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ELECTRIC LAMPS



The E,L.M.A. Lighting Service Bureau was

set up in 1924 by the Electric Lamp Manu-

facturers' Association of Great Britain to
promote the full and proper use of electric light
in the service of the community. Throughout
the ensuing years lhis policy has been con-
sistently pursued, until to-day, backed by the
yast resources of the manufacturers who main-
tain it, the Bureau is able to offer an unrivalled
service in the electric lighting rteld. The

E.L.M.A. Lighting Service Bureau is main-
tained by the Manufacturers of the following
brands of Electric Lamps:

OSRAM . MAZDA . ROYAL "EDISWAN''
SIEMENS . PHILIPS . CROMPTON
COSMOS . ELASTA . CRYSELCO

,t"



rH oRN 
\f lllil8 lJJo*o'oo'"

RESEARCH & ENGILLvtsr" - 
MELT.N R.AD

LEIOESTER

Btm0Tmtc

LAMP S

Issued by

The Lighting Service Bureau

2 Savoy Hill, London

WC.2



CONTENTS
FOREWORD

HISTORIC SURVEY
Oil lamps; candles; gas lighting; the electric arc; carbon
lamps; nernst; osmium; tantalum and early tungsten
lamps.

NATURE OF LIGHT
Wavelength and freqarency; electro-magnetic spectrum;
colour; eye response; continuous and discontinuous
radiation; luminous efficiency.

page vll

page I

page 10

page 16

page 24

page 39

page 42

PRODUCTION OF LIGHT
Temperature radiation; excitation of gases and vapours;
luminescence; phosphorescence; fluorescence; fluorescent
materials.

MODERN LAMP MAKING
Mass production; glass making; filament manufacture,
coiling and supports; lead-in wires; stem making; sealing;
pumping; capping; statistical control; standardisation.

MODERN FILAMENT LAMPS
D EVELOPMENT

Filament evaporation; effect of gasfilling; effect of coiling
the filament; coiled-coil lamps.

TECHN ICAL
GENERAL SERVICE LAMPS
Bulb shape and finish; effect of bulb finish on light control;
colouring; absorption by colour media; caps; filament
formations; supports; luminous output; electiical charac-
teristics; economic effect of under-volting; lumen main-
tenance; life; brightness; standard voltages; starting
characteristics; lamp current and resistance.

PROJECTOR LAMPS
Classification; bulb shapes; caps; filament formations.

iv

page 56



CONTENTS

TECHNICAL-continued
MISCELLANEOUS FILAMENT LAMPS
Architectural tubular; reflector spotlight; single-capped
vacuum tubular; double-capped vacuum tubular; miners'
lamps; decoration; photographic and enlarger; traction;
rough service; motor car; sign; switchboard indicator;
train and bus; special lamps.

ELECTRIC DISCHARGE LAMPS
HISTORICAL

TECHNICAL
Pottintial iri the positive column; cathode fall; cold vs. hot
cathodes.

MAINS VOLTAGE MERCURY LAMPS
Nomenclature; components; operation of the choke and
power-factor capacitor.

TYPE MA
Burning position; starting and restarting; brightness;
colour.

TYPE MB

Construction of discharge tube; brightness; caps; colour;
ultra-violet radiation.

TYPES MAF AND MBF

The fluorescent coating and'its effect; bulb shapes; bright-
ness; caps.

TYPE MBW

Absorption of light by the glass; precautions necessary.

CHARACTERISTICS OF TYPES MA AND MB

Starting, electrical, and lamp characteristics; power factor
correction.

TYPES MAT AND MBT
Principles of operation; colour blending of light; advan-
tages; operating characteristics.

TYPE ME

Value for projection purposes; technical problems; sim-
mering; colour modification.

SODIUM LAMPS
Construction; colour of light; burning position; starting
and re-starting; lamp characteristics; power-factor cor-
rection; precautions when breaking up old lamps.

V

page 60

page 72

page 74

page 76

page 80

page 82

,f
page 83

page 85

page 86

page 92

page 96

page 98



CONTENTS

TUBULAR FLUORESCENT LAMPS (TYPE MCF/U) pase 102
Construction; factors influencing lamp size; energy con-
version; colour.
The circuit; starter switches, glow and thermal; starter
socket; radio interference; lampholders; series operation.
Light outpu! brightness; power-factor correction; cyclic
variation of light output; twin-lamp circuit; mains cur-
rent; emission of ultra-violet.
Effect of voltage variation and temperature; D.C. opera-
tion.
Fault tracing.
8-foot lamps; circuits and operation.

MISCELLANEOUS DISCHARGE LAMPS
COLD CATHODE TUBES

TYPE MD MERCURY LAMPS

FLASH TUBES

NEON GLOW LAMPS

POINTOLITE LAMPS

COLOUR FLOODLIGHTING LAM.PS

LAMP ECON'OMICS
Lamp selection; renewal rate; group replacement.

LAMP DATA
FILAMENT LAMPS
General lighting service; gasfilled projector; architectural
tubular; photographic and enlarger.

ELECTRIC DISCHARGE LAMPS
Mercury (MA and MB); MercuryiTungsten (MAT and
MBT); Mercury (ME); Sodium (SO); Tubular Fluorescent
(MCF); Colour Matching.

CAP SHAPES AND DIMENSIONS

page L27

page 128

page 1,29

page 131

page 132

page 133

page 135

page 138

page 141

page 147

vr



ELECTRIC LAMPS

ABOVE: Simple candle guard and
lanterns

RIGHT: Rushlight and holder

realised that a proper mixture of air and oil vapour must be proyided for
a smokeless flame to be obtained, or the means of doing so were not
apparent, until in 1784 the Argand burner showed the way.

This lamp had a glass chimney and a tubular wick to which air had
access both on the outside and inside. The draught ofair flowing around
and within the flame made combustion nearly complete and a bright and
almost smokeless flame was the result.

About the middle of the nineteenth century the discovery of petroleum
in quantity marked a further step forward in oil lamp performance, for
its higher volatility gaye a greater intrinsic brilliance to the flame. From
that time onwards improvement in oil lighting has been chiefly dependent
on perfection of the incandescent mantle developed by Welsbach in
I 885-93.

CANDLES

The earliest form of candle, known as the Rushlight, was made by
stripping a rush stem ofall but the thinnest rind and dipping it repeatedly
in hot fat until a thick wall was built up; and in the fourth century A.D.
the Phoenicians brought to Byzantium candles of bleached wax, probably

1



HIS,TORIC SURVEY

with fibre wicks. A1l earlier types of candle were soft and were usually
stuck on a spike (Pique, Pricket). Until about the sixteenth century they
were not in common domestic use but were employed chiefly for religious
purposes.

Early candles needed frequent snuffing or trimming of the wicks, which
did not burn away as quickly as the candle and tended to lean over into
the molten wax, but.the introduction of plaited wicks (about 1840) and
the discovery that sperm oil could be used for making the candle obviated
this trouble, as the end of the wick burned away in the hot outer part of
the flame.

GAS LIGHTING
The first large scale experiments in the use of gas for lighting were made

by Murdoch in 1779, but lack of purification of the gas and the meagre
light provided dclayed the popularity of gas lighting until the latter part
of the nineteenth century

The first burners were simple open tubes, which were later closed at the
end and pierced by three holes giving the "Cockspur" flame. In the same
year (1808) a row of small holes gave the "Cockscomb", while in 1816 the
holes were merged into a narrow slit giving the "Batswing" burner.
Finally, in 1820 the "Fishtail" burner was produced wherein a flat flame
resulted from the union of two equal'oblique jets. The effectiveness of all
these types depended entirely on the luminosity of the gas flame itself,
the heating effect being of no importance whatever.

From 1885, however, Welsbach had been investigating the properties of
rare earths when heated, and he introduced the incandescent mdntle in
1893. Here the lighting effect is dependent not on the luminosity of the
flame but on the degree of incandescence to which the mantle can be
raised, i.e. on the heating effect of the gas. Subsequent improvements in
gas lighting have been the result of det'ailed investigation into the heating
power of the gas, the shape aud construction of the burners and mantles
to work efficiently together, the air flow, and the avoidance of dirty pro-
ducts of combustion. Methods of distant control have also been devised,
and are in fact still being investigated.

4



ELECTRIC LAMPS

Born in 1828 Joseph Wilson Swan was a

brilliant scientist who discovered, among
other things, new methods of photographic
printing and how to make artificial silk.
Becoming interested in electric lamps in
1845, he eventually succeeded in producing
a commercial carbon lamp in 1878, and can
be classed, with Edison, as the pioneer of
electric lighting. He died ln 1914

INCANDESCENT CARBON FILAMENT LAMPS

The fact that an electric current will heat up a conductor through which
it passes has been known for many years, and scientists of the ea-rry nine-
teenth century repeatedly tried to obtain light through incandescence of

5

But there does not seem to be much future for any kind of lighting which
is primarily dependent on flame.

ELECTRIC LIGHTING

- Early experimenters with electric light were handicapped by lack of any
larg_e- scale and permanent sources of electricity, though as early as l8lb
sir Humphry Davy used thousands of batteries fo demonstrate anintensely
luminous arc struck between carbons which had been touched togethei,
then separated by a short distance. Carbons connected to a D.C. iupply
burned unevenly, however, and complicated apparatus had to be deviiei
to keep the arc steady.

. It was Faraday's discovery, in 1831, of the principles of electro-magnet-
ism that gave birth to the electrical industiy of moclern times, fo-r he
showed how_electricity could be produced by mechanical means in greater
quantity and far more conveniently than by the chemical means hitherto
emg-lo,yed_. Even so, electric generation on a large scale was not attempted
until 1849 from which time arc lights were used temporarily for an in-
creasing number of isolated applications. The first permaneni installation
of electric arc light, in the Dungeness lighthouse, was completed in 1862.



HISTORIC SURVEY

Swan's first incandescent carbon-
filament lamp. 1878

materials heated in this way. Prominent among experimenters were Davy,
who obtained incandescent light for very brief periods from a number of
different materials in 1802, and Glove and de Moleyns, who made lamps
with platinum filaments in 1840. Their failure to produce a lamp which
would give light for a reasonable length of time is chiefly due not to a lack
of skill or perseverance, but the lack of any means of preventing rapid
oxidisation of the filarnent. Incandescent metal or carbon will oxidise, or
burn, if there is any oxygen with which it can combine; and as air contains
oxygen it must therefore be evacuated from the bulb as completely as

possible. None of the suction pumps available to these men was good
enough for the purpose, a sufficiently high degree of vacuum being un-
obtainable until the Sprengel air pump made its appearance in 1875.

From that year onwards developments were rapid.

Working quite independently but on parallel lines, Swan in England
and Edison in America both produced practical lamps in 1878. In point
of fact Swan was probably the first to do so, but he was never in a hurry
to patent his processes and may thus have lost much of the credit due to
him.

The first practical lamps were cigar-shaped, the current-carrying lead
passing through the glass at each end being connected inside the evacuated

bulb to a thinitrip of carbonised paper or thread, for which the carbonised
bamboo fibre was substituted in 1880. Though a high vacuum was

6
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Three early carbon lamps with various types of lampholder

obtained before the lamp was sealed, contamination and burning of the
filament still occurred and Swan realised that it was due to the emission
of trapped gases frorrr the filament when heated. He therefore continued
the pumping process while the filament was glowing brightly, thereby
improving the durability of the lamp.

In order to prevent leakage there must be an absolutely air-tight metal-
glass seal at all temperatures at the point where the leads enter the lamp,
and to obtain this a metal must be used which expands at the same
rate as the surrounding g1ass. Platinum was the only such metal available
in early days, a fact which may have been partly responsible for the then
high cost of lamps.

In 1893 improved filaments were made by squirting a solution of cellu-
lose through a round die, and by carbonising the thread obtained, fila-
ments of any desired length or diameter could be produced; It.is interesting. =

to note that this process also led to the founding of the great artificial silk-
industry of to-day.

In 1904-5 squirted carbon filaments were further improved by a process
which gave them greater uniformity of diameter and a glassy surface
which, taken in conjunction with their modified electrical characteristics,
caused them to be known as "metallised carbon" filaments. No major
improvements in the manufacture of carbon lamps has been made since
that time.
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HISTORIC SURVEY

I

Nernst Iamp, showing /the heater
running through the cfntre of the
filament spiral I

I

NERNST AND EARLY METAL FILAMENT LAMPS

The first British patent for a Nernst lamp was taken out in 1897. Nernst
employed a squirted filament made of oxides used in the Welsbach in-
candescent lnantle, these oxides becoming conductors of electricity at high
temperaturcs. In order to attain the necessaly temperature a separate
heater wired ir-r parallel with the fllament had to be included in the lamp,
the heater automatically cutting out when the required temperature was

reached. The oxide filaments were electrically unstable, however, and had
to be run in series with a ballast resistance, which reduced the efficiency
of the lamp as a whole, although it was still a gteal advance on the carbon
larnp in this respect. The life of the lamp was about 900 hours on A.C.
and 300 hours on D.C. and it would undoubtedly have had very consider-
able success had not new types of metal filament lamps been developed
very rapidly at about the same tirne.

Lamps with an Osmium filament appeared in 1902. They had a life of
about 500 hours, with extremely good candle-power maintenance, but
they were not made for voltages greater than ll volts. They were also
extremely fragile, and cost about 9s. each, despite which they were used
very largely on the Continent until about 1905.

In that year the tantalum lamp was put on the rnarket. This was the
first lamp employing a drawn wire and tirerefore led to a great improve-
ment in the uniformity of filament production as compared with filaments
produced by a squirted process, but the length of wire required for a lamp
running on ordinary mains voltage was about 700 mm. This meant aban-
doning the old spiral filament formation, and the adoption of the now

8
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familiar squirrel cage method of winding the wire on suplorts held in a
central glais rod. The tantalum lamp was tligltty less efficierrt than the

osmium*lamp but was remarkably strong. While not very satisfactoly on

A.C. owing io recrystallisation of the filament it was extensively used fbr
traction lairps untii about 1914 when it was superseded by lamps with a
drawn tungsten filament.

About 1906, filaments of tungsten were made by a process similar to
that used for the production of carbon filaments. Finely divided_tungsten

powder was mixe-d with a starch or dextrin binder and squirted through a

di", th" resultant thread being sufficiently strong to withstand subsequent

drying, forming and purifying processes, but the finished filament, thoug_h

-or.""ffi"i"nt ihan any oi its predecessors, was still extremely brittle. It
was not until 1909 that a process was discovered for making tungsten

ductile, so that it could be drawn into strong tough wire of the required

size.

It is at about this point that the modern lamp era can be said to begin.

In the previous 20 years or so, the brilliant and painstaking efforts of
individual scientists had at last given us a source of light which was an

enormous advance on anything produced in the thousands of years that
went before. They gave us lighl with no flame, fumes, smoke or smell;

light that could be cJntrolled fiom far or near, with no fuel to be handled,

n6 bu.n". to clean and no wick to trim. All honour to them, working as

they did with tools and materials which we should call crude by modern

standards.

An early tungsten lamp with squirted filament beside, on the right, a tantalum lamP
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ELECTRO-MAGNETIC RADIATIONS

TrcHT, H_IAT, RADro wAVEs, x-RAys and other electro_mag_

| ,netic 
radiations are essentially similarin that they all travel througi

:J_rpg"" without any apparent means of conveyance at 3 x 1010 cds.
(186,000 miles) per second.

It is convenient to consider that the radiations move outwards from the
point of propagation in the same way as ripples move from the point of
disturbance 

1n 1pool. The ripples move ouiiards though the only actual
movement of the water itself is vertically up and down. similarly, light,
heat, etc.,. may, for the purposes of this explanation, be considered'as
wave-motions, though it is difficult to comprehend a wave-motion unless
there is something for the wave to move in.

Since all the electro-magnetic radiations travel at the same speed, it will
be apparent that if the crests and troughs are close togethei (i.e. ir tne
wavelength is short) alarge number of ihem will pass igiven point in a
given time, or in other w_ords they''equency is highi but if-tire waverength
is long, th-e frequency will be low. The pLysicafand physiologicar effe-cts
of the radiations_ depend upon their wavelength (or?6quenJy) and the
names given to the various ranges of radiation are shown below.
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Fjs. 1. The Electro-magnetic Spectrum, with the visible and near-visible radiations
shown in expanded form beneath

It will be seen that light covers only a very small fraction of the total
electro-magnetic spect^im. The average human eye is not stimulated to
any^a"ppreciable extent by any radiations with w-avelengths outside the
4000 A-7000 A band * (ipproximately); wavelengths lo"nger than these

*.A : Angstrom unit, a wavelength of one hundred-millionth of a
centimetre.
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ELECTRIC LAMPS

give us the sensation of heat and the possibility of radio cotnmunication,
while the shorter waves give us, among others, ultra-violet rays (used for a
variety of purposes), X-rays and cosmic rays.

A generator of light would be tnost efficient if it could be made to pro-
duce light only, but at present there are no known light sources, either
natural or artificial, which do not also generate heat to a varying degree.
As lamp development continues, so the quantity of light generated is

increased with a consequent reduction of heat, but it is improbable that
really "cold" light will be obtainable, at least in sufficient quantity for
practical use.

Ultra-violet radiations, though invisible, can be used to produce light
as explained in pages 2l-23 ; it is indeed certain that before many years
are passed, generation of light by this means will have become as common-
place as the use of filament lamps of to-day.

COLOUR OF LIGHT
The colour sensation received by the eye depends on the wavelength of

the light. The boundary between one colour and the next is naturally
indefinite, for the colours merge into one another and it is impossible to
say, for instance, where orange light ends and red begins; but for con-
venience a series of arbitrary divisions are generally accepted as shown in
Fig. 1.

Light which the eye recognises as "white" can be split up into two or
more lights of different colours, and a "white" surface is one which reflects
all colours of light in the same proportion as they are present in the incident
light. "Painting" with light is an additive process, and as more of each of
the three primary colours (red, b1ue, green) are mixed together the light
becomes whiter and brighter; but painting with pigments is a subtractive
process by which mixture of colours leads to a darker result.

There is only one way of obtaining coloured light from an original white
light, i,e. by absorbing to a greater or less degree all the unwanted con-
stituents of the white light. Usually this is done by means of a coloured
gelatine or glass filter or by colouring a lamp bulb, but in most cases the
selectivity of the filter is not high and some unwanted colours are also
passed, e.g. a yellow-sprayed lamp will give a little orange and green light
besides the yellow.

A coloured material seen under white light appears coloured because it
reflects that colour of light much more strongly than the other colours
which it absorbs, e.g. a piece of blue paper will reflect blue light strongly,
violet and green weakly, and other colours not at all. Thus, if a blue paper
is seen by the light of the yellow-sprayed lamp, it tends to appear greenish

1l
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as green is the only colour present in the light which the paper is able to
reflect. It is evident that the apparent colour of objects may vary according
to the nature of the lamp illuminating them and in extreme cases the natural
colour may be entirely obscured.

EYE RESPONSE

The average human eye is not equally sensitive to all colours of light.
The curve above shows how the average eye is stimulated far more strongly
by yellow light than by violet, blue or red. This means in practice that
yellow colours in general appear relatively bright when white light falls on
them, and that lamps which give yellow light only tend to be rnore efficient
in their own class than larnps giving any other colour.

CONTINUOUS AND DISCONTINUOUS RADIATION

When a solid body is heated to incandescence the electrons are violently
agitated and constantly collide with their neighbours. Some of the energy
resulting from these collisions is radiated from the hot metal and due to the
relatively close packing of the individual atoms in a solid body the energy
will appear as a continuum characteristic of the temperature of the radiat-
ing body and not characteristic of the nature of the individual atoms. The
result is a confused radiation which is smoothly distributed over a wide
band of wavelengths (Fig. 3). Some of the radiations may be in the visible
band but the greater part will be in the infra-red (heat) band.

12
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2000 4000 6000 8000 looo0 12000
ULTRA-VIOLET VISI BLE I N FRA.RED

WAVELENGTH (ANGSTROM UNITS)

Fig. 3. Continuous spectrum of a filament lamp. There is a large ProPortion of heat

(infra-red) radiation compared to light

2000 4OOO 6000 8000 toooo t2ooo
ULTRA-VIOLET VISIBLE FRA-RED

wAvELENGTI{ (ANGSTROM UNITS)

Fig,4. Discontinuous spectrum of a-mercury discharge lamp. Note the strong radiations

in the ultra-violet region
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NATURE OF LIGHT

Although the radiation is more intense at the long wave (red) end of
the visible spectrum than at the short wave end, the radiation is con-
tinuous throughout the whole band and if the rnetal is sufficiently hot some
light is produced at every wavelength within that band.

An "excited'? gas or vapour behaves in a different manner. In its
excited state it contains numbers of electrons which, due to collision with
other electrons, have been forced into unnatural orbits round their parent
atoms. They quickly return to their normal orbits, but in so doing give
up the energy they absorb in collision, and at low vapour pressures this
energy appears as a radiation at one or more ofa series offixed and definite
wavelengths. Nothing one can do will alter these wavelengths (except that
we may be able to broaden the individual radiations to embrace a narrow
band of wavelengths) though by varying conditions of temperature and
pressure the proportion of energy radiated at each wavelength can be
varied. In between those wavelengths there are blank spaces at which
there is no radiation at all (Fig. 4).

Thus the spectrum of a low-pressure discharge lamp consists of a num-
ber of isolated lines and is quite dissimilar from the continuous spectrum
of an incandescent body sucir as a lamp filament. There is eviden6e, how-
ever, that at high vapour pressures certain electric discharge lamps are
possible which combine the effects of the broadening of isolated lines with
ihe continuous spectrum corresponding to an incandescent body.

LUMINOUS EFFICIENCY
The luminous efficiency of lamps is expressed in terms of lumens per

watt, i.e. the rate of flow of light per unit of electrical power consumed. fn
theory it would be possible to generate whitelight at an efficiency of 250llw.
if all the electrical energy were transfonned into light and none into heat
or other unwanted radiations; and monochromatic yellow-green light
(5550 A) could reach an efficiency of 625 l/w. under similar conditions.
But though we can produce light electrically more efficiently than by any
other method, we have a long way to go before reaching such figures. The
practical and physical limitations imposed by the materials we have to use
make it impossible at present to construct filamant lamps with an efficiency
substantially greater than201/w. if lamp life is to be prolonged, while dis-
charge lamps reach 70 |lw. or slightly more. Nevertheless there is some
justification for pride in the improvement in lamp efficiency which has
taken place throughout the last 60 years. Finality has by no means
been reached and further advances can be expected in the future.

t4
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PRODUCTION OF LIGHT

Fig. 6. The relative
energy rad iated at vari-
ous wavelengths by a

"black body" at five
different temperatures

5,000 10,000 ts,000

WAVELENGTH {AI

20,000

PRODUCTION OF LIGHT

Temperature Radiation

NY HOT BODY WILL RADIATE ENERGY OVET A WidE bANd Of
wavelengths, the amount radiated at arry particular wavelength being

by the nature of the material and its temperature

The diagram on this page shows the radiation characteristics of a "black
body" (a black body is a theoretically ideal radiator closely approximated
by an incandescent carbon filament). The area under the curve represents
the total energy radiated and examination will establish three important
facts:-

1. The radiated energy increases rapidly as the temperature is raised.
Stefan has shown that the energy radiated is proportional to the
fourth power of the absolute temperature (centigrade temperature
+ 273').

2, The wavelength of maximum radiation decreases as the temperature
rises. Wien has shown that the wavelength of maximum radiation
x absolute temperature is constant.
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A

A. UNTREATED
CARAON

A. TREAT€D
CAREON

C. TUNGSTEN

D. OSMtUM

5,000 15,000 25.000 15.000

WAVEL€NGTHS IN i

Fig.7. Wavelength distribution of radiant energy from various materials at the same

tem Peratu re

3. The proportion of the total radiation which is emitted within the
visible range increases as the temperature is raised.

It will be evident that the luminous value of the curves cannot be
assessed without taking into account the response of the eye (Fig. 2) and
each ordinate of Fig. 6 should be multiplied by the corresponding
ordinate of Fig. 2, which will have the effect of modifying the luminous
advantage obtained from higher temperatures. In fact at 2000' absolute
(2000 Kelvin) a temperature rise of 20" C. will only increase the total
radiation by 4 per cent., but will increase the light output by 15 per cent.

No actual substance has the radiation characteristics of a black body,
most materials having radiating properties which depart considerably
from the ideal. Fig. 7 shows the energy distribution of some of these
"selective radiators" which are being or have been used for making lamp
filamgnts. The materials shown are operating at the same temperature
and the total visible radiation is the same in each case, but it will be seen

that the total energy radiated is least in the case of Osmiurn, a little more
with Tungsten and most with untreated Carbon. At first sight, therefore,
it appears that Osmium would be the best material to use as it dissipates
(and requires) less energy to provide a given quantity of light.
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PRODUCTION OF LIGHT

Osmium, however, has a melting point of about 2500" C., whereas the
melting point of Tungsten is about 3400' C. and the luminous efficiency
gained by employing Tungsten at a higher working temperature far out-
weighs the loss due to its being an inferior radiator.

If these were the only considerations governing the choice of filament
material, Carbon might be supremely suitable as its melting point is very
high, but it cannot be operated satisfactorily at temperatures above
1850'C. on account of rapid evapoiation which would soon destroy the
filament. Manufacturers thus have to search for a conductor having a
high melting point and a low rate of evaporation, with the necessary
mechanical properties to enable filaments to be shaped into suitable forms
of sufficient strength to withstand ordinary (or sometimes particularly
arduous) service. Tungsten is almost universally used for this purpose at
present, and will probably be so used in the future.

Electric Excitation oJ'Gases and Vapours

A gas or vapour enclosed in a discharge tube consists of many millions
of atoms each comprising a central positively charged nucleus round which
a number of negatively charged electrons revolve. In their normal state,
these charges balance each other and the atom is electrically neutral. Due
to the action of some agency such as cosmic radiation received from
outer space, a very small proportion of electrons become temporarily
detached from their parent atoms. These electrons quickly recombine
with nuclei, but others are constantly being formed so that some free ions
are always present.

If a voltage is applied to the ends of the tube, the detached electrons
(negative ions) will drift towards the positive pole of the battery, while the
atoms which are lacking an electron (and therefore are positively charged
ions) will drift towards the negative pole. This drift constitutes a flow of
current, but at low voltages the current will be so microscopic that it can
be ignored.

As the voltage is raised the ions gather more speed, and when they
strike atoms in their path, as they are bound to do from time to time, the
collision becomes more violent. Below a certain critical voltage, these
collision-q are elastic and the atoms and electrons rebound in the same
manner as billiard balls; but when a critical voltage is reached, the force of
collision is sufficient to displace an electron from the bombarded atom and
force it temporarily into an unnatural orbit. In this condition, the gas is
said to be "excited" (see page 14) and may emit visible light of a colour
characteristic of the gas.

