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. |A hall of 28x48m is illuminated by indirect lighting using inverter fitting the averagel(CO4

illumination of 108lm/m2 is to be provided on horizontal plans parallel to the flow and
0.5m above it. Design a suitable lighting scheme using filament lamps by taking
UF&DF as 0.4 and 0.85.* Assume luminous efficiency 20 Lumens/Watt for 300W Lamp

L3

vapour lamp

. [Write a neat diagram ,explain the construction and working of the sodium & mercurylCO4

L3




A sodium vapor lamp is 2 cold cathoda and low-pras sure lamp. A sodium vapordischargs lamp
consists of a L-shaped tubs enclosed in a double-walled vacuum flask, to keap the temperaturs
of the tuba within the workingragion. The innar L tube consists of two oxide-coated slectrodas,
which ara saalad with the ands. These elactrodas are connactad to a pin tvpa bass construction of
sodium vapor lamp is shownin Fig

This sedium vapor lamp is low hminosity lamp, so that the langth of the lamp should be
more. In ordar to get the desired langth, it is made in the form of a T-shaped tuba. This lonel-
tube consists of a small amount of neson gas and metallic sodim. At the time of start, thenson
£as vaporizes and davelops sufficisnt heat to vaporize metallic sodium in the U-shapadtuba.

Working
Initially, the sodium is in the form of a solid, deposited on the walls of inner tube. When

sufficiant voltags is imprassad across the slactrodas, the dischares starts in the inert gas, 1.2,
neon: it oparates as 8 low-prassure neonlamp with pink color. The tempersturs of the lamp

‘J+
AL supply
—— '
[
&
i.'.hzuhei g
L N
e e | gk transionmer

Discharge
Lt

T sl |
\\\\-\,ﬂ_ i Dbl i Bod
o vacuum tube

ingreasss eraduslly and the metsllic sodium vaporizes and then ionizes themby producing the
monochromatic wellow light. This lamp tskes 10-15 min to give i full light ouiput The
vellowish output of the lamp malkes tha object appears grav.

In ordar to start the lamp, 380 —4 30 V of striking voltage required for 40- and 100-W lamps.
These voltages can be obtained from a high reactance transformer or an aute transformer. The
operating power factor of the lamp & verv poor, so that a capacitor i placad to improve the
power factor to sbova 0.8, MMora care should be taken whils raplacing the imer tube, if it is
broken, then sodium comes in contact with the moisturs; therafors, fire will result. Tha lamp
mustbe oparatad horizontally or nearly so, to spread out the sodiurm well along the tuba.

The afficianey of sedium vapor lamp is lies between 40 and 50 hmens/W. Nomally, thase
lamps are manufactured i 43-, 60-, 85~ and 140-W ratings. The nomal oparating temperaturas
of thesa lamps ars 300°C. In general the averags life of the sodium vapor lamp is 3,000 ke and
such bulbs are not affected by voltage variations.

The cathode fzils to emit the slactrons

The filament breaks or boms oot

All the paticles of sodinm are concentrated onone sids of the inner fobe
The lif= of the l=mp incresses doe to azine

o o o o

The avarage licht output of the lamp is raduead by 15% dus to aging. These lamps are mainly
used for hichway and straat lichting, parks, railway vards, general outdoorlighting, ate.




HIGH-PEESSURE MERCUEY VAPOR LANMP
The working of the mercury vapor dischargs lamp mainlv depends upon the prassure, voltags,
termparature, and other charactaristics that influence the spactral quality and the afficisney of tha
lamp.
Generally used high-prassure marcury vapor lamps ars of thrae types. Thew ars:
MA type: Prefarred for 250- and 400-W mting bolbs on200-250-V AC supply

1. MAT type: Preferred fog 300- and 500-W matingbulbs on 200-250-V AC supply.
3. MBtype: Preferred for B0-and 125-W rating bulbs and they are wosking at very high pressuses.

