.4
Total flux radiated = 2rmx 10° x 100 x 107
=68.2Im
Example 49.13. Calculate the brightness (or luminance) of snow under an illumination of

(a) 44,000 lux and (b) 0.22 [ux. Assume that snow behaveslike a perfect diffusor having areflection
factor of 85 per cent.

Solution. (@ L

pE/Tt= 44,000 x 0.85/1t cd/m? = 1.19 x 10" cd/m?
0.22x0.85
Tt

Example 49.14. A 21 cm diameter globe of dense opal glass encloses a lamp emitting 1000
lumens and has uniform brightness of 4 x 10® lumen/m* when viewed in any direction. What would
be the luminousintensity of the globein any direction? Find what percentage of the flux emitted by
the lamp is absorbed by the globe.

Solution. Surface area of the globe

(b) L = 5.9 x 102 cd/m?

mid’= mix 212 = 1,386 cm? = 0.1386 m?

Flux emitted by the globeis = 0.1386 x 4 x 10° = 554.4 lumen

Now, lcandela = 4rmtlumens

Hence, luminousintensity of globeis = 554.4/41t= 44 cd

Flux absorbed by the globeis = 1000 - 554.4 = 445.6 Im.

O percentage absorption = 445.6 x 100/1000 = 44.56%

Example49.15. A 2.5 cm diameter disc source of luminance =TT
1000 cd/cm? is placed at the focus of a specular parabolic reflector /éf =ttt
normal to theaxis. Thefocal length of thereflector is10 cm, diam- @ 4 —=

eter 40 cm and reflectance 0.8. Calculate the axial intensity and
beam-spread. Also show diagrammatically what will happen if the
sour ce were moved away from the reflector along the axisin either
direction. (AM.I.E. Sec. B, Winter 1991) ==

Solution. The axial or beam intensity | depends upon ) Ny

<
o
(i) luminance of the disc sourcei.e. L ( :
(i) apertureof thereflectori.e. A

(iii) reflectivity of thereflector i.e. r
0 | = pALcandela ===
Now,

L = 1000 cd/cm?= 10" cd/m? ©
A = T4 =Tix 0.4%/4 = 125.7 x 10 > m?
[

-3 7 _
0 0.8 x 1257 x 10™° x 10" = 1,005,600 cd Fig. 49.17
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To afirst approximation, the beam spread for disc sourceis determined by reflector focal length
and the size of the disc source. If 0 isthe total beam spread when the source is at the focus of the
reflector [Fig. 49.17] (a)] then

0 = 2tan " (1/f)
Here, = 25/2=125cm;f=10cm
O 0 = 2tan {(1.25/10) = 2 x 7°7' = 14°14'

The effect of axial movement of the sourceis shown in Fig. 49.17 (b) and (c).

Example49.16. A 22 diameter globe of opal glassenclosesa lamp of uniformluminousintensity
120 C.P. Thirty per cent of light emitted by the lamp is absorbed by globe. Determine (a) luminance
of globe (b) C.P. of globe in any direction.

Solution.
(a) Flux emitted by source = 120 x 41tIm ; flux emitted by globe = 0.7 x 480 1tIm
0 L = Q7XH80T _ 6 90 Imim?
11 x0.22
(b) Since lcandedla = 41mtim
0 candle-power or luminousintensity of the globeis

_ fluxinlumens _ 0.7x 480 1t
- 47 T x4

=84 cd

Example49.17. A 0.4 mdiameter diffusing sphere of opal glass (20 percent absor ption) encloses
an incandescent lamp with a luminous flux of 4850 lumens. Calculate the average luminance of the

sphere.

(A.M.1.E. Sec. B, Summer 1993)

Solution. Flux emitted by the globe 80% or 4850 = 3880 Im
Surface area of the globe = 4m° = o’m?

B = flux emitted = 3880 = 7,720 |m/m2
surfacr area 11 x 0.42

Tutorial Problem No. 49.1

A high-pressure mercury-vapour lamp is mounted at a height of 6 m in the middle of a large road
crossing. A special reflector directs 100 C.P. maximum in acone of 70°to the vertical line. Calculate
the intensity of illumination on the road surface due to this beam of 100 C.P.

(Electrical Engineering, Bombay Univ.)
A room 6m x 4 misilluminated by asinglelamp of 100 C.P. in al directions suspended at the centre
3 mabovethefloor level. Calculatetheillumination (i) below the lamp and (ii) at the corner of the
room. (Mech. & Elect. Engg. : Gujarat Univ.)
A lamp of 100 candle-power is placed at the centre of aroom 10 m x 6m x 4 m high. Calculate the
illumination in each corner of the floor and at a point in the middle of a6 m wall at aheight of 2 m
from the floor. (Utilization of Elect. Power A.M.I.E.)
A source of 5000 lumen is suspended 6.1 m. above ground. Find out the illumination (i) at a point
just below the lamp and (ii) at a point 12.2 m away from the first, assuming uniform distribution of
light from the source. [(i) 10.7 lux (ii) 0.96 lux] (A.M.I.E. Sec. B)
Determine the average illumination of a room measuring 9.15 m by 12.2 m illuminated by a dozen
150 W lamps. The luminous efficiency of lamps may be taken as 14 Im/W and the co-efficient of
utilisation as 0.35. [791ux] (A.M.I.E. Sec. B)
Two lamps are hung at a height of 9 m from the floor level. The distance between the lampsis one
metre. Lamp oneis of 500 candela. If the illumination on the floor vertically below thislamp is 20
lux, find the candle power of thelamp number two. [1140candela]  (Utili. of Elect. Power AM.I .E.)
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7. Two powerful street lamps of 1,000 candela and 800 candela (assumed uniformin al directions) are
mounted 12.5 m abovetheroad level and are spaced 25 metresapart. Find theintensity of horizontal
illumination produced at a point on the ground in-between the lamp posts and just below the lamp
posts. [4.07 lux, 6.86 lux, 5.69 lux] (A.M.I.E.)

8. Itisrequired to provide anillumination of 100 lux in afactory hall 30 m by 15 m. Assume that the
depreciation factor is 0.8, coefficient of utilisation is0.4 and efficiency of lampis 14 Im/W. Suggest
the number of lamps and their ratings. The sizes of the lamps available are 100, 250, 400 and 500 W.

[40 lamps of 250 W in 5 rows]

9. Itisrequired to provide an illumination of 100 Im/m? in aworkshop hall 40m x 10m and efficiency

of lamp is 14 Im/W. Calculate the number and rating of lamps and their positions when trusses are

provided at mutual distance of 5m. Take coefficient of utilisation as 0.4 and depreciation factor as

0.8. [14 lamps of 750 W each]

10. A drawing hall 30 m by 15 m with a ceiling height of 5 misto be provided with a general illumina-

tion of 120 lux. Taking acoefficient of utilization of 0.5 and depreciation factor of 1.4, determinethe
number of flourscent tubes required, their spacing, mounting height and total wattage.

Taking luminous efficiency of flourescent tube as 40 Im/W for 80 W tubes.
[48, 24 twin-tube units each tube of 80 W; row spacing of 5 m and unit spacing of 3.75m, 3840 W]

(Utilisation of Elect. Power, AM.I.E.)

49.6. Laws Governing lllumination of Different Sources

Thelaws applicableto theillumination produced by the following three types of sourceswill be
considered.

(i) Point Source

Asdiscussed in Art. 49.5, the law governing changesin illumination dueto point source of light
isE =1 cos 6/d%.

(if) Line Source
Provided the line sourceis of infinite length and of uniform intensity, theillumination at a point
lying on asurface parallel to and facing the line sourceis given by

I T
E—Zdlm/m

where I = luminous intensity normal to the line source (in candles
per-meter length of the sources)

e S S S —

M

90°

0

(@) (b)
Fig. 49.18 Fig. 49.19
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However, in practice, the line sources are of finite length, so that the following law applies

E = 4'—d (sin 26 + 26) Im/m? —Fig. 49.18 (a)
= 2'—d (sin 26 + 26) Im/m? —Fig. 49.18 (b)
where I = candle power per metre length in a direction normal to the
line source
o)
= —— cd/m
L

where @ isthetotal flux of the sourcein lumensand L isthe length of the line source in metres.
(iif) Surface Source
Provided the surface source is of infinite area and of uniform brightness, illumination at any
point facing the source is independant of the distance between the point and the surface source.
Mathematically, itsvalueisE =i Im/m® where L is the luminance of the surface source in cd/m?.
In case the surface sourceislimited and rectangular in shape (Fig. 49.19), the law governing the
illumination at apoint Pis

E %(a'sinB+[3’sina)

OAPD ; o' =[0OBPC; 3=0APB; p'=0DPC

where a

Note. (i) In case, distance d is more than 5 times the greatest dimension of the source, then irrespective of
its shape, theillumination is found to obey inverse square law. Thiswould be the case for illumination at points
5 metres or more away from a fluorescent tube of length one metre.

(i) Inthe case of surface sources of large area, such as luminous daylights covering the whole ceiling of
alarge room, illumination is found to be practically constant irrespective of the height of the working place.

It may be noted that a point source produces deep shadows which may, however, be cancelled by
installing alarge number of fittings. Usually, glareis present. However, point sources are of great
practical importance where accurate light control isrequired asin search-lights.

Linesourcesgive morediffusion but cast shadows of objectslying parallel to them thus hindering
vision.

Large-area surface sources though generally of low brightness, produce minimum glare but no
shadows. However, the final effect is not liveliness but one of deadness.

Example49.18. A show caseislighted by 4 metre of architectural tubular lamps arranged in a
continuous line and placed along the top of the case. Determine the illumination produced on a
horizontal surface 2 metres below the lampsin a position directly underneath the centre of the 4 m
length of the lamps on the assumption that in tubular lamps emit 1,880 Im per metre run. Neglect the
effect of any reflectorswhich may be used.

Solution. Asseenin Art 49.10
E = 5 (8n20+28) Im/m?and | = % cd/m
Asseen from Fig. 49.15
6 = tan ' (L/2d)
= tan-1(4/2) = 45°
| = 4x 1,880/ x 4
= 188 cd/m
188

—_ q o I[ - 2
a E = —sz(smgo +2) 121 Im/m
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49.7.

All our calculations so far were
based on thetacit assumption that the
light source was of equal luminous
intensity or candle-power in all
directions. However, lampsand other
sources of light, asarule, do not give
uniform distribution in the space
surrounding them.

If theactual luminousintensity of
a source in various directions be
plotted to scale along lines radiating
from the centre of the source at
corresponding angles, we obtain the
polar curve of the candle power.

Suppose we construct a figure
consisting of large number of spokes
radiating out from apoint—thelength
of each spoke representing to some
scale the candle power or luminous
intensity of the source in that
particular direction. If now wejointhe

Electrical Technology

90°

Polar Curves of C.P. Distribution

180°

Fig. 49.21

Fig. 49.20

ends of these spokesby some suitable material, say,
by linen cloth, then we get a surface whose shape
will represent to scal e the three dimensional candle
power distribution of the source placed at the centre.
In the ideal case of a point source having equal
distribution in all directions, the surface would be
spherical.

Itwould berealized that it isdifficult to givea
graphic representation of such a 3-dimensional
model in a plane surface. Therefore, as with
engineering drawings, it is usual to draw only one
or more elevations and a plan of sections through
the centre of the source. Elevations represent c.p.
distribution in the vertical plane and the plans
represent c.p. distribution in horizontal plane. The
number of elevations required to give a complete
idea of the c.p. distribution of the source in all
directions depends upon the shape of the planii.e.
on the horizontal distribution. If the distributionis
uniform in every horizontal planei.e. if the polar
curveof horizontal distributionisacircle, then only
one vertical curveissufficient to give full idea of
the space distribution.

In Fig. 49.20 are shown two polar curves of
c.p. distribution in avertical plane. Curve 1 isfor
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vacuum type tungsten lamp with zig-zag filament whereas curve 2 isfor gasfilled tungsten lamp with
filament arranged as a horizontal ring.