It is impracticable to control the voltage applied to the lamp so that this
critical stage is reached but not passed. One ofthe electrons, for instance,
may have been unusually fortunate in avoiding collisions and will have
travelled an abnormal distance, accelerating all the time, before it eventu-
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Fig. 8. Simplified diagram of a sodium atom showing the orbit of an electron.
LEFT: ln the normal state. RIGHT: ln the first excited state

ally strikes an atom with a force sufficient not only to displace an electron
from its normal orbit but to expel it altogether. When this happens the
displaced electron and the atom minus its electron start to move under the
influence of the voltage, each making more collisions which may form new
ions every time, and so on with snowball effect.

In this state the gas is said to be ionised, and it will be apparent that the
current now tends to grow of its own accord, and unless it can be con-
trolled will eventually reach snch a value that the tube will burst. Also, it
will be seen that a higher voltage is necessary to ionise the gas and start
an appreciable current flow than to keep it flowing once started. On A.C.
supplies an inductance of one form or another is normally employed to
limit the current and provide the correct lamp wattage. In a few cases,
resistances are used, but these consume more power than an inductance
(choke or transformer). On D.C. supplies a resistance must be used.

Discharge lamps which operate normally with a low internal pressure
will "strike up" immediately the circuit switch is closed, but the lamps
which build up a considerable internal pressure when alight (e.g. high-
pressure rnercury lamps) cannot re-strike after being switched off until the
lamp cools and the pressure falls. The chief reason for this is that when
under pressure the atoms cornprising the gas or vapour filling are packed
tightly together and electrons therefore only travel a comparatively short
distance before a collision occurs. In these short distances they do not
attain enough speed to cause an ionising collision, but as the vapour cools
and the pressure falls, the atoms become more widely spaced, giving the
electrons more room to generate the necessary speed.

Variation of the pressure within the tube will not alter the wavelengths
at which radiation takes place but it will have the effect of increasing the
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strength of radiation at some wavelengths while reducing,it al others. ft
so happens that as the pressure of mercury lamps is t?i1..9, a greater pro-
portion of the total radiation takes place_ within the visible spectrum, and
-the 

alteration of the relative strengths of the individual visible radiations
makes the light whiter; thus we obtain greater light efficiency and a whiter
light, both desirable objectives. But at high pressures the ultra-violet
ridiation, though present, is relatively subdued, and if we require quantities
of ultra-violet for any purpose, we use a low pressure lamp which generates

U.V. strongly but is weak in visible light.

A discharge in sodium vapour, on the other hand, gives most visible
light at low pressure, and there would be no luminous advantage in raising
sodium lamp pressures because the efficiency would actually decrease'

To be suitable for use in d discharge lamp, a gas or vapour must have

the following characteristics :-
(1) At practicable pressures it must errit a reasonable proportion of

its energy within the visible spectrum (or in the U'V. spectrum
when fluorescent effects are desired)'

(2) It must give a colour of light (or wavelength of U.V.) acceptable for
the purpose in view.

(3) It must not subject the glass or metal parts of the lamp to chemical
attack.

(4) It must not "clean-up" i.e. disappear from the core of the tube
through being trapped against the glass walls by evaporated material
from the electrodes.

(5) It must not decompose under the action of the discharge.

(6) The voltage necessary both to start and to maintain the discharge
should preferably be low.

(7) In the case of a vapour, the vapour pressure must be appreciable
at temperatures below the softening point of the bulb.

These requirements leave us with a number of possible gases and uupontt
from which to choose.

Gases Colour o.f Light
Neon red.
Hydrogen
Helium

pink

Nitrogen...
Carbon dioxide ..

rvory
buff.

Argon
Krypton
Xenon

daylight white.
not generally used alone

but usually in conjunc-
tion with other. gases or
vapours.
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Vapours Colour of Light
Mercury ... blue to white according

to pressure.
Sodium ... yellow.
Cadmium greenish blue.
Zinc greenish blue.
Thallium green.
Magnesiurn grass green.

It would seem attractive to mix, say, mercury, neon and sodium within
a single discharge tube and thus blend the colours of the individual dis-
charges (blue-green; red; yellow, respectively) in suitable propoltions to
give a more or less white light. Unfortunately, this cannot be done in
practice as the radiation from the gas or vapour having the lowest critical
voltage (page 18) becomes strongly predominant.

Luminescence

Luminescence is the collective term used to denote the emission of light
other than the temperature radiation of a hot body such as a lamp filament.
It may be caused either by electrical emission, chemical reaction, living
organisms or by the action of light or some similar radiation.

A luminescent body may be either (1) Phosphorescent or (2) Fluorescent.

(l) Phosphorescence. Certain substances, while activated by light or
similar radiation, absorb some of the light energy thus reaching
them and release it again both during activation and subsequently
over a considerable period of time. This property may be useful
for reducing "flicker" from some types of lamp working on A,C.
supply.

(2) Fluorescence. Afluorescent material also absorbs some of the energy
reaching it but re-emits some of this energy in the form of light
only during the tiure it is exposed to the exciting radiation. Fluores-
cent materials obey the following rules:

(c) Each fluorescent substance is only stimulated by exciting rays
lying within definite limits of wavelength, depending on the
substance in question.

(b) The spectrum ol the emitted fluorescent light is continuous over
a definite band of wavelengths, whether the exciting rays have a
continuous or discontinuous spectrum.

(c) Iffluorescence occurs the colour ofthe emitted fluorescent light
is independent of the nature or wavelength of the exciting
rays.
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Fig. 9. A particular fluorescent material will respond to any radiation in the ultra-violet
waveband YY, but most strongly if the stimulus is concentrated at X. Whatever the
wavelength of the stimulating radiation, the fluorescent light will remain the same colour

(d) Over a wide range the amount of fluorescent light emitted is
proportional to the strength of the exciting rays, e.g. twice the
stimulation will give twice the effect.

(e) The ernitted fluorescent light is of longer wavelength than the
exciting rays (Stokes Law. This is not strictly true in all cases
but is generally borne out in practice).

In fact the mechanism of fluorescence may be likened to that of an
ordinary step-up transformer, but in this case wavelengths are trans-
formed instead of voltages (Fig. 9). The strength of the emitted light
will in each case depend both on the strength of the exciting rays and on
how closely their wavelength(s) correspond to that of the peak of the
absorption band.

Fluorescent lamps used in lighting practice may be conveniently divided
into two main groups:-

(1) Those in which the fluorescent material is excited bylongwavelength
U.V., i.e. of the order of 3000-4000 A. These materials are em-
ployed outside the discharge tube itself-either on the inside surface
of the outer glass envelope of the lamp, or are incorporated in the
paints, etc., used for decorating a surface to be irradiated by a

"black" lamp. (Page 85.)
Most organic substances fluoresce to some extent, but deliberate

fluorescent effects can be most strongly produced by using activated
inorganic materials (i.e. materials containing a minute trace of a
metallic "impurity" such as manganese. Zinc sulphide, fot instance,
will fluoresce in all colours from blue to red depending on the acti-
vator employed.

(2) Those in which the fluorescent powder is excited by short wave IJ.V.,
i,e. below 3000 A. Since the arc tube of such a lamp is at a low
temperature, fluorescent powders are chosen which are most re-
sistant to chemical attack by the ionised mercury vapour and they
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are then placed inside the actual discharge tube. The fluorescent
materials which absorb the U.V. and the glass walls which are
opaque to U.V. of these wavelengths thus form a double barrier
against the passage ofdangerous radiations, and lamps designed for
ordinary lighting purposes are perfectly safe to use.

Typical fluorescent substances in this class are:-
Cadmium Phosphate, Chlorophosphate

or Borate Red
Zinc Beryllium Silicate Orange or Yellow
Zinc Silicate Green
Magnesium Tungstate Blue
Uranium Dioxide (dissolved in glass) ... Green or Canary
Calcium Halophosphate ... White and near-White

By mixing these and other preparations in suitable proportions
it is technically possible to obtain a very wide range of colours of
fluorescent light.

As far as E.L.M.A, members are concerned, the Zinc Beryllium
Silicate powders have been abandoned for general use for a long
while in favour of the Halophosphates.
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A Westlake machine capable of blowing 100,000 idbntical lamp bulbs per day

l;

MODERN LAMP MAKING

FTiHE MAJORITY OF ELECTRIC LAMPS for general use are mass-

I produced by machines expressly designed for"the purpose, and by
r bperatives specially trained in his or her particular process, working

in a building exactly adapted to accommodate the flow and storage of the
raw materials and finished goods.

At one time, some years ago, the term "mass-produced" had come to
be almost synonymous with "cheap and nasty", probably because a mass-

produced article has no individuality, each being indistinguishable from
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its neighbour. This characteristic may be very undesirable for articles of a
personal nature, but it is exactly what is required of articles of general

utility such as electric lamps which must be interchangeable, a-re required
in vast numbers, and must be at a price within the reach of all.

Many tens of millions of electric lamps are needed in the British Isles

every year. Were the most popular types to be made by hand, not only
*onid'th" performance of individual lamps vary far more than would be

acceptable io critical users, but the supply would fall far short of the de-

manb. To give a single instance, a skilled operator working by hand can

seal the filament into a lamp bulb at a rate of about 20 per hour, but each

machine at present used can perforrn this operation about 1000 tin,es per
hour as only part ofits dutY.

Skilled craftsmen can-and for certain types of lamps, do-make good

larnps by hand in small numbers, but if the demand justifies their use

tnachinei under proper supervision and control can produce far larger
quantities of better and more uniform lamps at a cheaper rate, depending

partly on the extent to which they can be concentrated_ entirely on one

partitular product. In the ideal mass production plant,.only one absolutely

standardised article is made, but in the case of electric lamps there is an

obvious need for various sizes and types to cater for different requirements.

and for various voltage ratings to suit the voltage of the electric supply in
all districts.

A plant designed to produce ordinary lamps for general lighting service

at voitages between 200 and 260 v., in sizes from 15-100 watts and in two
bulb finishes therefore has to deal with not only one, but with eighty-fo.ur

different types of product-and that still leaves out of consideration all
voltages bi:low 200 v., all wattages above 100 w., and all special markings
or caps that may be demanded by customers. Small wonder then that the

lamp- manufacturers would welcome standardisation of supply_ voltage

throughout the country, and that when approached to make a dozen or
two of yet another style or type of lamp their attitude is likely to be "Yes,
if we must, but we would greatly prefer you to make do with a standard

type"; for a non-standard 
-lamp 

is not only relatively_ expensive in itself
but also tends to force up the price of the regular article.

GLASS MAKING
Many of the glass parts of a lamp run at high'temperatures, and it is

importint that undei these conditions strains _dre not set up. causing^

crdcking or fracture of these glass parts. The glass must therefore be of
high qultty manufacture; but since molten glass attacks. and tends to
ablor6 moit things with which it comes into contact, this entails very
careful control of the entire process of glass making, including apparently
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unimportant details such as the composition of the fire-blocks forming
the sides of the melting and mixing tanks. Commercial quality glass is by
no means good enough for lamps.

A number of those shapes and sizes of bulb not in very great demand
are still blown in the time-honoured way by skilled craftsmen, but all bulbs
for the popular sizes of filament lamps for general lighting service are
blown automatically by machines which can each produce some 100,000
identical bulbs per day continuously for as long as may be required. The
full potential output of a few such machines is so far ahead of present-day
demand that the sensible and obvious course is adopted-the associated
manufacturers draw their bulb supplies from a central pool instead ofeach
having to buy costly machines and run them intermittently (and therefore
uneconomically).

These machines draw a measured quantity of glass from. the furnace,
blow it to shape and give it a high polish, after which the brilbs are annealed
to relieve strain and the rough edges of the neck are trimmed. Then, if
lhey are to be pearl lamps, they are internally sprayed twice with hydro-
fluoric acid, the first treatment etching the glass and leaving it with a
rough inside surface which breaks up the light rays and diffuses the light,
and the second treatment re-toughening the glass which has been made
brittle by the etching.

. The various sizes of glass rod and tube used are produced by machines,
but the accuracy with which a desired diameter of tube can be made is at
present not nearly so great as in the case of'metal products. Therefore the
rod and tube are gauged into batches of the desired diameters for use on
the various lamp-making machines, which are then adjusted to accept the
materials available.

The type of glass suitable for filament lamps may be entirely unsuitable
for parts of electrio discharge lamps in which gases or metallic vapours
are contained at high temperatures. Sodium vapour, for instance, attacks
ordinary glass and therefore the discharge tubes of sodium lamps have to
be constructed of sodium-resistant glass. In many types of mercury dis-
charge lamp the energy of discharge is concentrated in a small tube which
attains a temperature too great for ordinary glass to withstand, and quartz
or special heat-resisting glass has to be used instead. Special envelopes are
also necessarily employed where it is required to permit the passage of
certain wavelengths of ultra-violet radiation, to which ordinary glass
is opaque, or nearly so.

In addition to the problem of producing the right kind of glass in the
right size, there is also the problem, dealt with in r,rao-rN wrREs (p. 3l),
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of sealing into the giass the various cult:ent-carrying leads and supports
necessary for the proper functioning of the lamp.

FILAMENT MANUFACTURE

The production of practically pure tungsten metal from the ore wolfram
necessitates a long and complicated chemical treatment with which it
would be out of place to deal here, but the process eventually produces a

fine grey metallic tungsten powder over 99'9 per cent. pure.

In the first decade of this century nTuch difficulty was experienced in
rnaking this powder cohere so that a filament could be forrned from it, but
in 1909 a method of treatrnent was devised by which it was rendered ductile
and could be drawn through dies to the required diameter. This method,
which is still used, rnay be outlined as follows:-

The tungsten powder is placed in a rnould some 16 ins. long by 't in.
square section, and is subjected to hydraulic pressure of many tons per
square inch. This makes the powder stick together sufficiently to permit
careful handling (in the salre mannel as foundry sand can be moulded),
A very heavy electric current is then passed through it for a few moments
in an attnosphere of hydrogen, having the effect of fusing the various
particles together to form a more or less solid bar. The "sintered" bar is
ihen put inio a lurnace and when hot is beaten on all sides ("swaged") by
a series of rotating hammers so that it gradually becomes _thinner 

and
longer until it has reached such dimensions that it can be handled by wire-
drawing machinery. In the final stages it is drawn through a series of
diamond dies of diminishing size until the required diameter is reached, by,

which time the original 16-in. "slug" has been extended to a length of
several miles.

Fig. '10. Reduction of tungsten filament wire diameter through successive dies of

diminishing size (enlarged many times). ln practice, wire is not drawn through two
dies simultaneously 
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The extreme accuracy required in filament rlanufacture may be illus-
trated by a few figures.

The filament of most types of lamp is formed into a single coil or coiled
coil which must maintain its strength and rigidity even when heated to
temperatures exceeding 2500' C. This requires, among other things, very
careful control of the grain size of the original tungsten powder, the bu*
of which should have a diameter varying between one andtwo thousandths
of a millirnetre, but if there is too great a proportion of the smaller sizes
the wire will be unsatisfactory. Samples of every batch of powder must
therefore be taken, the actual grain sizes measured and the size distribution
discovered, for which photomicrography and subsequent projection on to
a screen are used.

Filaments for the sizes of lamps most commonly used range from
0'0006 to 0.002 in. in diameter, and if lamps are to have the long and
uniform life the user now has a right to expect from them, the filaments
must be very accurately round and must not have local variations in
diameter as great as I per cent., i.e. a variation of only ten millionths of
an inch will not be permissible in some cases.

Not only must filament wire have a uniform diameter throughout its
length, but the dies are required to produce wire of the same diarneter
regularly over long periods of time. Dies for the smallest filaments (15 w.
high voltage) must therefore be maintained perfectly round and with a
size tolerance not exceeding 2 per cent.; even then it is the practice in high-
est quality manufacture to make adjustments, in later stages of filament
coiling, for those filaments whose diameter is near the uppei or lower limit
of tolerance.

FILAMENT COILING

The internal diameter of coiled filaments rnust be very accurately con-
trolled. It is found that the diameter of the mandrel on which the filament
is coiled is most exactly determined by weighing a known length, and
therefore precise knowledge of the density of the material is necessary.
So also is knowledge of its hardness, for a filament helix which cuts inio
the mandrel would be shorter than one which did not. Accuracy in
.mandrei diameter is no less important than filament diameter, since it has
as great an effect on the performance of the lamp.

MODERN LAMP MAKING

The designed distance between adjacent turns of a coiled filament varies
from about 0 '3 to 0'6 of the wire diameter, and the permissible variation
in spacing is only of the order of 1 per cent., i.e. about 5 millionths of an
inch for a 40 w. high voltage lamp. It will be readily understood, therefore,
that in the filament coiling machine both the tension of the filarnent wire
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Magnified view of a filament coil which has become dlstorted in use. A similar degree of
non-uniformity in a filament coil to be mounted in a new lamp would ensure immediate

rejection

as it is wound on the mandrel, and the speed with which the mandrel
moves along illust be kept absolutely constant, otherwise relatively wide
variations in the pitch of the coiling may result. Even a slight excess of
hardness in one tooth of a gear-wheel will result in erratic running suffi-
ciently serious to make the difference between a satisfactory filament coil
and an unsatisfactory one.

When coiled-coil filaments are required, the primary coil together with
the mandrel on which it is wound is coiled round another and larger
mandrel about twice the diameter ofl the primary coil. Both mandrels
are subsequently removed by dissolving in acid after the filarnent has
been cut into suitable lengths. The care with which the highly complicated
but unsupported double spiral must be handled will be appreciated when it
is realised that though the individual turns o1'either coil are far too small to
be distinguished by the naked eye, yet microscopically small displacement

TOP: Primary coil wound round the mandrel. BOTTOM: Primary coil and mandrel
wound round a secondary mandrel to form a cored coiled-coil. The cores are subsequently
d issolved

ffin! rul
NE cn
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With the lamp in the cap-up position, the filament lies on the single-wire portion of the
support loops

which might luake one turn touch its neighbour must be avoided, other-
wise the effective length of the filament will be reduced ancl the lamp will
be over-run and therelore fail early.

Both before and after the mandrel has been cut and dissolved, the fila-
ment coils are subjected to a heat treatment to prevent excessive sag and
movement of the filament during the life of the lamp. The coils are fed into
a furnace through which hydrogen is flowing and the temperature attained
n-ray be up to 1800' C. depending on the type of coil being produced. This
operation reqnires careful control, as excessive heat tleatment will cause
the filaments to become undesirably brittle.

FILAMENT SUPPORTS

The rnolybdenum wires which support the filament within the lamp
have some effect on its performance. A sufficient nurnber of supports must
be provid_ed to prevent the filament from sagging when very hot, fot rug-
ging would stretch and open out the coil and resuit in a reduction of ligirt
output. On the other hand, each support acts as a conductor drawing away
heat, therefore too many of them would cool the fllament and again resuit
in a loss of light. Thus there is a tendency to reduce the nurnber of sup-
ports as chemists and physicists produce tungsten wire more able to retain
its shape at high temperatures.

Lead-in wires. The centre part, between welds, is made of composite wire round which
the glass is pressed to form an air-tight seal
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Even the shape of the support loops through which the filament runs is

important. Loops must be almost closed in order to retain the filament

whichever way rip the lamp is burned, but filament lamps for ordin-ary

lighting servicl ar^e designed to be burned cap-up. The loopsare therefore

si arringed that when burned in the cap-up _p_osition 
the filament rests

only on ihe single-wire portion of each_loop.. When the lamp is turned on

its iide or upside down, part or parts of the filament must come in contact

with the do-uble-wire part of the loop, thus short-circuiting one or more

sections of filament and somewhat reducing lamp life'

LEAD-IN WIRES

Where the lead-in wires, which carry the current fiom the outside to the

inside of the lamp, pass through the glass they must make a completely^

airtight seal at allieirperatures. They must_therefore have the property of
bein"g wetted by the mblten glass and must also have the same coefficient of
expaision with temperaturJ as the glass, for otherwise when heated they

would either burst the glass seal, or would expand less than the glass, leav-

ing a small gap througli which air could pass. Platinum has this character-

isiic and *u"r, in fact, 
-used for this purpose in early lamps, but its very high

price prevents its continued use.

No other single metal has the required physical and electrical character-

istics and a coriposite wire has to 6e made up. This generally consists of
nickel-iron wire with a copper sheath, the proportions of the metals. being

so arranged that when drawn to the required size the overall coefficient of
expansion equals that of glass.

Economic considerations demand that this composite wire be kept short,

and the length is usually limited to that of the glass l'ginch'j..Inside the

lamp the wiies connected to the filament are usually nickel, while the con'
n."tiotr to the cap is a copper wire. Thus from the cap to the_fllament there

is a ,.3-part" tead (coppe?-composite wire-nickel) and these wires are

fabricatid on automatic machinei which cut the components into desired

lengths, and hold the pieces for a short interval in hydrogen flames where

the-welds are made. ih" ru-" machine also flattens the end of the nickel

wire, and turns it over in the form of a small hook, ready for receiving the

end ol the filament.

When a coiled-coil lamp fails through filament breakage whilst alight
there is a possibility of the gas filling becoming ionised and therefore cap-

able of cairying aiatg" curient suffiiient to shatter. the lamp. In order to

avoid this a fnsE, so deiigned that it will blow immediately ionisation occurs,

is incorporated in the-lead-in.wires, thus avoiding lamp breakage and

replacerient of circuit fuses. The automatic machines which fabricate

thi lead-in wires also seal the fuse into a short length of glass tube for
protection.
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Fig.11. A, The end ofthe stem tube is softened by
carefully controlled gas iets
B, C, D, E. A rotating and rising flyer immediately
flares out the soft end of the stem tube. The flare
will later be sealed to the neck of the bulb

F. A sharpened steel whee! trims the flared tube to
the required length
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STEM MAKING
The next step is the manufacture of the "stem", or glass and lead-in wire

assembly on which the filament will be mounted. The stem consists of
four parts: (1) a glass stem tube, one end ofwhich is flaled out to form a
surface for sealing to the glass bulb, (2) a glass exhaust tube through
which, after sealing, the larnp is first evacuated and then filled with the
appropriate gas, (3) a glass rod or cane, which will carry the molybdenum
filament supports, and (4) the lead-in wires.

These four components are fed automatically from hoppers into a
machine which heats the stem tube until it collapses around the lead-in wires,
and a small clamp completes the airtight pinch-. At the same time, the ends
of the exhaust tube and cane are heated and welded to the stem tube, and
a puff of air is forced through the exhaust tube to blow a hole in the side
ofthe "pinch" to form a connectingpassage between the exhaust tube and
the interior of the bulb.

FILAMENT MOUNTING
This operation is also performed automatically. The filaments are laid

out on a tray from which they are picked up one at a time by a vacuum
chuck and fed into the loops of the lead-in wires where they are clamped into

Fig. 12. A, B. Stem tu be is heated and collapses rou nd the cane, exhaust tu be and lead-i n

wires. C. Clamp completes the seal at the "pinch". D. Air is blown through the exhaust
tube to clear a passage as at E
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MODERN LAMP MAKING

place. On the same machine the end of the glass cane is softened, the
molybdenum filament supports inserted, and their ends wrapped round
the filament.

SEA LIN G

The mounted stem is fed up the neck of a glass bulb, and gas jets ad-
justed to fuse the flated end of the stern tube to the bulb neck. Careful
adjustrnent ofjets is necessary to prevent excessive strain in the glass.

PUMPING
Both vacuum and gasfilled larrrps must have the air extracted from the

bulb to leave the highest cornmercrally obtainable vacuuul, for any trace of

Fig. 13. A. Stem. B. Formation of filament clamps. C. Filament clamped at ends.
Cane heated and formed to shape. D, E. Supports inserted and looped round filament
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Fig. 14. Welding the flared end of
the stem tube to the neck ofthe bulb.
The part below the weld is later
trimmed off

oxygen remaining in the bulb would combine with the incandescent fila-
menl and the tungstic oxide so formed would volatilise on to the bulb,
causing a yellowish white deposit. Pumps commonlyused for this purp-ose

are in iontinuous use and pioduce bul6 pressures of the order of -*-
millimetre ol mercury.

Even such a high degree of vacnum does not entirely extract all the un-
desirable oxygen, whicfi would combinewith the tungsten filament, causing^

it to burn and thus have a short life. In order to eliminate this trace of
oxygen, the filament is dipped in a liquid containing finely divided phos-

phbius in suspension. This phosphorus temains on the filament until
ilter the lamp has been exhausted; the lamp is then lit up and the phos-

phorus burnJin the oxygen which is present, effectively removing it.

Gasfilled lamps for general lighting service are filled with an argon-
nitrogen rnixture immediately after they have been exhausted of air. One

of thJmajor requirements of this gas is:that it should be ultra-dry,-fol if a

single drop of moisture four-rd its way into a container large enough to filI
half a million lamps all of them would fail early.

The lamps are fed into a heated tunnel to drive out occluded gases and

moisture fiom the lamp. Whilst still in the tunnel, lamps are evacuated,
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flushed out with gas, and re-evacuated. They are then cooled as quickly as
possible and filled with the appropriate gas. It is essential to cool as much
as possible before filling in order to obtain as high a pressure of gas in the .

bulb as possible (about 600 mm.). After filling, the exhaust tube is sealed
offin a small flame.

The quality of gas filling is assessed by passing a high-frequency dis-
charge through the lamp, the colour of the resultant glow indicating the
presence or absence of impurities.

CAPPING

The cementing of the cap to the bulb is a minor mechanical operation,
but if faulty, can cause a great deal of annoyance and danger. When new,
the cement must withstand a torsion test of 25 or 45 lb. ins., depending
on the type of cap used, and must retain a firm joint between the glass and
brass despite continual rapid heating and cooling when the lamp is in use,
and also when used in high temperatures which may be encountered in
ordinary practice, as in a boiler room. A system by which the cap is
mechanically fixed to the glass without the aid of cement has been de-
veloped for some lamps operating at high temperature; projections in the
cap interlock with recesses in the glass seal, and once fitted the cap cannot
be removed without breaking the glass.

In general, projector type filament lamps are required to operate with
the plane of the filament exactly at right angles to the line of projection.
ln order to save trouble when renewing a 1amp, and to ensrlre that the
lamp is inserted in its correct position even when replaced by unskilled
labour, a prefocus cap is often used.

