CHAPTER VI
THE NELNST LAMT

Tre first pabents covering Lhe prineiple of the Nernst
lamyp were taken out by Prof. W, Nornst in 1897 and 1898,
aned Lhe luanp wos fivst introdueed into this country in 1892
by Mr. Swinburne, who roud o paper deseribing it befors
the Seeiety of Arts in February of that year, The Nernst
lamp, us it was at that date, was only » very erude lamp,
the progress that had been made in its development
amounting to little wore than showing hat Nernst fila-
ments could be made, which, whilst consuming only about”
balt ns mueh power per eandle as earbon filmments, had
pevertheless o reasonably long life.  Mueh forlhor experi-
ment was needed before a commercial lamp could be
produced, and the difficult task of cnrrying this out was
faken up vigorously in England, Germany, and Ameriea
by the thres companies interested, their elforte being
erowned with suceess towards the end of 18900, Each
company, though proceeding on somewhat different lines,
succeeded in perfecting a satisfactory Lype of lamp, but
the English company never manufactured on a commercial
geale, and, for reasons connected with the ownership of the
Finglish patents, finally abandoned altogether the intention
of o deing.  The lamp, as it 18 construeted to-day and sols
in England, is, therefore, that developed and manufuctured
Ly the Allgemeine Elektricitits Gesellschatt, of Berlin.
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1t has undergons but lLitle modification since the first
satisfactory types were produced in 1900 and 1601, and it
has decidedly failed to nchieve the results anticipated ab ile
fiest introduction, though it has proved n useful and
undoubted improvement in many respects.

The essentinl fentvrve of the Nernst lnmp is the employ-
ment, as the ineandeseint body, of an elesteolybic conductor.
This filament, or glower, s it hos been fermed, is o short
rod ecomposged of a mixhure of eortain oxides; such a Lody
is nob an eleetvien] conduelor when eold, bui on being
hentod sonduets fuirly woll.  Mogna have Lo bo provided in
the lnmp, thorefore, for mising the glower to the tempera-
ture nt which it conduets ; this 18 effeeted by the use of an
oleetrical henling coil, or heater, fixed in close proximity to
the glower. In order to avoid unnecessary wasle of current,
an automatic cut-out is provided in the lamp, which is
operated by the glower eurrent, and which interrupts the
heater cireunit as soun ns currant passes through the
glower. 'The glower has the further disndvantoge that the
voltage and ewrvent, at or in the neighbourhood ol tha
working temperature, ave not in stable equilibrium, an
ingrease of surrent being accompanied by a fall in potential
difference, and consequently o steadying resistance has lo
e used in series with the glower, as will be explained more
fully presently. In Fig. 46 is shown diagrammutieally the
schemeo of the Nernst lunp.

When pressure is first switched on the glower cirenit
P G MR N is non-conducting, as the glower G ia cold, aud
current enn, therefore, only pass through the heater eirenil
P/H € 8§ N. The temperature of the heating coil 1T is
thereby ranised und after a time the glower beeomes
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sulliciently hot fo conduet ; eurrent now flows round uhe
glower circuit, whieh includes the magnet eoil A and the
steadying vesistunee R, As o result of the encrgising of
the magued, the spring 5 is drawn into the dotted position,
and the beater cirenit broken; S remains in this position
until the pressure is switched off, when it returns to the
position shown in full in the dingeam,

Mamtiraereis,

Tie Glower—"Tho glower is eomposed of o mixture of

N

& .p

Yra. dé.—8Hehomo of connestions in Nemet Inmp.