If the polar curve is symmetrical about the vertical axis as in the figures given below, then it
is sufficient to give only the polar curve within one semicircle in order to completely define the
distribution of c.p. asshown in Fig. 49.21.

Thecurvesland 2 areasin Fig. 49.20, curves 3isfor d.c. open arc with plain carbons and curve
4isfor a.c. arc with plain carbons. However, if the source and/or reflector are not symmterical about
vertical axis, it isimpossible to represent the space distribution of ¢.p. by asingle polar diagram and
even polar diagramsfor two planesat right anglesto each other give no definiteideaasto thedistribution
in the intermediate planes.

Consider afilament lamp with
a helmet-type reflector whose axis

B A
is inclined and cross-section L]
elliptical—such reflectors are ‘T ““é 5
widely used for lighting shop T BT
windows. Fig. 49.22 representsthe  o— D B
distribution of luminousintensity of Sﬂ
such source and itsreflector in two w

planes at right anglesto each other.
Theimportance of considering Fig. 49.22
the polar curvesin different planeswhen the c.p. distribution in asymmetrical iseven morestrikingly

depicted by the polar curvesin YY plane and XX plane of alamp with a special type of reflector
designed for street lighting purposes (Fig. 49.23).

(@]

Choke

X

\‘/C.P. Y Y’ Plane
N

C.P. X X’ Plane /
g

L

Fig. 49.23
It would be realized from above that the polar distribution of light from any source can be given
any desired form by using reflectors and/or refractors of appropriate shape.

InFig. 49.24 isshownthe polar curve of c.p. distribution of astraight type of lamp in ahorizontal
plane.

49.8. Uses of Polar Curves

Polar curves are made use of in determining the M.S.C.P. etc. of asource. They arealso used in
determining the actual illumination of asurfacei.e. while calculating the illumination in aparticular
direction, the c.p. in that particular direction as read from the vertical polar curve, should be
employed.
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49.9. Determination of M.S.C.P.
and M.H.C.P. from Polar
Diagrams

Electrical Technology

In Fig. 49.25 (@) is shown the polar
distribution curve of a filament lamp in a
horizontal plane and the polar curve in
Fig. 49.25 (b) represents the c.p. distribution
in a vertical plane. It will be seen that the
horizontal candle-power isamost uniformin
all directions in that plane. However, in the
vertical plane, thereisalarge variationin the
candle power which falls to zero behind the
cap of the lamp. The curvein Fig. 49.25 (a)
has been drawn with the hel p of aphotometer
whilethelampisrotated about avertical axis,
say, 10° at atime. But the curvein Fig. 49.25
(b) wasdrawn whilethelampwasrotatedin a

vertical plane about a horizontal axis passing through the centre of the filament.

150°

120°

90°

180°

150°

120°

00
Fig. 49.24

90°

60°

30°

The M.H.C.P. istaken as the mean of the readingsin Fig. 49.25 (). However, a more accurate
result can be obtained by plotting candle power on an angular base along the rectangular axes and by

determining the mean height of the curve by the mid-ordinate or by Simpson’srule.

The M.S.C.P. of the lamp can be obtained from the vertical polar curve of Fig. 49.25 (b) by

Rousseau’s construction as explained below :

180°
210°

240°

270°

120°

300°

90°

60°

240°

270°

180°

120°

300°

90°

60°

0° o

(@) (b)

Fig. 49.25

Only half of the vertical polar curve is shown in the figure (Fig. 49.26) since it is symmetrical
about the vertical axis. With O isthe centre and radius OR equal to the maximum radius of the polar
curve, a semi-circle LRM is drawn. A convenient number of points on this semi-circle (say 10°
points) are projected onto any vertical plane asshown. For example, pointsa,b,c etc. are projected to
d,e,f and so on. From point d, the horizontal line dg is drawn equal to the intercept OA of the polar
diagram on the radius ca. Similarly, eh = OB, fk = OC and so on. The points g, h, k etc., define the
Rousseau figure. The average width w of thisfigure representsthe M.S.C.P. to the same scale asthat
of the candle powersinthepolar curve. Theaveragewidth isobtained by dividing the Rousseau area
by the base of the Rousseau figurei.e. length Im which isthe projection of the semi-circle LM onthe
vertical axis. The areamay be determined by Simpson’srule or by using a planimeter.
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Candle Power
250 500 750 1000

—W
— M.S.C.P.
_ ] + =430
d
_e | g \&—— Rousseau Figure
- | MHS.CE.
_¢ h la— =800
f k

)

Fig. 49.26

O M.SCP =

area of Rousseau figure

length of the base

Asexplained earlier, the M.H.C.P. of an incandescent lamp can be easily obtained by mounting
thelamp with its axis vertical and taking photometer readingsin the horizontal plane while the lamp
is rotated about its axis in steps of 10° or so. A definite ratio exists between the M.H.C.P. and
M.S.C.P. of each particular type of filament. M.S.C.P. of alamp can befound by multiplying M.H.C.P.
by afactor known as spherical reduction factor which, as defined earlier, is

M.S.C.P.

Spherical reduction factor  f = MHCP.

O MSCP=fxMH.CP

For the particular lamp considered, f = 430/80 = 0.54 (approx.)

Typical values of thisfactor are:

Ordinary vacuum-type tungsten lamp having zig-zag filament 0.76 - 0.78
Gasfilled tungsten lamp with filament in the form of broad shallow V's 0.85-0.94
Gasfilled tungsten lamp with filament in the shape of a horizontal ring 10-12

Thetotal lumen output is given by the relation ; lumen output = 41t x M.S.C.P.

In the present case, lumen output = 411 % 430
=5,405Im

49.10. Integrating Sphere or Photo-
meter

TheM.S.C.P isusually measured by means of
an integrating photometer, the most accurate form
of which consists of a hollow sphere (asoriginally
proposed by Ulbricht) whose diameter is large (at
least 6 times) as compared to that of thelamp under
test. Theinterior surface of the hollow sphere is
whitened by means of a special matt white paint.
When the lamp is placed inside the sphere (not

Opal
s

J/I\\

Fig. 49.27
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necessarily at its centre) then due to successive reflections, its light is so diffused as to produce a
uniform illumination over thewhole surface. At some point, asmall matt opal-glasswindow, shaded
from the direct rays of the source, is made in the hollow sphere.

The brightness of the matt opal glassis proportional to that of theinterior surface of the sphere.
By using asuitableillumination photometer, the illumination of the window can be measured which
can be used to find out the total flux emitted by the source.

Total flux = illumination (1m/m?) x surface area of the sphere (m?)
0 Mscp = Al o dea
41T

Theory. In Fig. 49.28 is shown a light source L of
luminousintensity | candelaand having atotal flux output
of F, placed at the centre of an integrating sphere of radius
r and reflection factor p. Let E, and Eg represent the
illuminationsat two pointsA and B, each of infinitely small
area da and db respectively and distance m apart. We will
now consider total illumination (both direct and reflected)
atpoint A.

Obviously, E, directlyduetoL = I/r®
Eg directly duetoL = 1/r?
Luminousintensity of B inthedirection of A is
lg = P-Es-As candela —Art.45.4 Fig. 49.28
I
where Ag = projected areaof B at right anglesto theline BA = db. cos 6

0 IB = w Candda

r

g cos8 _ pl.dbcos” 0

m2 T[I’2 ><m2

2r cos 0

Hence, illumination of A duetoB is

Now, as seen from Fig. 49.28, m
O illumination of A dueto B becomes

2
p.l.dbcos®® _ p xszdb:B.EB.db=@

mr? x4r2cos’ 8 4m? ot D
where Fg = fluxincident on B and A = surface area of the sphere
PFg _PFg

Hence, total illumination due to first reflection = s s

Now, consider any other point C. Illumination onB dueto point C=p F, /S. Theillumination on
A dueto C asreflected from B.

_ S) Q)FLDdecosercose:Lixp.dbcose>< cos 6
HHsH m % m’> S n 4% cos? 0
_ PFL, p.db
S S

PR p.db _p°F o=
S X S S (- Zab=Y9)

Continuing thisway, it can be proved that total illumination at point A from all reflectionsfrom
al points

Total illumination due to two reflections = Z

- p_gL(1+Pz+pS+ ............ +p“‘1):LﬁD1 0
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Hence, total illumination at A from direct and reflected lightsis
PR O g
s H— pH

N o o . 01 0.
If A isshielded from lamp L, then itsillumination is proportional to F becauseB isa
p prop L SEﬁ_pB

= E,+

constant factor. Obviously, if either brightness or illumination at one point in the sphereis measured,
it would be proportiona to the light output of the source. This fact is made use of while using this
sphere as a globe photometer.

Example49.19. If anintegrating sphere 0.6 min diameter whose inner surface has a reflection
coefficient of 0.8 containsalamp producing on the portion of the sphere, screened fromdirect radiation,
aluminance of 1000 cd/m?, what is the luminous flux yield of the source ?

(A.M.1.E. Sec. B. Summer 1986)

Solution. Obviously, the screened portion of the sphere receives light by reflection only.
Reflection illumination of the screened portionis

PR O 1 O_ 08F 0 100FL )
E = Im/m
s H-eH nxoezﬁl 059
Also L = pE/mT — Art. 494
100 F,
O 1000 = ——Ltx9%8 o F z1o5im
oM L

49.11. Diffusing and Reflecting Surfaces : Globes and Reflectors

When light falls on polished metallic surfaces or silvered surfaces, then most of it is reflected
back according to the laws of reflectioni.e. the angle of incidenceis equal to the angle of reflection.
Only a small portion of the incident light is absorbed and there is always the image of the source.
Such reflection is known as specular reflection.

However, asshowninFig. 49.29 (b),
if lightisincident on coarse surfaceslike
paper, frosted glass, painted ceiling etc.,
then it is scattered or diffused in all
directions, hence no image of the source
is formed. Such reflection of light is
called diffuse reflection. A perfect
diffuser isonethat scatterslight uniformly Smooth

C
inall directionsand hence appearsequally @ (()Z; >
bright from whatever direction it is
viewed. A white blotting paper is the Fig. 49.29
nearest approach to a diffuser.

By reflecting factor of asurfaceis meant the ratio = %

It isalso known asreflection ratio or coefficient of reflection of asurface.

If thelight isincident on atransparent surface, then some of it isabsorbed and greater percentage
of it passes through and emerges on the other side.

To avoid direct glare from electric arcs and incandescent filament lamps, they are surrounded
more or less completely by diffusing shadesor globes. In addition, areflector may also be embodied
to prevent the escape of light in directionswhereit servesno useful purpose. Inthat case, sofar asthe
surroundings are concerned, the diffusing globeisthe source of light. Itsaverage brilliancy islower
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the moreitsdiffusing area. Depending on the optical density, these globes absorb 15 to 40% of light
emitted by the encircled bulb. The bulbs may aso be frosted externally by etching or sand-blasting
but internal frosting is better because there is no sharp scratching or cracks to weaken the glass.

In domesticfittings, avariety of shades are used whose main purposeisto avoid glare. Properly
designed and installed prismatic glass shades and holophane type reflectors have high efficiency and
are capable of giving accurate predetermined distribution of light.

Regular metallic reflection isused in search-light mirrorsand for general lighting purposes. But
whereitisused for general lighting, the silvered reflectors are usually fluted to maketheillumination
as uniform as possible.

Regular cleaning of all shades, globes, and reflectorsisvery important otherwisetheloss of light
by absorption by dust etc., collected on them becomes very serious.

Varioustypes of reflectors are illustrated in Figs. 49.30 to 49.34. Fig. 49.30 shows a holophane
stiletto reflector used where extensive, intensive or focussing light distribution is required.

Fig. 49.30 Fig. 49.31 Fig. 49.32

The optical combination of alamp, reflector and alens plate, as shown in Fig. 49.31, providesa
high degree of light control. Multiple panels can be conveniently incorporated in fittings suited to
different architectural schemes.