STATISTICAL CONTROL
Statistical methods of quality control are fully employed in a first-class

lamp factory. At all stages in manufacture, samples of the product are
constantly being removed for test and analysis, so that an up-to-date
record of the precision attained throughout the works is under constant
review. Statistical analysis of these results also shows whether the indi-
vidual samples are closely grouped round the designed target figure, or
whether they are beginning to spread, indicating an.undesirable lqss of
control at some stage. Further, constant analysis ofthe results gives early
warning of a tendency to develop a "drift" in one direction or the other,
i.e. filament grain size, or coil pitch, or some other essential detail may be
tending to increase or decrease, though still well within the limits of
tolerance, and early knowledge of this tendency, coupled with lorrg ex-
perience which indicates the probable root of the trouble enables it to be
corrected before it has developed to such an extent that the finished pro-
duct may have to be rejected. This continual testing is of course sornewhat
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expensive, but is fully justifiable since it is the only possible rnethod of
guaranteeing satisfactory service when the lamps eventually reach the open
market. Users would soon find that a reduction of lamp price made
possible by skimped testing routine would be an expensive economy.

GENERAL
Although filament type electric lamps are now so common that they are

generally regarded as ordinary everyday articles, it will be appreciated from
the foregoing sections that their manufacture requires-or should require

-a degree of accuracy and control far higher than most commercial pro- .

ducts, since microscopic inaccuracies can make relatively large differences
to the performance of finished lamps.

The period of experiment and improvisation in the manufacture of
ordinary lamps for general lighting service is now over, though research is
still energetic and continuous, After more than sixty years of lamp de-
velopment, however, the buyer and user of a lamp has a right to expect
that it shall perform in a manner not only satisfactory in itself, but also
practically identical with that of a similar lamp bought at a different shop
on a different date.

Three of the qualities dernanded from a good lamp are that it should
deliver as much light as possible with the least consumption of current, and
for the longest possible time; but the light output and life of lamps are inter-
dependent, e.g. a photoflood lamp is deliberately made to give a great
quantity of light for only a few'hours, yet its quality may be just as high
as that of an ordinary lamp made to give less light for many hundreds of
hours. Uniformity of performance is therefore a very important factor in
customer satisflaction, and the efforts of lamp manufacturers of repute are
constantly directed towards achieving ever greater uniformity of product,
whilst at the same time making full use of technical advances which permit
the other lamp qualities to be improved.

Even with the best interests of light users at heart, individual manu-
facturers might come to very different conclusions regarding desirable
lamp life and efficiency, and there might therefore be a very wide variation
in performance between similar lamps made by X and Y, e.g. both brands
might be of first-class quality, but X's might have a life of, say, 1200 hours
with an efficiency of 12 lumens per watt, whereas Y's had only hall the
life with a corresponding increase in efficiency. Thus there is a need for an
impartial advisory body to decide a minimum standard of life, efficiency
and other qualities which, if adhered to or improved upon, will result in
Iamp performance satjsfactory to the great majority of users.

The British Standards Institution undertakes this work, and the appro-
priate B,S. Specificatiol (No, 161 for tungsten filament lamps for general
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lighting service) is the lamp manufacturers' Bible. It can be quite deflnitely
stated that lamps which fail to comply with the current specification (and

it is revised from time to time as may be justified b.y conditions) are either
of such poor quality or so uncertain in performance that they are no credit
to their maker and of very doubtful value to the purchaser; even lamps
which just succeed in passing the lower limits of the specification can only
be classed as very ordinary, for the best quality lamps are and always have
been kept well ahead of the specification in force for the time being.

This would, of course, be an easy matter to arrange if the lamp manu-
facturers controlled the provisions of the specification, but in fact they do
not and cannot. The committee of about twenty people which draws up a
specification includes not only representatives of lamp manufacturers but
also those of Government departments and large groups of lamp users,

such as railways, shipping companies, large industrial and commercial
groups, and so on. The Committee has to decide, among other things,
what lamp life and efficiency will enable the greatest number of users to
obtain their light most economically, and this obviouslY entails considera-
tion of the average cost of electricity for lighti ng throughout the country.
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MODERN FILAMENT LAMPS

DEVELOPMENT

TTTHOUGH OF CONSTDERABLE HTSTORICAL TNTEREST, most of
I the various advances in lamp manuFacture from 1878 up to lgll
^ were of no more than temporary value since they concerned the use

of different processes and filament materials, etc., which were themselves
rapidly superseded by others. In 1911, however, a satisfactory means of
drawing metallic tungsten into a fine wire was invented, and modern lamp
development can be said to date from that year.

Though the drawn wire tungsten filament vacuum lamp was a con-
siderable advance on anything that had beeri commercially produced
before, it still had a very limited luminous efficiency if run at a temperature
Iowenough to give a satisfactorilylong life. Furthermore, in commonwith
other vacuum lamps, the glass bulb tended to "blacken" after a period of
burning, thus obscuring some of the light generated by the filament.

Apart from mechanical fracture, the life of a given filament is dictated
by the temperature at which it is run. However much care is taken in
manufacture, it is impossible to produce a filament exactly uniform in
diameter throughout its length, and there is bound to be a spot somewhere
of very slightly less thickness than the remainder. Since every part of the
fi.lament is carrying the same current, this thin spot will also become the
hottest spot, as tbe current density here will be at its maximum.

The hot spot is also a weak spot, and the weight of the filament is liable
to create a slight tension which pulls out the wire, making it ever thinner
and hotter, and so on wrth snowball effect. "Evaporatron" of the filament
material also tends to occur at high filament temperatures, i.e. minute
particles of filament material are constantly being shot out from the body
of the metal, in much the same manner as steam or vapour is given off by
simmering water. More of these particles are expelled from the hot spot
than from anywhere else, still further reducing its diameter, leading to still
greater rate of evaporation, and so on. Thus the effects of tension and
evaporation both tend to shorten lamp life, and the higher the average
temperature of the filament the more rapidly will the effects become dis-
astrous. In other words, over-running a filament lamp drastically shortens
its lif'e, and is not therefore a generally satisfactory method of obtaining
more light.

The rate of evaporation of the filament, however, is dependent on the
external pressure exerted on it (cf. water under pressure has a higher
boiling point than when in vacuo). In the vacuum lamp the pressure on the
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filament is zelo, or very nearly so, and the rate of evaporation is at a
maximum. If therefore an inert gas, which will not attack the filament or
other parts of the lamp, is inserted in the bulb, its pressure should result in
a slowing down of the evaporation so that the filament could be designed
to run at a rather higher temperature without any ill effects. Nitrogen or
argon, or a mixture of the two, are suitable gases to use for general
lighting service lamps, since they can be extracted from the air at reason-
able cost and have a rnoderate density sufficient to effect a considerable
leduction in filament evaporation. In cases where maximum efficiency is
required, and cost is of secondary irrportance (as, for instance, in miners'
cap lamps) krypton gas may be used, as its greater density pennits.higher
filament temperature, but its cost and the difficulty.of handling it preclude
its use for ordinary lamps at present.

If a vacuum larnp with a "straight" filament formed into the shape of an
open cage were to be filled with gas, the wire, though heated by the passage
of current through it, would at the same time be cooled by the gas which
circulates within the bulb, passing on its heat to the glass walls which
dissipate it by radiation or convection. This cooling effect would be so
pronounced that the filament barely glowed except near the top of the
bulb where the gas is hottest. The principle of gas filling in fact seemed to
offer little hope of success.

Examination of the flow of gas round and past a hot wire, however,
showed that in contact with the wire was a thin layer of gas which remained
almost stationary, and no appreciable gas movement occurred within a
very small distance from the wire surface. If the filament is coiled into a
very tight spiral, the stationary layers round adjacent coils tend to inter-
lock, denying free passage of the gas through the coil. Heated gas tryere-
fore tends to flow round the outside of the filament spiral, which, in effect,
becomes a relatively short thick cylinder from the outside surface of which
gas can carry away heat. It will be apparent that the cooling surface thus
presented to the gas is very much less in area than that of the total length
of uncoiled filament, and heat loss to the gas is reduced accordingly, so
that equal input wattage will produce higher filament lemperature, or equal
temperature is reached with less wattage, as may be required.

The relative cooling effect with a closely or loosely coiied spiral is well
illustrated by an ordinary electric fire with a damaged heating element.
The closely coiled sections run at a high temperature, while sections where
the spiral is stretched are comparatively cool.

Gas filling, introduced h 1913, is not necessarily advantageous with all
coiled filament lamps. The diameter of the filament is the limiting fabtor,
for with wire of the finest diameter the surface area is so large in compari-
son with its mass that even close coiling cannot prevent a loss of heat to
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the gas (i.e. waste of energy) which cannot be counterbalanced by the
energy saved by operating the filament at a higher temperature (see page 16)

Thus lamps for general lighting service are gas-filled only in sizes from
40 w. upwards (25 w. in the 100-130 v. range) though mass production
procedure also requires the smaller sizes to contain coiled filaments.

The "pipless" lamp was produce d in 1922. Previously, the lamp was
exhausted through a hole in the end of the bulb, which was subsequently
sealed by fusing together the edges of the hole to lorm a small pip, which
was not only unsightly but also liable to catch on things and be snapped
off. Nowadays the lamp is exhausted and the gas admitted through a hole
automatically blown in the "pinch" and a smoothly rounded bulb shape
is obtained, improving both the appearance and the handling properties
of the lamp.

Coiled coil lamps were flrst introduced h 1934. The second coiling of
the already coiled filament is a logical step to reduce still further the loss

of heat to the gas and results in an increase of luminous efficiency ranging
up to 20 per cent., but the principle is not applicable to all sizes of gasfilled
lamp, for-

(a) The filament diameter must be large enough to give the mechanical
strength necessary to retain its shape when hot.

(6) The gain due to coiled coiling is progressively reduced as filament
diameter is increased.

These considerations limit the value of coiled coiling to the 40-100 w'
range of lamps for general lighting service, but coiled coil filaments are

sometimes used elsewhere, e.g. in projector lamps primarily to reduce
filament area.

It should be understood that the increase of light-from a coiled coil
lamp is not due to a rise in filament temperature. Other things being equal,
the ieduced loss of heat to the gas would result in the filament becoming
hotter, but that cannot be permitted as the lamp life would be shortened.
Therefore the filament is made a little longer to put more resistance in
circuit and thus bring the temperature back to normal. This, however,

Fig. 15. Micro-photograph of a coiled-coilfilament._Notetheabsolute uniformity of both

primary and secondary coils
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also reduces the wattage, but as it is desirable to retain the standard range
of wattages the filament is also made a little fatter to bring the wattage
up to normal. Thus a coiled coil lamp has a slightly longer and fatter
filament than a single coil lamp, and the extra light is obtained from the
resultin g lar ger ar ea of incandescent surface.

TECHNICAL

GENERAL SERYICE LAMPS

DETAILS OF BULBS

Bulbs for all sizes of lamps used for general Iighting servjce are now
usually made from soda lime glass formed byfusing a mixtureof soda ash,
lime and sand, which can withstand the temperatuies normally attained in
this class of lamp. Special glasses are used for some other types.

Bulb Finish

General lighting service (G.L.S.) bulbs are normally obtainable in two
styles:-

l. Clear glass.

2. 'oPeatl".

Clear Bulbs

These have a smooth inside and outside surface, and absorb the least
possible quantity of light, but do not modify the brilliance of the filament,
which can be clearly seen. In sizes below 200 w., where lamps are likely to
be mounted below medium height, it is generally preferable-to use a pearl
bulb in order to reduce glare and eliminate or soften the hard shadow
effect received on walls and ceiling caused by the abrupt cut-off of light at
certain angles, depending on the nature of the lighting fitting in which
the lamp is housed.

Pearl Bulbs

The only difference between the pearl and the clear bulb is that the
former undergoes two internal acid-spraying processes to roughen the
inside surface of the glass, and thus form countless minute prisms which
each refract the light in a different direction, creating a degree ofdiffusion
which conceals the brilliant lamp filament, the light appearing to come
from a bright patch on the bulb surface. This diffusion is not accompanied
by any appreciable loss of light.
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Three representative sizes of G.L.S. lamp; 15, 150 and 500 w. The smallest is a vacuum

lamp, the others gasfilled

Pearl lamps have a smooth exterior surface which does not collect dust
and dirt. They are standard up to and including 150 w., and can be
obtained * in other sizes.

Effect oJ bulb finish on light control
Precise control of light by optical means can only be obtained from a

light source of small effective dimensions. Control by mirror or lens used
in conjunction with a clear gasfilled lamp can be sufficiently accurate for
everyday purposes, but substitution of a pearl larnp wjll inevitably broaden
the distribution of light and may make the controlling apparatus ineffective.

* Under normal conditions.

Photomicrographs of part of a pearl bulb.-LEFT: After the first acid spraying.

RIGHT: After the second acid spraying to re-toughen the glass previously made brittle,
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Accurate beam control from clear lamps may cause streaks or striations
to appear on a lighted surface; if this is objectionable, pearl lamps will
often be found to avoid this effect while rnaintaining sufficient control.

In designing lighting installations, certain mandatory requirements*
concerning the maximum brightness of a light source, and the angle at
which a fitting cuts off the direct light from the source, may have to be met.
In the latter respect the position of. the light source, within the fitting
is generally taken as the geometrical centre of the filament for both
clear and pearl lamps.

Colouring

The colour of light emitted may be modified by:-
l. Colour Spray. A coloured medium is sprayed on to the outside of

the bulb. Standard colours include Blue, Green, Amber, Red and
White. All colours are availablet up to and including 200 w., and
White also in larger sizes.

2. Varnish. Various colours of heat-resisting varnish may be applied
to the bulb, but this treatment is not to be recommended for other
than temporary lighting, since the varnish is liable to scratch and
peel off.

Absorption of light by colour media

All the above methods of obtaining coloured light depend upon absorp-
tion by the media of unwanted colours. This wasteful process necessarily
results in a reduction of light output varying in extent with different
colours.

The table below gives the approximate transmission factor of the colour
media employed, and the relative wattage of colour sprayed lamps that
must be installed to give as much light as a clear lamp.

Colour
Relative wattage

required (clear lamp
taken as 1)

White
Blue
Green
Amber
Red

5

* E.g.Factories (Standards of Lighting) Regulations, 1941.

f Under normal conditions.
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Bulb Shape

Two main factors control the shape of gasfilled lamp bulbs for G.L'S.
lamps:-

1. Good appearance'

2. Adequate cooling of the heated gas without raising the temperature

of the glass or iap cement beyond its safe working limit. With the

lamp in the pendant position the natural flow of ]rot ga9 is such

that the solid matter evaporated from the filament is carried up to
the neck of the bulb and deposited there, where it has no ill effect.

If the lamp is used in other than the pendant position the greatest

blackening will appear vertically above the filament, where it may
absorb a consideiable proportion of the generated light. In larger

sizes of lamps a rnica disc is inserted in the neck of the bulb to give

the oopinch'; wires and cap assembly additional protection from
heat.

CAPS

The types of cap most commonly used in this country for other than

projection purposes are as follows:-

1 standard Bayonet (B'C.)

2. Small Bayonet (S.B.C')

3. Goliath Edison Screw (G.E.S.)

4. Edison Screw (8.S.)

5. Small Edison Screw (S.E.S')

6. Miniature Edison Screw (M.E'S.)

Dimensions of these and other caps will be found on pages 147-8' For
general lighting service lamps the caps used are B.C', E.S. and G.E.S'

B.C. caps make lamp replacement and removal easy, and_allow^lightly

loaded spiing plungers in B.C. lampholders up to current values of about
1.5 amps. Af greater current values the lamp-holder springs may.fail
owing tb overheating, and for the sake of uniformity among- the variotts

voltage ranges B.C. caps are fitted as stanCard to all G.L.S' lamps up to
and i-ncluding the 150 w. size. E.S. caps are fitted to 200 w' lamps- The

larger sizes, frorn 300 w, upwards, a-re fitted with G.E.S. caps which pro-
vidi adequate electrical contact surface and are of sufficient diameter to
give mechanical support to the large bulb.

The dqsign of the caps, and the method of attachment to the bulbs,

enables them to withstand the torsion test specified in British Standards

Specification 161, i.e. 251b. ins. for B'C' and E.S' caps, and 45Ib. ins. for
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G.E.S.-91ps.^ The cap cement will safely withstand a working temperature
up to 140" C.

The insulation resistance between the current-carrying leads and the
:tt"f .u.B.C.cap is more than 50 megohms in order"to comply with
I.E'E. wiring regulations. In the case of-E.s. and G.E.S. caps in'srilation
resistance cannot,apply as_ the parts are connected within the lamp, but
the design of the lampholder ensures that safety regulations urc noi.orr-
iravened.

FILAMENT FORMATION

^. 
Most g.L's' lamps have a wreath filament but where the length of

filament_is too,great to be accommodated in one plane, it takes the"form
of a multiple V or M.

TILAMENT SUPPORTS

. I". ^9rj G.l-.s. lamps the filament is welded or clamped at each end to
the lead-in wires, which from the "pinch" to the firament are made of
copper for vacuum lamps, and nickeifor gasfilled 1amps.

. The central_parts of the filarnent are supported by molybdenum wires
inserted into the "stud" at the end of the central glass rodjthe other ends
of the wjr_es_ being bent into a hook or loop through which the filament
passes. Molybdenum is used because it can withstand the high filament
temperature without vaporising, and has sufficient elasticit/to absorb
shocks.

Each of these wircs causcs local cooling of the firament and a reduction
of light output. The number employed is ieducecl to a minimum consistent

Filaments used in general service lamps.-LEFT and CENTRE: Multiple V or M,
RIGHT: Wreath filament
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with adequate mechanical support of the filament. The permissible length
of filament between supports depends on its strength to resist tension and
sagging, and this in turn depends upon the molecular structure and heat
treatment of the filament both before and after coiling. The very greatest
care is therefore devoted to these matters during filament manufacture.

LUMINOUS OUTPUT

In the table (overleaf) columns 3 to 8 are derived from B.S.S. 16l (1940
edition), whereas columns 9 to 11 give the average lumen output through-
out life of normal high-quality pearl or clear lamps. This "average
throughout life" figure should be used in designing lighting installations,
coupled with a maintenance factor (usually assumed to be 0'8) to allow
for depreciation of light output due to deterioration of external trans-
mitting and reflecting media caused by the collection of dust, etc., between
normal maintenance operations.

It will be seen from columns 6 to 11 of the table on the next page that
normal high-quality lamps consistently give some 6 per cent. more light
throughout life than is required by B.S. Specification. If a lower quality
lamp, which nevertheless just complied with the Specification, were over'
run in order to make it give as much light as the best quality lamp, its
life would be reduced by about 20 per cent. and its wattage increased by
about2 per cent.

ELECTRICAL CHARACTBRISTICS

Over the normal range of operating voltages likely to be encountered
in practice, the properties of gasfilled lamps vary approximately according
to the fortnulae below, the normal value in each case being printed in
capitals.

/LUMENS\ 0.3 /WATTS\ O'7
I I _t I _

\lr."rs/ \watts ) -
VOLTS

volts

LUMENS PER WA
lumens per watt

from which the current may
of curves given in Fig. 16

o'5 /AMPS\2 /OHMS\2 /life\o'o?5
:l 

-l:l -l 

:l 

-l-\amps/ \ohms/ \LIFE/
e.g. To find the cutrent taken by a230 v.100 w. lamp burning on a 200 v'
supply:

' Normal current : H: o'435 amps.

From the equation above,

VOLTS /AMPS\ 2 230 /0'+ls1z
volts 

: 
\ u*pr ) o' zoo: \u-pJi

be found to be 0'4 amps. approx. The family
enable quick approximations to the various
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Fig.16. Family of curves giving a general indication of the characteristics of gasfilled
G.L.S. lamps on varying mains voltage

values to be found, but should not be regarded as strictly accurate for any
particular class or voltage of lamp.

It should be noted that over-volting a lamp in order to obtain increased
effi.ciency and light output results in seriously shortening lamp life. Con-
versely, increased lamp life obtained by under-volting results in seriously
reduced light output without a corresponding reduction in lamp wattage;
in other words, current is being used wastefully and uneconomically.
Deliberate over- or under-running of lamps is therefore not to be recom-
luended save in exceptional circumstances and for a specific purpose.
Long wiring runs with conductors of inadequate sr'ze are a frequent cause
of lamps receiving less than their rated voltage.

To give an example: It is desired to lepiace two 300 w. lamps in an old
installation by two 500 w. lamps in the same positions. Lamps are to be
burned 1000 hours per annum; supply is at 230 volts; lamps are 180 ft.
distant from the switchboard and are connected thereto by 1/0.036 cable
(0'001 sq. in. area); current is supplied at f,10 per kW. installed plus ]r/.
pel unit. Will the existing wiring be satisfactory?
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MODERN FILAMENT LAMPS

Total length ofcable, 360 ft.
From cable-makers tables, resistance of this

length of old cable : 2'88 ohms.

Normal current taken by the 500 w. lamps :
2x500

-n 
:4'35 amPs.

Volts drop at lamp caps with old cable :
4.35 x 2'88 : l2'5 volts.*

Percentage of normal volts remaining at lamp
230 - 12.5caps: T :94'6%.

From curves above, wattage of lamps : 92 % of normal.
The consumer also pays for the wattage lost in

the old wiring :12.5 x 4'35 :54 watts.

/92 \
Totalwattag. 

\fOO 
x 2 x 5001 + 54 :974 watts-

Annual cost-flO * 974 x 2d. : f'12 0s.7d.
From curves on previous page, light output of

lamps : 82 ){ of normal.

Re-calculation on similar lines shows that if the old cable were replaced
by 3/0'036 cable, the results would be:

Annual cost f'l2ls.7d.
Lighting effect 93 ft of normal.

It will be seen that, in this instance, retention of the old wiring would
result in an apparent saving of one shilling, but at the same time it will
be responsible for the loss of some 121 of the light which would be
available with adequate wiring. As the value of the light so lost is over
twenty-five shillings the old wiring is too expensive to retain.

Even though a reduced voltage at the lamps will make them last longer,
it can be shown that inadequate wiring invariably causes an economic
ioss. In effect, the lighting user pays more for inadequate wiring than he
would have to pay for wiring of the correct size.

LUMEN MAINTENANCE
The initial light output of general service gasfilled lamps is approxi-

mately 5 per cent. above the "Average throughout life" figure shown on
page 48, and the output at the end of life some 5 per cent. below. Through-

* A slight re-calculation should be made owing to the reduced current
taken by lhe under-run lamps, but it is omitted here to avoid complicating
the example. The correct figure is about 12'3 volts.
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out life there is thus a steady gradual diminution of light until at the end
of 1000 hours the light output is still approximately nine-tenths of the
original. Changes in wattage and current taken by the lamp are so small
as to be negligible.

The above figures refer only to clean lamps burned in the proper (cap
up) position. Burning lamps in other positions will result in interior
blackening of the bulb over an area situated vertically above the filament,
and the semi-opaque metallic film so formed will reduce light output to a
greater extent than when the blackening is in the neck.

The absorption of light by dust and dirt on the lamp is usually greater
than one might expect from casual inspection of the bulb. A film of dirt
which nay not be noticeable on a lighted lamp a short distance away
may be causing as much as 20 per cent. loss of light.

LAMP LIFE

Though rigid control of manufacturing processes results in ever'-
increasing uniformity of life, absolute uniformity is unobtainable. In
practice it is found that if lamps are burned at their rated voltage the
percentage rernaining alight after a given period is approximately as shown
in Fig. 17. Failures before 500 hours are uncofiunon, but from about
700 hours onward they occur at an increasing rate until half the batch is

loo
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Fig.17. Survivor curve for G.L.S. lamps run under normal operating conditions at
rated voltage. A few fail early, most fail at or around rated life.
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MODERN FILAMENT LAMPS

burned out. Thereafter failures again become less frequent until there
remain a very few with exceptionally long lives. It will be seen that the
great majority of lamps burn out close to their rated life of 1000 hours,
and the average life of a batch is 1000 hours or slightly longer.

The l'act that the only way of ascertaining the life of a particular lamp
is to test it to destruction is the reason for responsible manufacturers
declining to guarantee the life of any particular lamp. The claim they
make, and can substantiate, is that a batch of lamps selected and tested
according to the provisions of B.S.S. 161 will pass that test, and that the
variation between the lives of individual lamps within the batch will not
exceed the specified figure.

A manufacturer who guarantees the life of each lamp must either be
a.ware that his lamps have a relatively low efficiency, or, believes that the
public will not, in general, claim replacements to which they are entitled.

BRIGHTNESS

The brightness of a lamp is a measure of the light emitted per unit
projected area of the filament, or of the whole or part of the bulb when a
diffusing bulb is used.

The greater the degree of light control desired, the more necessary is it
to use a light source of small physical dimensions and consequent high
brightness, but extreme lamp brightness is one of the factors contributing
to glare and discomfort. In general, the larger sizes of lamps are mounted
at considerable heights well out of the normal line of sight, and should not
be troublesome in this respect if installed in appropriate reflectors giving
a degree of screening or diffusion. The smaller sizes, from 150 w. down-
wards, are more generally used singly or in groups for domestic and other
inteliors with limited ceiling height, in which a reduction of brightness of
lamp, if visible, or of the fitling irakes a disproportionate increale in com-
fort. Pearl lamps are therefore recommended for almost all such applica-
tions, for in addition to reducing brightness the diffusing bulb also softens
shadows, avoids streaks of light on the ceiling and elsewhere, and prac-
tically eliminates the sharp change in brightness often noticeable on walls
at the level where fhe top of an open diffusing fitting begins to obstruct the
light from a cTear lamp. Clear lamps are howev'er recommended for those
situations where sparkle or glitter is specially required, as for the display
of some classes of jewellery, cut glass, etc.

The brightness of clear gasfilled lamps up to 200 w. for general lighting
service ranges from about 2500 to 4350 candles/in.2, according to size. In
pearl lamps the size and brightness of the apparent luminous patch on the
bulb surface varies with the angle of view, but the r.naxirnum brightness of
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the patch may be taken as 40 candles/in.z for the 40 w. larnp, increasing to
130 candles/in.2 for the 150 w. lamp.

STANDARD VOLTAGES

Tungsten filament larnps for general lighting service are at present made
for the following voltages. Due to abnormal manufacturing difficulties
some of the intermediate voltage steps previously covered have had to be

abandoned temporarily.

Yoltage Wattage

25
35
50
55
60
65
75

I
(

As 100-130 v. range,
except 75 w.

As 100-130 v. range.100
110
r20
130

STARTING CHARACTERISTICS

At the instant of starting the filament is cold and has a very much lower
ohmic resistance than when heated to its normal operating tempelature'
Thus, momentarily, a relatively large current flows, but is rapidly reduced
to normal as the filament heats and its resistance rises.