oxides of the rare garths, which have individually and al-n
when mixed very high melling-points.  Various ingredienis
may be used with equally satisinetory resulis, the per-
formanee ol the glower appearing to depend more upon the
purity of its components and the mathod of manufacture
than on the netual oxides used. A good mixture, and one
formerly (if not still) the standard, is 85 per cent. of
zirconin and 15 per cent. of yitrin and erbin. Yttria and
erbia oeenr naturally together, and are very similar in
chomicnl properties, their sepnration being o matter of
great diffienlty ; fortunately, it is unneceessary to effect
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this, and tho mixed oxidus cunr be used in iheair naturally
oeenrring proportions withont any dizadvantage.,  Cerinand
thoria may nlso be nsed in the mixture. The oxides must
be obtained in a very pure state, and also in un exiremely
finely divided eondition. A good method is to preparc
pure solutions of the ehlorides, nnd mix these in the pro-
portions neeessary o yield on precipilation the mixed
oxtdes m the vighl proporvtions,  The selulien ean be pre-
cipituted  wills wmoenia, which produees a gelalinous
precipitelo of tho hydvexides, yiolding (he oxides en ealgina-
i, Olher raplhsds ey, however, be employed, The
edeimed oxides nre misod to o sbT paste with gum, gom
troguennily being purtienlarly suifable, and wbouk 5 per
eontb. being sufliciont. This paste iz foreed by & press
throwgh o smuldl die, from which it izsnes in the form of n
coutinuonz and fairly strong thread, which soon dyies to o
stifl rod. Tor the larger dinmeter filuments, o needln in
fixad in the centre of the die, so that the flnment issues as
i tube. These rods have now to be baked fo o very high
temperature, which is best altained by elestrizal baking,
Very good results may be ebluined by baking the rods in
an gleetrienl fube-furnace, the tube itsell being composed
of the snme material as the glower. Carbon tubes are not
vory suilable, os they are linlls to lead to the foviention of
earbides., The Nernst tubs furnsees are not very eabis-
factory from a practical manubicturing peint of view, aid
the wriler does not know if they are still in use. Tilaments
can be baked in the oxyhydrogen flame or by passing them
slowly through an ace, or indeed in any wey in which o high
enough tempernfure ean be oltained without ntroducing
impurities. The baked filaments are cut to the reguired
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length aud mounted ; the mounts are formed by winding a
skein of fine platinum wire Hghtly round the filuent. as
shown in Fig. 47 (a), and covering the joint with a .aste
compused of very finely ground and strongly Luked (pre-
fernbly fused) glower material. This powder is wixed with
a little solution of the chlorides of the rare earths to o thin
paste, which is applied to the joint and then strongly heated
to convert the ehlorides Lo oxides ; o very fivm joint ean be
made in this wiy (Fig. 17 (1) ). Another mothod is to fuse
the end of he glower in wn oxyhydrogen llame or are
and iusert into e fusad glolule u faivly thick platinum
wire.
The size of the plowors is approximately us follows:
1 mnpere, 1m/m dinmeotor,

3 "'I 3% fue long, for 200 volts;
? :E. 025 ampere, 04 mifm
Fi. 47.—Method of forming mounts dinmeter, 24 anfm long,

on Nernat filament. for 200 volts, Theleugth

is not proporbional to the voltage, on necount of the drop
in volts and the cooling effects at the mounts.

Ihe Heater~In the early days of the Nernst lamn it
was proposed fo make lamps without heaters, which were
to be lighted with a mateh or spirit lamp, and manuy
excellent lamps were made in this way. They had the
advantage of cheapness and extreme simplieity, and it
seems o mwistake that this type of lamp was not more fully
developed. But, for some reason, these lnmps did nob
meet the requirements of the market, and electrieal heating
devices had to be developed, so as to make the lamps =elf-
lichting. The heater of modern Nernst lamps consisty of
o poreeluin rod, on which is wound & spiral of fine platinum
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wire. The rods may be squirted in the same way as the
filaments from a mixture of china clay and gom, and baked
in the usnal poreelain kilns. Thespival of platinum is then
wound on, and iz protectad by giving if a coating of ksoling
the rods ean he bent te any vequired shape in s Donsen
flame.  The spiral heaters used in the lavgsr Inmps may
e formed by winding ths rods on lo n former of the correct
shape, the former and rod being kepl hot by a blow-pipe
flame dorving winding, The ends el the platinom spival
are seenred by miekel wire Lwislod on (o form o msunt in
the s wauy we e el on e glower are made, the
mounk ey proloctod by w covering of knolin,