The dispersive reflector of Fig. 49.32 is suitable for practicaly all classes of industrial installa-
tions. The reflector is a combination of concave and cylindrical reflecting surfacesin the form of a
deep bowl of wide dispersive power. It gives maximum intensity between 0° and 45° from the
vertical.

The concentrating reflector
of parabolic form shown in Fig.
49.33 is suitable for situations
requiring lofty installations and
strongly-concentrated illumina-
tion asin public halls, foundries
and power stationsetc. They give
maximum intensity in zonesfrom
0°to 25° from the vertical.

Theelliptical angle reflector
showninFig. 49.34issuitablefor Fig. 49.33 Fig. 49.34
the sidelighting of switchboards, show windows etc., because they give aforward projection of light
in the vertical plane and spread the light in the horizontal plane.
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49.12. Lighting Schemes

Different lighting schemes may be classfied as (i) direct lighting (ii) indirect lighting and
(i) semi-direct lighting (iv) semi-indirect lighting and (v) general diffusing systems.

(i) Direct Lighting

Asthe nameindicates, in the form of lighting, thelight from the sourcefallsdirectly on the object
or the surface to be illuminated (Fig. 49.35). With the help of shades and globes and reflectors of
various types as disscussed in Art. 49.11, most of the light is directed in the lower hemisphere and
also thebrilliant source of light iskept out of the direct lineof vision. Directillumination by lampsin
suitablereflectors can be supplemented by standard or bracket lamps on desk or by additional pendant
fittings over counters.

P N

Downward .
Distribution Direct
60%

Fig. 49.35

Thefundamental point worth remembering is planning any lighting installation isthat sufficient
and sufficiently uniform lighting isto be provided at the working or reading plane. For this purpose,
lamps of suitable size have to be so located and furnished with such fittings asto give correct degree
and distribution of illumination at the required place. Moreover, it isimportant to keep the lampsand
fittings clean otherwise the decrease in effective illumination due to dirty bulbs or reflectors may
amount to 15 to 25% in offices and domestic lighting and moreinindustrial areasasaresult of afew
weeks neglect.

Direct lighting, though most efficient, isliable to cause glare and hard shadows.

(if) Indirect Lighting

Inthisform of lighting, light does not reach the surface directly from the source but indirectly by
diffusereflection (Fig. 49.36). Thelampsare either placed behind a cornice or in suspended opaque
bowls. In both cases, a silvered reflector which is corrugated for eliminating striations is placed

beneath the lamp.
) %

Distribution Indirect
Upwards 80%
Downwards .0%

Fig. 49.36
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In thisway, maximum light isthrown upwards on the ceiling from which it isdistributed all over
theroom by diffusereflection. Even gradation of light on the ceiling is secured by careful adjustement
of the position and the number of lamps. In the cornice and bowl system of lighting, bowl fittingsare
generally suspended about three-fourths the height of the room and in the case of cornicelighting, a
frieze of curved profileaidsin throwing thelight out into theroomto beilluminated. Sinceinindirect
lighting whole of the light on the working plane is received by diffuse reflection, it isimportant to
keep thefittings clean.

One of the main characteristics of indirect lighting is that it provides shadowless illumination
which isvery useful for drawing offices, composing rooms and in workshops especially wherelarge
machines and other obstructions would cast troublesome shadows if direct lighting were used.

However, many people find purely indirect lighting flat and monotonous and even depressive.
Most of the users demand 50 to 100% more light at their working plane by indirect lighting than with
direct lighting. However, for appreciating relief, a certain proportion of direct lighting is essential.

(iii) Semi-direct System

Thissystem utilizesluminarieswhich send most of thelight downwards directly on the working

plane but a considerable amount reaches the ceilings and walls also (Fig. 49.37).

Distribution Semidirect
Upwards-30%
Downwards-45%

Fig. 49.37

Thedivisionisusually 30% upwardsand 45% downwards. Such asystemisbest suited to rooms
with high ceilingswhere ahigh level of uniformly-distributed illuminationisdesirable. Glareinsuch
units is avoided by using diffusing globes which not only improve the brightness towards the eye
level but improve the efficiency of the system with reference to the working plane.

(iv) Semi-indirect Lighting

In this system which is, in fact, a compromise between the first two systems, the light is partly
received by diffusereflection and partly direct from the source (Fig. 49.38). Such asystem, therefore,
eliminates the objections of indirect lighting mentioned above. Instead of using opague bowls with
reflectors, translucent bowls without reflector are used. Most of the light is, as before, directed
upwardsto the ceiling for diffusereflection and the rest reaches the working plane directly except for
some absorption by the bowl.

Distribution . .
Downwards-10% Semi-Indirect Transluscent
Upwards-75% Plastic Bowl

Fig. 49.38
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(v) General Diffusng System

In this system, luminaries are employed which have amost equal light distribution downwards
and upwards as shown in Fig. 49.39.

Distribution
Upwards-40% General
Downwards-40% Diffusing

Fig. 49.39

49.13. lllumination Required for Different Purposes

There has been a steady movement towards higher intensities for artificial illumination during
the last few decades. The movement is likely to continue because the highest intensities in average
installations are much less than those of the diffused daylight. The human eye posses a tremendous
power of accommodation and it can work comfortably within an enormous range of illuminations.

For example, at full noon, sun provides about 120,000 Im/m?, diffuse day-light near awindow is
of the order of 600 Im/m? (value varying widely) and full moon-light gives 0.1 to 0.3 Im/m?. For
reading, usually 20 to 30 Im/m? is generally considered sufficient, though daylight illumination is
much higher.

Some persons can read without much strain even when illumination is as low as 3 Im/m?.
Because of this, it isdifficult to lay down definite values of illumination for various purposes but the
following summary will be found useful :

Purpose and Places Im/m?
Precision work, displays, tasks requiring rapid discrimination above 500
Extra fine machine work, around needles of sewing machines,
fine engraving, inspection of fine details having low contrast 200-500
Proof-reading, drawing, sustained reading, fine assembling, skilled bench-work | 100-200
Drawing offices, art exhibition, usual reading 60-100
In museums, drill halls, for work of simple nature not involving
close attention to fine details 40-60
Usual observation asin bed-rooms, waiting rooms, auditoriums
and general lighting in factories 20-40
Hospital wards, yards, railway platforms and corridors 5-10

49.14. Space/Height Ratio

horizonta distance between two lamps
mounting height of lamps

Thisratio depends on the nature of the polar curve of alamp when used along with itsreflector.
A reflector has tremendous influence on the shape of the polar curve of the lamp, hence the val ue of
space/height ratio, in fact, depends entirely on the type of reflector used. For obtaining uniform
illumination on the working plane, it is essential to choose a correct value for thisratio.

Itisgiven by theratio:
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In other words, it means that a reflector gives uniform illumination for a definite value of this
ratio only. Theratio may be found easily if the polar curve of the type of fixture used is known. For
reflectors normally used in indoor lighting, the value of thisratio lies between 1 and 2.

49.15. Design of Lighting Schemes and Lay-outs

A well-designed lighting schemeis onewhich

(i) provides adequate illumination (ii) avoids glare and hard shadows (iii) provides sufficiently
uniform distribution of light al over the working plane.

Before explaining the method of determining the number, size and proper arrangement of lamps
in order to produce agiven uniformillumination over acertain area, let usfirst consider thefollowing
two factors which are of importance in such calculations.

49.16. Utilization Factor or Coefficient of Utilization (n)

Itistheratio of thelumensactually received by aparticular surfaceto thetotal lumens emitted by
aluminous source.
_lumensactually received on working plane
- lumens emitted by thelight source

The value of thisfactor varies widely and depends on the following factors :

1. thetype of lighting system, whether direct or indirect etc.
2. thetype and mounting height of the fittings

3. the colour and surface of walls and ceilings and

4. to some extent on the shape and dimensions of the room.

For example, for direct lighting, the value of n varies between 0.4 and 0.6 and mainly dependson
the shape of the room and the type and mounting height of fittings but very little on the colour of walls
and ceiling. For indirect lighting, its value lies between 0.1 and 0.35 and the effect of walls and
ceiling, from which light is reflected on the working plane, is much greater. Exact determination of
thevalue of utilization factor iscomplicated especially in small roomswherelight undergoes multiple
reflections.

Since the light leaving the lamp in different directions is subjected to different degrees of
absorption, the initial polar curve of distribution has also to be taken into account. Even though
manufacturers of lighting fittings supply tables giving utilization factorsfor each type of fitting under
specified conditionsyet, since such tables apply only to thefittingsfor which they have been compiled,
agood deal of judgment is necessary while using them.

O

49.17. Depreciation Factor (p)

This factor alows for the fact that effective candle power of all lamps or luminous sources
deteriorates owing to blackening and/or accumulation of dust or dirt on the globes and reflectors etc.
Similarly, wallsand ceilings etc., also do not reflect as much light aswhen they are clean. The value
of this factor may be taken as 1/1.3 if the lamp fittings are likely to be cleaned regularly or 1/1.5 if
thereis much dust etc.

illumination under actual condtions
illumination when everything is perfectly clean

Smcelllumlnatlon isspecifiedin Im/m?, the areaiin square metre multiplied by theillumination
requiredin Im/m? givesthetotal useful lumi nousflux that must reach the working plane Taking into
consideration the utilization and depreciation or maintenance factors, the expression for the gross
lumensrequiredis

p:

ExA

Total lumens, o =
nxp
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where  E =desired illuminationinIm/m?; A = areaof working plane to beilluminated in m?
p = depreciation or maintenance factor ; n = utilization factor.

Thesize of thelamp depends on the number of fittingswhich, if uniform distributionisrequired,
should not be far apart. The actual spacing and arrangement is governed by space/height values and
by the layout of ceiling beams or columns. Greater the height, wider the spacing that may be used,
athough thelarger will be the unit required. Having settled the number of units required, the lumens
per unit may befound from (total lumens/number of units) from which the size of lamp can be cal culated.

Example49.20. A room 8 m x 12 mislighted by 15 lamps to a fairly uniform illumination of
100 Im/n. Calculate the utilization coefficient of the room given that the output of each lamp is
1600 lumens.

Solution. Lumens emitted by the lamps = 15 x 1600 = 24,000 Im

Lumens received by the working plane of theroom = 8 x 12 x 100 = 9600 Im

Utilization coefficient = 9600/24,000 = 0.4 or 40%.

Example49.21. Theillumination in a drawing office 30 m x 10 misto have a value of 250 [ux

andisto be provided by a number of 300-W filament lamps. If the coefficient of utilizationis0.4 and
the depreciation factor 0.9, deter mine the number of lampsrequired. The luminous efficiency of each

lampis 14 Im/W. (Elect. Drives & Utilization, Punjab Univ. Dec. 1994)
Solution. ® = EAnp, E=250 Im/m?, A =30x 10 =300 m? n=04,p=09
O ¢ = 250 x 300/0.4 x 0.9 = 208,333 Im

Flux emitted/lamp = 300 x 14 = 4200 Im; No. of lamps reqd.= 208,333/4200 = 50.

Example49.22. Find thetotal saving in electrical load and percentageincreasein illumination
if instead of using twelve 150 W tungsten-filament lamps, we use twelve 80 W fluor escent tubes. It
may be assumed that (i) there is a choke loss of 25 per cent of rated lamp wattage (ii) average
luminous efficiency throughout life for each lamp is 15 Im/W and for each tube 40 Im/W and
(i) coefficient of utilization remains the same in both cases.

Solution. Total load of filament lamps = 12 x 150 = 1800 W

Total load of tubes = 12 (80 +0.25x 80) = 1200 W

Net saving in load = 1800 - 1200 = 600 W

If A istheroom areaand n the corfficient of utilization, then
illuminationwithlamps, E;, = w = 27,000 n/A Im/m?
illuminationwithtubes, E, = M = 38,400 /A Im/m?
. . I _38,400-27,000 .
increaseinillumination = 7 2700 - 0.42 or 42%

Example 49.23. A football pitch 120 m x 60 mis to be illuminated for night play by similar
banks of equal 1000 W lamps supported on twel ve tower swhich are distributed around the ground to
provide approximately uniform illumination of the pitch. Assuming that 40% of the total light
emitted reaches the playing pitch and that an illumination of 1000 Im/m? is necessary for
television purposes, calculate the number of lamps on each tower. The overall efficiency of the
lamp isto be taken as 30 Im/W. (Elect. Technology-I, Bombay Univ.)