The proportion of excess current, and time taken to reach stable condi-
tions, depend on the wattage and voltage of the lamp (Fig. 18)' As a

general rule, the starting current of lamps is up to 14 times the normal run-
ning current. The time.taken to reach nearly full brightness depends on
watlage and type; for example a 230 v. 500 w. gasfiiled lamp reaches

90 pei cent. offull brightness in $ second, anda230 v. 25 w. vacuum lamp
in about $ second.

The momentary excess current persists for too short a time to operate
any ordinary circuit breakers or fuses, and is generally ignored by 

-switch
manufacturers, since switches are more likely in this instance (o fail by
repeated b.reaking of a circuit than by making a circuit carrying heavier
current.
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Yoltage

15,25,40, 60, 100

15, 25, 40, 60,75,
100, 150, 200, 300,
500,750, 1000, 1500

Wattage

150

200
2to
220
230
240
250
260
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It is comrnonly supposecl that switching on a larnp is relatively expensive
in current and is best avoided by leaving a lamp burning continuously in-
stead of switching it on and off when it is only required intermittently.
Inspection of the curves above shows this to be afallacy, especially as
repeated switching has a negligible effect on lamp life.

LAMP CURRENT AND RESISTANCE

The table opposite gives the normal current and hot lamp resistance of
Iamps complying exactly with their rated wattage. Current figures (amps.)
are printed in bold, resistance (ohms) in italics.

20

t5

to

5

500 WATT, 210 VOLT
GASFILLED LAMP

E

q
E

0
2.28 AMPS

0.41 aMPs

0 0.02

0.0r

0.04 0.06

- sEcoNDs
0.08

0.04

0.1

4

3

7

0

100 WATT, 230 voLT
GA5FILLED LAHP

0.02 0.03

SECONDS

40 WATT, 2lo VOLT' GASFILLED LAMP

0 0.05

i o.t

0
0.17 Al'tPS

0.0t 0.02 0.03

SECONDS
0.04

Fig. 18. At the instant of switching on, filament lamps pass excess current for a very brief
period while the filament becomes hot
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MODERN FILAMENT LAMPS

PROJECTOR LAMPS
CLAS SIFI CATION

Projector lamps are available in a nuilber of types for various purposes,
and are classed as follows-

Class A.l-Up to 1000 w., with cylindrical bulbs. Must be burned verti-
cally with the cap downwards. These have a very high efficiency
and an objective life of 25 or 50 hours according to type. When
used in slide lanterns, cinema projectors, etc., they can be
brought close to a short-focus condenser which will then transmit
a large proportion of the lamp light.

The bulbs are relatively small in diameter, and in some cases, in
order to avoid excessive heating of the bulb by the filament, the
lamps must be burned in an air stream, or forced draught ventila-
tion, of sufficient strength to keep bulb temperature below 500'C.
For cinema projection purposes the top of the lamp is blackened to
absorb stray light.

Class B. l-Up to 1000 w., with round bulb. These lamps have a con-
centrated bunched filament and are suitable for use in floodlights
and for stage lighting purposes where long life (800 hours) is a
primary consideration. They can be burned at any angle except
within 45" of the cap-up position.

Class B. 2-As Class B. 1 but with pear-shaped bulbs and suitable for
burning in any position.

Class E.-Of 500 w., with a round bulb, designed especially for episcope
and epidiascope projection. Must be burned within 45' of the
vertical position with cap downwards. Life 100 hours.

Class F.-Low wattage lamps with round or tubular bulbs, operating on
voltages up to 12 v., and specially designed for micro-projection
purposes, e.g. home cine-projectors, sound recording, microscope
illumination, etc. Life 100 hours or less, according to type.

Class G.-Low voltage tubular "exciter" Iamps for sound reproduction.
Life 100 hours.

Sludio Lamps-Up to 5000 w., in round bulbs, with concentrated fila-
ment, designed for the lighting of film studios. Objective life 100
hours. In addition, lamps of short life are made at colour tempera-
ture 3400" k. for colour film purposes.

Tubular Line-Lamps up to 2000 w., in tubular bulbs designed for hori-
zontal burning. The straight-line filament arranged along the axis
of the tube enables a very accurately controlled fan-shaped beam
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MODERN FILAMENT LAMPS

of light to be projected from a parabolic trough-shaped reflector
such as is used for floodlighting. Life up to 1000 hours.

BUIB SHAPES

_ The bulb shapes adopted in all cases are designed to avoid overheating
(and consequent failure) of the glass, while at the same time being kept
small enough to be used efficiently in the optical apparatus for whiih tfie
lamp is required. It will be understood that burning the lamp in other than
the proper position may divert the normal flow of hot gas in the interior,
resulting in overheating and softening of other internal glass parts.

CAPS

_ Though a variety of screw and bayonet caps are still fitted to projector
lamps, especially in the smaller sizes, it is very desirable to ensure that the
filament is always in correct relationship with the optical system without
having to rely on the judgment or skill of the operator to make it so. This
object may be achieved by fitting the lamp with a prefocus cap which,
according to type, contains one or more slots, grooves or otheifeatures
which engage with corresponding projections in the lampholder, and are
designed so that the lamp cannot be inserted wrongly. In the optical
apparatus in which these lamps are used the position and orientation of
the hold_er is fixed by the manufacturer, and the prefocus cap on the lamp
is also fixed in relation to the filament; thus lamp replacements can tre
fitted with absolute certainty that no adjustment is required.

Some of the larger projector lamps, such as are used for cinema studios,
are not fitted with any cap, the internal supports being connected to two
heavy external metal contact plugs to which the circuilwiring is clamped.
These "bi-post" contacts are pushed right home into the sockets of a fixed
holder, the whole assembly then being rigid and effectively prefocussed.

FILAMENT FORMATION

(i) Grid filamenls. These are employed where the source must be very
concentrated, with the maximum light output in one particular
direction (as in optical lanterns and cinema projectors).

The filament is generally arranged in M or multiple-M formation
with the limbs substantially vertical and all lying in a plane parallel
to the condenser lens of the optical system.

In the Monoplane grid filament, the limbs of the filament are in
a single plane and a spherical mirror is usually employed behind
the lamp in order to reflect back through the filamenr formation
the light going in a rearward direction. This mirror is so adjusted
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A

.&

Prgjector lamp filament formations.-A. Monoplane grid. B. Biplane grid, C. Solid

source. D. Bunch

that the reflected images of the limbs appear in the spaces between
the actual limbs, thus giving in effect an almost "solid" rectangular
source.

In the case of Biplane grid filaments the limbs are arranged in' 
two parallel planes, one close behind the other and with the limbs
in the second plane staggered in relation to those in the first, thus
giving a similar effect to a monoplane grid with mirror.

(ii) Solid source filaments. In a comparativeiy open "grid" assembly
the gas filling of the bulb inevitably has a greater cooling effect on
the outside limits, and on the ends of the lirnbs, than on the central
portions of the filament. One way of counteracting this is to mount
all the limbs in a single plane, each limb being parallel with and
touching its neighbour throughout its length. By this means a
higher average filament temperature and a more uniformly bright
compact source can be obtained.

(iii) Bunchfilaments. Where a lamp is required to be used in conjunc-
tion with a parabolic mirror to give a near-parallel beam of light
(as in a long-range floodlight) the filament must be concentrated
into as small a volume as possible and should be arranged to give
approximately equal light intensity in all directions.

In class B.1 and B.2 projector lamps a "bunch" filament is used.
This consists of coiled tungsten wire bent into multiple V's or M's
arranged vertically in a ring, so as to form a hollow cylinder of small
dimensions.

Details of performance, dimensions, eto., of Gasfilled Projector Lamps
will be found on page 131.
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MODERN FILAMENT TAMPS

MISCELLANEOUS FILAMENT LAMPS
In 1939 electric lamps were available in an enormous range of types

and sizes designed to cater for every likely (and not a few unlikely) needs

of the public- During the war the heavy demands of the Services lbr
special iypes of lamps, and the need to concentrate the remainder of plant
cipacity bn the maintenance of the most vitally important lamps .for
industrial and public use made it necessary to discontinue, for the time
being at least, lhe manufacture of several thousand of those types and

sizes without which the nation could still survive, though at some incon-
venience. Had the supply of sotne. of the remaining types of lamps been

interrupted for any appreciable time, industry would have been paralysed
and disaster would have followed.

At the time of writing, war conditions still exist to some extent. The

available labour and materials must necessarily still be devoted to supply-

ing the most important demands, and only a few of those types of lamps

which disappeared during the war have yet made their reappearance'
Others will dbubtless do so in due course, though tlot necessarily in exactly

the same form as previously. Throughout this section a clear indication
is given as to which lamps are available now, and which have been in the

pait, though as the size of this book must be limited the list is by no means

iomplete. Furthermore, "available" does not necessarily mean "immedi-
ately available", for some of the types mentioned are being made only
in very limited quantities as yet.

ARCHITECTURAL TUBULAR LAMPS

These are vacuum lamps containing a line filament mounted centrally
in the tube and extending to within a very short distance of each end of
the lamp. Lamps may thus be butted together to form continuous lines of
light.

Internal connections are taken out to two pegs, one near each end of
the lamp, which are a press fit into gpring holders. These holders are

sufficienlly long to receive also the sealing "pip" of the lamp, which is in
line with ine pegs and very close to one of them; the pip is thus protected

from accidental damage in use.

The opal glass type is generally preferred by users, as it reduces glare to
a rninimum.- (Opa[ ghss, which ii a mixture of clear glasses of different
refractive indicei and with very carefully controlled grain size, achieves

almost perfect diffusion of light by an effect similar to that of minute gas

bubbleiwhen health salts are stirred in water. When unlighted, it appears

white.)
The efficiency of the white opal lamps is of the order of 5 lumens pe-r

watt (7 L/W. fbr clear lamps) and their brightness about 1| candles/in.2.

This is not high by modern standards, but the low brightness (in opal or

60



ELECTRIC LAMPS

- -229mm-- -)r
---305mrn*----t

t
-434nn

-- -r
,hr
l1

1-
t'
I
I
I

I

I
I

I

t
I

I

I
t
I
I

I
I
t

I
,. ur

3

I

I

I

I

I
I

I
i
I
I

I
I

I

I
I

I
I

I

9

A
I

I

I

I

I

I
I

I

I

I
I

I

I

I

I
Io
@\o

I

I

I

I

I

I
I

I

I
I

I

l
I

I
I
i

I
I
I

>l

tl-tt
- -.>i

ll
,l
Irrlri
ll
tl
It
L
ll
!r

'll1
ll
1l
l1
It
tt
II
l1
tlEE
e=

<f €tssT?
lr

IIt
l1
lt
lt
il
'lrl
t,
I

rl
lt
rl
tl
tl
rl
tt
ll
tt
tt
l1

_{- I

-_ _*

F-

r&-

- 500 mm

- As"- -

Jt,

\( \o
\o

300mm -* --
---- 424mm-*- -

Jr

v

{,4 go- -€
o

+/

*_

- -500mm - --'--474mm-_].'...

a
d.
6
6

_v_

{-__ t
-Y_ v_ v_

Fig. 19. Dimensions of standard architectural lami:s. Overall lengths of straight lamps

ar-eapproximately12,20,24,36and48inches. curvesareone-eighth,one-quarter,and
one-half of a circle

6l



MODERN FILAMENT LAMPS

coloured types) rrakes the lamps very acceptable where the decorative
aspect is as important as the utility value of the light, e.g. in hotels and
restaurants, for displays and domestic applicatibns (particularly for
lighting at mirrors).

-The 
lamps may_be burned in any position, but great care is advisable

when removing a lamp fiom its holders for creanirig. If one end is lifted
too far before the other end is clear of the holder tfie leverage so exerted
may be quite sufficient to loosen the peg cap or break the gla-ss.

Previously all lamps were available for the 200-250 v. range, and those
up to and including 24 ins. (nominal) in length also for tO--O-t:O v. At
present the 100-130 v. range is limited to lengthi less than24 ins. (nominal).

Bulb finish available now: clear, white opal, or sprayed white, red, blue,
green, amber.

Details of Architectural Tubular Lamps rvill be found on page 140.

REFLECTOR SPOTLIGHT LAMPS

. These. lamps are designed chiefly for the highlighting of smail areas in
shop. windows, shop interiors and other situations ihere emphasis is
required.

_luTpr are rated at 150 watts, and are available for voltages of l l0, 210,
230, 240 and 250. The overall length is 177 { 6 mm. and diameter
126 + 1.5 mm. An E.S. cap is fitted. Nominal life is 1000 hours.

The upper part of the gasfilled bulb is internally mirrored and has a
parabolic contour so as to project a large propoition of the light in a
direction away from the cap, while the end-of the butu is flatteied and
Bjyel a satin finish to soften the edges of the illuminated .,spot', and td
eliminate any streakiness that might-otherwise be apparent,

Scale m rn
I

r00

150-watt reflector spotlamp with internal
mirror and lightly frosted front to prevent
striation
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As the mirrored surface is not
accidental scratching, it retains its
to the end of life.

ELECTRIC LAMPS

exposed
reflecting

to atmospheric pollution or
property almost unimpaired
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LEFT: Vacuum tubular lamp. UPPER: Clear "maxtrip" tubular. LOWER: Cleardouble'
capped tubular. RIGHT: "Morse" tubular

SINGLE-CAPPED VACUUM TUBULAR LAMPS

At the present time the only lamps of this description generally available
are as follows:-

Wattage
Lumen
Output

(approx.)

185

240
360

25

40
60

The 25 w. lamp is sometimes
applications where space is very

preferred
limited.

Cap FinishVoltage Dia.
mn1.

Overall
Length

mm.

86+3
92 +3
94 *3

302 +-3 opal-
ised

Clear

or

B.C.
s.B.c.
s.E.s.

B.C. or
E.S.

60,\
75 I

rio, I
220,(
240,1
260 )

(As abovel
I except I
1 50-75 v..)

25 +l

38+1

50,
65,

230,
250,

I 10,
210,

63

for signs or for local lighting
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DOUBLE-CAPPED CLEAR VACUUM TUBULAR LAMPS

These have straight 25 mlm. (1 in.) diameter bulbs with the filament
supported centrally. Complying with B.S.S. 555, the luminous efficiency
is approximately 8 lumens per watt.

These lamps have been, and are, used largely for the illumination of
showcasei and pictures, and in other positions where a moderate amount
of light is required from a lamp of srnall diameter up to l2 ins. long. Being
of fairly low efficiency they require a comparatively large watta9e to pro-
vide a given amount of light and generate a fair quantity of heat per lumen
of light, and are likely to be superseded by tubular fluorescent lamps in
positions where the available length is sufficient for the installation of the
Iatter, especially where coolness is important, or in cases where a high
electricity tariff and long hours of burning favour the economics of the
fl uorescent alternative.

Lamps are fitted with a centre contact (Sl5s) cap al each end, except
those lamps marked* in which peg contacts at the side are used.

Length
(mm.) Wattage Nominal

Lumen Outpr,rt

22t
284
284

*252
*252

30
30
60
30
60

H
t)

230
230
st0

fi *

Scale mm
r-----*--l020

Five standard miners' Iamps. LEFT: Hand lamps, RIGHT: Cap lamps. All are Krypton-
filled to give maximum luminous efficiency
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MINERS'LAMPS
Though mains lighting is being installed in an increasing number of

British inines, battery-operated cap lamps and hand lamps are still
necessary at the coal fac1. tighting equipment actually carried by.the
miner must be as small and light as possible, but the dirty surroundings
make it specially important that the small wattage available be used to
convert electricity into light as efficiently as possible.

Up to the recent past the manufacturers specialising in mines lighting
apparatus have used a variety of battery sizes and reflector arrangements
which required 53 different types of lamp bulbs, filament formations and

sockets based on the requirements of B.S.S. 535, but it would obviously
be in the public interest to reduce the number to a more rational figure.
It is hoped that the Ministry of Fuel and Power will agree to standardisa-
tion of the following five lamps.

ELECTRIC LAMPS

AmpsType

cap
cap
cap
Hand
Hand

Nominal
Volts cap

3'6
4.0
4.8
2.5
4.0

M.E.S.
IvLE.S.
M.E.S.
s.c.c.
S.C.C.

These lamps all comply with the appropriate section of the Coal Mines
(Lighting) General Regulations, 1947.

The necessity of obtaining the highest possible luminous efficiency from
these small lamps, even though at some extra cost, requires Krypton to
be used in place of Argon for the gas filling. Krypton has a higher density
and lower specific heat, and thus permits higher filament temperatures to
be achieved with less loss of heat to the gas, resulting in increased luminous
efficiency.

In low-voltage lamps such as these, the voltage generated by the thermo-
electric effect at the points where the tungsten filament is attached to the
nickel supports may be appreciable in relation to nominal lamp voltage,
and can Cnlnge light output by as much as 5 percent. fnternalconnections
are therefore always arranged so that the generated voltage assists the

applied vcltage when the lamp is used in its normal'position.

DECORATION LAMPS
Fot decorating Christmas treeS and for festive occasions, special sets of

ready-wired clear or coloured lamps are available' The sets comprise
either 12 or 16low-voltage lamps wired in series for 2001260 v. supplies.

65

Bulb
finish

1.0
1.0
0'8
t'75
1.0

Clear
Clear
Clear
Pearl
Pearl
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,5cale mm
I 0

l

I

il
tr s ffi

LEFT: Clear decoration candle lamps. RIGHT: Christmas tree lamp. Note how the
screw cap is well protected by the holder

It will be apparent that if one lamp fails the whole set is extinguished,
full mains voltage appearing at the lampholder containing the burned-out
lamp. For that reason the flexible wire -used is of good quality and deep-
skirted S.E.S.lampholders are fitted to provide adequate protection against
shock. Many of the foreign decoration lamp sets previously available used
very poor flex and left part of the "live" holder or lamp cap exposed, with
very serious risk to the user, particularly where children were concerned.

In the event of failure, it is recommended that each lamp be withdrawn
and tested on an ordinary 4l v. dry battery until the faulty lamp is found.

Clear vacuum candle lamps, popular for certain styles of domestic
and commercial interiors, are available for standard voltages above 50v.
as follows:-

Watts
Standard

B.C.
S.B.C.

B.C.
S.B.C.

The luminous efficiency of these candle lamps is approximately 8 lumens/
watt and the average tife 1OOO hours.

66

cap

25

40

f
t
t
i

n

Bulb
Dia.

(mm.)

46
46

I
I

38+
38+

max.
max.

Overall
Length
(mm.)

tt4 +5
116+s
135 max.
133 max.



ELECTRIC LAMPS

LEFT : 500 w. photographic lamp
RIGHT : 400 w. enlarger lamp with the
end of the bulb frosted

try

PHOTOGRAPHIC AND ENLARGER LAMPS

For photographic purposes lamps are required which give the greatest
possible light output per watt, even though this entails severe sacrifice of
life. Photoflood lamps operate at exceptionally high efficiency and give
a whiter light than ordinary gasfilled lamps. All have pearl bulbs and a
fuse fitted within the cap.

In enlarger lamps the aim is Jo obtain a source of high brightness and
large area. The lamps have a lower efficiency and longer life than Photo-
flood lamps.

Details of these lamps will be found on page 140.

Manufacturers of well-known photographic apparatus can give general
guidance as to the most satisfactory way of using these lamps with various
subjects, lens apertures, film speeds, etc.

SERIES-BURNING TRACTION LAMPS

_ For various p1b!9 transport vehicles where the voltage of supply may
be of'the order of 600 v. (for which it is impracticable to make low w-attag-e

E
E
,l
;l

s
H

!l)k.
;

I

'lr
la
t:

_l'

LEFT: Series-burning traction lamp. RIGHT: Rough.
service lamp
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MODERN FILAMENT LAMPS

filament lamps) it is convenient to run several lamps of normal rated
voltage in series. Series-burning lamps with clear or pearl bulbs are
specially designed for this purpose. It is of course essential that all lamps
on any one circuit should be of the same current rating. Series-burning
traction lamps are made to comply with B.S.S. 867.

Standard
Lamp Voltages

Nominal
Watts Cap

B.C.
or

E.S.

Rated
Amps.

60x 110

65 x I 17.5

60x110
65 xlll .5

Type

Vacuutn or
Gasfilled

Gasfilled

Gasfilled
Gasfilled

Gasfilled
Gasfilled

100
110
120
130

40

60

40*
60*

40*
60*

50

40 J

I

r
\

E.S
E.S

E.S.
E.S.

60x 110
65 x I 17'5

Lamps marked * are fitted with a fusible cut-out which short-circuits the
lamp immediately it fails, thus leaving other lamps on the same series
circuit alight.

ROUGH SERVICE LAMPS
Where conditions of vibration are thought likely to lead to early larlp

failure, three alternatives are open to the user:-
(1) To fit anti-vibration lampholders and continue to use ordinary

lamps.

(2) To use rough service lamps.

(3) To transfonn to a lower voltage and thus take advantage of a
shorter and thicker filament.

i ffisi:r flryi
Scale m m

050

Motor car headlamps. LEFT: Prefocus, CENTRE: Line filament. RIGHT: V Filament

68

0'35

0'52

1.0
1.5

t.2

Bulb
Dimensions
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ELECTRIC LAMPS

Despite very considerable experience with vibration troubles, lamp
rlanufacturers agree that it is generally impossible to state, without trial,
which alternative is likely to be the best solution in any particular case,
since so rnuch depends on the nature of the vibr.ation or shock-producing
agency and the foundation upon which it works.

In rough service lamps the filament is spiralled and retained in position
by a greater number of supports than in larnps for general lighting service.
The filament is also designed to operate at a slightly lower efficiency in
order to increase mechanical strength. Lamps are of the vacuuu-r type,
with clear bulbs marked "R.S."

Standard
Voltages Watts

Approx.
Initial Efficiency

(230 v.)
(Lumens/watt)

110, 120,
210,220,
230,240,

250

7.5

8.5

MOTOR CAR HEADLAMPS

Though a point source of light and a truly parabolic reflector are, in
theory, required for projecting a parallel-sided beam oflight, this arrange-
rnent would not be suitable for a motor headlarnp since a certain amount
of sideways and downward spread of the beam is required. It would also
be impossible to obtain in practice, since the light source must have some
dimensions even though small, and since ordinary manufacturing condi-
tions do not permit a perfect parabolic mirror to be produced. Neither
can exact location of the light source at the focus be guaranteed.

The practical ideal is a very bright, compact light source situated at the
effective focus of'a mirror as accurately shaped as possible, but which
nevertheless results in a slight spreading of the bearn. Further spreading,
if desired, can then be effected by means of the front glass of lhe lamp
housing.

It is only those portions of the lamp filament at, or very near to, the
effective focus of the mirror which give any useful forward light. Thus it is
essential that the filament dimensions shall be as small aspossible. Coiled
filaments are universally employed, and it is apparent that the closer the
coiling, the more of the filament that is effective. It is in that respect that
low-quality headlamps usually fail, for the coiling is often so open as_to

69

cap Bulb Dimensions
mm.

40

60

B.C.

E.S
or

60x 110

65xll7 .5
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24124

36
36

38*2s6 *4

(mm')
Dia
BulbOverall

Length
(mm.)

28.s * I V

Light
Centre
Length
(mm.)

Filament
Shape

MODERN FILAMENT LAMPS

lower the temperature of the whole filament (page 40) as well as to make
only a very small portion of it effective.

In the past, lamp focussing was carried out by moving the lamp, or its
holder, backwards or forwards in relation to the mirro-r. A recent develop-
ment, now being adopted by many car manufacturers, is that the lamp is
fitted with a prefocus cap which is gripped rigidly by an appropriate
holder in the headlamp housing, thus ensuring accurate focus at all times,
no adjustment being possible. This arrangement, of course, necessitates
much more accurate location of the filament with respect to the cap than
formerly-in fact,3n accuracy within ] millimetre.

Lamps rated at 6 or 12 v. are made to operate satisfactorily at voltages
of the order of 6f and 13{ v. respectively, in order to allow for the effect
of battery charging whilst the engine is running. It should be noted that
6 v. lamps, due to their higher current ruting, are far more affected than
12 v. lamps by faulty or inadequate wiring. For instance, it may even be
found that with seriously inadequate wiring the substitution of 6 v. 36 w.
lamps for 6 v. 24 w. lamps causes an actual reduction of light output,
due to voltage drop in the leads.

.A filament shaped into the form of a V can be located sg that practically
all of it is at the effective focus, but should it be out of focus, it is very
ineffective. A line filament, on the other hand, though theoretically not
so effective as the V, can be slightly out of focus without any great loss in
performance. Most single-filament headlamps can be obtained with either
line or V filament.

Double filament headlamps contain two separate V filaments, one for
normal driving, and the other offset in both the vertical and horizontal
planes so as to give a dipped and swivelled beam. Both filaments are of
the same wattage.

Headlamps are made to comply with B.S.S. 941 (at present under
revision), which gives details of the following lamps. Other sizes are also
available.

Rating
Standard

Watts

cap

Volts

6
6
6

l2

Bl5s/17
Bl5d/17
Bl5s/17
Bl5s/17
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SIGN LAMPS
Though electric signs are normally made in a variety of styles and sizes,

their legibility and effectiveness usually depend upon each individual limb
of a letter sign, or each line of a drawing, appearing to be evenly bright
along its length. This generally calls for the use of a relatively large nnmber
of lamps spaced close together, each lamp being of low wattage for econo-
mical operation and to avoid dazzle. Sign lamps are also used as indica-
tors for a variety of purposes, e.g. in switchgear, cooker control panels, etc.

The standard 15 w. pygmy sign lamp (vacuum) is available as listed
below. Nominal average life is 1000 hours.

Standard
Voltages

25, 50,60,65,
75,170,130, 150,
210,230,250

Colours

Clear, or outside
sprayed in white,
red, blue, green
or amber.

The approximate luminous efficiency of the 230 v. clear sign Iamp is
6's L/W.

SWITCHBOARD INDICATOR LAMPS
Switchboard indicator lamps are required to have a long life and some-

times to operate under conditions of shock. High efficiency is of secondary
importance to robustness and reliability.

$'ffi
",3.::' l!\ 1

j

:

Scale m m

o

LEFT: Pygmy sign lamp. CENTRE: Switchboard indicator lamp. RIGHT: Bus lamp

7l

50

Dimensions (m/m)

Dia. Overall
Length

cap

28+t
s6+3
58+4
62+3
64+3

B.C.
E.S.
S.B.C.
S.E.S.



MODERN FILAMENT LAMPS

A clear lamp with dimensions similar to the sign lamps (B'C' cap)

shown overleaf is available in two ratings (a) for the 100-130 v. range,

(D) for the 200-260 Y, range. One lamp coYers each rhnge,-.and wattage

is not marked as it would vary according to the voltage applied'

The light output of these lamps is of the order of 50 lumens at 230 volts.