The essantial roquisite of the

crteae iy Hesistanee,

=\ NNNANNC

T, 48, —Matinum wird Bienll}iug vosisbunen,

steadving resistance is fhat it shall bave a high positive
temporature coofficient, so that o very small ineresse in
carrent is necompanied by a great rvise in potential differ-
ence. aivly eabislactory resisbances ean be made by
winding fine plalinmn wire on poveslain formers, us shown
in I'ig. 48, the formers being so shaped that the wirve is in
eontaet with the former in ns fow places ns possible.  The
wives must be very fine, and for heavy eurrenls many wires
must he used in parallel instend of one thick wive; the wire
nast be of sneh o dinmeater that it is jusk belaw o red heat
when the normal workimg enrrvent iz flowing, Iron wirve
possesses, however, the neeessary properbios in o much wove
marked degres than platinum, and iron wive resistances are
now universal. The wire must be proteeled frem the



1-14 ELECTRIC LAMES

nxidising action of the atmosphere by enclesing it in a
bulb, which is either exhansted or filled with hydregen ot
e low pressuve. These resistanees have the form shown in
Fig. 49 ; the fine iron wirais wound inlo w spiral, and fized
on to o nickel wire frame ; the whole is enclosed in a hulb,
the air ig exhausted and the bulb is then filled with pure

dry hydrogen at the desired pressive

A and geaded.  The wire is of sucl: s

dinmeler thnt the normal enrrent raizes

it 1o just below o red heal, and the

i vegalabion  oblained with mwany fine

| wires i parndlel is fne belter than that
oblainel  wilh o single  thiclk  wive

These resistances have braly remara-

_able characteristies, which will Lo dis-
eussed later. .

The cut-out does not call for special

description. Ik comsists of a =mall

electro-magneb altracting a light spring

armature which earries the heaber eivenit

contact. The chief requisites are thal

it shall absorlh as little power as ms-

Tre. 40, —Tron wira sille, be ecrtain in aetion, and be sitent
stomlying vesistanen,

on alternating eurrent.

The glower, heater, resistance, and eut-out are mounted
in o soitable lamp ease. The glower aud lbester sre
mounted together en o porcelain base, so that they can
casily be renewed when either fails, and the resistance is
also fixed in such a way that its replacement is easy and
can be effected by the user. 'The eut-out is permanently
lixed to the lamp.
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PrrysIcan EEAILH._{!'L'F.RIHT[GE or ‘citE N'[-}I'LNST Liaxe,

In Figs. 50 and 51 are given typieal curves showing the
connaction bobtween the eurrent Howing through o Nornst
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filament and the potentinl difference ab its terminals, The
curve in Pig, 50 is for o very shovt filament in crder to show
the full range of enrrentand P.D, values. It willha noticed
L

E.L.
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tlint as the current is inereased the potential difference nt
first falls very rapidly, then rises and finally agnin falls, this
last fall continuing until the filament fuses. The curve in
Fig. 51 is for a filunent of normal length (suitable for a
025 ampere 100-voll lamp) and shows on a larger scale the
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Fii. 81 —1"D.-carront curve for Nernst filomont.

most important part of the eurve, that in the neighbourhood
of the normal working eurrent.

From the study of these eurves the conditions for stability
of the filnment enrrent ean be determined.  Suppese in the
first ease that the glower is connected direct to & generator
ofl LALY., B (Fig. 52) and draw the line I' A B C corre-
sponding to this WAL, eutting the P.D.-current earve af
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A, B oand € Az thera is no fall of P.D. i axternal
resizstonee the 1.1, at the filament terminals must be equal
to B and the current must, therefore, have one of the values
0 A’, O B' or O C’ corresponding to the points of interseetion
A, Band €. Of thess three valuss O B’ is the only possible
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i 52, —Conditions for stability of ilnment current,

stable value under the given conditions. For, let the
FLLE, vise slightly to the wvalne I; and draw the line
i A By O as before, The new value of theecurvent must be
GAY OB or O 0 Now the rise in T0MI. must oceasion
an incresnse in eurrent, sinen the vesistanee of the glower is
unchanged ot the moment the vise takes plnce, bub both

2
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the eurrents O A'y and O are less than the original
currents 0 A'and O €', and in order that the current should
assume these valuss after the rise in BALF. it would be
neesssary for this rise to produce a fall in the initial earrent.
In the same way it ean De seen that a fall in ALY, from
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F1a. 53.—Stability of filament current with resistance in sories.
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x