MA type lamp

Itis a high-pressure mercuryvapordischargs lamp that is similar to the construction of sodam
vapor lamp. The construction of MA tvpa lamp is shown in Fie.
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WA tvpelamp consists of alongdischargs tubein L7 shape and is made up of hard glass or
quartz. This dischargs tube is enclosed in an outer tube of ordinary glass. To prevent the heat
loss from the inner bulb, by convaction, the gap batwraen tha two tubas is complataly svacuated.
The inner tuba contains twro main alectrodes and an auxiliary starting alactroda, which is
connected through a high resistance of about 30 k2. Italso contains a small quantity of argon
£as and mercury. The teo main elactrodas ars tungsten coils coated with slectron amitting
matarial {such as thorium meatal).

Working

Initially, tha tubs is cold and hencs the mercury is in condensed form. Initially, when supply is
given to the lamp, argon gas prasent batwaen the main and the auxiliary slactrodas gats




ionized. and an arc is establishad, and then dischsargs takas place th-.."nugh argon for faw mimitas
beterezen the main ad the suxilisry electrodss. As a result, dischargs takes place through argon
for few minutes in betwesn the main apd the mxilisry elactrodes. The dischares can be
controllad by using high rasistance that is inserted in-series with the mxiliare elactrods. After
few mimites, the arson sas, as a whols, gats ionizad betwaen ths tero main elactrodes. Hanes, the
dischargs shifte from the smiliary slactrods to the two main alectrodes. During the dischargs
procass, heat is produced and this heat s sufficient to vaporize the mercury. As a result, the
prassure inside the discharee tube bacomss high and the voltase drop across the two main
glectrodes will ncresses from 20 o 150 V. After 5—7 min, the lamp starts and gives its full
output.

Initially, the dischargs through the areon is pale blue glow and the dischargs through the
mareury vapors is gresnish blus light; hars, choke 4= providad to limit hish cuments and capacitor
is to improva the power factor of the lamp.

If tha supply & intamuptad, the lamp mmast cool down and the vapor pressure be raduced bafora
it will start. It takes spproximataly 3 — 4 min. The opemting temparature of the mner discharga
tubz is shout 600°C. The afficiency of this type of lamp is 3040 lumans/W. Thase lamps are
manufacturad in 250 and 400 W ratings foruse on 200-230V on AC supply.

Ganerally, the MA type lamps ars usad for general industrial lichting, ports, shopping cantars,
railvray vards, atc.

. |Assume the trapezoidal curve and derive the maximum speed for the speed —time curve (COS5
SIMPLIFIED TRAPEZOIDAL SPFEED TIME CUEVES

actual speed—time curves forthe ma]jn,u.rb an,and uhban ZEIVICES are
approximated to some fromm ofthe simplified curves. These curves may be of either
trapezoidal or quadrlateral shape.

Speed in kmvhir

Fig, Trapezoidal speed—time curve
Calculations from the trape-oidal spead—time curve

Let D be the distance between the stopsinkm, I be the actual nmning time oftrain
mzecond, o be the accelerationinlkmh/'sec, fbetheretardationinkim'h/'sec, [ be
the maximmumorthe crest speed of tramm km'h, and I be the average speed of
trammlmh. Fromthe Fig. 10.4:

Actual ranning time of tram, T= 1, + 0, + 1, (10,1}

a0

i
Time for acceleration, £, = I—“ (10.2)
o &
F.-0 F
Tume for retardation, #, = ‘5 = 7‘ {10.3)

Y LA (10.4)
la &




Area under the trapezoidal speed—time curve gives the total distance between the
two stops (2.

- The distance between the stops (D)= area undertriangle O4E + area of
rectangle AEDE+ area oftnangle DEC

= The distance travelled dunng acceleration + distance travelled dunng free-
rnunning period + distance travelled duringretardation.