TRAIN AND BUS INTERIOR LAMPS

Train and bus lamps must be robust lo withstand severe vibration, and

of low voltage since they operate fi'om a battery. Gasfilled lamps comply-

ing with B.S:S. 555 ureiirtid below, and some additional ratings are also

available. Larnp life is 1000 hours.

Tvpe

Train

Bus

Bulb-
Finish

Pearl or
Clear

Pearl or
Clear

FILAMENT LAMPS FOR SPECIAL PURPOSES

The types of filament lamps dealt with in the preceding sections are

those wirich members of the general public are most likely to use, but
there are many other types and sizes which, though. e$sential for special

purposes, are not the paiticular concern of the man-in-the-street. Lamps

ior'lighthouses, for ielephone switchboards, for railway signals, for
o"ropiuo"r and ships-tliese and others are vitally important for the

orde?ty progress of iociety, but can receive no more than passing mention

here.

The largest lamp at present made in this country is^rated at 10,000 w.,

and measires 22 X lli ins.; the smallest, the size of a grain of wheat,

is a tiny miracle of engineering which fits _inside_ 
a surgical instrument'

Between these two extrJmes are-lamps which can be used to meet almost

any reasonable requirement.

68+4t2r2 10.4s0+1 B.C.

24
lsl
201
30J

{
t

49+2+468
r 10.0.l
I ro'+ I
Ir r .oJ

B.C.

WattsVolts
Bulb
dia.

(m/m.)

Overall
Length
(m/m.)

Stan-
dard
cap

Average
Initial

Efficiency
(L/w.)
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ELECTRIC DISCHARGE LAMPS

HISTORICAL

E
LECTRTC DTSCHARGE TUBES GMNG A SMALL quantity of
light and other radiations are historically older than filament type
lamps, but the production of light was not the chief aim of early

experimenters, who were more interested in studying the manner in which
a partial vacuurn conducted electricity. The difficulty of obtaining a re-
liable source of high potential and a liigh degree of vacuum in imper{'ect
tubes were serious handicaps up to the middle of the nineteenth century,
but from about 1800 onwards, scientists began to take an interesl in the
production of light by these means. Sir Humphry Davy showed that
discharges in different gases and vapours would give various colours of
light, and Fraunhofer and Wollaston examined the light from discharges
spectroscopically, showing that its nature differed fiom that of sunlight
or familiar kinds of light depending upon incandescence.

Michael Faraday began a systematic study of luminous discharges in
1838, and his experiments and demonstrations aroused great interest.
Among other phenomena, he showed that the light output may not be

uniform throughout the length of the discharge, but that dark spaces may
occur. His name is still associated with the dark space near the cathode
of a discharge lamp operating at a low pressure.

Ruhmkorff's induction coil (1851), which was a powerful source of high
potential, and the skill of Geissler, the glassblower of Jena, in making up
iubes in a variety of spectacular and attractive forms gave further impetus
to investigations, butlt was not until the last few years 9f the century that
Moore began research on the value of electric discharges as illuminants.

The first large-scale commercial lighting installation was erected at

Newark, U.S.A-., itt 1904, and consisted of a Moore tube 180 ft. long
powered by a high-voltage transformer in place of an induction coil.
Shortly aftarwardi this was followed by the installation of similar tubes

in the courtyard of the Savoy Hotel and elsewhere in this country. Most
of the ear\rtubes were filled with carbon dioxide, giving a nearly-white
light, or with nitrogen, which gave a buff or goldencolour, and had to be

fitted with an automatic replenishing device in order to compensate for
the loss of gas within the tube due chiefly to trapping of the gas against

the walls of the tube after a period of use'

Fractional distillation of air enabled various chemically inert gases

such as neon, krypton, argon and helium to be produced. These gases

do not ooclean up" readilfl and tubes filled with them do not require
periodic replen ishment.
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Neon proved particularly satisfactory as a source of red and orange
light. Neon-filled high-voltage tubes were commercially produced in 1896,
and their attractive appearance and relatively high luminous efficiency
made them very suitable for advertising purposes. Similar tubes with
additional mercury filling gave a bluish light.

Cooper Hewitt and Arons devised special starting gear which enabled
tubes filled with mercury or mercury vapour alone to be run on com-
paratively low voltage, but the colour of the light was unsatisfactory for
general purposes owing to the almost complete absence of red rays.
Numerous attempts were made to correct this deficiency, notably byWolke,
who added cadmium to the contents of the tube, but the means of pro-
ducing a fully satisfactory and simply operated mercury lamp of high
efficiency did not become apparent until the 1930's.

From the electrical point of view, the later improvement of electric
discharge lamps has been a matter of technical advancement rather than
of discovery of new scientific principles. In particular, it is the develop-
ment of special types of electrodes capable ofcarrying relatively large
currents and operating at low voltages which has enabled discharge lamps
to become objects of everyday use.

Progress since 1932 has been spectacular and rapid. Mercury and
sodium lamps operating on mains voltage wele commercially produced
in 1933; partial colour correction of mercury lamps was achieved by
ntilising a fluorescent-coated outer bulb in 1937; modern mains-voltage
tubular fluorescent lamps followed in 1939 and have been progressively
improved in light output, life and every other quality since then, with
further improvement doubtless to come. Parallel with all this, in spite
of the interruption caused by the war years, other discharge lamps have
been developed for special purposes; high pressure compact sources of
light for projection purposes; flash tubes for stroboscopes and photo-
graphy; high-tension fluorescent tubes; ultra-violet and glow lamps and
a host of others for special purposes.

Research and. development go on, and in future, as in the past, the
benefit will be passed to the public.

TECHNICAL
The potential necessary to maintain an electric discharge through a gas

or vapour may be conveniently divided as follows:-

1. The potential necessary to make the current flow into the gas or
vapou from the metallic electrode acting for the time being as a
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ELECTRIC LAMPS

cathode (i.e. connected to the negative pole of the supply). The
magnitude of this "cathode fall" is greatly dependent on the nature
and condition of the electrode.

2. The potential necessary in the remainder ol the discharge column
(the "positive column" as it is called). The potential drop per unit
length of the positive column is nearly uniform.

Of these two, the cathode fall is practically useless for the production
of light or any other required radiation, and merely results in the generation
of heat. The potential drop in the positive column, however, is useful in
that, for a given value of current, it determines the wattage dissipated in
this part of the discharge, and hence the light output. It is thus apparent
that if a lamp is to be efficient, the potential drop in the positive column
rnust be large in comparison with the cathode fall.

Fig.20 (left) illustrates how the potential (full line) may fall in a lamp with
simple metallic electrodes. The whole area under the sloping line is a
rneasure of the wattage of the lamp, but the only useful wattage is indicated
by the area above the dotted line, the remainder being wasted at the
cathode. If the cathode fall can be reduced, (right) the wattage usefully
employed will be a greater proportion of the whole than formerly. In
other words, lamp efficiency will have been increased.

With plain or tubular rnetallic electrodes such as are universally em-
ployed for "cold cathode" lamps, the cathode fall is considerable, and
shortlamps therefore tend to be relatively inefficient. Cold cathode lamps,
therefore, are generally made of considerable length, and thus require a
high-tension source of supply. It follows that for a given lamp wattage
the lamp current is low.

;i
d3
OJ

;z
zL

!:
a-o=t<

ARc ICNGTH-
aNooE catHooc A{ODI clrtloo!

Fig,20. Heatedelectrodesreducethecathodefallandenableagreaterproportionofthe
total lamp wattage to be used for generating light
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ELECTRIC DISCHARGE LAMPS

Typical electrodes for hot-cathode lamps.
Each contains a pellet of electron-emitting
material

If a discharge lamp is to be wol ked by ordinary mains voltage of about
230v., theactualyoltage appearing at the lamp cap will be very much less
(see page 19. In the case of high pressure mercury lamps, for instance,
lamp voltage lnay be about 140 v.). With only this very limited lamp
voltage available, the cathode fall must obviously be reduced as much
as possible in order to leave a reasonable "useful" potential drop for the
positive column. Fnrthermore, if the lamp is to have a high light output,
its wattage must be kept up, and therefore the current flow must be
appreciable.

Neither of these lequirements carr be met by simple metallic electrodes
operated cold, since the cathode fall is high and they are incapable of
handling a rnedium or large current without becoming damaged. It has
been found, however, that if the operative part of an electrode consists
of a pellet or a coating of special alkaline earth oxides, which is heated
by one means or another, relatively high current can be handled without
damage and with considerably reduced cathode fall (Fig. 20). Mains
voltage operation of short discharge lamps of moderate or high wattage
rating thus becomes a practical possibility.

MAINS VOLTAGE MERCURY LAMPS
Mains voltage mercury discharge lamps are classified as follows:-

All have the prefix M, followed by

A indicating glass envelope loaded above l0 watts/cm. of arc length
B ;t etr&rtz envelope loacled below 100 watts/cm. ,, ,, ,,
C ,, glass envelope loaded below l0 watts/cm. ,) ,, ,,
D ,, quartz envelope with forced liquid cooling.
E t, q,Lt&rtZ envelope loaded above 100 watts/cm. of arc length

t.
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ELECTRIC LAMPS

Fig. 21. Simplified diagram of the internal arrangements
of a mercury lamp type MA. A similar arrangement is

used for type MB

The letter F indicates that a fluorescent outer bulb is used, T that an
incandescent tungsten filament is incorporated, and W that the outer
bulb is made of Wood's glass.

The normal burning position is indicated by the suffix:-

lV indicating vertical, cap up

lD ,, vertical, cap down
lH ,, horizontal

lU ,, any position

Thus MCF/U indicates a low-pressure tnercury Iamp with a fluorcscent
bulb which can be used in any desired position; MA/V indicates a high
pressure mercury lamp with non-fluorescent bulb, which must be burned
vertically, cap up.

The essential parts of a mains voltage mercury lamp (types MA or MB)
are depicted in Fig. 21. Differences of detail occui wi't[ different types
but all contain the following items:-

1. An inner discharge tube made of glass or quartz suitable to withstand
the temperatures and pressures obtained, and filled with a small
quantity of mercury vapour, with a little argon to assist starting.

2. An outer bulb, the space between this and the inner tube being
at reduced pressure in order to conserve heat.
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ELECTRIC DISCHARGE LAMPS

3. Two main electrodes, one at each end of the inner tube, generally
constructed of coiled tungsten wire coated with, or enclosing a pellet
of, alkaline earth oxides. The ends of the inner tube are bften
silvered to facilitate evaporation of mercury from the electrodes.

4. A plain metallic starting electrode, situated very close to one of the
main electrodes but connected via ahigh resistance to the electrode
at the other end.

5. A suitable cap.

W!.1 the lamp is first switched on, the mains voltage is generally
insufficient to initiate a discharge between the main electrodes,- but fuil
mains voltage appears also across the narrow gap between the starting
electrode and one of the main electrodes. At this point the potential
gradient (volts per cm.) is sufficiently high to start a discharge in argon,
and the degree ofionisation thereby effected enables the discharge between
the main electrodes to take place. The argon discharge warms the tube
and its contents, gradually vaporising the mercury until, in the fully
run-up condition of the lamp, the mercury is completely vaporised. Early
in the running-up period the argon discharge gives place to a discharge in
mercury, and when the lamp is fully run up the effect of the argon filling
is insignificant.

Once it has startecl the lamp, the starting electrode has no material
effect on performance, since the current through it is liurited by the high
series resistance (usually about 50,000 ohms).

THE CHOKE

fn common with all other kinds of discharge lamps, a device rl. ust be
connected in circuit to limit the discharge current to the correct value
(page 19). On A.C. supplies a choke is*used for this purpose (Fig.22)
and, if correctly designed, Iirnits lamp wattage within about 2 per cent.
of rated value. In order to provide stable running conditions it should

cHol(E

LAHP
PO\^,ER fACTOR

CAPACIfOR
TO

|.lAtNS

Fig,22, Circuit diagram for mercury lamps types MA and MB. Note that the power
factor capacitor must be on the mains side of the choke
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ELECTRIC LAMPS

Fig.23. LEFT: Normal phase relationship of mains voltage (full line) to lamp current
(dotted) in a discharge lamp. RIGHT: Too high a Power factor of the lamp-choke

combination results in a distorted current wave form and increased flicker

absorb a voltage equal to more than half that of the supply mains'* The

reason for this may be understood by consideringFig.23 showing curves

of mains voltage and lamp current on 50 cycle mains.

In the case of a filament lamp operating on a 50 cycle supply, the
filament retains much of its heat during instants when the current cycle
passes through zero, and this thermal inertia smooths out what would
otherwise cause an appreciable cyclic variation in light output. With
discharge lamps, however, the arc is actually extinguished as the current
falls to zero each half cycle, and the light is consequently extinguished.
In order to avoid obvious flicker, it is essential to arrange that the arc
strikes again immediately; but for this to happen there rnust be sufficient
mains voltage at that instant (at the point of zero current, mains voltage
and lamp voltage are equal and in phase with each other).

If the choke is correctly designed (Fig. 23 (left) ) the lamp current will lag
behind mains voltage by an angle such lhat at the point (X) of zero current
there is already a sufficient voltage (Vr) to start the discharge in the
opposite direction. If it is badly designed (possibly in a misguided attempt
to improve power factor) there may only be an insufficient voltage (Vr in
Fig. * (dgh| ) available at zero curtent, and the discharge remains extin-
guished until point Z is reached at which the available voltage Qecomes
iufficient. The prolonged "out" periods would cause a very noticeable
flicker and distort the current waveform.

Considerations of efficiency dictate that lamps be designed to operate
at as high a voltage as possible, but too high a lamp voltage would result
in lamps being extinguished by a small fall in rnains voltage, such as may
occur from time to time. In general, it rnay be said that lamps are designed
to withstand a sudden mains voltage drop of about 30 v. without being
extinguished thereby.

* More than half the supplv voltage remains available for the lamp,
owing to the phase displaceini,nt of ioltage in component parts of tie
circuit' 
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ELECTRIC DISCHARGE LAMPS

It is essential to use a choke of the correct rating, otherwise the lamp
will be either under- or over-run, with consequent ill-effect on its per-
formance, particularly as regards life. Under ordinary conditions, the
choke selected should have a voltage rating corresponding to the average
rnains voltage under load conditions.

Discharge lamp stabilisation can also be achieved by means of series
capacitors with some choke impedance to keep the current wave-form a
reasonable shape. (If the current wave-form is allowed to get too badly
distorted the lamp electrodes will disintegrate early in life). A leading
power factor is obtained.

POWER FACTOR CAPACITOR

Though the apparent power factor of the lamp itself is nearly unity,
the inclusion of a choke in the circuit reduces the overall power factor to
an unacceptably low figure. This is normally corrected to a higher value
by connecting a suitable capacitor across the MAINS (not across the larnp).
In a multi-lamp installation it may be more convenient to correct power
factor by a suitable number of bulk capacitors, but care should be taken to
ensure that over-correction does not occur if only part of the installation
is in use.

TYPE, MA LAMPS.
These consist essentially of a hard-glass discharge tube centrally sup-

ported in an outer glass envelope. Both glasses are opaque to ultra-violet

Mercury lamps type MA. LEFT:
400 w. RIGHT: 250 w. Various kinds
of spring supports are used to
maintain the inner tube central in
the outer

F

E

80
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radiations having any harmful effect. such radiations may be generated
in small quantities in the discharge, but are completely a6sorbed within
the lamp. The time required to reach full brightness from cold is about
six minutes and the vapour pressure within the discharge envelope is then
about one atmosphere.

MA/V lamps, unless specially designed, must be burned vertically, cap
up,*.orrreryaearly so, in order to maintain the discharge arc centrally
within the tube. were the lamp to be tilted to a near-horlzontal position,
convection currents would carry the centre part of the arc upwards until
it touched and overheated the glass. If it is desired to burn a lamp horizon-
lu_tty _(9_ 

in street lighting lanterns) this may be done either by using an
MA/H lamp which operates at a slightly lower efficiency than itre UA7V,
or by using a lamp with the arc maintained centraliy by means of a
magn_etic device. The magnetic leakage flux from a special choke may be
used for this purpose, or alternatively a small magnetic deflector consisting
of an iron core wound with wire carrying the lamp current. Either device
will raise the overall power consumption of the circuit by a few watts.

The electrodes are similar in construction to those shown on page 76. No
pre-heating circuit is required, and they are kept heated by the action of
the discharge while the lamp is alight. The act of starting, however, causes
more loss of 'oactive" material from the electrodes (by sputtering and
mechanical disintegration) than a period of normal burning, and lamps
which are only burned for short periods at a time must 

-therefore 
6e

expected to have shorter lives than normal. Since the running-up period
is several minutes, however, these lamps are unlikely to be usedirrsitua-
tions where a light is only required for brief intermittent periods, and
variation of lamp life with switching is not a matter of majoiimportance.

. Should a lamp be switched on soon after a former period of burning,
it will not re-strike until the discharge envelope has cooled sufficiently fdr
the vapour pressure to fall to a low value. No harm will be done to the
lamp by leaving the switch in the "on" position.

At the instant of striking from cold, the purplish colour of the argon
discharge.is apparent, but almost immediately the colour changes to biue-
grcen_as the discharge in mercury becomes effective. At first, th"e discharge
fills the inner tube, but during the run-up period the arc becomes pro-
gressively narrower and brighter until it appears as a thin cord stretihed
between electrodes. The outer limit of the arc is usually defined as the point
where the brightness has fallen to one-tenth of the maximum in the centre.
The arc of both the 400 w. and 250 w. MA/V lamps has a maximum

* Lamps for vertical burning, cap down, may also be obtained. These
have the discharge tube reversEd end for end. 

-
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ELECTRIC DISCHARGE LAMPS

brightness of about 1000 candles/in.2, with an effective average of about
750 candles/in.2. Arc width is about $ in. in the 400 w. lamp and $ in. in
the 250 w.

The principal radiations emitted by MA lamps in the visible band of
wavelengths are at 4047 A (violet), 4358 A (blue-violet), 5461 A (yellow-
green), 57'10 and 5791 A (both yellow). The blue-violet and yellow-green
lines are predominant, and there are also a number of weak radiations
at other wavelengths, but these, including a small amount of continuous-
spectrum radiation from the hot glectrodes, are not sufficient to affect the
overall colour of the light rnaterially. This is best described as being blue-
white or blue-green, though the apparent colour depends on a number
ofextraneous factors such as the colout ofnearby lights and surroundings.

Ordinary MA lamps emit only some 1 per cent. of red light (compared
with 15 per cent. of red in natural daylight). A few per cent. of extra red
light can be obtained by adding a small quantity of cadmium to the con-
tents of the discharge tube, but the larnp operates at a substantially lower
Iuminous efficiency.

TYPE MB LAMPS
Mercury larnps of relatively low wattage are required for a number of

industrial and street lighting purposes, but were an MA lamp to be made
in a size to consurne only about 100 w. the luminous efficiency would be
unacceptably low (below 25 lumens per watt average throughout life,
compared with 36 L/W for the 400 w. larnp).

l'_'' r t

ll}

Normal and cut-away views of
a mercury lamp type MB. The
starting resistor can be seen

above and to the left of the dis-
charge tube
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ELECTRIC LAM'PS.

In order to obtain higher efficiency it is necessary to increase the
electrical loading per unit length of arc and the vapour pressure. The
discharge envelope in MB lamps is therefore made much shorter than in
type MA, but this results in a temperature rise which hard glass cannot
withstand. Quartz must therefore be used, and its refrac-tory nature
enables the tube diameter to be reduced also, thus making a very compact
source. The vapour pressure when fully run up is of the oider ol l0
atmospheres

The starting arrangements for the MB lamps are similar to those for
!yp9 M3: but only about 3 minutes are required to reach full brightness.
In its fully run-up condition the arc briglitness is of the order -of 

5000
candles/in.2, which is much too high a value to be tolerable if exposed to
view. In Yn/V lamps the outer bulb is therefore pearled, and ihe light
appears to be emitted by a patch on the bulb surface having a maximim
brightness of the order of 60 candles/in.2.

_ .t is irnpo-rtant to note that no attempt should be made to use sny type
MB lamps if the outer bulbs are broken. certain harmful short-wave ulira-
violet radiations are generated within the discharge, and are readily
transmitted by_the quartz discharge envelope, but are normally completely
absorbed by the outer glass bulb. should a part or the wnole of trrii
bulb. be missing, these radiations rnay have a marked therapeutic effect,
and in particular are liable to affect the eyes.

The pearl bulbs of MB/v lamps have the same dimensions as either
150 w. or 200 w. gasfilled lamps, and one might be mistaken for the other.
Tn order to_prevent qn MB lamp being inserted in an ordinary B.C. Iamp
socket (with no choke in circuit) the B.c. caps of these lamps are fitted
with three pins. at angles of 135'/135'/90". MB/V lamps are designed to
be burned vertically, cap up, but burning them in other positions-has no
appreciable effect on their performance.

Due to the higher vapour pressure ernployed, the longer-wave visible
radiations emitted tend to be strengthenedin comparison wltn tne shorter
wavelengths.. \4.B/V lamps thus give slightly more red light than MA/V
larnps, and the light appears a little whiter.

TYPES MAF AND MBF LAMPS

- Some 3 to 4 per cent. of the electrical energy supplied to MA and MB
Iamps is converted by the discharge into long-vvave ultra-violet radiation
which passes lhrough glass, is invisible and-therefore normaily wasted.
This radiation, however, may be used to stimulate fluorescent materials
which then, if carefully selected, emit a colour of light complementary to
that of the discharge itself, thus effecting a degree-of colour correction.
This principle is followed in MAF/V and MBF/V lamps.
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g
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Fig. 24. Over the greater part of the isothermal
bulb surface the temperature is substantially
even

o atl
6
Ol

F'
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l

Mercury lamps with fluorescenr bulb.-LEFT: 80 w. type MBF. RIGHT: 400 w. rype
MAF in isothermal bulb

I." tB case of MAF/V lamps, zinc and zinc-cadmium sulphide powders
which fluorescewith an orange colour are chosen. These cannot be placed
within or in contact with the discharge envelope on account of th; high
temperatures reached, but they are deposited on the inside surface of the
outer bulb. The latter is enlarged in order to reduce powder temper.ature
still further, either in cylindrical (tubular) form or, for maximum efficiency,

oc
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in conical (isothennal) form designed to give as uniforrn a temperature
over its surface as possible.

The fluorescent powders used in the MAF/V lamp are yellowish in
appearance, and therefore tend to absorb some of the blue light emitted
by the discharge. To counteract this, a little cadmium is added to the con-
tent of the discharge envelope; this has the effect of increasing the propor-
tion of blue light generated (and also increasing the proportion of red
slightly) but does so at the expense of the total light output, which falls
by some 12 per cent. 'fhe amount of blue light absorbed by the powder
is balanced by the amount of orange light obtained by fluorescence, the
two sources of light cornbining to give an overall result containing some
5 per cent. of red light (against 1 per cent. for MA lamps) representing a
considerable improvement in colour quality deemed, for some industrial
purposes, to be worth the small sacrifice in luminous efficiency.

The brightness of the Isothermal bulb varies over its surface. At a
distance of 1 in. from the bottom of the lamp the brightness is of the order
of l0 candles/in.2 and approximately 15-20 candles/in.2 at a distance of
2| ins. from the bottorn; the maximum brightness, near the centre of the
bulb, is of the order of 300 candles/in.2.

In MBF/V lamps the mercury discharge, due l.o the higher vapour
pressure, generates initially more red light than MA lamps, and the degree
ofcolour correction required is therefore not so great. The additional blue
light required to offset'the blue absorbed by the yellow powder may
be obtained by adding a blue-fluorescing component to the mixture of
fluorescent powders, thus avoiding the necessity of inserting cadmium
into the discharge envelope. As a result, MBF/V lamps operate at the
same luminons efficiency as corresponding MB/V lamps, the overall
colour of light being sirnilar to that of the MAF/V.

For MBF/V lamps the outer bulb is retained in pear shape, but enlarged
to reduce the temperature of the powder. The relatively large size of the
125 w. lamp makes it necessary to fit a G.E.S. cap in order to obtain the
required mechanical strength.

The warning on page 83 about using lamps with broken outer bulbs
applies also to MBF/V lamps.

TYPE MBW ("BLACK") LAMPS
These lamps are intended prirnarily as sources of long-wave ultra-violet

radiation capable of exciting fluorescent materials placed outside the
lamps. They have found many applications in industrial and commercial
frelds, and to some extent for decoration and display.
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A "black" lamp, type MBW/V, with special bulb to
absorb light but permit the passage of ultra.violet

The larnp is identical wtth the gorresponding wattage of MB/V larnp
except for the cap and the bulb, which is made of Wood's glass. This is a
special deep violet-blue preparation containing nickel and cobalt, which
appears black when unlighted and almost-entirely absorbs the visible light
emitted by the mercury discharge; in fact,'only some 0 .01 per cent. of ihe
input energy is radiated in the visible waveband. Wood's glass, however,
is relatively transparent to long-wave ultra-violet and freely passes the
3654 A radiation generated by the discharge. Some 3 per cent. of the input
energy is radiated by the lamp at this wavelength, but the glass is practically
opaque to rnercury radiations at shorter wavelengths, which for practical
purposes may therefore be ignored

When looked at directly these lamps cause misty or blurred vision, due
to fluorescence of parts of the eye, and it is therefore desirable to screen
the lamps so that direct view is avoided, just as one would screen ordinary
MB lamps. They have no other effect on human beings.

MBW/V Iamps are available in the 125 w. size with a 3-pin B.C. cap
and a bulb size corresponding to the 125 w. MB/V lamp. They are de-
signed for vertical burning, cip up, but may be used in other positions
without appreciable effect on their performance.

The performance, dimensions, etc., of MA and MB'lamps will be found
on page 141.

CHARACTERISTICS OF TYPBS MA AND MB I,AMPS
STARTING CHARACTERISTICS

Figs. 25 and26 show how the light output and elebtrical charrcteristics of
400 w. MA/V and 125 w. MB/V lamps vary during the runrup period.
The curves for 250 w. lamps are very similar to those for the 400 w., and
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the 80 w. sirnilar to the 125 w. curves. Curves for MAF/V and MBF/V
lamps are also in very close agreement with those shown.

Points of special interest

(a) The time taken to reach stable conditions may vary slightly with
ambient temperature, or if the lamp is restarted before having
cooled completely after previous burning.

(b) The lamp current, whether power factor correction is employed or
not, is the same as mains current without power factor correction.

(c) Starting current in the mains may reach a value double that of the
running current.

(r/) Lamp voltage ris.s'u, lamp current falls.