Solution. Areato beilluminated = 120 x 60 = 7,200 m’
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Flux required = 7,200 x 1,000 =7.2 x 10%Im
Since only 40% of the flux emitted reaches the ground, the total luminous flux required to be
produced is = 7.2x10%0.4 =18 x 10° Im

Flux contributed by each tower bank = 18 x 10%12 = 1.5 x 10°Im
Output of each 1000-W lamp = 30 x 1000 = 3 x 10* Im
Hence, number of such lamps on each tower is= 1.5 x 10%/3 x 10*= 50

Example49.24. Design a suitable lighting scheme for a factory 120 m x 40 mwith a height of
7 m. Illumination required is 60 lux. Sate the number, location and mounting height of 40 W
fluorescent tubes giving 45 Im/W.
Depreciation factor = 1.2 ; utilization factor = 0.5
(Electric Drives & Util. Punjab Univ. 1993)

Solution, o = 80x120%40 _ 691 500 Im; Flux per tube = 45 x 40 = 1800 Im.

05x (UL2)

No. of fluorescent tubes reqd. = 691,200/1800 = 384. If twin-tube fittings are employed, then
number of such fittings required. = 384/2 = 192.

These can be arranged in 8 rows of 24 fittings each. Assuming that the working planeis 1 metre
abovethefloor level and thefittings arefixed 1 metre below the ceiling, we get a space/height factor
of unity both along the length as well as width of the factory bay.

Example 49.25. A drawing hall in an engineering college is to be provided with a lighting
installation. The hall is : |
30m x20m x8m(high). |* Sl g
The mounting height is [—sm—|
5 m and the required
level of illumination is ‘q} -q}
144 |m/n¥. Using metal
filament lamps, estimate

&
Srote ramp lomnaries | 4 @
&

and also draw their spac-
ing layout. Assume:

Utilization coefficient -61} -61}

= 0.6; mainte-
nance factor = 0.75;

space/height ratio=1

lumens/watt  for _q} _q} _q} _q} {i}
300-Wlamp = 13,lumens/ Y
watt for 500-Wlamp = 16. Fig. 49.40

Solution. Flux isgiven by @ EA/np =30 x20 x 144/0.6 x 0.75 = 192,000 Im

Lumen output per 500-W lamp = 500 x 16 = 8,000

0 No. of 500-W lampsrequired = 192,000/8000 = 24

Similarly, No. of 300-W lamps required = 192,000/3900 = 49

The 300-W lamps cannot be used becausetheir number cannot bearrangedinahall of 30m x 20 m
with aspace/height ratio of unity. However, 500-W lamps can be arranged in 4 rows of 6 lamps each
with a spacing of 5 m both in the width and the length of the hall as shown in Fig. 49.40.

S
& e




Illumination 1921

Example 49.26. Estimate the number and wattage of lamps which would be required to
illuminate a workshop space 60 x 15 metres by means of lamps mounted 5 metres above the working
plane. The average illumination required is about 100 lux.

Coefficient of utilization=0.4 ; Luminous efficiency=16 Im/W.
Assume a spacing/height ratio of unity and a candle power depreciation of 20%.
(Utilization of Electrical Energy, Madras Univ.)

. ) . _ EA_100x(60x15) _ 4
Solution. Luminous flux isgiven by & = o T0AxVl2 - 27 x 10" Im
Total wattage reqd. = 27x 10%16 = 17,000 W
For aspace/height

ratio of unity, only
three lamps can be

b o 4 @ ¢ 4
rouned deng e | 4 > R
Similarly, 12 lamps | - 4 < b -

Sm
can be arranged along {I} {I} {I} Tl

thelength of theroom. —> 5m [—
Total number of lamps
requiredis12 x 3=36. Fig. 49.41

Waettage of each lamp

is=17,000/36 = 472 W. Wewill takethe nearest standard lamp of 500 W. Thesethirty-six lampswil
be arranged as shown in Fig. 49.41.

Example49.27. A drawing hall 40 m x 25 m x 6 high isto be illuminated with metal-filament
gasilled lamps to an average illumination of 90 ImVm® on a worki ng plane 1 metre above the floor.
Estimate suitable number, size and mounting height of lamps. Sketch the spacing layout.

Assume coefficient of utilization of 0.5, depreciation factor of 1.2 and spacing/height ratio of 1.2

b4 |

Size of lamps 200W 300 W 500 W
Luminousefficiency (in Im/W) 16 18 20
(Elect. Technology, Bombay Univ.)
. o 40x25x90 _
Solution. Total flux required is® = O0BEx1U12 - 216,000 Im

Lumen output of each 200-W lamp is 3200 Im, of 300-W lamp is 5,400 Im and of 500-W lamp
is10,000 Im.

216,000 216,000
) - . = : = 67; No. of 300-W | = : =40
No. of 200-W lamps reqd 3200 ; No. of 300-W lamps reqd 5,400
No. of 500-W lamps reqd. = 216,000/ |« 40m »
10,000 = 22 = 6 o=
With a spacing/height ratio of 1.2, itis 2 S S - - - -
impossible to arrange both 200-W and .2
300-W lamps. Hence, the choice fallson ¢
500-W lamp. If instead of the calculated 22, }' * + * + + * B
we take 24 lamps of 500 wattage, they can
be arranged in four rows each having six < < < < < +
lampsasshownin Fig. 49.42. Spacing aong
the length of the hall is 40/6 = 6.67 m and b @ 4 b b P 1

that along the width is 25/4 = 6.25 m. _
Fig. 49.42
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Since mounting height of thelampsis’5 m above the working plane, it gives aspace/height ratio
of 6.7/5 = 1.5 aong the length and 6.25/5 = 1.4 along the width of the hall.

Example49.28. A school classroom, 7 m x 10 m x4 mhighisto beilluminated to 135 Inv? on
the working plane. If the coefficient of utilization is 0.45 and the sources give 13 lumens per watt,
work out the total wattage required, assuming a depreciation factor of 0.8 . Sketch roughly the plan
of the room, showing suitable positions for fittings, giving reasons for the positions chosen.

Solution. Total flux requiredis ® = EA/ np

Now E = 135Im/m?;
A = 7x10=70m?;
n =045;p=08
F = 135x 7 x 10/0.45 x 0.8 = 26,250 Im

Total wattage reqd. 26,250/13 = 2020 W
Taking into consideration the dimensions of the room, light fitting of 200 W would be utilized.
No. of fittings required = 2020/200 = 10

AsshowninFig. 49.43,
the back row of fittings has |
been located 2/3 m from the
rear wall soasto (i) provide d} —————— '€|3‘ —————— '€|3‘ A
adequate illumination on | [
the rear desk and (ii) to
minimise glare from paper _q}
because light would be in- |
cident practically over the | | |
shoulders of the students. | | |

The two side fittings help H—————- Pr—————- -~

eliminate shadows while
writing. Onefittinghasbeen | 2 - »le 3m_,| 23
provided at the chalk board " "
end of the classroom for the

benefit of the teacher. The Fig. 49.43
fittings should be of general diffusing pendant type at a height of 3 m from the floor.

>
<

|
I
|
:

I
T
I
|
:
|
T
I
%

z|
|
—Pp{ 7/6m |4—7/3m—b|4—7/3m—’| 7/6m [4—
7m

Example 49.29. A hall 30 m long and 12 m wide is to be illuminated and the illumination
required is 50 Imym?. Calculate the number, the wattage of each unit and the location and mounting
height of the units, taking a depreciation factor of 1.3 and utilization factor of 0.5, given that the
outputs of the different types of lamp are as under :

Watts: 100 200 300 500 1000
Lumens: 1615 3650 4700 9950 21500

(Utili. of Elect. Power, A.M.I.E.)

Solution. Areato beilluminated, A = 30 x 12 = 360 m?

[lumination required, E = 50Im/m% p=1/13,n=05

Now, & = EA/np=50 x 360/0.5 x (1/1.3) = 46,800 Im
If 100-W lamps are used, No. regd. = 46,800/1615 = 29

If 200-W lamps are used, No. regd. = 46,800/3650 = 13

If 300-W lamps are used, No. regd. = 6,800/4700 = 10
If 500-W lamps are used, No. regd. = 46,800/9950 = 5

If 1000-W lamps are used, No. reqd. = 46,800/21500 = 2
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If we take the mounting height of 5 m, then 300 W lamps would be suitable. The No. of lamps
required would be 10, arranged in two rows, each row having 5 lampsthus giving aspacing of 6 min
lengths as well as width and space/height ratio of 6/5=1.2.

If we use lamps of low power, their number would be large thereby increasing the number of
fittings and hence cost. Lamps of higher voltage would be few in number but will not give adesirable
space/height ratio.

Tutorial Problem No. 49.2

A room 30 m x 15 misto be illuminated by 15 lamps to give an average illumination of 40 Iny/m?.
The utilization factor is 4.2 and the depreciation factor is 1.4. Find the M.S.C.P. of each lamp.
[561 cd] (Elect. Technology-1. Bombay Univ.)
A factory space of 33 m x 13 m is to be illuminated with an average illumination of 72 Im/m? by
200 W lamps. The coefficient of utilization is 0.4 and the depreciation factor is 1.4. Calculate the
number of lamps required. The lumen output of a 200-W lamp is 2,730 Im.
[40] (Elect. Technology-1, Bombay Univ.)
A drawing hall 30 m x 15 m with a ceiling height of 5 m is to be provided with an illumination of
120 lux. Taking the coefficient of utilization of 0.5, depreciation factor of 1.4, determine the No. of
fluorescent tubes required and their spacing, mounting height and total wattage. Take luminous
efficiency of fluorescent tube as 40 Im/W for 80-W tube. (A.M.1.E. Sec. B, Summer)
A room 40 m x 15 misto beilluminated by 1.5 m 80-W fluorescent tubes mounted 3.5 m above the
working plane on which an averageillumination of 180 Im/m?isrequired. Using maintenance factor
of 0.8 and the utilization factor of 0.5, design and sketch a suitable layout. The 80-W fluorescent
tube has an output of 4,500 Im. (Electrical Technology, Bombay Univ.)
A hall is to be provided with alighting installation. The hall is 30 m x 20 m x 8 m (high). The
mounting height is5 m and therequired level of illuminationis110lux. Using metal filament lamps,
estimate the size and number of single lamp luminaries and draw their spacing layout. Assume
depreciation factor = 0.8, utilization coefficient = 0.6 and space/height ratio = 1.
Wett : 200 300 500
Lumen/wett : 10 12 12.3
[24 lamps, 500 W] (Services & Equipment-11, Calcutta Univ.)
It isrequired to provide an illumination of 100 lux in afactory hall 30 m x 12 m. Assume that the
depreciation factor is 0.8, the coefficient of utilization 0.4 and the efficiency of proposed lamps
14 Im/W. Calculate the number of lamps and their disposition.
(Utilization of Elect. Energy, Madras Univ.)
Define the terms : (i) Lux (ii) Luminous Flux (iii) Candle Power.
A workshop 100 m x 50 misto beilluminated with intensity of illumination being 50 lux. Design a
suitable scheme of lighting if coefficient of utilization= 0.9 ; Depreciation factor = 0.7 and efficiency
of lamps =80 Im/W. Use 100-W lamps. (Electrical Engineering-111, Poona Univ.)

49.18. Floodlighting

It means‘flooding’ of large surfaceswith the help of light from powerful projectors. Floodingis
employed for the following purposes :

1

For aesthetic purposes as for enhancing the beauty of abuilding by night i.e. flood lighting
of ancient monuments, religious buildings on important festive occassions etc.