MNow:

The distance travelled dunng acceleration=average speed dunng accelerating
penod * time for acceleration

_o+n

# 1 kvl sec

ki
2 3,600

The distance travelled dunng free-nimning peniod = average speed * time of free
TUNTITE

= [" = f kmh s
a M

3, 60Ky

The distance travelled dunngretardation peniod =average speed * time for
retardation
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The distance between the two stopsis:
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SV -V T +3.600D =0, (10.5)

Solving quadratic Equation {10.5), we get:

o T T = d X 33,6000

= 2= X

T 36000
2X T Yax? X

il

By considenng positive sign, we will get high values of crest speed, which is
practically not possible, so negative sign should be considered:

r = B o it 10.6
=2y Yaxi? X o
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. |A lamp giving 400 candle powers in all direction below the horizontal is suspended 3m

CO4 L3
above the centre of a square table of 1.5m side. Calculate the maximum and minimum
illumination on the table
Answer: F=11.42 Lux
. [State and explain the laws of [llumination CO4 L2




Inverse square law

This lawstates that ‘the illumination of a surfaceiz inverzely proportional to the square
of distance between the surface and a point source’.

Proaof:

Let, s be apoint sournce of luminous intensity *I' candela, the luminous fluxemitting
from zource croszing the three parallel plateshaving areaz 4. A.. and A, square meters.
which are separated by a distances of d; 2d, and 3d from the point source respectively az
zhown in Fig. 610,

Fig. 6.10 Inversze square law

For area A, solid angle w di

Luminous flux reaching the area A =luminouns intensity = solid angle
PR

a

Hlumination E'on the surface area 4 is:




E="“"="‘—*.in
area d° 4

,',£.=é Tux (6.5}
S

Similarly, illumination E.'on the surface aread. iz:

{1;}: Tax (6.6

and illumination“E;" on the surface area 4 is:

I

Em— } 6.7)
T R 3

From Equations (6.5). (6.6). and (6.7}

— (6.5)

Hence, from Equation (6.8). illumin ation on any surfaceizs inversely proportional to the
square of distance between the surface and the source.

Lambert's cosine law

Thizlawstates that “illumination. E at any point on a surface iz directly proportional to
the cozine of the angle between the normal at that point and the line of flux'




Proaf:

While dizcuszzing. the Lambert's cosine law. let uzazsume that the surface iz inclined at
an angle ‘& to the lines of flux azshown in Fig. 6.11.
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Fig. 6.11 Lambert's cozsine law

Let

PQ= Thgsurface area normal to the source and inclined at ‘6" to the vertical axis.

RS= The surface area normal to the vertical axis and inclined at an angle £to the soure
‘a.

Therefore. from Fig. f.11:

PO = RS e,
flux
. The sllumination of the surface PQ, E,, =—
© areaof PQ
[xw I area of PO .
= = = areai(radi 3
area of P area of PQ E a° | w = area/(radins) ]

" (6.9)

d'!




flux flux

., The illuminanion of the surface &5, Ey, = =
area of RS area of PO /cosl

[ PQ = &5 cos #]

I
= —osé (6.10
7 )

From Fig. G.a1(b):

] = ia RE iﬁ-ﬂm the above equationin Equation [6.10}:

T

I .3
Epy = e 3 080 = s’ 4.11
B = il cost)’ co% 0 cos (6.11}

o By = S cosf=Tcos'p (6.12)
d? W

dizthe distance between thezource and thesurfacein m, hiz the heightof sonre
m the surface inm, and I'iz the luminous intenzity in candela

Hence, Equation (6.11)iz alzo kmown as ‘cosine cube’law., This law states that the
‘illumination at anv point on asurface isdependent on the cubsof cosine of the ange
between line of flux and normal at that point’.

. |Define the following terms of Luminous Flux, Luminous Intensity ,Illumination, Mean

Horizontal Power and Mean Spherical Candle Power
Luminous flux: it is defined as the total quantity of light energy emitted per second

form a luminous body. It is represented by symbol F and is measured in lumens. The
concept of luminous flux helps us to specify the output and efficiency of a given light
source.
Luminous intensity: luminous intensity in any given direction is the luminous flux
emitted by the source per unit solid angle, measured in the direction in which the
intensity is required. It is denoted by symbol I and is measured in candela(cd) or
lumens/steradian.
If F is the luminous flux radiated out by source within a solid angle of w steradian in
any particular direction then I =F/ w lumens/steradian or candela (cd).
Lumen: The lumen is the unit of luminous flux and is defined as the amount of luminous
flux given out in a space represented by one unit of solid angle by a source having an
intensity of one candle power in all directions.