(e) Occasional instances have been reported where a circuit,breaking
device in the neutral of a three-phase installation has operated
soon after switching on. Due to the changing power-factor of the
circuit during run-up, it may happen that if the separate phases
are switched on one after the other at intervals of some three
minutes the installation becomes rather more out of balance than
might be expected; but if all phases are switched together, or nearly
so, no trouble of this nature should be experienced.

ELECTRICAL CHARACTERISTICS

Figs. Z7 and 28 show the electrical characteristics of MA and MB lamp
circuits, both fluorescent and non-flnorescent, when equipped with appro-
priate power-factor correction capacitors on 230 v. mains.

LAMP CHARACTERISTICS

Figs. 29 and 30 showthe change in lamp wattage, luminous efficiency and
lumen output of types MA and MB lamps, both fluorescent and non-
fluorescent, as actual mains voltage is varied above or below the nominal
value;

POWER FACTOR CORRECTION

Owing to the fact that the lamp current wave is non-sinusoidal it is not
generaliy possible to correct the power factor of the circuit to unity, but
as capacitor values are increased, the lagging power factor rises to a
maximum of about 0.91 and then changes to a leading power factor and
decreases.
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Fig. 27, Effect of variation of mains' voltage on the electrical characteristics of 400 w.
type MA lamps. Curves for 250 w. type MA lamps are similar
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Fig. 28. Effect of variation of mains voltage on the electrical characteristics of 125 w
type MB lamps. Curves for 80 w. type MB lamps are similar
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Fig. 29, Ellect of variation of mains voltage on the lamp characteristics of 400 w. and

250 w. type MA lamps

Fig. 30. Effect of variation of mains voltage on the lamp characteristics of 125 w. and

80 w. type MB lamps
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ELECTRIC DISCHARGE LAMPS

A leading power factor is disliked by supply authorities and also
requires a large capacitor. Generally a lagging power factor of about
0'8-0'85 is acceptable to all parties concerned, and may be obtained by
connecting across the mains a capacitor of the value shown in the Table
below.

Cupacitor Values for Power Factor Correction

Capacity (mfd.) to giye the Power Factors below
Lamp
Watts

0.95

t2s

80

250

l0.s
9.0

15.5
11.0

24.5
19.0

400
35'5
25.s

Capacitors used for power-factor correctioll are usually fitted with a

high-value internal resistor which allows the charge to leak away when the
circuit is switched off.

TYPE MAT LAMPS

Earlier reference has been made to the lack of red light emitted by
mercury lamps, which emit violet, blue, green and yellow light strongly'
Tungsten filamen't gasfilled lamps, on the other hand, give an excess of
red iignt (compared with natural daylighf) but emit progressively weaker
radiation of colours of light towards the short-wave (violet) end of the
spectrum. The two types of lamp are therefore to some extent compfg-
mentary, and a combination of the two into a single bulb was successfully
effected in 1935.

Mercury-tungsten (MAT/V) lamps consist essentially of the following
components:-

(a) A hard-glass discharge tubc similar in principle to that of MA/V
lamps, including'the starting electrode and resistor.
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ELEGTRIC LAMPS

Type MAT/V lamp containing within the same outer bulb

a mercury discharge tube and a tungsten filament, the

latter exercising the necessary current control F
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(b) A coiled tungsten filament, part of which can be short-circuited by (c).

(c) A thermally operated bi-metal switch contained with the filament

in an outer bulb which is filled with inert gas.

The lamp circuit diagram is shown in Fig.31. When the.larnp is

switched on fro- cold, tle bi-metal switch contacts are open, and curfent

flows through the discharge path and the whole of the filament in series

with it ; filainent dimensio-ns ire .o arranged that lamp current is thereby

limited to an appropriate value during this early stage of run-up'

As the mercury discharge builds up, the heat of the discha-rg9 plqs

the hot gas rising from t[e filqment raise the temperature of the bi-

metal strip sufficiintly to bend it towards its contact and thus short-

circuit puit of the filiment, the portion. remai-ning in circuit being such

that the requirernents of the discharge in its fully run-up condition are

satisfied.

Compared with ordinary mercury lamps, the mercury-tungsten lamp

has thrie obvious advantages: since current limitation is secured by the

filament within the lamp, 
-no external apparatus such as a choke and

capacitor are required; tihe colour rendering prqpefigs of the lamp are

veiy considerably better, the red content ofthe light^having been raised

to ipproximately 8 per cent. (from I per cent.); and a fair_quantity of light
(crrieny from the filament) is obtained immediately the lamp is switched

on from cold.

on the other hand, the luminous efficiency of the mercury-tungsten

lamp is lower than that of ordinary mercury lamps of comparable wattage,

93



ELECTRIC DISCHARGE LAMPS

Fig. 31, Circuit diagram of a type MAT/V lamp, show-
ing the starting electrode and the bi-metal switch
short-circuiting part of the filament

PtA CFNT. Of tlO*l,tAL
MAIT*s VOLTAGF

ao

Fig.32, Approximate
lamp characteristics of
the 500 w. type MAT/V
lamp on varying mains
voltage

EAINS

though still higher than that of comparable gasfilled lamps. Also, the
unusual length of some of the lamps almost certainly makes it necessary to
use specially deep fittings to exert the required anti-glare control and to
ensure a good colour-mix of the light before reaching the working plane.
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ELECTRIC LAMP'S '

lv{AT/V lamps must be burned vertically, cap up, or nearly.so' As with
ordinary mercuiy lamps, the discharge will not re-strike until the lamp has

cooled after previous burning, and until the discharge strikes no current
passes through the filament.

The 500 w. lamp may be obtained for use on D'C' supplies.

Details of MAT/V lamps will be found onpage 142.

The lamp characteristics on varying mains voltage are shown graphic-
ally in Fig.32.

TYPE MBT LAMPS

These lamps are essentially similar to Type MAT lamps described- above,

but a small qua*zdischarge tube is employed, and a thermal switch is not

necessary.

The lamp can be substituted in an industrial type reflector for a gasfilled

lamp having similar bulb dimensions without altering the cut-off properties

of the reflector, and the pearl outer bulb ensures a good blend of the two

colours of light.

The MBT/V lamp of 200 w. should be burned vertically, cap up; the

MBT/U lamps of 160 and 250 w. may be burned in any position.

Details of MBT lamps will be found on page 142.

/
Cut-away view of a 160 w. type MBT/U blended-

light lamp
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Three compact-source mercury lamps, type ME. LEFT: 500 w. CENTRE: 2500 w.
RIGHT: 250 w., in metal box with window 

I

TYPE ME LAMPS

_ In these ]amps the source of light is a very short intensely bright arc
between solid tungsten electrodes contained in a spherical quariz bulb
which requires no artificial cooling. They are therefbre very iuitabre for
projection purposes.

ME lamps are in general suitable for operation on either A.C. or D.C.
lupplie_s with appropriate current-lirniting equipment, though some are
for D.C. operation only. When used on A.C. a ipecial choke is required,
e.g. the choke for a 250 w. MA lamp will not be suitable for the 2SO w.
ME owing to the different lamp characteristics.

In view 9{ lh" high pressure developed, these lamps should only be
operated within a protective housing to avoid any possible risk from
fracture of the bulb. The 250 w. lamp is available wiih either a grass or

?

{

s.

R1

+
J
c&

q

S1

A NOOE

catao9E

Fig. 33. Typical circuit diagram for a large type ME lamp. For starting, S, and So are
closed. closing s, opens vacuum switch 52, inducing in the choke a voltage impulse to
start the lamp. S, is then closed. For simmering, so is opened, bringing R, into circuit
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metal jacket, the discharge bulb in ihe latter case being mounted in a box
having a glass window through which the light is emitted; no additional
protective housing is required for this type.

Of the larger sizes, only the 500 w. lamp has an outer bulb. It is there-
fore convenient with lamps over 500 w. to use a double-ended construction
which allows leads to be taken from each end of the lamp to a sufficient
distance from the arc to keep terminals at a reasonable temperature.

Several unusual technical problems peculiar to these lamps have had
to be solved. In the first place, means have had to be found of keeping
the arc absolutely steady between electrodes, for where the arc dimensions
may be only of the order of 3 

"7 
5 x l ' 5 millimetres any slight movement

would have a serious effect on the steadiness ofthe beam projected by an
optical system. Secondly, a riew technique of sealing-in has had to be
developed since normal seals would not carry the heavy current required
by these lamps, and the usual method is to use multiple molybdenum foil
which can be sealed directly into quartz and will safely carry up to 10.000
amps. per sq. cm. of cross section. \

A third difficulty lies in choosing a suitable bulb diarneter and thickness.
Too small a bulb would weaken through over-heating and burst under
the vapour pressure developed (about 25 atmospheres in the small sizes,

less in the larger); too large a bulb would be mechanically weak in relation
to the internal pressure even though it remained relatively cool; and though
in theory it is possible to strengthen such a bulb by increasing wall thick-
ness, in practice it is found that with too thick a wall thermal stresses are
set up during fabrication or operation of the lamp and would probably lead
1o rupture. A wall thickness of the order of 5 mm. is found generally
satisfactory fbr the larger sizes.

The lamp takes 10 minutes or more, according to size, to reach full
brightness, and the normal cooling period must elapse before it can re-
strike after being switched off when hot. In the case of the larger sizes

such as are used in cinema spotlights, this delay would be undesirable
and can be avoided by keeping the lamp "simmeringl' (i.e. running atmuch
reduced power) while it is not required for use.

Fig. 33 shows a circuit arrangement adopted for one of the large ME
lamps.

Since the lamps are intended for projection purposes, arc size and brighf
ness are the factors ofimportance optically, and are tabulated on page 143.

In type MEC lamps some cadmium, or cadmium and zinc, in addition to
mercury are inserted, the resultant colour-corrected light having a red
content of some 10 per cent.

'97



ELECTRIC DISCHARGE LAMPS

Sodiumlamp(typeSO/H)inadetachablevacuumjacket. Thedropletsof metallicsodium
must be well distributed throughout the length of the U-shaped discharge tube

soDruM LAMPS (TYPE SO/H)

Sodium discharge lamps consist of the following essential featules;-

1. A discharge tube made of special glass, containing rnetallic sodium
and a little neou.

2. An electrode sealed into each end of the discharge tube.

3. A double-walled vacuum jacket serving as,an outel bulb.

4. Cap, internal connections and supports.

An electric discharge in sodium at low vapour pressure erlits lutntnous
radiation which, for practical purposes, may be regarded as being con-
centrated in two lines at 5890 A and 5896 A. These two lines are, in fact,
so close together that the sodium larnp is often loosely stated to be a source
of monochromatic yellow light with a mean wavelength of 5893 A. |Ihis
wavelength, corresponding to chrome-yellow light, is not far rentoved
from the wavelength of maximum eye sensitivity (see Fig. 2) and this
largely accounts for the high luminous efficiency obtained.

The efficiency of a sodium lamp is reduced rapidly as the current density
is raised above a certain optimum value, and the lamp must therefore be
operated at a low current density. The surface area of the tube in which
the discharge takes place is thus necessarily large in relation to the wattage
dissipated, and unless the tube is thermally insulated it would lose heat
too rapidly to allow the metallic sodium within to be vaporised. A double-
walled vacuum jacket, similar to that used in ordinary domestic vacuum
flasks, is therefore used to enclose the discharge tube. The jacket, in most
instances, is detachable and may be used for a second or third lamp after
the first one fails.

As noted on page 75, the luminous efficiency of the lamp increases
with the length of the discharge arc, other things being equal. Sodium
lamps are therefore made with rather long discharge tubes which, for
convenience, are bent into the form of a U. ln using the larnp, it should
be borne in mind that "excited" sodium vapour is opaque to its own radia-
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tion, i.e. the light frorn one limb of the U will not pass through the other;
when the lamp is fitted horizontally into a reflector or refractor, as is
normally the case, the limbs should be arranged one vertically above the

other, as this position is found to give the greatest output from the fitting.

Hot sodium vapour is very active chemically and would attack ordinary
glass. The U tube is therefore made of ply glass, the inner layer being
of low silica content and high purity, and the outer ordinary soda glass.

Even so, the lamp should never be moved while hot, otherwise the sodium
rnight collect at one end of the tube, where it might attack the glass in the

neighbourhood of the seal wires.

OPERATION AND CHARACTERISTICS

SO/H lamps are suitable for operation on A.C. supplies only' They

contain droplets of metallic sodium evenly distributed along.the length
of the U tu6e, which is also filled with neon at a low pressure in order to
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Fig.34. Relation between the luminous output of sodium lamps and the time after

switching on
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assist starting. Each lamp must bo connected to the mains vla a stepup
stlay-field transformer with an open-circuit secondary voltage of a-borit
480 v. which provides sufficient voltage for starting, with progressively
lower voltage as the neon discharge vaporises the metallic-sodium and
the'lamp culrent increases. The pitchfork support between the limbs of
the U tube acts as an external auxiliary electrode and facilitates starting.
Slabl9 running conditions are reached after an interval varying from aboit
l0 rrrinutes with the 45 w. lamp to 20 minutes for the 85 w. lamp (Fig. 3a).
No auxiliary circuit,is required to warm the oxide-coated electrodel, the
heat of the discharge being sufficient to maintain them at a suitable tem-
perature. The 45 w. lamp may, if desired, be burned in any position
between horizontal and vertical, cap up, but the other three sizes must be
used in the horizontal position, never cap down.

_ 
As the^lamp opelates at low vapour pressure, there is no delay in striking

$e qc if the lamp is switched on while still warm from previous burningl
The brightness of the lamp at starting will of course depend on the amount
the lamp has cooled since being switched off.

_ Should a relatively new lamp strike normally but take an exceptionally
long time to reach full brightness, or even fail to reach full brightness at
all, a faulty vacuum jacket is a likely cause. Poor vacuum would permit
too much heat to be cohvected away from the lamp, so that it never reached
proper operating temperature.

The SO/H lamp operates at a vapour-pressure and temperature which
give maximum luminous efficiency combined with higti light output.
Should excess voltage be applied to the lamp, larnp wattage will rise,-but
at the same time the luminous efficiency will be decreased owing to the
fact that a lower proportion of the energy radiated will be in the visible
waveband, and a greater proportion in the infra-red. The light output
may in fact rise by some 2 per cent. at slight excess voltage (Fig. 35), but
at greater voltages starts to fall. If the mains voltage is too low, light out-
put again decreases. Either too high or too low mains voltage will result
in a shortening of useful lamp life, the former by overheating the electrodes
and thus evaporating the active coating, the latter by under-heating the
electrodes, leading to loss of active material by sputtering. The end of life
may be indicated either by failure to start, due to the transformer being
unable to supply suffcient voltage to overcome the loss of electrode
material, orby the light output falling to an uneconomic figure due to the
rnigration of sodium to one end of the U tube.

One size of transformer is suitable for any of the three smaller sizes of
sodium lamps, since they all operate at,the same current.

Lamp details will be found on page I44.
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Fig. 35. Effectof variation of mains voltage on the lamp characteristicsofsodium lamps

The power factor of the lamp and transformer alone is about 0'3.
Power factor correction is obtained by connecting across the mains a
capacitor of the value shown below.

Capacity in mfd. to give the following power factor

LampWatts 0.9
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45
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60
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19.0
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85
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Mains
Voltage 0.7 0. 75 0.8 0. 85

18.0
16.0
13'5

r9.0
17 .0
14.0

r9.5
18.0
15.0

190-210
2t0-230
230-250

190-210
200220
220-240
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t7
15
13
l1

0
0
5
0

l8
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l4
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0
5
5
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17.0
15'5
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0
0
0
0

20
18
l6
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11
9

0
0
5
0
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Capacity in mfd. to give the following power factor-continued

Lamp Watts Mains
Voltage 0'7 0.75 0.85 0.9

140
140
140
140

190-2r0
200-220
220-240
240-260

0
0
0
0

38
34
25
22

Since metallic sodium may burn if brought into contact with moisture,
care should be exercised when breaking up old lamps for disposal. The
best plan is to break them up into small pieces in a bucket or other suitable
container which is then stood in an open place and filled with water.
After a few minutes the residue may be removed safely.

TUBULAR FLUORESCENT LAMPS (TYPE MCF/U)
CONSTRU CTION

The lamp consists essentially of a clear glass tube coated internally with
fluorescent powder, and with an electrode sealed into each end. Since the
electrodes require to be heated before the lamp strikes, both ends of each
electrode are brought out of the ends of the lamp and connected to suit-
able caps. The tube is filled with a very low pressure of mercury vapour,
with a little argon to assisl starting, and operates at a temperatnre low
enough to permit the fluorescent powder to be used on the internal surface
of the tube.

The electrodes are fitted with metal extensions which act as anodes,
while the hot electrodes act as cathodes during the other half of the A.C.
cycle. No auxiliary internal electrode is required for starting, which is
effected by means of the special circuit employed.

TECHNICAL
When an electric discharge passes through mercury at very low vapour

pressure the amount of light generated is very small, but some 60 per cent.
of the input wattage may appear in the form of ultra-violet radiation,

ENO VI81,Y OF ELECTRODE

Fig, 36. Simplified diagram of a hot-cathode fluorescent lamp. ln the case of an instant-
start lamp a conductor connecting the shells ofthe caps is fixed along the outside ofthe
lamp
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The standard range of fluorescent lamps up to 5 ft. in length (left to right) 15 w' 1l ft.
x 1 in.; 20 or 40 w,, 2 ft. x 1.1 in.; 30 w.,3 ft. r 1 in.; 40 w., 4 ft, >r 1.1 in,;
B0 w., 5 ft. x 1j in.
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ELECTRIC DISCHARGE LAMPS

APPROX
I

r00.000
Fig. 37. As mercury vapour
pressure is increased the
efficiency of generation of
ultra-violet increases to a

maximum, then falls owing to
re-absorption of the radiation
by the vapour

ATMOSPHERE

VAPOUR PRESSURE

The final choice of dimensions for commercially-produced lamps is, of

104

particularly at, a wavelength of 2537 L. Fluorescent powder or powders
can be manufactured which will convert this radiation very efficiently
into lightwith a continuous spectrum, and by a suitable choice of powder(s;
it may be possible to obtain from a discharge source a light which closely
approximates natural daylight or any other colour of light.

The dimensions of a tubular fluorescent lamp are determined by con-
siderations ofwattage dissipation, vapour pressure and current density.

l The amount of ultra-violet generated depends, other things being
equal, on the wattage dissipated in the discharge column. In ordei
that this wattage shall be a Targe proportion of the total lamp
watta9e, the discharge column must be long (page 75).

2. If other conditions are kept constant but vapour pressure is raised
from zero, the efficiency of generation of ultra-violet at 2537 A
will at first rise (Fig. 37) but reaches a peak value and thereafter
falls because an increasing amount of radiation becornes re-ab-
sorbed by the vapour. It is found that a vapour pressure of about
rdotoo atmosphere is the optimumvalue, and tube temperature must
therefore be controlled so as to give approximately this pressure.

3. Other things being equal, maximum efficiency of generation of
2537 A ultra-violet requires very low current density (amps. per sq.
cm.) in the tube (Fig. 38). On the other hand, very low current
density in a tube of reasonable diameter means that total tube
current is low, therefore tube watts are low; therefore, however
efficient, not very much ultra-violet will be generated. Thus a
compromise between the requirements of maximum efficiency and
total useful radiation must be reached.
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oourse, the result of a comprornise between practical considerations and
the factors outlined above.

ENERGY CONVERSION
The manner in which thi input energy of a fluorescent lamp is dissipated

is approximately as follows (based on the 80 w. lamp):--

Ceneration of
conducted and

convected
heat by:-

Cathode
Fall

12

Radiant
heat

Generation
of light
from the
discharge

Light

2

In plain 80 w. tube,
with no fluorescent
coating, wattage is
dissipated thus:-

When fluorescent
coating is added,
the 48 w. ultra-
violet is converted
thus:-

The complete lamp
dissipates wattage
thus:-

Wattage dissipation
ol a number of
theoretical 80 w.
gasfilled lamps
totalling equal light
output

18

Conducted and
convected heat

2443 13

80 ls3 22*

* The discrepancy between this figure and the one immediately above
is due to the gaafilled lamp generating most of its light at the red end of the
spectrum, to which the eye is comparatively insensitive'

It will be seen that fluorescent lamps give about half as much conducted
and,convected heat as gasfilled lamps of equal light output, and this may
be important in, for instance, air-conditionecl interiors where heat removal
may 6e a. problem. The heat radiated by a fluorescent lamp, however, is

only a small fraction of that from equivalent gasfilled lamps, and herein
lies a great advantage, for radiant heat travels with the hght and warms

105 H

Generation of short-wave
ultra-violet

48

To con-
ducted

and con-
vected
heat

13

To radi-
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heat

24

To flu-
orescent

light
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Fig. 38. Considerarions of efficiency
require the current density in a

fluorescent lamp to be low, yet high
enough to give a useful lamp wattage

yellow
blue

CURRENT D€NSIIY

e-verything the light 
_ 
reaches. directly. Thus fluorescent lamps may, if

desired, be mounted low to give high illumination values without the heat
discomfort formerl,v associated with low mounting.

COLO U R

In eariy examples of the tubular fluorescent lamp. lrorn 1940 to 1947,
the powder used was a mixture of three other powders, with proportions
adjusted to give either the "daylight" or "wairn white" colour-desired.
The three primary powders were commonly:-

Zinc beryllium silicate, fluorescing
Magnesium tungstate, ,,
Cadmium borare, ,,

Each of these had to be mixed in manufacture with a minute trace of an
"activator" which controlled the effectiveness of the powder, then all three
were mixed together. By 1947, however, prolonged research had enabled
a single_powder-an activated calcium halophosphate-to be produced
and_used in lamps to give white and near-white colburs of light, according
to the activator employed. Standardisation of colour was tfius simplified,
and the_ new powder gave, in addition, a considerably greater light 

-output

coupled with better maintenance of light throughout life.

There is no difficulty in producing a near-white fluoresceni lamp of any
particular shade. However, a lamp having the same overall colour as for
example daylight will not necessarily render colours exactly as daylight
does for its spectrum may be slightly different. of importance to the user
of fluorescent lamps is the fact that out of the almosi infinite number of
possible shades standardisation of a range of colours has been achieved,
the colours selected combining good colour quality with high luminous
efficiency and maintenance through life.
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The "natural" colour lamp, introduced in 1948, gives fairly true colour
rendering, and is likely in due course to become,more widely used than
the "daylight" which, though appearing to be of very. similar. colour, is
deficieni in deep red light. The "warm white" lamp gives a pinker light
which may be more acceptable for some purposes.

Where the radiating properties of a light source are similar to those of a
"black body" the colour of tire light may conveniently be described_ by
assigning to it an appropriate "colour temperature,"-e'.8..4 sourcewith a

coloiur temperature bf +ObO' K. would give a colour of light similar to that
of a "blacli body" at 4000" absolute (: 4000" K.).

The spectra of three of the four present standard colours of fluorescent
lamp are not in close agreementwith that of a black body, andBritishlamp
manufacturers in general consider that to quote figures of colour tempera-
ture for them would be more misleading than informative.

There is no parlicular problern associated with the production of
coloured light by means of fluorescence, and colours additional to the

present standards will probably be made in the future.

Colour matching lamps are referred to on page 145.

THE CIRCUIT

Normal mains voltage is genelally insufficient to initiate a discharge

in an MCF/U lamp wh-en the electrodes are cold and the gas and 
-vapour

contents ol the tube in an un-ionised state. Means must therefore be

found to heat the electrodes before starting, and to arrange for a degree

of pre-ionisation of the vapour, or to provide a high ,voltage, or perhaps

to do all these if a simple and reliable method can be found. The method

usually adopted is as follows:-
Each electrode is constructed of tungsten wire in the form of a coiled

coil through which a current is passed for a few moments before the dis-

charge strii<es. This has the effect ofheating the electrodes and their coat-

ing of rare earth oxides, making them more capable of emitting electrons

un-d thus reducing the voltage required for starting. At the same time, the

passage of current through the coils sets up a small potential sufficient to
initiale a glow discharge between opposite ends of each electrode, thus

ionising tlie gas and vipour in the vicinity of the electrodes and further
aiding itre stiiting of the main discharge. When the electrodes have be-

come-sufficienrly iarm, the heating circuit is broken automatically (Fig. 39)

and the choke, in resisting the sudden interruption of current,.generates
a momentary high voltageby self-induction. This high voltage is impressed

on opposite endi of the lamp, and is sufficient to initiate the main discharge;

ordiniry mains voltage is subsequently more than sufficient to maintain it.

IO7
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Fig. 39. Schematic diagram of a simple hot-cathode fluorescent lamp circuit

In adopting this deyice, the manufacturers have deliberately balanced
the advantages against the disadvantages. On the debit side there is the ,

fact that an auxiliary circuit is necessary, and a delay of, say, I to 2 seconds
occurs after switching on before the lamp strikes. On the credit side, non-
productive electric power consumed is reduced to a minimum, and the
electrodes receive the gradual pre-heating which ensures a long and effi-
cient life.

An alternative method, applicable at the time of writing only to the 80 w.
lamp, is to connect a high-reactance auto-transformer across the lamp
Gig. a0). When first switched on, almost full mains voltage is applied
across the lamp and transformer, and the electrodes are heated to operating
temperature. When they become hot the applied voltage is sufficient to
initiate the main discharge. Lamp voltage then falls to its normal operating
value, and this reduced voltage is applied also to the transformer, which
then supplies less electrode heating current. The electrodes are maintained
at proper operating temperature partly by this current and partly by the
action of the discharge. This method, which requires the presence of an
earthed metallic strip connecting opposite ends of the lamp, gives a quicker
start than the switch-operated circuit.

Various other methods of startin-q are, or from time to time have been,
adopted. The least desirable from the point of view of lamp performance
takes the form of a leakage reactance transformer or similar device to
provide an extra-high open-circuit voltage which starts the lamp instan-
taneously without any pre-heating of the electrodes. It is possible that in
due course electrodes will be perfected which will enable pre-heating tb be
dispensed with, bpt up to the time of writing it has not been found possible
to avoid the disintegration and dispersal of active electrode coating when
a discharge is forced between cold electrodes, thus very seriously reducing
the useful life of the lamp.

STARTER SWITCHES

The automatic starter switches used to break the circuit when the
electrodes arb hot are of two types, Glow (voltage operated) and Thermal
(current operated).
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a.c_.

Fig.40. lnstant-start circuit diagram for a 5 ft. lamp. ln practice the auto-transformer is

smaller than the choke, and may be combined with it in one unit

Glotu TS,pe (Fig. al)

A bulb filled with helium or other gas colltains two contacts, one
of which is mounted on a bi-metal strip. The contacts are normally
oPen.