For advertising purposesi.e. flood lighting, huge hoardings and commercial buildings.

For industrial and commercia purposesasin the case of railway yards, sports stadiums and
quarries etc.
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Usually, floodlight projectors having suitable reflectors fitted with standard 250-, 500-, or
1,000-watt gas-filled tungsten lamps, are
employed. Oneof thetwotypical floodlight
installations often used is as shown in
Fig. 49.44 (a). The projector iskept 15m

to 30 m away from the surface to be
floodlighted and provides approximately

\
parallel beam having beam spread of 25° \
t030°. Fig. 49.44 (b) showsthe casewhen SO
the projector cannot be located away from =t P

the building. In that case, an asymmetric
reflector isused which directsmoreintense
light towards the top of the building.

The total luminous flux required to
floodlight abuilding can befound from the Fig. 49.44
relation, @ = EA/n x p.

However, in the case of flood-lighting, one morefactor hasto be taken into account. That factor
isknown as waste-light factor (W). Itisso because when several projectors are used, thereisbound
to be acertain amount of overlap and al so because some light would fall beyond the edges of the area
tobeilluminated. Thesetwo factorsaretaken into account by multiplying the theoretical value of the
flux required by awaste-light factor which hasavalue of nearly 1.2 for regular surfacesand about 1.5
for irregular objects like statues etc. Hence, the formula for calculation of total flux required for
floodlighting purposesis

(b)

_ EAW
np
Example 49.30. It is desired to floodlight the front of a building 42 m wide and 16 m high.
Projectors of 30° beam spread and 1000-W lamps giving 20 lumen/watt are available. If the desired
level of illumination is 75 Im/m? and if the projectors are to be located at ground level 17 m away,
design and show a suitable scheme. Assume the following :

Coefficient of utilization = 0.4 ; Depreciation factor = 1.3; Waste-light factor = 1.2.

(Electrical Power-Il ; M.S. Univ. Baroda)

Soluti o = W
ution. np
Here E = 75Im/m*;A=42x16=672m°;W=12;n= 04;p=1/13
/T
yau
]
e /]
- ~ ~ N ~ ~ / | .,%
/ AN ANNAYNA y 0
{ [ T O T \T / '
N N N N e NN / '
ha M M R _30° / l
[ it S el S Bl A Bt S Bl B / |
\ \ LN LN N / M £
(o]
~_ -~ ~N_ - N_ - ~N_ " ~_~— J—T

(a) ®) ()
Fig. 49.45
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_ 15x672%x1.2 _

Lumen output of each 1,000-W lamp = 1,000 x 20 = 20,000 Im

No. of lamps required = 196,500/20,000 = 10.

With abeam spread* of 30°, it ispossibleto cover thewholelength and width of the building by
arranging the 10 projectorsin two rows as shown in Fig. 49.45 ().

Example 49.31. Estimate the number of 1000-W floodlight projectors required to illuminate
the up per 75 mof one face of a 96 mtower of width 13 mif approximate initial average luminance
is to be 6.85 cd/m®. The projectors are mounted at ground level 51m from base of the tower.
Utilization factor is= 0.2; reflection factor of wall = 25% and efficiency of each lamp = 18 Im/W.

(A.M.I.E. Sec. B., Winter 1992)

Solution. B = 6.85cd/m® Now, B= pE/T[cd/m2 —Art49.4
0 E = pB/p=6.8510.25=27.4 tIm/m’

Areato be floodlighted = 13x 75=975m’

O flux required = 27.41%x 975Im

Taking utilization factor into account, the flux to be emitted by al the lamps
= 27.41x 975/0.2Im
18 x 1000 = 18,000 Im

_ 2741 x975 _
O No. of lamps reqd. = 02x18.000 24 (approx.)

Flux emitted by each lamp

49.19. Artificial Sources of Light

The different methods of producing light by electricity may, in a board sense, be divided into
three groups.

1. By temperature incandescence. In this method, an electric current is passed through a
filament of thin wire placed in vacuum or aninert gas. The current generates enough heat to raise the
temperature of the filament to luminosity.

Incandescent tungsten filament lamps are examples of this type and since their output depends
on the temperature of their filaments, they are known as temperature radiators.

2. By establishing an arc between two carbon electrodes. The source of light, in their case, is
the incandescent electrode.

3. Discharge Lamps. Intheselamps, gas or vapour is made luminous by an electric discharge
through them. The colour and intensity of light i.e. candle-power emitted depends on the nature of
the gasor vapour only. It should be particularly noted that these discharge lamps are luminiscent-light
lamps and do not depend on temperature for higher efficiencies. In thisrespect, they differ radically
from incandescent lamps whose efficiency is dependent on temperature. Mercury vapour lamp,
sodium-vapour lamp, neon-gas lamp and fluorescent lamps are examples of light sources based on
discharge through gases and vapours.

49.20. Incandescent Lamp

An incandescent lamp essentially consists of afine wire of a high-resistance metal placed in an
evacuated glass bulb and heated to luminosity by the passage of current through it. Such lamps were

* |t indicates the divergence of a beam and may be defined as the angle within which the minimum
illumination on a surface normal to the axis of the beam is 1/10th of the maximum.
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produced commercially for thefirst time by Edisonin 1879.
His early lamps had filaments of carbonized paper which
were, later on, replaced by carbonized bamboo. They had
the disadvantage of negative temperature coefficient of
resistivity. In 1905, the metallized carbon-filament lamps
were put in the market whose filaments had a positive
temperature coefficient of resistivity (like metals). Such
lamps gave 4 Im/W.

At approximately the same time, osmium lamps were
manufactured which had filaments made of osmium which
isvery rareand expensivemetal. Suchlampshad avery fair
maintenance of candle-power during their useful lifeand an
average efficiency of 5Im/W. However, osmium filaments
were found to be very fragile.

In 1906 tantalum lamps having filaments of tantalum were produced which had an initia
efficiency of 5 Im/watt.

All these lamps were superseded by tungsten lampswhich were commercially produced in about
1937 or so. The superiority of tungsten lies mainly in its ability to withstand a high operating
temperature without undue vaporisation of the filament. The necessity of high working temperature
is due to the fact that the amount of visible radiation increases with temperature and so does the
radiant efficiency of the luminous source. The melting temperature of tungsten is 3655°K whereas
that of osmiumis2972°K and that of tantalumis3172°K. Actually, carbon hasahigher melting point
than tungsten but its operating temperatureis limited to about 2073°K because of rapid vaporization
beyond thistemperature.

Infact, theideal material for the filament of incandescent lampsis one which has the following
properties:

1. A high melting and hence operating temperature

2. Alow vapour pressure

3. A high specific resistance and alow temperature coefficient

4. Ductility and

5. Sufficient mechanical strengthtowith-
stand vibrations.

An incandescent lamp

Sincetungsten possesses practically al the Contact
above mentioned qualities, it is used in almost Plates
al modern incandescent lamps. The earlier
lamps had a square-cage type filament
supported from a central glass stem enclosed Loy o Sl ReE
. . Hole
in an evacuated glass bulb. The object of
vacuum wastwo fold : Stud

. Supports

(a) to prevent oxidation and

(b) to minimize loss of heat by convec- Lead in
tion and the consequent lowering of filament Filament Wires

temperature. However, vacuum favoured the
evaporation of the filament with the resulting
blackening of the lamp so that the operating
temperature had to be kept as low as 2670° K
with seriouslossin luminous efficiency. Fig. 49.46

(b)
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It was, later on, found that thisdifficulty could be solved to agreat extent by inserting achemically
inert gas like nitrogen or argon. The presence of these gases within the glass bulb decreased the
evaporation of the filament and so lengthened itslife. The filament could now be run at arelatively
higher temperature and hence higher luminous efficiency could berealized. In practice, it wasfound
that an admixture of 85% argon and about 15 percent nitrogen gave the best results.

However, introduction of gas led to another difficulty i.e. loss of heat due to convection which
offsetsthe additional increasein efficiency. However, it wasfound that for securing greater efficiency,
a concentrated filament having a tightly-wound helical construction was necessary. Such a coiled
filament was less exposed to circulating gases, its turns supplying heat to each other and further the
filament was mechanically stronger. Thelatestimprovement isthat the coiled filamentisitself * coiled’
resultingin‘ coiled-coil’ filament Fig. 49.46 (a) which leadsto further concentrating the heat, reducing
the effective exposure to gases and all ows higher temperature operation, thus giving greater efficiency.
The construction of amodern coiled-
coil gas-filled filament lampisshown
in Fig. 49.46 (b). The lamp has a
‘wreath’ filament i.e. acoiled filament
arranged in the form of a wreath on
radial supports.

49.21. Filament Dimensions

There is found to be a definite
relation between the diameter of a
given filament and the current.
Consider a filament operating at a
fixed temperature and efficiency.
Then since no heat is being utilized
for further raising thetemperature, all
the heat produced in a given time is
mostly lost by radiation (if vacuumis
good). In other words, A electric filament is a metallic wire, usually made of tungsten,
Heat produced per second = heat lost when heated_ tg Iumin_ance _by passing
per second by radiation. electricity, radiates light

A m%a  Hw?H
filament current in amperes, | = filament length
A = filament cross-section d = filament diameter
r resistivity of filament material at the working temperature.
Heat radiated per second from the surfaceis proportiona to the area of the surface and emissivity
of the material

2
Now, power intake = 1°R = 2%l —_"pl _ 2 Hdpl

where, |

O heat lost/second [J surface areax emissivity o
0 P@m?) OIxmdxo or 120d° N0
O I Od*® or dOI*

In general, for two filaments of the same material working at the same temperature and
efficiency, the relation as seen from (i) aboveis

o, _ oOd,0
oo T GH
ol.0 4,0
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It would be noticed that the above expressions are similar to those concerning fusing current of
agiven material under stated conditons (Preece’s Rule).

Moreover, for two filaments working at the same temperature, the flux per unit areaisthe same.
Denoting their lengths by |, and I, and their diameters by d, and d, respectively, we have, Lumen
output [ 1, d, O1, d,or 1,d, = I,d, = constant.

Example 49.32. If the filament of a 32 candela, 100-V lamp has a length | and diameter d,
calculate the length and diameter of the filament of a 16 candela 200-V lamp, assuming that the two
lamps run at the same intrinsic brilliance.

Solution. Using the above relation 32 0 1,d; and 16 01.d,
1
0 ld, = > l,dy

Assuming that the power intakes of the two lamps are proportional to their outputs, we have
32001001,and16 02001, 0O I,=1, % (16/200) x (100/32) = %Il

Alsol, 0d*? and 1,0 d,*? 0 (ddd) =1

O d,

0.4 d, (approx.)

0 l, = 3l x(d/d;) =2 x(1/0.3968) x|, =1/ 261,
Actually, thiscomparison isnot correct because athicker filament can be worked at a somewhat
higher temperature than a thinner one.

Example 49.33.  An incandescent lamp has a filament of 0.005 cm diameter and one metre
length. It isrequired to construct another lamp of similar type to work at double the supply voltage
and give half the candle power. Assuming that the new lamp operates at the same brilliancy,

determine suitable dimensions for its filament. (Elect. Technology, Utkal Univ. )
Solution. Let I, and I, be the luminous intensities of the two lamps. Then
ld, | 1 1

I, 010,d,andl, 01.d, 0 ﬁzl_izi or |,d, zilldl
Assuming that the power intakes of the two lamps are proportional to their outputs, we have

I, OV,i,andl, 0V, n Yda_l»

Vip g

O i, =

(VN ()= i x 2 x2 =2 Now, iy 00, andi, 02
O

O (dyd)* (i2/i1):711

21,46 1,01 0
0 |2_§I1d_2 = 2I1>< .39685 1261,
Now, d, = 0005cm; [I;=100cm
0 d, = 0.3968 x 0.005 = 0.001984 cm. I,=1.26 x 100 = 126 cm.