Lumens = candle power X solid angle = cp X w
Total lumens given out by source of one candela are 4w lumens.
Candle power: Candle power is the light radiating capacity of a source in a given
direction and is defined as the number of lumens given out by the source in a unit solid
angle in a given direction. [t is denoted by a symbol C.P.

CO4

C.P. = lumens/w

L1




Mean horizontal candle power: (M.H.C.P) It is defined as the mean of candle powers

in all directions in the horizontal plane containing the source of light.

Mean spherical candle power: { M.S.CP) It is defined as the mean of the candle

powers in all directions and in all planes from the source of light.
Mean hemi-spherical candle power: (M.H.S.C.P) It is defined as the mean of candle
powers in all directions above or below the horizontal plane passing through the source
of light.
Reduction factor: Reduction factor of a source of light is the ratio of its mean spherical
candle power to its mean horizontal candle power.

reduction factor = M.S.C.P./M.H.C.P.

. |Derive Tractive Efforts required for the propulsion of a train considering gradient and
resistance to train movement

Itis the effective force acting onthe wheel oflocomotive, necessary to propel the

trainis known as “jpgefive effors”. Itis denoted with the symbol F. The tractive

effortis a vector quantity always actingtangential to the wheel of a locomotive. It

iz measured mpewion.

Thenet effective force orthe total tra ctive effort (F) on the wheel of a
locomotive or a train to man on the track is equalsto the sum oftractive effort:
Reguired for linaar and angular accaleration (F.).
1. To overcome the affect of eravity (F).
To overcome the frictional resistancs to the motion of the train (F,).

“F=F+F+F (105)

Mechanics of tram movement

The ezzential driving mechanisim of an electric locomotive is shownin Fig. 10.6.
The electric locomotive consists of pinion and gear wheel meshed with the traction
motor and the wheel ofthe locomotive. Here, the gearwheel transfers the tractive
effort at the edge of the pinion to the driving wheel.

Fig, Dnving mechanism of electric locomotives

COS5
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Let Tis the torgue exerted by the motorin N-m, F, 15 tractive effort at the edge
ofthe pinionin Newton £ is the tractive effort at the wheel, Dis the diameterof

the dnoving wheel, & and4 arethe diameter of pimion and gear wheel respectively,
andxis the efficiency ofthe power transmission for the motorto the diving axle.

i
Mow, the torque developed by the motor 7= F 2 Nem
LA

g .
.'.f—rid—k (10.9)

The tractive effort at the edge ofthe pinion transferred to the wheel oflocomotive
1s:

E=F 3‘.\ (10,10

From Equations (10.9) and {10.10) £, = npx ::T:-ci-
4 D
2 [ ]
=’?'I';[T'|
Dl 4 |
=Jr.'|"-ﬁ-r.
oo | ds
where ‘r'= [==| 15 known as gear ratio
g s
S F = Dnjre= M. 10.11
: aj'rL;| ( )

10.7 2 Tractive effort required for propulsion oftrain
From Equation (10.8), the tractive effort required for train propulsionis:
EzF+F+F,




From Equation (10.8), the tractive effort required for train propulsion is:

E=F+F+F,

hj;gg;gl" is the force required for linear and angular acceleration, &, isthe force
required to overcome the gravity, and F isthe force required to overcome the
resistance to the motion.

Force reguired for linear and angular acceleration (Fg)

Accordingto the fimdamentallaw of acceleration, the force required to accelerate
the motion ofthe body is given by:

Force=DMlasz » acceleration
F=ma.