When the circuit switch is closed, almost full mains voltage
appears across the switch contacts, and this is sufticient to strike a
glow discharge between them in helium. The design of the starter
is such that only a small current, up to 0'1 amp., flows at this
stage, but the heat of the discharge warms the bi-metal strip and
closes the contacts. This allows full heating current to pass through
the lamp electrodes.

The cfosing of the starter contacts extinguishes the discharge
between them, and after a few moments the bi-metal strip cools
sufficiently to open the circuit, thus starting the lamp. The voltage
across the starter contacts is then equal to lamp voltage, and being
well below mains voltage is insufficient to re-strike the glow dis-
charge. The starter contacts therefore rernain open until the next
starting operation.

2. Thermal T-1'pe (Fig. 42)

Within a hydrogen-filled bulb, two contacts, touching each other
at normal temperatures, are mounted on bi-metallic strips one of
which is bent into U shape. Within this U, but not touching it, is
a small coil of tungsten wire (the heater) connected in the rnain
lamp circuit.
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Fig. 41. Diagram of the glow starter circuit

i-----'l

When the circuit switch is closed, current flows through the
heater and both lamp electrodes, raising the latter to operating
tenperature; it also warms the heater, which in turn warms the
U strip and causes it to bend away from the other, thus breaking
the circuit. The voltage then induced in the choke starts the lamp
as explained previously.

It will be seen that when the larnp is alight, current continues to
flow through the starter heater, thus keeping the contacts apart
until the lamp is switched off, when the bi-metal U strip cools and
the contacts close, ready for the next start.

The bi-metal strips are twisted to compensate for normal varia-
tions of atmospheric temperature. The heater consumes up to
I watt of electrical power.

Except for replacements to existing installations, all starters are now
enclosed in a metal canister having a four-pin base fitting into a standard
size of socket. The pins are of different sizes, the two larger ones being
connected to the sr.vitch contacts and the two smaller to the ends of the

Fig. 42. Diagram of the thermal starter circuit
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The metal canister containinS either a glow or
thermal starter

heater if the canister contains a thermal starter; if not, the two sntaller
pins are short circuited within the canister.

STARTER SOCKET

The standard socket is arranged with a slotted base so that the starter
cannot be inserted incorrectly. Connections to the switch contacts of the
starter are taken out to copper terminals at opposite corners ofthe sockei,
and those to the heater (if thermal starter) to the other two corners.

When the starter is removed, the socket blades making contact with
the two smaller canister pins fall back on to a solid bar which short-
circuits them. This device ensures that if necessary a starter may be

lemoved without extinguishing the lamp.

fn general, complete lighting fittings are wired up on the assttmption
that a thermal type starter will be used, as if this is done either type may
be used at will.

Starter socket. The holes receiving
the starter pins are of different sizes

so that the starter cannot be inserted
wrongly

w
n z

Fil
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RADIO INTERFERENCE SUPPRESSOR

A small capacitor is connected across the starter contacts (and, in effect,
across the lamp) in order to prevent radiation of any radio frequencies
that may be gener:ated within the lamp, and is generally effective in doing
so except where the receiver is very close to the larnp. In such cases, if
neither can be rnoved, removal of the lamp from its holders and rotation
through 180" about its najor axis, should effect a cure.

The radio suppressor assists the starter to break the circuit cleanly etnd
gives a r-nore certain start. It is normally enclosed with the starter in the
canister. In early types of glow starter a 100 ohm resistor was connected
in series, but this is now found to be unnecessary. Radio interference may
also be caused by mains-borne disturbance originating in the lamp. The
radio suppression capacitor is generally sr"rfficient to damp this interference,
and only in exceptional cases will a special filtel circuit in the mains be
necessary.

LA MP HO LDER S

The 80 w. lamp requires a B.C. lamphoider at each end. 40 w. lamps
and srnaller sizes are fitted with bi-pin caps which require special holders
into which the lanp is inserted and then turned 90' to lock into position.
If the lamp is not properly inserted, it will not tul'n and the pins nay
suffer damage.

Due to the shortness of the lanp pins (.uer- in.) it is essential that holder.s
be spaced accurately in older to prevent lalnps fr.om falling out or being

&

I

Bi-pin lamp cap and holder. The nominal length of lamps with bi-pin caps includes a
lampholder at each end
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THROUGH

Fig. 43. Series circuit diagram for two 2 ft. or 1$ ft. lamps, Starter socket terminals CC
connect to the switch blades of the starter

too tight a lit. A srnall projection (which can be snapped offif not required)
is moulded on to the rear cover-plate of each holder to assist correct loca-
tion when mounted on wood or other soft material. Another type of
holder, giving spring-loaded end-on pressure on the pins, has also been
developed but has not yet been generally adopted.

Home Office regulations require the brass shell of bi-pin caps to be
holder does

a.c.

B

c

earthed. A spring
this conveniently,

mounted immediately in front of each
also retains the lamp securely in position.

SERIES OPERATION

Lamps of the following sizes operate singly on 1001130 v. mains, or
two in series on2001250 v. mains:-

40 watts (2 ft. x 1| ins.) 20 watts (2 ft. x 1| ins.) 15 watts (1] ft. x I in.)

For series operation of a pair of lamps, only one suitable choke is
required, but each lamp of the pair must be of the same wattage rating.
Single-lamp operation of the last two of the above-mentioned lamps on
2001250 volt mains is satisfactory provided that the pircuit is designld to
prevent cold starting of the lamp.

Starting arrangements must be provided for each lamp, either by two
separate starter switches or by a composite 2-circuit switch. For the
separate switches on account of the relatively low lamp voltage with these
short lamps, the current-operated thermal type of starter is generally

ll3
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Fig. 44. Variation of light
output ofa fluorescent lam p

for the first few 
.minutes

after switching on

HINUTES

t2 t6

. TIME AFTER SWITCHING ON

employed, and is connected as shown in Fig. 43. With the composite
2-circuit switch the glow principle is used.

It should be borne in rnind that a fault in one lamp or stal'ter rl]ay
strongly affect the other parts of the circuit (e.g. if the contacts of one
starter fail to open, the other lamp will start normally but be seriously
over-run; also the choke windings ancl the electrodes of the lamp to which
the faulty starter is conuected may eventually be damaged). It is therefore
very advisible to investigate and rectify any such faults as soon as possible.

OPERATING VALUES
I-ight Onpur

At the instant of switching on, lamp temperature is equal to that of its
surroundings, and as a result the vapour pressure within the tube is lower
than its designed value. This is turn will affect both the wattage consumed
and the efficiency of light production, so that the light output is slightly
less than nortnal (Fig. aa).

During the first few minutes that the lamp is alight, the vapour pressure
rises owing to the heat of the discharge, and light output increases to its
nonnal value, or in some instances (as when installed in a closed-top
trough fitting) to a value fractionally higher than normal; if this occurs,
it gradually falls again to normal during the next fifteen to twenty minutes.
It is therefore apparent that photometric readings should not be taken
until the lamp has been burning for more than a quarter of an hour.

During its life, the light output varies approximately according to the
curves shown in Fig. 45. There is a cornparatively rapid drop, thought
to be largely due to poisoning of the fluorescent powder by the mercury
vapour, during the initial stages, and then follows a very slow and steady
decline until the end of life.

Three figures oflight output are quoted on page 145 for different stages
of lamp life.

114
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Brightnes.s

The brightness of a tubular fluorescent lamp varies according to the
light output at various stages of life. At the ends, near the electrodes, the
brightness decreases.

The figures below refer to the maximum brightness as seen with the
lamp at right angles to the line of view, but at more end-on viewing
positions, particularly where the line of sight makes an angle of less than
25'with the major lamp axis, brightness is considerably reduced.

Watts
Brightness (Candles per sq. in.)

At 100 hours Average thro' life Final

80
40 (4 ft.)
40 (2 ft.)

3+
a1L4
3+
3+
1i
a1LZ

Jt
1-3

-'4
ri
r+
t3

4i
1_r_

4+
4+
al
?I

30
20
15

Power Factor Correclion

Power factor correction of single-lamp or series circuits is normally
effected by means of capacitors of the following values, connected across
the.mains:-

1-80 w. or 2-40 w. (2 ft.) in series 7.5 mfd.
1-40 w. (4 ft.), or l-30 w., or 2 x 20 w. or 2 x 15 w. in series . 3'25 rnfd.

These give a corrected power factor of 0 . 85-0 . 9 lagging in each instance.
The uncorrected power factor is about 0.5 lagging.

u
Lqo=
r- X,z 0'utru ot
d,4rfqF
J,
aJitl>
Our(,
F<
L&
eyJ<

20

o0

80

60
Fig. 45. Typical curve
of light output of a

fluorescent lam p

throughout life.
(Average through-
out life taken as 100

per cent.)

20 40 60 80

PER CENT. OF NORMAL LIFE
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A.C.

HOI€

Fig.46. Diagram of twin-lamp circuit for 3 ft., 4 ft., and 5 ft. lamps. On some mains

voltages, choke ratings may be dissimilar

Cyclic Variation of Light Output

Though the discharge arc is extinguished 100 times a second on 50 cycle

A.C. supplies, the light output does not fall to zero at these instants since

the fluorescent powder is slightly phosphorescent and continues to glow
throughout the extinction period. The cyclic flicker of the_ light is thus

much-less marked than wbuld otherwise be the case and is generally
unnoticeable on stationary or slow-moving objects.

Where it is desired to reduce this effect still further, two methods may

be adopted:-

1. Where applicable, to connect adjacent lamps to different phases of
supply.

2. To connect pairs of similar lamps on the twin-lamp circuit described

belolv.

Twin Lantp Circuit

In this arraugement (Fig. a6) the normal power-factor capacitor(s) are

omitted, but a iapacitor ii inserted in series with one of the chokes, and
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{c) (D)

Fig. 47. Variation of light output of 80 w. fluorescent lamps on a 50-cycle supply'
(A) Two lamps on twin-lamp circuit. (B) Two lamps both operated inductively' (C) Two
lamps on different phases of 3-phase supply. (D) Three lamps, each on one phase of a

3-phase supply

results in a leading power-factor for that lamp circuit. Electrical constants
are chosen so that this leading power-factor balances the lagging power-
factor of the other lamp,circuit, resulting in au overall power factor of
very nearly unity (about 0'95).

The current in one of the lamps is displaced relative to the other by
about 120", and the light output cycles are similarly displaced. Peak out-
put from one lamp therefore occurs at the instant that output from the other
is nearing a minimum, and if the two lamps are in a single fitting, or are
near together, the total light flux received at the working plane does not
vary appreciably from instant to instant (Fig. a7).

In the lamp circuit with seties capacitor a degree of resonance has to be
provided in order to exert the required control over lamp voltage and
current, and some 375 v. is impressed across the capacitor, which must
be of appropriate voltage rating. Capacity values usually employed are

7 mfd. (80 w. or 2 x 40w.2 ft); 3.5 mfd. (40 w.4ft. or 2 x20w.);
2.7 mfd. (30 w.); 2.7 mfd. (2 x 15 w.).

n7

7t=tvrd A
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The two chokes also require to be of different voltage rating, as
follows:-

Choke Rating
Mains Voltage

Lagging Circuit Leading Circuit

In the U.S.A. a "compensator" (a small inductance) is generally in-
serted in the switch circuit of the "leading" lamp(s). The aim is to improve
the starting characteristics of the lamp(s), but at the time of writing this
device has not been generally adopted by British manufacturers.

On 200/250 r,. A.C. supplies each "leg" of the twin-lamp circuit may,
if desired, consist of two similar 2 ft. lamps connected in series (Fig. a8).

Mains Current

When MCF/U lamps are operating with appropriate control gear on
2001250 volt A.C. mains, the current in the mains is approximately as

shown below:-

CURRENT IN MAINS.

With Inductive Control (Lagging Power-Factor)

.2001210
2201230
2402s0

1-80 w. or
2-40 w. (2 ft.)

in series.
7'5 mfd. P.F.

capacitor

1-40 w. (4 ft.) or
2-20 w. in series.
3'25 mfd. P.F.

capacitor

2401250
2201230
200l2to

1-30 w. or 2-15 w
in series

3'25 mfd. P.F.
capacitor

0. l7 amps.0'5 amps 0'25 amps

With Lamps on Twin-Lamp Circuit

2001210
2201230
24012s0

2-80 w. or
4-40 w. (2 ft.)

7 mfd. capacitor

2-40 w'. (4 ft.) or
4-20w.3.5 mfd.

capacitor

2-30 w. or 4-15 w
2'7 mfd. capacitor

0'4 amps.0'8 amps.
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IHROUGTI
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Fig. 48. Diagram of four-lamp series-parallel circuit. The upper pair are controlled
capacitatively, the lower pair inductively

E ntiss i on of U I t ra-Vi oiet

The ultra-violet waveband may convenientlv be divided as follows:-

(i) Wavelengths bettveen 4000 A and 3250 A. These have no known
medical or therapeutic effects. Under 50 Llft.z of fluorescent light-
ing, these wavelengths are pfesent about one quarter of one per
cent. as strongly as in natural sunlight.

(ii) Wavelengths betvveen 3250 A and 2900 A. These are responsible for
the tanning effect of sunlight. Under' 50 L/ft.'?of fluorescent lighting,
these wavelengths are present about two-thirds of one per cent.
as slrongiy as in sunlight.

(tii) Warelenqths less thqn 2900 A. These are potentially dangerous,
blistering radiations sometimes used for sterilising and gelmicidal
purposes.

Laboratory tests with equipment capable of acculate measul'ement
of the intensity-of these radiations at a strerrgth as low as one-tenth
of that known to be safe for a child under coniinuous exposure
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arc uilable to detect llrc presence of suclt rqdiatiorts ftotn lluoresceut
lamps. It is therefore correct to state that no dangerous radiation
is emitted.

Some of the harn,less long-wave ultra-violet, which is present in approxi-
rnately equal quantities in fluorescent lamp light and tungsten filament
larnp light of equal intensity, may however give rise to weak fluorescent
effects which may be noticeable with some coloured objects. Certain dyes,
particularly some blue and purple hues, are particularly sensitive to this
ultra-violet and may undergo appreciable changes of apparent colour
under natural daylight at different times of day, and under the various
types of artificial illuminant in common use to-day.

Effect of Voltage Vqriatiort
The effect of mains voltage variation on the 80 w. lamp in a "lagging"

circuit is shown in Fig. 49,the percentage variation with the 40 w. lamp

Fig. 49. Effect of vari-
ation of mains voltage
on the characteristics of
an 80 w. lamp. Curves
tor 4lt. lamps are
similar
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being substantially the same. It will be seen that a I per cent. variation of
mairis voltage changes the light output by less than I per cent., whereas

the change with filament type lamps is about 4 per cent'

Apartfromcausingachangeinlightoutput,normalvariationsin.mains
uoitig" ttuu. no ,"riorn effe-ct on'lamp pgrformance' At exceptionally

low ioltage, however (e'g. below 185 v. with normal room tempe^rature

on a nominal 200 v. iu"pply, with a rather rvider margin of safety at
frigt*t "".inal 

mains votiug.t;, lamp operation may. become erratic'

eifier because the lamp volTage avaiiable is not sufficient to maintain

it " ur", or because the starter-contacts continually tend to close and re-

open.

Effect of TemPerafure

MCF/U lamps give their rated light output in still air at an ambient

t"*p"#ut. of )0t., correspondinf-to a tube wall temperature of about

+g;'4., unO this condiiion is likely to-be realised with a singleJamp trough

ntti"gi" an ordinary interior, but a change in lamp. temperature will vary

the iiternal vapour pressure. This in turn affects both the wattage con-

sumed by the iamp and the efficiency_with which 2fi7 A, ultra-violet is

gen"rat"d, thus causing a change in light output as shown in Fig' 50'

oo

60

F
f
E
F
E
o
F
I
I

J

Ec
o
z
tt
o
Fz
uru
c
UJ
G

v

80
NORMAL OPERATING

RANGE OF TUBE
WALL TEMPERATURE

40

20

o 20 40 80

TUBE WALL TET'IPERATURE IN OC.

Fig. 50. Effect of tube wall temperature on the light outPut of a fluorescent lamp. ln
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RESISTOR CHOKT

REVERSIN6
swtTcH

Fig.51' circuit diagram for D.c. supplies. The reversing switch should preferably be
of the uni-directional rotary type

their
when

Enclosure to preserve lamp heat is obviously desirable when ambient
temperature is low, and in well-designed street lighting fittings even the
most severe weather does not cause a loss of light exceeding l0 per cent.

At temperatures below - 5' C. on 230 v. mains, or below 0' C. at mains
voltages less than 200 v., some starting trouble may be experienced.
where such conditions are likely to occur, it is recommended that starters
giving a relatively long pre-heating period be used, or alternatively that a
hand-operated switch be substituted.

D.C. Operation

Though MCF/U lamps can be operated on direct current supplies,
advantage over filament type lamps is much less marked 

-than

operated on A.C., for the following reasons:-

(1) Though the choke must be retained to provide the voltage impulse
necessary for starting, it does not sufficiently limit the flow of direct
current. A series resistor therefore has to be included in the circuit
lor this purpose (Fig. 5l); this resistor consumes power, thus re-
ducing the luminous efficiency of the circuit as a whole.

Q) After some hours of operation the positive end of the lamp goes
dim compared with the negative end. This is due to electrophbresis,
i.e. a migration of mercury to the negative end, and may be
countered by fitting a reversing switch to change lamp polarity at
intervals.

Note.--The reversing switch should preferably be of a uni-
directional rotary type so that reversal of lamp polarity auto-
matically takes place every time the switch is turned on. It should
be fitted in place of .the 

normal circuit switch, not the main
swrtch.

(3) The lamp may not start easily on supply voltages below 220 v. D.C.
It is recommended that thermal type or specially designed starters
be used on D.C. supplies, whatever the voltage.
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Approximate values recommended for the series resistor are as
follows:-

Approximate Resistor Values (ohms)
Mains

Voltage

200

2t0

220

230

240

250

264

293

330

380

420

420

lt6

t22

t47

147

169

169

2-40 w.
(2 ft.) 2-15 w

235

264

293

330

380

380

Fault Tracing

As fault tracing in flnorescent lamp circuits may be difficult until
experience is gained, the following notes may prove a useful guide.

The end of useful lamp life may be indicated by the following symp-
toms:-

1. Lamp blinks on and off several times, probably with a shimmering
effect along the tube.

2. Light output low, dark rings or patches along its length, with very
dark rings near the cap.

3. A slow, pronounced flicker.

Faults may be recognised as follows:-
Slmptom Probuble Cause

(a) Lamp appears quite dead when 1 Failure of supply or break in
switched on. circuit (suspect broken electrode,

lampholder plungers or heater
of thermal starter).

'2. Faulty starter.

(b) Lamp does not light when l. Faulty thermal starter.
switched or, bUt one end 2. Eatth in wiring of starter or
glows. radio suppressor unit.

3. Broken electrode.

t23

l-80 w

116

tt6

147

147

172

172

205

230

260

290

320

350

1-30 w1-40 w.
(4 ft.)
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Symptom Probable Cause

(c) Lamp does not light when
switched on; but both electrodes
glow continuously.

(d) Lamp makes repeated efforts
to start.

l. Starter contacts have welded
together or short-circuited.

2. Short circuit in radio suppressor
unit.

1. Lamp has run useful life.
2. Low voltage, cold draughts or

low temperature.
3. Starter operation too rapid.
4. Incorrect control gear.

(e) Lamp continually starts and As (d) above. May also be due tore-starts' 
#'T" til31?r":"ii[iTt 

to grow

(/) Column of light in the lamp Usually occurs only when lamp is
appears to be moving, probably . new, and disappears after a short
in a spiral. period of use.

Search for a fault can often be simplified by trying the starter from a

suspected circuit in a good circuit. If the starter is found to be in order'
the same procedure should be followed with the lamp from the suspected

circuit. A good lamp should never be inserted in a circuit that may be

defective.

8 FT. TUBULAR FLUORESCENT LAMPS (TYPE MCF)

Two 8 ft.long tubular fluorescent lamps became available in1949.

(a) An 8 ft. (nominal) lamp of 1| in. diameter which, in all respects save

length, is similar in construction to the 5 ft. 80 w. instant-start-lamp.

This lamp is available in Natural colour only. A metal strip is cemented

along the outside of the lamp to facilitate starting, but need not be earthed.
The lamp may be operated at a loading of either 125 w. or 75 w', the load-
ing being deiermined by the control gear, and may be associated with
either of two circuits, both of which ensure adequate electrode pre-

heating:-

Lagging power-factor circuit. A block-type leakage transformeris con-

nected across the lamp (Fig. 52) where its Purpose is to contro! !u*p
current, to step-up lamp voltage to the required value_for starting_(370 v.

for the 125 w. anA +SO v. for the 75 w. loading) and to supply heating
current to the lamp electrodes. This heating current is automatically varied
to suit both starting and running conditions as in the 80 w. instant-starting
arrangements. Wiih this circuit starting is practically instantaneous, and
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A.C,

Fig.52. Lagging power factor circuit for I ft. x 1] in. lamps loaded to either 125 or

75 watts. Starting is instantaneous

CHOKE
A. C.

CHOKE

A.C.

Fig. 54. Circuit for 8 ft. x 1 in. lamp, giving instant start with cold electrodes. A safety

switch isolates the circuit from the mains when the lamp is withdrawn from its holders

125

c

Fig.53. Leading power-factor circuit for 8 ft. x 1! in. lamp. The starting delay is

similar to that for an 80 w. lamp with thermal starter. suitable only for 125 w. loading

of lamp'

LAMPHOLDER
swlTcH
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transformers for either rhe 125 w. or 75 w. loading are available. The latter
may sometimes be preferred on account of the lower brightness of the lamp.

The power-factor capacitbr connected across the rnains has the foilowing
value:-

Lamp Rating Mains Voltage

l2t0
22012

Capacitor Value
(mfd)

75 watts

125 watts

200
220

200

l2t0
l2s0

50

10
7

20
l5

5

A radio-suppression capacitor (0'02 mfd.) is connected across the lamp
as usual.

Details of lamp performance, ele., are given on page 145.

Leading power-factor circuit. Standard (80 w. rating) elongated-type
control gear is used with a thermal type of starter to give the normal
delayed start associated-with this type of circuit (Fig. 53). The power-
factor capacitor of 7 mfd. is connected in series with the choke, lnd an
elongated-type auto-transformer is required to raise the circuit voltage to
about 250 v.

This circuit, which has a leading power-factor of about 0.85 may be
preferred on account ofthe convenient shape ofthe control apparatus, but
will generally be used for half the total number of lamps in bonjunction
with the lagging power-factor circuit for the other half, eicept where other
inductive loads already exist.

This circuit is applicable to the 125 w. loading only.

(b) An 8 ft. (nominal) lamp of 1 in. diameter, similar to the American
"slimline."

This lamp also is available in Natural colour only, and may be operated
at a loading ofeither 50 or 70 w. according to the contiol gear used. This
is a combined choke-transformer with an open-circuit voltage of some
750 v. which is sufficient to strike the discharge between tie specially
designed unheated electrodes. Once started, the action of the diicharg-e
heats the electrodes and maintains them at operating temperature. Tie
lamp is fitted r /ith a special cap at each endj fittiniinto'special spring
holders, one of which incorporates a switch which breaks the mains circuit
when the lamp is withdrawn. A metal strip on the lamp aids starting.

Details of lamp performance, etc., are given on p. 145.
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MISCELLANEOUS DISCHARGE LAMI'S

COLD CATHODE TUBES

In order to strike and maintain a discharge in a long tube a much higher
voltage will be required than for a short tube. Most of this voltage will be
required for the discharge column and only a relatively small proportion
may be wasted in the cathode fall; at tube lengths of the order of 9 ft., in
fact, it may be an economic proposition to accept the high cathode fall
occasioned by employing cold electrodes, since they have advantager in
other directions which compensate for slight loss of efficiency compared
with hot activated electrodes.

The electrodes used for cold cathode tubes are generally plain nickel
or iron cylinders of considerable size in order to keep the current density
at their surface low. They are housed in enlarged sections of the tube,
one at each end, and are connected to a source ofhigh tension, i.e. a trans.
former. Sometimes two leakage transfbrmers working in tandern with the
centre point of the secondary winding earthed are used with three standard
9 ft. 6 ins. (overall) mercury filled fluorescent tubes connected in series.
These require a total of approxirnately 3600 v. at starting and 1900 v.
in the running condition, the necessary voltage regulation being carried
out automatically by the transformers. Each tube is rated at 70 w.

Since no pre-heating period is required, the tubes strike imrnediately
the supply is switched on. Their life (nominally 10,000 hours) is relatively
unaffected by the number or frequency of switchings, and they mzy be

f-
I

I
I

--------_-l

t

I

t____

a,c,

Fig. 55. Typical circuit diagram for three cold-cathode lamps in series. The high-
voltage transformers have primaries in parallel and secondaries in series
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dimmed (usually by means of a D.C. saturated choke or a reactor) down
to almost zero light output. Other technical data are:-

Length of luminous part of tube 8 ft. 6 ins.; diameter 20 mm,;
normal current 120 m.a. in tubes, 1'3 amp. in mains; uncorrected
power-factor 0'3, generaliY'raised to approximately 0'85 by a

4O mfA. capacitor. The luminous efficiency depends on the fluores-
cent powders used, but is similar to that of 80 w. MCF/U lamps
using the same powders.

Various other cold cathode tubes are manufactured with neon, hydro-
gen, carbon dioxide and other fillings.

Owing to their small diameter it is not difficult to bend the tubes'
during manufacture, to any desired shape, and they can thus be "tailored"
to suit a particular interior. Their adoption in much shorter lengths than

the present standard, however, is unlikely to become general on account
of the relatively low efficiency the use of cold electrodes then entails'

TYPE MD LAMPS
For some purposes, notably for high power projection, a light sotlrce

of very small dimensions, high wattage and extreme brilliance is,required.
Since ihe discharge arc must be short the lamp must be designed for a very
high vapour pressure so that arc voltage shall be sufficiently high to give
a lamp wattage of the required rnagnitude.

One of the chief difficulties connected with very high pressure discharges

5cale mm

The discharge tube of a water-cooled type MD lamp; the water iacket; and the complete

lamp. The lens effect mal<es the internal diameter of the discharge tube look larger than
It ts
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is that convection currents of vapour within the discharge envelope

become very violent if given sufficient space in which to circulate, and may

blow the aic against tlie walls of the envelope, causing the latter to over-

heat. A practi"cal solution is found in making the discharge envelope- of
u".y ,-uil bore-about 2 mm.-in which th! Arc becomes surrounded

' by u sheath_ of non-luminous vapour which to some extent insulates it
fiom the quartz walls of the tube. Natural cooling, howev€r, is insufficient

to mainta'in at a safe working temperature a very small quartz tube in
which a high wattage is dissipaied, and forced cooling by means of a water
jacket has to be adopted.