Example49.34. A 60 candle power, 250-V metal filament lamp has a measured candle power
of 71.5 candela at 260 V and 50 candela at 240 V.

(a) Find the constant for the lamp in the expression C = aV® where C = candle power and
V = voltage.
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(b) Calculatethe change of candle power per volt at 250 V. Determinethe percentage variation

of candle power due to a voltage variation of &4% from the normal value. (A.M.I.E. Sec. B)
Solution. (a) C =a® O 715=ax260°and50=ax 240°
O 715/50 = (260/240)°, b =45
Substituting this value of b in the above equation, we get
a=50/240", a = 098x107°

Hence, the expression for the candle power of the lamp becomes C = 0.98 x 1077 v** candela
(b) Differentiating the above expression and putting V = 250 V, we get

S—S =0.98x10 " x45x250>° = 44 candela per volt

When voltage increases by 4%, C,/IC, = 1.04*°
% change in candle power = % %100 = (1.044'5 -1) x100 =19.3
When voltage falls by 4%, C,/C, = 0.96*°

O % changein candle power (0.96*° - 1) x 100 = -16.8

49.22. Incandescent Lamp Characteristics

The operating characteristics of an incandescent lamp are materially affected by departure from
its normal working voltage. Initially, thereisarapid heating up of the lamp due to its low thermal
capacity, but then soon its power intake becomes steady. 1If the filament resi stance were not dependent
onitstemperature, therate of generation of heat would have been directly proportional to the square
of voltage applied across the lamp. However, because of (i) positive temperature coefficient of
resistanceand (ii) complex mechanism of heat transfer from filament to gas, the rel ations between the
lamp characteristicsand itsvoltage are mostly experimental. Some of the characteristics of gas-filled
lamps are given below.

(=]
CO0C00000000 Oj
—3
I
'S

Fig. 49.47

(i) Itisfound that candle power or lumen output of the lamp varies with the voltage as lumen
output 0 V2,



1930 Electrical Technology

(if) Variation of lumen output in terms of current is given by : lumen output [J 1°
(iii) Lifeof thelampisgivenby : lifeD 1V*
(iv) Wattageisgivenby W [ vie
(v) Itslumen/watt isgiven by : Im/watt [ V2
The characteristic curves are plotted in Fig. 49.47. The life characteristic is very revealing.
Even asmall undervoltage considerably increasesits life whereas overvoltage of as small avalue as
5% shortensits life by 50%.

49.23. Clear and Inside-frosted Gas-filled Lamps

The advantages of clear glass-filled lamps are that they facilitate light control and are necessary
for use in lighting units where accurate distribution is required such asin flood-lights for buildings,
projectors and motor-car headlights. However, they produce hard shadows and glare from filaments.
Inside-frosted gas-filled lamps have luminous output nearly 2 per cent less than clear glass lamps of
the samerating, but they produce softer shadows and practically eliminate glarefrom filaments. Such
lamps areideal for useinindustrial open fittings located in the line of sight at low mounting heights
and in diffuse fittings of opal glasstype in order to avoid the presence of filament striations on the
surface of the glassware etc.

Another new type of incandescent lamp is the inside-silica coated lamp which, due to the fine
coating of silicaontheinside of itsbulb, has high diffusion of light output. Hence, the light from the
filament is evenly distributed over the entire bulb surface thus eliminating the noticeably-bright spot
around the filament area of an inside-frosted lamp. Such lamps are less glaring, soften shadows and
minimize the brightness of reflections from specular (shiny) surfaces.

49.24. Discharge Lamps

In all discharge lamps, an electric current is passed through a gas or vapour which renders it
luminous. Theelementsmost commonly used in thisprocess of producing light by gaseous conduction
are neon, mercury and sodium vapours. Thecolours (i.e. wavelength) of light produced dependson
the nature of gas or vapour. For example, the neon discharge yields orange-red light of nearly 6,500
A.U. whichisvery popular for advertising signs and other spectacular effects. The pressure used in
neon tubes is usualy from 3 to 20 mm of Hg. Mercury-vapour light is always bluish green and
deficient in red rays, whereas sodium vapour light is orange-yellow.

Discharge lamps are of two types. Thefirst type consists of those lamps in which the colour of
light isthe same as produced by the discharge through the gas or vapour. To this group belong the
neon gaslamps, mercury vapour (M.V.) and sodium vapour lamps. The other type consists of vapour
lamps which use the phenomenon of fluorescence. In their case, the discharge through the vapour
produces ultra-violet waves which cause fluorescence in certain materialsknown as phosphors. The
radiations from the mercury discharge (especially 2537 A° line) impinge on these phosphors which
absorb them and then re-radiate them at longer wave-lengths of visible spectrum. The inside of the
fluorescent lamp is coated with these phosphorsfor this purpose. Different phosphors have different
exciting ranges of frequency and give lights of different colours as shown in table 49.2.

Table 49.2
Phosphor Lamp Colour Exciting range A°  Emitted wavelenght A°
Calcium Tangstate Blue 2200 - 3000 4400
Zinc Silicate Green 2200 - 2960 5250
Cadmium Borate Pink 2200 - 3600 6150

Cadmium Silicate Yellow-pink 2200 - 3200 5950
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49.25. Sodium Vapour Lamp

Onetype of low-pressure sodium-
vapour lamp along with its circuit
connection is shown in Fig. 49.48. It
consists of an inner U-tube A made of
a special sodium-vapour-resisting
glass. It housesthetwo electrodesand
contai ns sodium together with the small
amount of neon-gas at a pressure of
about 10 mm of mercury and one per
cent of argon whose main function is
to reduce theinitial ionizing potential.
Thedischargeisfirst started inthe neon
gas (which gives out redish colour).
After a few minutes, the heat of
discharge through the neon gas
becomes sufficient to vaporise sodium
and then discharge passes through the sodium vapour. Inthisway, thelamp startsitsnormal operation
emitting its characteristic yellow light.

The tungsten-coated el ectrodes are connected across auto-transformer T having arelatively high
leakage reactance. The open-circuit voltage of thistransformer isabout 450 V which is sufficient to
initiate a discharge through the neon gas. The leakage reactance is used not only for starting the
current but also for limiting its value to safe limit. The electric discharge or arc strikes immediately
after the supply is switched on whether the lamp is hot or cold. The normal burning position of the
lamp ishorizontal although two smaller sizes of lamp may beburnt vertically. Thelampissurrounded
by an outer glass envelope B which servesto reduce the loss of heat from theinner dischargetube A.
Inthisway, B hel psto maintain the necessary high temperature needed for the operation of asodium
vapour lamp irrespective of draughts. The capacitor C is meant for improving the power factor of the
circuit.

Sodium vapour lamp

B o_|
y /A c
f ;@) IE: B
-
.

Fig. 49.48 Fig. 49.49
Thelight emitted by such lamps consists entirely of yellow colour. Solid objectsilluminated by
sodium-vapour lamp, therefore, present a picture in monochrome appearing as various shades of
yellow or black.

49.26. High-pressure Mercury Vapour Lamp

Like sodium-vapour lamp, thislamp isalso classified aselectric dischargelampinwhichlightis
produced by gaseous conduction. Such alamp usually consists of two bulbs— an arc-tube containing
the electric discharge and an outer bulb which protectsthe arc-tube from changesin temperature. The
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inner tube or arc tube A ismade of quartz (or hard glass) the outer bulb B of hard glass. Asshownin
Fig. 49.49, the arc tube contains asmall amount of mercury and argon gasand housesthree el ectrodes
D, Eand S. The main electrodes are D and E whereas S is the auxiliary starting electrode. Sis
connected through a high resistance R (about 50 kQ) to the main electrode situated at the outer end
of thetube. The main electrodes consist of tungsten coilswith electron-emitting coating or elements
of thorium metal.

When the supply is switched on, initial discharge for the few secondsis established in the argon
gasbetween D and Sand then in the argon between D and E. The heat produced dueto thisdischarge
through the gasis sufficient to vaporise mercury. Consequently, pressureinside A increasesto about
one or two atmospheres and the p.d. across D and E grows from about 20 to 150 V, the operation
taking about 5-7 minutes. During this time, discharge is established through the mercury vapours
which emit greenish-bluelight.

The choke servesto limit the current drawn by the discharge tube Ato asafe limit and capacitor
C helpsto improve the power factor of the circuit.

True colour rendition is not possible with mercury vapour |lamps since thereis compl ete absence
of red-light from their radiations. Consequently, red objects appear black, all blues appear mercury-
spectrum blueand all greensthe mercury-spectrum green with theresult that colour values are distorted.

Correction for colour distortion can be achieved by

1. Using incandescent lamps (which are rich in red light) in combination with the mercury
lamps.

2. Using colour-corrected mercury lampswhich have an inside phosphor coat to add red colour
to the mercury spectrum.

Stroboscopic (Flickering) effect in mercury vapour lamps is caused by the 100 on and off arc
strikes when the lamps are used on the 50-Hz supply. The effect may be minimized by

1. Using two lamps on lead-1ag transformer
2. Using three lamps on separated phases of a 3-phase supply and
3. Using incandescent lampsin combination with mercury lamps.

Inthelast few years, there has been tremendous improvement in the construction and operation
of mercury-vapour lamps, which has increased their usefulness and boosted their application for all
types of industrial lighting, floodlighting and street lighting etc. As compared to an incandescent
lamp, a mercury-vapour lamp is (a) smaller in size (b) has 5 to 10 times longer operating life and
(c) has 3 times higher efficiency i.e. 3 times more light output for given electrical wattage input.

Typical mercury-vapour lamp applications are :

1. High-bay industrial lighting — where high level illumination is required and colour
rendition is not important.

2. Flood-lighting and street-lighting

3. Photochemical applications— where ultra-violet output is useful asin chlorination, water
sterilization and photocopying etc.

4. For awiderange of inspection techniques by ultra-violet activation of fluorescent and phos-
phorescent dyes and pigments.

5. Sun-tan lamps — for utilizing the spectrum lines in the erythemal region of ultra-violet
energy for producing sun-tan.

49.27. Fluorescent Mercury-vapour Lamps

Basically, a fluorescent lamp consists of a long glass tube internally coated with a suitable
fluorescent powder. Thetube containsasmall amount of mercury along with argon whosefunctionis
to facilitate the starting of the arc. There are two sealed-in electrodes at each end of the tube. Two
basic types of electrodes are used in fluorescent lamps :
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1. The coated-coil tungsten wire type. This type is used in standard pre-heat, rapid-start,
instant-start lamps etc.

2. Theinside-coated metal cylinder type which operatesat alower and more even temperature
than the tungsten type and is called * cold cathode’ .*

Circuits employed for the control of fluorescent lamps can be divided into two main groups
(i) switch-start circuitsand (ii) startless circuitsrequiring no starter. There aretwo typesof starters
(a) glow type — which is a voltage-operated device and (b) thermal switch — which is a current-
operated device. Fig. 49.50 showsaflourescent tubefitted with aglow starter G. Asshown separately
in Fig. 49.51 (@), the glow switch consists of two electrodes enclosed in a glass bulb filled with a
mixture of helium and hydrogen or argon or neon at low pressure. One electrode E, isfixed whereas
the other E, is movable and is made of a U-shaped bimetallic strip. To reduce radio interference, a
small capacitor C, isconnected acrossthe switch. Theresistor R checks capacitor surges and prevents
the starter electrodes or contacts from welding together. The complete starter switch along with the
capacitor and resistor iscontained in an aluminium casing isshownin Fig. 49.51 (b). Normally, the
contacts are open and when supply is switched on, the glow switch receives almost full mains
voltage**. Thevoltage is sufficient to start aglow discharge between the two electrodes E; and E,
and the heat generated is sufficient to bend the bimetallic strip E, till it makes contact with the fixed
electrode E,, thus closing the contacts. This action completes the main circuit through the choke
and the lamp electrodes A and B (Fig. 49.50). At the same time, since the glow between E; and E,
has been shorted out, the bimetallic strip cools and the contacts E, and E, open. By thistime, lamp
electrodes A and B become heated to incandescence and the argon gasin their immediate vicinity is
ionized. Dueto opening of the glow switch contacts, a high inductive e.m.f. of about 1000 voltsis
induced in the choke. This voltage surge is sufficient to initiate a discharge in the argon gas lying
between electrodes A and B. The heat thus produced is sufficient to vaporize mercury and the p.d.
across the fluorescent tube falls to about 100 or 110 V which is not sufficient to restart the glow in

* A cold cathode fluorescent lamp requires higher operating voltage than the other type. Although cold
cathode lamps have less efficiency, they have much longer life than other lamps.
** |tis so because only the small discharge current flows and voltage drop across the choke is negligible.
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G. Findly, thedischargeisestablished through the mercury vapour which emitsultra-viol et radiations.
These radiations impinge on the fluorescent powder and make it emit visible light.