Letthe weight of trainbe [JI7 " tons being accelerated at o’ kmphps:

., The mass of ram m = 1,000 W kg.
And, the acceleration = a kmphps
1, 000
3,600
= 0.2788a m's?
The tractive effort required for linear accelerahon
F, = 1,000 W kg = 0.2778c m's*
= 27.83 Wa kg — m/'s* (o) N, (10.12)

= m's”

Equation{10.12}holds gnod only if the acceleratingbody hasno rotating parts.
Orwing to the fact that the tramhasrotating parts such asmotor anmature, wheels,
axels, and gear system. The weight ofthe body being accelerated including the
rotating partsizknovwn as gffective weight or accelerating weight. It is denoted
with *F7. The accelerating weight (7)° is muchhigher (about 8-153%) than the
dead weight (/") ofthe train. Hence, these partsneedto be given angular
acceleration at the same time asthe whele trainis accelerated inlinear direction.

- Thetractive effort required-forlinear and angular accelerationis:

F,m 1788 WaN (10.13)




Jraciive effort required to overcome the irain resisiance (Fr)

When the trainis nimning at unifonm speed on a level track it hasto overcome the
opposing force due to the surface friction. ie., the friction at vanous parts ofthe
rolling stock, the fraction at the track, and alzo due to the wind resistance. The
magnitude of the frictional resistance depends upon the shape, size, and condition
ofthe track and the velocity ofthe train, etc.

Let s is the specific train resistance mN/'ton ofthe deadweight and *A” iz the
dead weight in ton.

. The wachve effort requured to overcome the traan renstance F, = Mr N, (10.14)
Jractive effort required to overcome the gffect of gravity (Fg)

When the trainis moving onup gradient as shownin Fg. 10.7. the gravity
componettt ofthe dead weight opposesthe motion o fthe trainin upward direction.
In orderto prevent this opposition, the tra ctive effort should be actingin upward
direction.

- Thetractive effort required to overcome the effectof gravity:

F, == mg smf N

= #1000 Wgsmf [.'m= 1000 Wkg] (10.15)

-

Now, fromthe Fig. 10

BC Elevation

Gradient = smf = — =
AC  distance along the track

%% Gradient & = smf = 100. (10.16)
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Fig.10.7 Tranmoving onup gradient

FromEquation={10.153and {10.16:

G
SoF =l MOW g —
100

=+ 10=981 W&
=+ 3B1WCEN [since g =281 m/s*]. (10.17)

+yesign forthe train is moving on up gradient.
—ye sign forthe trainis moving on down gradient.

Thisis dueto whenthe trainis moving on up a gradient, the fractive effort
showing Equation {10.1 Tiwill be required to oppose the force due to gravitational
force, but while going down the gradient. the same force will be addedto the total

tractive effort.
The totaltractive effort required for the propulsion oftram F, =F + F = F:

Fom 2778 W+ Fr298.1 WGN. (10.18)

. |Define the terms of Crest Speed, Average Speed and Schedule Speed

CO5
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Crest Speed

- The maximum speed attamned by the vehicle during 1ts running 1s

called as crest speed.
Average Speed

- The mean or average speed of the vehicle during from start to stop 1s

called as average speed.

. It 15 distance covered between two stops divided by the actual time of

run.
Average speed = Distance between two stops / Average time of run

Schedule Speed

- It 15 defined as the ratio of the distance covered between two stops and

total tume of run include time of stop 1s called as schedule speed.

Schedule speed = Distance between two stops / [ Actual time of run + Stop

time ]

. The schedule speed 1s smaller than the average speed.

. [The luminous intensity of a source is 600 candela is placed in the middle of a 10 x
6 x 2 m room. Calculate the illumination:
1. At each comer of the room.