At the high vapour pressure (about 80 atmospheres):and high electrical

loading per'cm.'of ati employed in MD/H lamps the "line" radiations

typical" 6f discharge lampi oirerating at _loryer pressures broaden into
notto* bands, and also ftre weat red radiations are strengthened. The

continuous-spectrum radiation from the very hot parts of the.lamp_ also

add red lighi, with ihe result that the colour of light from the MD/H
lamp is *iit.t and of a more natural character than from, say, MA
lamps.

When the lamp strikes, the metallic mercury content.of the discharge

envelope is very rapidly vaporised by the heat of the discharge, this action

continuing utriit in a very few seconds the cooling_ effect of the water
jacket beJomes equal to the heating effect of the discharge, at which point
iull light output has been reached and stable operation commences.

Maximum arc brightness (average throughout life) 
-is 

200'000 c'lin'z'
Lamp life is depende-nt on number of switchings,. !Y! fo{ 100 switchings

nominal life is 200 hours (500 w') and 150 hours (2000 w.)'

FLASH TUBES

Both professional and amateur photographer_s !av9 long felt.the need

of a ligh? source giving an intense light for an infinitesimal_period of time,

in ord'er to be aSle to take true "snaps" and to obtain clear and undis-

torted pictures of very rapidly moving objects.

Until recently photoflash lamps (containing magnesium or aluminium
in the form of fbii or wire ignited in an atmosphere of oxygen) were gener-

ally used, the camera shutt;r being synchronised with the period of maxi-

mum brightness of the lamp; in this case maximum shutter speed is the

limiting iactor which determines whether a clear picture of a moving

object can be obtained.
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* -+
,&

Due to the very high current density in the discharge, the spectrum of
the emitted light consists of a great number of line radiations throughout
the visible waveband, and the colour of the light is a good approximation
to natural daylight. Flash tube life depends on the manner in which it is
used, and normaliy extends over many thousands of flashes.
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Scale mm

-

o t00

Three typical flash tubes. The right-hand type is also available with a small pilot lamp
mounted within the helix to assist focussing

Recently flash tubes have been developed commercially in various
sizes. These give an enormous light output for a period varying from
a few micro-seconds upwards, depending on type, and can be connected
so that the flash is repeated (though pernaps-it a reduced intensity) at
absolutely regular intervals and at any frequency likely to be required.
With these lamps the flash is far quicker than the most rapid shutter,
and enables even bullets in flight to be completely "arrested" in a photo-
graph.

The lamp consists of a straight or coiled vitreous tube filled with xenon
or krypton connected to a bank of capacitors which are trickle-charged

!y means of a rectifier and transformer operating on A.C. or interrupled
D.C. supply. In their most usual application, for single-flash operation,
capacitors are generally charged to a high voltage which is not iufficient
to flash the tube, a "trigger" circuit being used for this purpose. Trig-
gering can be made extremely sensitive, and may be operated by light,
heat, sound, or any other physical factor which can be changed into the
form of an electrical impulse. Other things being equal, flash speed is a
function of capacitor value, and light output a function of the voltage
employed.
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Data for some typical flash tubes are given below:-

Form

Helix
Helix
Helix
Straight
Straight
Straight
Straight
Helix

Con-
tinuous

Loading
(watts)

500
50
30
40
26
l3

NEON GLOW LAMPS
The characteristic red glow from the negative electrode of a discharge

in neon is suitable for use in many indlcator-type lamps, where t[e
amount of light generated is of secondary importance to the attention it
demands by its bright colour.

_. 4 ugry low pressure of neon is always employed, and the current is
limited to a few milliamps by means of a series r-esistor concealed in the
lamp cap. The glow developed in these lamps as a result of a minute flow
of current makes them particularly suitable for visual test of insulation
resistance.

&
;l
nf

u
"&4gn"""

Three typical neon glow lamps

Scale mm

o50

The Beehive lamp on the left is often used as a night light
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Tube
Bore
(T-')

Normal
Opera-

ting
Voltage

Arc
Length
(cm.)

78
46
27
30
20
10

J
2t

l3
11

5
5
5
6

24
5

4000
2000
2000
2000
2000
2000
7500
2500

Single-flash
Operation

2000
200

50
100
60
30
2

20

crty
(mfd.)

Max.
Capa-

Max.
Energy

per flash
(joules)

16000
400
100
240
t20
60
56.3
62's
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Since the glow emanates flom the surface of an electrode, one electrode

is often enlaiged and made in spiral or other suitable form to fiIl the bulb.
On D.C. supplies, the enlarged electrode should be connected to the nega-

tive pole of the supply, otherwise very little glow will result.

POINTOLITE LAMPS
These lamps are intended primarily for optical work where a steady

concentrated source of light is required.

A glass bulb is filled with an inert gas at low pressure,-and. contains two
(or tfree) electrodes, one being a tungsten spiral part of which is covered
by a tube (the ioniser) coated with electron emitting material. For D.C'
operation the other electrode consists of a small globlle of tungsten, and

for A.C. there are two such globules separated by a short gap.

On D.C. the spiral is connected, via a suitable ballast resistance, to
both poles of supply, and the globule aTso via a resistance.to the positive
pole. When swiiched on, the spiral heats the ioniser, which incandesces

ind ionises the gas in its vicinity. A push switch then disconnects the

ioniser from the-positive pole of supply, and an arc forms between the

ioniser and globufu, heating the latter to incandescence.

On A.C. the action is similar up to this stage, but the lead connected

to the ioniser is then transferred to the second globule and the arc re-forms
between globules.

Standard sizes for D.C. operation are 30, 100, 500 and 1000 C.P', each

with a brightness of approx. 8500 candles/in.2 and for A.C. 150 C.P. with
a brightness of approx. 8000 c./in.2.

Pointolite lamp for A.C. The arc forms between

the two tunSsten globules at the cen3re of the
bul b

fl

Scale
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EX €LECTRODE
FK' OU fNCY

POWER fACl0A
CORRECYIOT.I CAPA€ITOR

foR

FILA14€NT
HEAT''{G

TRANSfORH€R

CHOXE

xAtxs

Fig.56. Typical circuit diagram for a floodlighting discharge lamp. The Tesla coil only

operates during the pre-heating period before the lamp strikes

COLOUR FLOODLIGHTING LAMPS
(TYPES MC/H AND NE)

Before electric discharge lamps became generally available, the produc-

tion of coloured light for flooOlighting or other purposes necessarily

entailed the use of iolour filters to absorb the unwanted constituents of
the white or near-white light source used. This process, though simple, is

very wasteful and unlikely to be justifiable for long-term use.

The characteristic colour of light from various kinds of discharge

lamps, however, enables certain colours to be obtained with little or no

filteiing and therefore at relatively high luminous effciency. MA or MB
lamps 

"may 
be used to give bluish-white light at efficiencies ranging from

32 io 36ln*"trs per witt, and SO lamps to give yellow lig_htat 
_between

49 and 64 LIW; and a range of low-pressure mercury (type MC/H) Iamps

:F
Scale m m

o o

A 400 w. neon floodlighting lamp (type NE) giving red light at an initial luminous

efficiency of 11 lumens Per watt
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have been made to give shades of blue or green, and neon (type NE) to
give red light.

_ E-ach lamp requires a choke, an electrode heating transformer, and a
Tesla coil. When supply is switched on, the electrodes heat up and the
Tesla coil produces a high-frequency discharge by means of ai externar
electrode, usually in the form of a piece of wiie twisted round the middle
of the lamp. This causes sufficient local ionisation to enable the main
discharge to strike between electrodes, which are at almost full mains
potential. .As soon as the discharge strikes, the voltage across the trans-
former primary falls to lamp voltage, which is coniiderably less than
mains voltage; thus the Tesla coil then becomes inoperative, and the elec-
trodes are maintained at operating temperature partly by the action of
the discharge and partly by th9 reduced heating iurrent irom the trans-
former.

. All the_ above lamps are designed for the horizontal burning position,
but may be used in other positions without appreciable loss o-f perform-
ance.
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LAMP ECONOMICS

I4thich Lamp gives the Cheapest Light?

NY GENERAL STATEMENT THAT, for instance, fluorescent lamps
filament lamps, or vice versa, is almost

of
some instances, especially where
or low, or where the installation

the cost
rs rn use

for an exceptionally long or short total period per annum.

The total annual cost of lighting is made up of two parts:-
1, Fixed annual charges, which include:-

(a) Capital cost of fittings, excluding lampsl All amortised over a
(b) Capitalcost ofcontrol gear, ifrequired fconvenient period,
(c) Capital cost of installation work J say 5 or l0 years.
(d) Annual kW, kVA or other fixed charges foi current,.if aoy.

2. Annual running costs, which include:-
(e) Annual cost of current used, excluding kW, kVA or other fixed

charges.

f) Annual cost of lamp replacements and other consumable
atticles such as starter switches, if any.

f t .is commonly found that an intending user may not realise that a
relatively high total sum by way of fixed annual charges (under (l) above)
do not necessarily indicate a relatively expensive initallation when total
cost.per unit of light delivered is considered. It so happens that the most
efficient lamps. available to-day require certain auxiliaiy equipment which
swells. the capital cost; but their high efficiency reducei the r^unning cost.
whether the reduced running cost counter-baiances the increased iapital
cost can be worked out by very simple mathematics, and must, in iact,'
be worked out where any doubt exists.

- 01" general statement can, however, be made. The longer the total
burning hours per annum, and the higher the cost of curreit (including
fixed charges) the more likely it is that high efficiency lamps, in spite oT
their greater capital cost, will give cheaper tigirting in ihe long run.'

For a true indication of comparative costs, instalations should of course.
be compared on a basis. of aueragg cost per lumen derivered at the working
plane throughout the life of the installition. Thus the wattage requirei
for each installation should be calculated not onry on the lighl output or
luminous efficiency throughout life of rhe ramp iiself, but niust akb take
into account the loss of light and depreciation due to the particular type
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of fitting selected for each. In other words, the coefficient of utilisation*

ior 
"u"tr"typ. 

of fitting and for the interior concerned must be included in

the calculation.

Lamp Renewal Rate

In a large installation employing many. lamps..which,are replaced as

unJ *t ." ?hey fail, a very ioniidJrable lime _will pass belore the lamp

ienewal rate settles down io a steady figure of so many per week or per

month.

As shown in Fig. 17, page 51, very few lam-ps would burn out during

the first few hund"red hbuis, but the rate of failure and replacement

ir.r-t" " peak after a period corresponding roughly.to rated lamp- life'

ihereafter'the rate of ieplaceme't falls, to rise again to _a second but

l,ower peak after a period'of twice rated lamp life; a.third but still lower

oeak occurs after a period of three times rated lamp Iife, and so on' unttl

ifr" ."i. *ttf.r Ao*i to a level line corresponding io the ultimate weekly

(or monthly) figure shown as 100 per cent' in Fig' 57'

In practice, chance or circumstances will vary-the actual replacement rate

abovi or below the theoretical rate shown in ihe curve, but the larger the

installation and the more uniform the performirnce of the lamps the more

nearly will the theoretical and practical results agree'

* Cofficient of (Jtilisation. Numerically this is the total lumens reaching

th" ;;;ti;; ptin., aiuiJeo bv th9. total iumen^s..sene1.1ted ol.l1"-1u*ot'
Iidenends 6ti the efficiency and distribution of the littrn-9, onthe propor-

ii";?;;;;;;a; tf,".oto,tt of the decorations' See "Illumination
;;tdi;;i"t"iT"ir; oiiiunouook No. 2 "Interior Lighting Design."
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From the curve it will be apparent that a steeply rising or falling.lamp

renewal rate measured over a stiort period, even when the installation is

several thousand lighting hours old, does-not necessaflly indicate a change

in lamp performaice. it -ay be a perfectly natural phenomenon, and

earty siraf judgment of lamp-quality-based bn renewal rate only should

therefore be avoided.

Group Replacement

Though at first sight it would seem wasteful to discard a lamp which

still woii<s, it may nivertheless be more economical and convenient to do

so than to wait utttit it burns out. This is particularly true in the following

cases:-

l. where it is expensive in time and labour.to replace.individual lamps

as and when they fail, e'g. with very high mounting, and in street

lighting.

2. Where a burned-out lamp may cause a loss of business on account

both of the lack of lighi and the disorganisation caused while it is
being replaced, e.g. in shoPs.

3. Where a burned-out lamp spoils the appearance of an interior.

It should be borne in mind that the annual cost of lamp renewal is

generally a very small fraction of the total annual cost of the lighting,

frnicn irictua"r u drr" proportion of the capital charges^on the installation,

and the cost of 
"urt"it 

and maintenance; and some of these charges con-

tinue whether the lamp works or not.

It is thus apparent that if the average useful lamp life is deliberately

reduced by diJ&rding all old lamps and-replacing_them after a period of,

say, 80 pei cent. of n6rmal lamp iife, the fiist result is a loss not of 20 per

..irt. ofin" total lighting cost, but of some figure very much less than this,

say, for the sake of illustration, 5 per cent.

on the other hand, there may be advantages which more than com'
pensate for this. In the first plaie, during the first S0 9e1 cent'.of normal

iif" f"* lamps would fail, an^d these mig[t be replaced immediately with
marked lanips which, after the next iomplete-change, could be used

again for fuither casual replacement. Thus there would be very little
iriterference due to lamps failing during business hours'

Secondly, lamp replacement of the whole group could be organised to

occur at tire we6t-enA, in summer; or at some other slack period when

interference with business would be at a minimum'
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. 
Thirdly,_ the labour cost of replacing all ramps at once would be con-

siderably less_ than that of piecemeal replacement. And fourthly, the
appearance of the installation would be improved . ---J

. It is not suggested that a system of group replacement would be suitabre
in every case, but in a highry organis6d businiss it is worth *rrirllnu.rti-
galingits possibilities, for a marked advantage may sometimes be obtained.

LA MP DATA
The tables on the following pages_ give the lamp data most generally

required' The figures are coriecJ a1 the time of going to press, b"ut oevei-
lopments may, of course, make them out-of-d"ate iubsequentlv. This
is especially likely to.occur in the case of electric discharge larirps; for
rnstance, the recent development of halophosphate fluoreicent powders
lg_d to an immediate increase of some 50 per ceirt. in the light ouiput and
efficiency of tubular fluorescent lamps.

FILAMENT LAMPS

LAMPS FOR GENERAL LTGHTTNG SERVICE (c.L.S.)
(See B.S.S. 161)

Watts
Remarks

15
25
40
60
75

100
150
200
300
500
750

1000
1500

6'E $En
ESEF$
e ^'"$E *
E3€;i
E -s'^8
= 

.hm E,i=dh;
- o,: oi;
fEE Hp

* These values are intended onry to afford practical guidance for design purposes.
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E.S.
G.E,S.

B,C.100065+:
7o+l
80+3
85+l
90+3

100*3
t20+4
133+5
178+6
202+7
225:i8
22s+8
250+8

55+
60+
60+
65+
70+
7s+
80+
90.t
10+
30+
50+
50+
70+.

I
I
I
I
I
I
I
1

1.5
1.5
1.5
l'5
1.5I

1

I
1

I

92.5+
100+3.
110+3.
lt7 .5+
t25+3.
137.5+
160:t4.
178 +5'
233:t7
267 +8
300*9
300+9
335+9

3.5
5
5
3.5
5
3.5
5
5

Overall
Length

Light
Centre
Length

Dia.

ard
cap

Stand-
Aver-

(hrs.)

age
Life

Nominal
Average Lumens

through.Life*

133
228
449
759

1000
1400
2230
3090
49s0
8950

14270
19640
30220

113
206
330
584
785

I 160
1970
2725
4430
7930

12740
17800
28380

las
665
883tm

I l0v 230v
230v.
coiled
coil

Dimensions (m/m.)



Class
and

B.S.S.
No.

A.1

(B.S.S.
1522)

8.1

(B.S.S.
ts22)

8.2
(B.S.S.

1s22)

E.
(B.S.S.

ts22)

F.
(B.S.S.

1522)

G,
(B.S.S.

r015)

ELECTRIC LAMPS

GASFILLED PROJECTOR. LAMPS

Objective
Average

Life
(hours)

25
50

100

50
50

50

50

25

25

50

25

50

50

250

300

500

500

750

900

1000

100
250
500

1000

500
1000

500

)

800

800

100

100
100
25

100
100

50

100
100

100

100

100

9
24
30
48
48

0. 75

7.5

4
5

2000

5000Studio
(B.S.S.

r075)

VoltageWatts

/30. r r s,
I200/250
rso.115.
\zooTzso

115

115

J tls
\200/250

115

30
[ 1ts
\2ool250

50
115

Overall
Length
(mm.)

57-L?
76+3

133+7

133+7
133+7

r33+7

133:i7
133+7

23s+10
235+10

r l ts
tzoo/zso

115+ 10
125+10
180+ 10
180+10

Light
Centre
Length
(mm.)

29+2
34.5+2

55'5+
0'5

55.5+
0.5

55.5+
0.5

55.5+
0.5

55.5+
0.5

55.5+
0.5

84+0.5
84+0.5

75+5
?{a<

115+5
115+5

202+7
225+8

1ls,20o/2s0

J\
115

20012s0

18
12
6
6

12

nps.
4

8l
l0L

rcJ

115,240

lls,240

267+8
300+9

1 35+ 10

36+ 3
60+5
57+s
60+5
70+5

48+3

75+3

232+6

335+6

Dia.
(mm.)

16+l
2s+l
25+l

32+2
32+2

7,) )_',)

64+2
38+2

64+2
64+2

80+2
95+2

130+5
130+5

130+5
150+5

100+2

18+r
38:t2
3s+2
35+2
50+2

2s+1

25+1

152.5+
2

203+2

60+0. 5

)<-L')
44+5
47 +s
40+3
40+3

28.5+
0.25

37.3+
0.25

127 t2
165+2

Standard

B.l5s/21
8.15s

P.28l2s

P.28/2s

P.28125

P.28l2s

P.28125

P.28/25

P.4ol4t

P.40l4t

E.S.
E.S.
G.E.S.
G,E.S.

G.E.S.
G.E.S.

P.28/2s

M.E.S.
s.B.c.
S.E.S,
s.B.c.
S.E,S.

P.15s

P.15s

Bipost

Bipost

cap

Nominal
Average
Lumens

through Lile

(l 1sv.) (200-
250v.)

960 830
3130 2700
7180 6310

1s660 13920

7170 6310
15660 13920

45000 38000

122000
1 I 5000
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ARCHITECTURAL TUBULAR LAMPS

Type

Straight Lengths

Tvpe

Photoflood

Enlarger

Photographic

30 mm. Dia.
Watts

40t and 60

40t and 60t

Colour
Tem-

perature
(" K.)

3400"

3300"

35
40*
60*
75

110
1s0

Curved
$ Circle of 25 in.rad.-L1)LI4 ,, t-Z ,t ,) rL ,, 6T,,,,.}
Right-angle bend

* Measured along centre line of lamp.
t Not available at present.

PHOTOGRAPHIC AND ENLARGER LAMPS

* Club or round bulb shape.

140

19#*

1e+&*f

500*

s00*t

t2
1916*
1915*
24
36
48

305
s00t
500*
610
9r5

1220

Length

Approx. Inches

6-8

2-3

110 x
253

l00x
l7 5*

100

100

l0
(Max.)

65x
1t7 .s

ll0x
233

80x
t60

G.E.S.

E.S

E.S.

B.C
OI

E.S.

E.S.

275

500

1000

40Q

s00

100r
I l0l
200l,
2101
220)

110

2301
24ol
2so)

110
210
230
250

Nominal
Life

(hours)

Bulb
Dimen-

sions
(m/m.)

capWattsVolts
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15.0

15.0

14.0178+5

Nominal

42sO

3400

2400

FinalInitial
through

Lifle*

Efficiencv
(Lumens/Watt)

ominalLisht
Centre
Length
(mm.)

Overall
Length
(mm.)

tD.182'5:L20 r

1F.305+20 I

t D.128+6 |1r.r:r+o I

y D.l50t10 r
r F.245+10 (

tD.l25+5 r
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rD.l13t6 lrF.l78*6 J
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Max.
Dia.

(mm.)
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110+1 5

Voltage
Range

2001250

20ol2s0

Watts

160

300

500

200

250

LAMP DATA
MERCURY/TUNGSTEN LAMPS (TYPES MAT AND MBT)

cap

B.C. or
E.S.

E.S.

G.E.S.

G.E.S.

G.E.S.

*_These values are intended only.to.afford practical guidance for design purposes.
^ Most of the above details are included in n.S. liio. The nominar efficiency and rirefigures are estimates of the average uat""s roi'trr"li;p.;;-r;.;;;;;il;i;:", "'
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LAMP DATA

SoDIUM LAMPS (TYPE SO)

20

20

20

25

44

51

56

57

60

60

60

60

3400

5400

9000

3000

3000

3000

3000220060

70

76

76

238+10

300+10

415+10

518+ 10

s0+2

s0+2

s0+2

6s+2

0.6

0.6

0.6

0.9

100/250

100/250

100/250

100/250

FinalInitial
\nours,Life*

thrn"ch

Approx.
Loss in
Trans-
former
(watts)

Max.
Bright-

ness
(c/in'a.)

Nom.
Aver.
Life

Nom.
Aver.

Nominal
Efficiency
(Lumens/

Watt)
Overall
Length

mm,

Outer
Bnlb
Dia.
mm.

LampVoltage
Range
(A.C.)

Lamp
Watts cap

45

60

85

140

B.C.
Ceramic

* These values are intended only to afford practical guidance for design purposes.
Most of the above details are included in B.S. 1270. The nominal effiiiencland life

figures are estimates ofthe average values for the lamps at present available. 
-

TUBULAR FLUORESCENT LAMPS (TYPE MCF/U)

Watts

15

20

30

40

40

80

5ot
70t

75t
125 i

Watts
Ioss in
choke

(approx.)

7ll2**

7 ll2**

l2

lol20**

t2

- 201

* Total including standard bi-pin holders.
** Firsti^gyqe^applies to single lamp on 100/130 v.; second figure to two lamps in

series on 2001250 v.

. f This figure relers to the elongatdd type of choke. The loss in the 80 w. cubic type
is approximately 10 w.

tt Under specified test conditions. A specification is in preparation.

144

lg*

24*

36*

24*

48*

60++

e3*+#

e6 ++

Nominal
Average

Life
(hrs.)Tt

2500

2500

2500

2500

2500

3000

2000

3000

26+l
38 + 1.5

26tr
38 + r.5
38 + r.5
38 + 1'5

26+t

Bi-pin

Bi-pin

Bi-pin

Bipin

Bi-pin

B.C.

s.c.c.

38 + 1'5 B.C.

CapsDiam.
(mm.)

Overall
Length
(inches)

o'4 r
0.85r

295
265

170
2to

0'2t
0'3l

0.3

0'35

0.34

0'88

0.41

0. 8s

56

62

103

50

108

106

Nominal
Lamp

Current
(amps.)

Nominal
Lamp

Voltage



ELECTRIC LAMPS

TUBULAR FLUORESCENT LAMPS (TYPE MCFlU)-continued

Natural

Nominal
Efficiency

(Lumens/Watt)

At
100

hours
Final

Watts

15

20

30

40 (24',)

40 (48',)

80

5or
'101

75t
12s I

23

24

32

23

32

28

38

36

Nominal
Average
Lumens
through
Life*

380

560

1080

1040

1500

2700

2100
2900

2900
4900

Most of the above details of MCF/U lamps are included in B.S. 1270.* These values are intended onl! to provide practical guidance for design purposes.

COLOUR-MATCHING LAMPS

In addition to the above, two types of colour-matching lamps are avail-
able, both giving light of a colour closely resembling that of a 6,500o K
black body.

(l) Standard lamps with special fluorescent powder. At present
the sizes available are 80 w. and 40 w. (4 ft.), all with luminous
efficiency some 12 per cent. lower than that of the corresponding
'Natural' lamp.

(2) Two 40w. (2 ft.) blue-fluorescing lamps designed to be con-
tained in the same fitting as two 60 w. filament lamps, the two
colours of light blending to give the required resultant colour
at an average efficiency of approximately 14 lumens per watt
(3,000 lumens).

Efficiency
(Lumens/Watt)

Warm White

Nominal

through
Life*

Final

Nominal
Average
Lumens

At
100

hours

34

38

46

33

50

45

25

27

35

25

36

JZ

420

620

1200

1 160

1700

3000

3l

34

42

30

45

4l

5l

46

Efficiency
(Lumens/Watt)

Nominal

Daylight

Final

50

45

At
100

hours

145



LAMP DATA

CAP SHAPES AND DIMENSIONS

EDTSON SCnEW CApS

Gdtah
(c.Es.)

Sundird
(E.s.)

T

lr

-4O---*

*40-

No. EOr4s.

Srnell Edlron Scrcry
$.4s,

ts27-----{ F-27---4

No. E27fi5.

l.linhturc
ttt,E.s.)

@
Lr c-

rA2!E=
L: TA

L=o,
Frr--l bl0-,1 lto {

No. El4l23x l5 No. El0/13

DOUBLE COHTACT BAYONCT CAPS (8.C.) TWO-PIN

e 2lzl

rl r.--26--{ *26-'-<
-12<

tlo. B2ll/2sx26 No. 822121x25 No. 82:ll2l

CENTRE CONTACT CAPS (C.C.) TWO-PIN

?-76

Fig.58

146

I 2l

_l

t{o, 82}/25xU No. Bzblll



ELECTRIC LAMPS

CAP SHAPES AND DIMENSIONS

SMALL BAYONET CAPS
Double Contacr (S,B.C.) Centre Conract (S,C.C.)

Fl5--r

I'
24e t7l7

l_

I

I

-re
I--'rt9L

I

Lrs--l i._ra--i I
r5 t5

No. Bl5d/24x 18 No. Bl5d/17 No. .Bl5s/t7

DOUBLE.ENDED TUBULAR LAUP CAPS

Centre Contact Clip Contact

_l
IF15

Ir

o.f
i.-rsi i.-is+

r5

ls-1 l--ts

No. Sl5 No. Sl9

I)
t

No. Sl5s.

t.?-tN
BAYON:T CAP

10

sar-J

822/31 x30{3-Pin)

ilEDlUl'l
Bt.Ptx

I
3r tt!

"&{+
L-r+--.1

G2'4x B/t3x t0

Fig. 59
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