The function of the capacitor
C, isto improve the power factor ~ pin —ﬂ |l
of the circuit. It may be noted that .
thefunction of the highly-inductive
choke (also called ballast) is (i) to
supply large potential for starting
thearc or dischargeand (ii) to limit
the arc current to a safe value.

cathode

49.28. Flgor_esc_ent Lamp  posphor
Circuit with Thermal coating
Switch

The circuit arrangement is mercury
shownin Fig. 49.52. The switch has
a bimetallic strip close to a

resistance R which prOduceS heat. A fluorescent lamp radiates more light compared to an
The switch _'Sgenera”y enclosedin incandescent filament bulb, for the same amount of power
hydrogen-filled glass bulb G. The consumed

two switch electrodesE, and E, are

normally closed when thelamp isnot in operation.
When normal supply is switched on, the lamp
filament electrodes A and B are connected together
through the thermal switch and a large current
passesthrough them. Consequently, they are heated
to incandescence. Meanwhile heat produced in
resistance R causesthe bimetallic strip E, to break
contact. The inductive surge of about 1000 V
produced by the chokeis sufficient to start discharge
through mercury vapoursasexplainedin Art. 49.27.

The heat produced in R keeps the switch contacts

E, and E, openduring thetimelampisinoperation. ~ ©

A.C. Supply

000
000

Tube

Fig. 49.52

49.29. Startless Fluorescent Lamp Circuit

Such acircuit (Fig. (49.53) which does not require the use of a starter switch is commercially
known as ‘instant-start’ or ‘quick-start’. In this case, the normal starter is replaced by a filament
heating transformer whose secondaries SS heat up the lamp electrodes A and B to incandescencein
afraction of asecond. Thiscombination of pre-heating and application of full supply voltage across
lamp electrodes A and B issufficient to start ionization in the neighbourhood of the electrodeswhich
further spreadsto the whole tube. An earthed strip E is used to ensure satisfactory starting.

The advantages of startless method are
It isalmost instantaneous starting.
Thereisno flickering and no false starts.
It can start and operate at low voltage of 160-180 V.
Its maintenance cost islower due to the elimination of any starter-switch replacements.
It lengthensthe life of the lamp.

g wbhpE
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49.30. Stroboscopic Effect of Fluorescent Lamps

Stroboscopic or flickering effect produced
by fluorescent lamps is due to the periodic Earthed Strip lﬂ—
fluctuations in the light output of the lanp = @ —————————
caused by cyclic variations of the current on
a.c. circuits. This phenomenon creates @ A ng
multiple-image appearance of moving objects
and makesthe movement appear jerky. Inthis | |
connection, it isworth noting that H

1. Thisflicker effect ismore pronounced
at lower frequencies.
2. Freguency of suchflickersistwicethe
supply frequency. 10000000 ’UOUIQZKX)\—»—/UOUWL——
3. The fluorescent powder used in the & &
tubeisdightly phosphorescent, hence g (o}
stroboscopic effect isreduced to some [
extent due to after-glow. I
Stroboscopic effect is very troublesome o supply o
in the following cases: Fig. 49.53

1. When an operator has to move objects very quickly particularly those having polished
finish. These objects would appear to move with jerky motion which over a long period
would produce visual fatigue.

2. Inthe case of rotating machines whose frequency of rotation happens to be a multiple of
flicker frequency, the machines appear to decrease in speed of rotation or be stationary.
Sometimes the machines may even seem to rotate in the opposite direction.

Some of the methods employed for minimizing stroboscopic effect are given below :

1. By using threelampson the seperate phases of a 3-phase supply. Inthiscase, thethreelight
waves reaching the working plane would overlap by 120° so that the resultant fluctuation
will be very much less than from a single fluorescent lamp.

2. By using a‘twin lamp’ circuit on single-phase supply as shown in Fig. 49.54, one of the
chokes has a capacitor in serieswith it and the lamp. In thisway, a phase displacement of
nearly 120° isintroduced between the branch currents and al so between the two light waves
thereby reducing the resultant fluctuation.

3. By operating the lamps from a high frequency supply. Obviously, stroboscopic effect will
entirely disappear on d.c. supply.

49.31. Comparison of Different

. Choke
Light Sources ) (:7

1. Incandescent Lamps. They have A
instantaneous start and become momentarily
off when the supply goes off. The colour of ¢ Choke
their light isvery near the natural light. Their
initial cost of installation isminimum but their _| @
running cost ismaximum. They work equally B

well both on d.c. and a.c. supply and frequent
switching does not affect their life of operation.
Change of supply voltage affects their
efficiency, output and lifein avery significant Fig. 49.54

A.C. Supplyo——————-
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way. They have an average working life of 1000 hours and luminous efficiency of 12 Im/W. Since
their light has no stroboscopic effects, the incandescent lamps are suitable for domestic, industrial,
street lighting and floodlights etc. They are available in awide range of voltage ratings and, hence
are used in automobiles, trains, emergency lights, aeroplanes and signals for railways etc.

2. Flourescent Lamps. They have areaction time of one second or alittle more at the start.
They go off and restart when the supply isrestored. The colour of their light varieswith the phosphor
coating. Their initial cost of installation ismaximum but running cost is minimum. Since stroboscopic
effect is present, they are suitable for semi-direct lighting, domestic, industrial, commercial, roads
and halls etc. Change in voltage affects their starting although light output does not change as
remarkably as in the case of incandescent lamps. Colour of their light changes with the different
phosphor coating on the inner side of the tube. Frequent switching affects their life period. They
have quite high utility but their voltage rating is limited. Hence, their use is confined to mains
voltage or complicated inverter circuits which convert 12 V d.c. into high volt d.c.. They have an
average working life of 4000 hours and aluminous efficiency of 40 Im/W.

3. Mercury Vapour Lamps They take 5 to 6 minutes for starting. They go off and cannot be
restarted after the recovery of the voltage till the pressure falls to normal. They suffer from high
colour distortion. Their initial cost of installation is high but lesser than that of flourescent lamps.
Their running cost is much less than incandescent lamps but higher than flourescent tubes for the
same levels of illumination. Stroboscopic effect is present in their light. They are suitable for open
space like yards, parks and highway lighting etc. Change in voltage effects their starting time and
colour of radiations emitted by them. Switching does not affect their life period. They have very
limited utility that too on mains voltage. They are suitable for vertical position of working. They
have an average working life of 3000 hours and an efficiency of 40 Im/W.

4. Sodium Vapour Lamps They have a starting time of 5 to 6 minutes. They go off and
cannot berestarted after the recovery of thevoltagetill itsvaluefallsto the normal value. The colour
of their light isyellowish and produces colour distortion.Their initial cost of installationis maximum
athough their running cost islessthan for filament lamps but more than for flourescent lamps. They
have stroboscopic effect and are suitable for use in open spaces, highways and street lighting etc.
Changein voltage affectstheir starting time and colour of their radiations. They work on a.c. voltage
and frequent switching affectstheir life. They are not suitable for local lighting. The colour of their
light cannot be changed. They are very suitablefor street lighting purposes. Their position of working
ishorizonta. They have aworking life of about 3000 hours and efficiency of 60-70 Im/W.

Tutorial Problem No. 49.3

1. Explain cos® o law. (J.N. University, Hyderabad, November 2003)
2. A lamp of 500 candle power is placed at the centre of a room,(20 m x 10 m x 5 m.) Calculate
the illumination in each corner of the floor and a point in the middle of a 10 m wall at a height
of 2 m from floor. (J.N. University, Hyderabad, November 2003)
3. Enumerate the various factors, which have to be considered while designing any lighting scheme.
(J.N. University, Hyderabad, November 2003)
4. Prove that 1 candle/sq. feet = (Tl — L.) (J.N. University, Hyderabad, November 2003)
5. Alampgiving 300 c.p. in al directions below the horizontal is suspended 2 metres above the centre
of asquare table of 1 metre side. Calculate the maximum and minimum illumination on the surface
of the table. (J.N. University, Hyderabad, November 2003)
6. Explain the various types of lighting schemes with relevant diagrams.
(J.N. University, Hyderabad, November 2003)
7. Discuss inverse square law? Corire law of [llustration.
(J.N. University, Hyderabad, November 2003)
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A lamp fitted with 120 degrees angled cone reflector illuminates circular area of 200 meters in
diameter.The illumination of the disc increases uniformly from 0.5 metre-candle at the edge to 2
meter-candle at the centre.
Determine :
(i) the total light received (ii) Average illumination of the disc (iii) Average c.p. of the source.
(J.N. University, Hyderabad, November 2003)
Discuss the flood lighting with suitable diagrams. (J.N. University, Hyderabad, November 2003)
Explain the measurement techniques used for luminous intensity.
(J.N. University, Hyderabad, November 2003)
Write short notes on :
(i) Bunsen photometer head (ii) Lummer-Brodherm photometer head (iii) Flicker photometer head.
(J.N. University, Hyderabad, November 2003)
What do you understand by polar curves as applicable to light source? Explain.
(J.N. University, Hyderabad, November 2003)
Mean spherical Candlepower. (J.N. University, Hyderabad, April 2003)
Explain how you will measure the candlepower of a source of light.
(J.N. University, Hyderabad, April 2003)
Explain the Rosseau's construction for calculating M.S.C.P. of a lamp.
(J.N. University, Hyderabad, April 2003)
What do you mean by International Luminosity curve? Explain.
(J.N. University, Hyderabad, April 2003)
Explain in detail the primary standard of luminous intensity with relevant diagram.
(J.N. University, Hyderabad, April 2003)
Explain with sketches the constructional features of a filament lamp.
(J.N. University, Hyderabad, April 2003)
Explain how the standard lamps canbe calibrated w.r.t. primary and secondary standards.
(J.N. University, Hyderabad, April 2003)
Briefly explain the various laboratory standards used in Illumination.
(J.N. University, Hyderabad, April 2003)
Write short notes on :
() High pressure mercury vapour lamp (i) M.A. Type (ii) M.T. Type
(b) Mercury fluorescent lamp.
(J.N. University, Hyderabad, April 2003)
Explain with connection diagram the operation of the low pressure fluorescent lamp and state its
advantage. (J:N. University, Hyderabad, April 2003)
Explain clearly the following :
Illumination, Luminous efficiency, MSCP, MHCP and solid angle.
(J.N. University, Hyderabad, December 2002/January 2003)
A small light source with uniform intensity is mounted at a height of 10 meters above a horizontal
surface. Two points A and B both lie on the surface with point A directly beneath the source. How
far is B from A if the illumination at B is only 1/15th of that at A?
(J.N. University, Hyderabad, December 2002/January 2003)
Discuss the : (i) Specular reflection principle (ii) Diffusion principle of street lighting.
(J.N. University, Hyderabad, December 2002/January 2003)
Determine the height at which alight source having uniform spherical distribution should be placed
over afloor in order that the intensity of horizontal illumination at a given distance from its vertical
line may be greatest. (J.N. University, Hyderabad, December 2002/January 2003)
What is a Glare? (J.N. University, Hyderabad, December 2002/January 2003)
With the help of a neat diagram, explain the principle of operation of fluorescent lamp.
(J.N. University, Hyderabad, December 2002/January 2003)




1938

29.