2. At the middle of the 6-m wall.

CO4

L3




LA
Solution: /{ ‘

Given data: / 2m
Luminous intensity, (I) = oo cd. B |

[ o o
t+  Fromthe Fig. P54 ] ;’.f /, /
N L= b

ho' + & ~A ]
OB=BD= ——"—=583m s -

BS=d=42" +(538) =6.163m

Fig. 1
- Theillumination at the corner ‘B
BymE =F.=Fy 2. FromFiz.l
I 500 2
O = e
a 6163 (6.163) Ps=1245
= 5.126 hux. —53%5m
5
I am
= Zreosd
Lk S _ e 2 /ﬂ( [
T (5385 (5.385) o 2m e
The illymintaign at the point ‘P = 7.684 lux.
= m— =
A 8
Fig.21

; —
“V .l"' ,-""-' ,"'I
Room area=10=0x 2 m. ! /
&ém |

10.

A lamp of 250 candela is placed 2 m below a plane mirror that reflects 60% of
light falling on it. The lamp is hung at 6 m above ground. Find the illumination at
point on the ground 8 m away from the point vertically below the lamp.

The candle power of the zource. I = 200 candela.

Mounting height (k) = 6m.

1 Theilluminaticn just below the lamp, ie, at peint ‘A7

(53857  (5.385)
= T.684 hox.

z. FromFig. PAS:

d=+¥ +6 =6708

CO4
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Fig, P.6.7
200 ; 6
T (6.708)  (6.708)
= 3.975 Dux.
3

Surface area %9':
=Zqsy
3 (1.5)

= 1.767 m*

The total flux reaching the areaaround thelamp:
=E, x surface area
=5.55 % 1707

=o.8o0lumens.

—

JA drawing, with an area of 18 X 12 m, is to be illuminated with an average
illumination of about 150 lux. The lamps are to be fitted at 6 m height. Find out
the number and size of incandescent lamps required for an efficiency of 20
lumens/W. UF = 0.6, MF = 0.75.

(Griven data:
r =120 lumensW
E =150lpx

4 =1Ex12=216m"

UF=0.6

CO4
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MF=0.75

Exd
UF*MF’
_150%216
061075

The total gross lnmens required ¢ =

= T2, 000 lumens

72,000
n

The total wattage required =

= 3600 W,

_ 72,000
-

Lat, if 24 lamps are arranged to illuminats the desirad area. For space to height ratio unity, i.2., 6
lamps ars taken along the length with a space of 18/6 = 3m, and 4 lamps ar= along the width

givinga space of 12/ =3 m.

3,600 )
-, The wattage of cach lamp T 150 W,

The arrangement of 24 lamps inahall of 18 = 12 mis shown in Fis.

!3.125«1
000 0000000000000 0C OO0 D
1.125m
G O O O O 0000000000000 0
?ﬁ.?&m »=m
00000000000 O 000000
225m
D Oeed O O 000 0 00 0 00 0 0 0 0 0=
i3125m 'I.'I?‘Sml
|.. 45m -|

12,

A hall of 30 X 20 m area with a ceiling height of 6 m is to be provided with a

general illumination of 200 lumens/mz, taking a coefficient of utilization of 0.6
and depreciation factor of 1.6. Determine the number of fluorescent tubes
required, their spacing, mounting height, and total wattage. Take luminous
efficiency of fluorescent tube as 25 lumens/W for 300- W tube.

CO4
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Given data:
Arsg ofhall (4)=30 % 20 m = 600 m°
E=100lumens/mr
CU=40.6
DF=1.4
Tha wattaps of fluorascant mba =300 W

Efficiency =25 lumens/W

Ax E=DF
-, Gross lumens requared, ¢ = —F
G000 200 = 1.6
= 2R = 320,000 lus
0.6
S 320,000
The total wantage required = A T
L Pl

total wattage requared

The number of mbes required =
wattage of each rube

12,800
300

= 42,666 = 44

Letusarrangz 44 lamps ina 30 = 30 m hall, bwvtaking 11 lamps alongthe langth with spacing
30/11=2.727 m and 4 lamps along tha width with spacing 20/4 = 5m. Hara the space to height
ratio with this arrangementis, 2.727/3 =0.343. Dispositionof lamps is shown in Fie.

2727 m ézs:n
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