30.
31

32.

33.

35.

36.
37.

38.

39.

40.

41.

Electrical Technology

A machine shop 30 m long and 15 m wide is to have a general illumination of 150 lux on the
work plane provided by lamps mounted 5 m above it. Assuming a coefficient of utilization of 0.55,
determine suitable number and position of light. Assume any data if required.
(J.N. University, Hyderabad, December 2002/January 2003)
Laws of illumination. (J.N. University, Hyderabad, December 2002/January 2003)
Working principle of sodium vapour lamp.
(J.N. University, Hyderabad, December 2002/January 2003)
Explain the principle of operation of sodium vapour lamp and its advantages.
(J.N. University, Hyderabad, December 2002/January 2003)
A corridor is lighted by lamps spaced 9.15 m apart and suspended at a height of 4.75 m above
the centre line of the floor. If each lamp gives 100 candle power in al directions, find the maximum
and minimum illumination on the floor along the centre line. Assume and data if required.
(J.N. University, Hyderabad, December 2002/January 2003)
Discuss the laws of illumination and its limitations in practice.
(J.N. University, Hyderabad, December 2002/January 2003)
State the functions of starter and choke in a fluorescent lamp.
(J.N. University, Hyderabad, December 2002/January 2003)
Mercury Vapour Lamp. (J.N. University, Hyderabad, December 2002/January 2003)
Describe briefly (i) conduit system (ii) C.T.S. system of writing.
(Bangalore University, January/February 2003)
With a neat circuit diagram, explain the two way control of a filament lamp.
(Belgaum Karnataka University, February 2002)
With a neat sketch explain the working of a sodium vapour lamp.
(Belgaum Karnataka University, February 2002)
Mention the different types of wiring. With relevant circuit diagrams and switching tables, explain
two-way and three-way control of lamps.
(Belgaum Karnataka University, January/February 2003)
With a neat sketch explain the working of a fluorescent lamp.
(Belgaum Karnataka University, January/February 2003)

OBJECTIVE TESTS — 49

1. Candelaistheunitof L candela.
(a) flux (a) 200
(b) luminousintensity (b) 100
(c) illumination (c) 50
(d) luminance. (d) 400.
2. Theunit of illuminanceis 5. A perfect diffuser surface is one that
(@) lumen (a) diffusesall theincident light
(b) cd/im? (b) absorbsall the incident light
(©) lux (c) transmitsall the incident light
(d) steradian. (d) scatterslight uniformly in all directions.

. The illumination at various points on a
horizontal surface illuminated by the same
source varies as

(a) cos’0

(b) cos6

(©) ur?

(d) cos.

. The M.S.C.P. of alamp which gives out ato-
tal luminous flux of 400 1 lumen is

. Thedirect lighting schemeismost efficient but

isliable to cause
(a) monotony

(b) glare

(c) hard shadows
(d) both (b) and (c).

. Total flux required in any lighting scheme de-

pends inversely on
(a) illumination
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(b) surfacearea

(c) utilization factor

(d) space/height ratio.

Floodlighting is NOT used for .................
purposes.

(a) reading

(b) aesthetic

(c) advertising

(d) industrial.

Which of the following lamp has minimum
initial cost of installation but maximum
running cost ?

(a) incandescent

(b) fluorescent

(c) mercury vapour

(d) sodium vapour.

An incandescent lamp can be used

(a) inany position

(b) on both ac and dc supply

(c) for street lighting

(d) all of the above.

The averageworking life of afluorescent lamp
is about......ccoeereeiennene hours.

(a) 1000

(b) 4000

(c) 3000

(d) 5000.

The luminous efficiency of a sodium vapour
lamp isabout .................... lumen/watt.

(@) 10

(b) 30

(c) 50

(d) 70

Which of the following statements is correct?
(a) Light is aform of heat energy

(b) Light is aform of electrical energy

(c) Light consists of shooting particles

(d) Light consists of electromagnetic waves
Luminous efficiency of a fluorescent tube is
(@) 10 lumens/watt

(b) 20 lumens/watt

(c) 40 lumens/watt

(c) 60 lumens/watt

Candelaisthe unit of which of the following?
(a) Wavelength

(b) Luminous intensity

(c) Luminous flux

(d) Frequency

Colour of light depends upon

(a) frequency

(b) wave length

(c) both (a) and (b)

(d) speed of light
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Illumination of one lumen per sg. metre is
caled .......

(@) lumen metre

(b) lux

(c) foot candle

(d) candela

A solid angle is expressed in terms of .......
(a) radians/metre

(b) radians

(c) steradians

(d) degrees

The unit of luminous flux is ........

(a) watt/m?

(b) lumen

(© lumen/m?

(d) watt

Filament lamps operate normally at a power
factor of

(a) 0.5 lagging

(b) 0.8 lagging

(©) unity

(d) 0.8 leading

The filament of a GLS lamp is made of

(a) tungsten

(b) copper

(c) carbon

(d) auminium

Find diameter tungsten wires are made by
(a) turning

(b) swaging

(¢) compressing

(d) wire drawing

What percentage of the input energy is
radiated by filament lamps?

(@) 2to 5 percent

(b) 10 to 15 percent

(c) 25 to 30 percent

(d) 40 to 50 percent

Which of the following lamps is the cheapest
for the same wattage?

(a) Fluorescent tube

(b) Mercury vapour lamp

(c) GLSIlamp

(d) Sodium vapour lamp

Which of the following is not the standard
rating of GLS lamps?

(a) 100 W

(b) 75 W

(c) 40 W

(d 15W

In houses the illumination is in the range of
(@) 2-5 lumens/watt

(b) 10-20 lumens/watt

Illumination
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27.

28.

29.

30.

31

32.

33.
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(c) 3545 lumens/watt

(d) 60-65 lumens/watt

“The illumination is directly proportional to

the cosine of the angle made by the normal to

the illuminated surface with the direction of

the incident flux’’. Above statement is

associated with

(a) Lambert's cosine law

(b) Planck's law

(c) Bunsen's law of the illumination

(d) Macbeth's law of illumination

The colour of sodium vapour discharge lamp

is

(a) red

(b) pink

(c) yelow

(d) bluish green

Carbon arc lamps are commonly used in

(a) photography

(b) cinema projectors

(c) domestic lighting

(d) street lighting

Desired illumination level on the working

plane depends upon

(a) age group of observers

(b) whether the object is stationary or moving

(c) Size of the object to be seen and its
distance from the observer

(d) whether the object isto be seen for longer
duration or shorter duration of time

(e) dl above factors

On which of the following factors dies the

depreciation or maintenance factor depend?

(a) Lamp cleaning schedule

(b) Ageing of the lamp

(c) Type of work carried out at the premises

(d) All of the above factors

In lighting installating using filament lamps

1% voltage drop results into

(@) no loss of light

(b) 1.5 percent loss in the light output

(c) 3.5 percent loss in the light output

(d) 15 percent loss in the light output

For the same lumen output, the running cost

of the fluorescent lamp is

(a) equa to that of filament lamp

(b) less than that of filament lamp

(c) more than that of filament lamp

(d) any of the above

For the same power output

(a) high voltage rated lamps will be more
sturdy

(b) low voltage rated lamps will be more

sturdy
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(c) both low and high voltage rated lamps
will be equally sturdy

The cost of a fluorescent lamp is more than

that of incandescent lamp because of which of

the following factors?

(@) More labour is
manufacturing

(b) Number of components used is more

(c) Quantity of glass used is more

(d) All of the above factors

Filament lamp at starting will take current

(a) less than its full running current

(b) equa to its full running current

(c) more than its full running current

A reflector is provided to

(a) protect the lamp

(b) provide better illumination

(c) avoid glare

(d) do all of the above

The purpose of coating the fluorescent tube

from inside with white power is

(a) to improve its life

(b) to improve the appearance

(c) to change the colour of light emitted to
white

(d) to increase the light radiations due to
secondary emissions

....... will need lowest level of illumination.

(a) Audiotoriums

(b) Railway platform

(c) Displays

(d) Fine engravings

Due to moonlight, illumination is nearly

(a) 3000 lumens/m?

(b) 300 lumens/m?

(©) 30 lumens/m?

(d) 0.3 lumen/m?

Which of thefollowing instrumentsis used for

the comparison of candle powers of different

sources?

(a) Radiometer

(b) Bunsen meter

(c) Photometer

(d) Candle meter

....... photometer is used for comparing the

lights of different colours?

(a) Grease spot

(b) Bunsen

() Lummer brodhum

(d) Guilds flicker

In the fluorescent tube circuit the function of

choke is primarily to

(a) reduce the flicker

required in its
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(b) minimise the starting surge

(c) initiate the arc and stabilize it

(d) reduce the starting current

...... cannot sustain much voltage fluctuations.

(a) Sodium vapour lamp

(b) Mercury vapour lamp

(c) Incandescent lamp

(d) Fluorescent lamp

The function of capacitor across the supply to

the fluorescent tube is primarily to

(a) stabilize the arc

(b) reduce the starting current

(c) improve the supply power factor

(d) reduce the noise

...... does not have separate choke

(a) Sodium vapour lamp

(b) Fluorescent lamp

() Mercury vapour lamp

(d) All of the above

In sodium vapour lamp the function of theleak

transformer is

(a) to stabilize the arc

(b) to reduce the supply voltage

(c) both (a) and (b)

(d) none of the above

Most affected parameter of a filament lamp

due to voltage change is

(a) wattage

(b) life

(c) luminous efficiency

(d) light output

In electric discharge lamps for stabilizing the

arc

(a) a reactive choke is connected in series
with the supply

(b) acondenser is connected in series to the
supply

(c) acondenser is connected in parallel to the
supply

(d) a variable resistor is connected in the
circuit

For precision work the illumination level

required is of the order of

(@) 500-1000 lumens/m?

(b) 200-2000 lumens/m?

(c) 50-100 lumens/m?

(d) 10-25 lumens/m?

...... is a cold cathode lamp.

(a) Fluorescent lamp

(b) Neon lamp

() Mercury vapour lamp

(d) Sodium vapour lamp

In case of ...... least illumination level is

53.
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Illumination

required.

(a) skilled bench work

(b) drawing offices

(c) hospital wards

(d) find machine work

For normal reading the illumination level
required is around

(a) 20-40 lumens/m?

(b) 60-100 lumens/m?

(c) 200-300 lumens/m?

(d) 400-500 lumens/m?

In electric discharge lamps light is produced
by

(a) cathode ray emission

(b) ionisation in a gas or vapour

(¢) heating effect of current

(d) magnetic effect of current

A substance which change its electrical
resistance when illuminated by light is
caled .......

(a) photoelectric

(b) photovoltaic

(c) phatoconductive

(d) none of the above

In case of ...... power factor is the highest.
(@) GLS lamps

(b) mercury arc lamps

(c) tube lights

(d) sodium vapour lamps

A mercury vapour lamp gives ..... light.

(a) white

(b) pink

(c) yelow

(d) greenish blue

Sometimes the wheels of rotating machinery,
under the influence of fluorescent lamps
appear to be stationary. This is due to the
(a) low power factor

(b) stroboscopic effect

(c) fluctuations

(d) luminescence effect

Which of the following bulbs operates on least
power?

(@) GLS bulb

(b) Torch bulb

(c) Neon bulb

(d) Night bulb

Theflicker effect of fluorescent lampsis more
pronounced at

(a) lower frequencies

(b) higher frequencies

(c) lower voltages

(d) higher voltages
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61. Which of the following application does not

Electrical Technology

need ultraviolet lamps?

(a) Car lighting
(b) Medical purposes

(¢) Blue print machine
(d) Aircraft cockpit dashboard lighting

=

(b)
(b)
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62. Which gas can be filled in GLS lamps?

ANSWERS
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(a
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(a) Oxygen

(b) Carbon dioxide
() Xenon

(d) Any inert gas
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