E to E. cannot ocension the increese of earrent frow O A'
to 0 Alg or from O C' to O 'y The inclination of the P.I.-
current eurve ab B is, however, in the right divection; bhe
value of the current corresponding to a higher P.D. ali-y the
change being greater, and that eorresponding to o lower
P.I, amaller, than the initinl value of the current.
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If & resistance iz connected in series with the filement
there will be a fall in P.D. in this resisiance. Draw the
line I8 P (Fig. 53) s betors, corresponding o the generaior
FALTY. and plob dowwreards from this line the walues of the
P.ID. drop in the series resistance with different eurrente,
thus obtaining (for a conslant resistance) the line B A B C,

inzelly the swmo argoment ns before will show that the
current corresponding to the poink of interscetion 13 is agnin
the only stable enrvant yimder Lhese eondilions.

In goneenl, when h resigdaee dine 10 A B O culs the
Penerenk euvve fromn above (ns ok 13, the condition
ropresontod ixoslable, bol when @0 euls the D1)-surrent
curve fromn bulow (ns ab A or C) the position is unslable?
[t is somelimes ercongously stated thab the instability of
the Nernst filament is due to its possessing n nemative
temperafure coeflieient, A carbon filament possesses a
negative temperature coellicient, its resistance being lower
when het than when cold, Lut is nevertheless stable. "Tha
critevion of stability is net the tewperature cosflicient bus
the slope of the P.D.-current eurve: when o gmall vige in
D, d V is pecompanied by o small vfse in eurvent d A, i.e.,

d V. Si
when EE_::L 18 positive, the condition is n stable one @ when o
small rize in P.D. is aceompanied by n small j/zil in eurrent,

.
]

IR is negative, the condition is unsiable. Inovder

to defermine the stzbilityof a cireuit containing both filament

it wlhion

b The argument is precisaly the samo as that applied by M. Blondel
o mxpluin an cxnotly similur phonomons iz the slectvie wre, and vory
Dlly wnd loeddly exploined by Mre Ayvton: ke Bledtvic e
Chispter WITI. Tho vase of the Nerazt filoment 75 pesiline ns the
ene possoses o stalde nnd Lo unatalile vegions,
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T
and resistance it is necessary to find the sign of f.:_ﬁ for the

combined civenit. This ean be dome by plotiing a carve
the ordinates of which are egual to the suwms of the
P.D.s of filament and resistance; if thiz curve slopes
npwards from left to right the condition is stnble, if
dowmnwards wnstable. A more simple methed ie to sea
whother Uhe resistaneo Jine euls the P.D.-eurrent eurve
from nbove or not.  Thus in Itig, 53, whereas tho peint of
inberseetion € is wneinddo when the generntor TLMLF. is 1,
it s stable when the goneeator BMD. s B, and a
regislanee is usmd in serics with the lilinenk over which
with earrant OC' there is o BD.=P'C. It will be
geenn therefore that Lo obiain all the points on Lhe
P.D.-carrent curve it is necessary to use an ILM.IN very
high compared with the actual P.D. between the ends of the
filament. For this reason n very short filament was used
to ebtain the eurve in Fig. 50, and even though the normal
1.D. betwesn the ends of this filument was only -hout 32
volis, a generator T.ALF. of 800 volts was neeessary in
arder to obtain the points en the first part of the carve.
The B.D.-eurrent curve is also very inlerpsting in eon-
nection with the lowest burning current and the lighting-
up temperature of the glower. Tt is evident from what has
preceded that the lowest eorrent at which a given filament
will burn steadily depends simply on the EALF. available
and iho resistance in series with the filament. The lowest
burning current is determined Ly the position of B, Iig. 53,
and in order that B B may ent the P.D.-current curve
from above at a point corresponding fo a small current,
0 I mmst be great aud the angle P15 B large.  Tia grenter
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therefore the potential difference over the externul vesist-
anes the smaller Lhe valoe of the lowest burning curvant.
In eonfirmation of this the following experiment may le
deseribed. Three filaments of the same dismetar and
material were mounted so that the lengths between the
monnts wera 5 wifm, 125 mfm and 24 wfm respectively,
and all threo were tested on o 200-volk cireuit.  This was
equivalent to dlesting a filamont of lixed length on cireuits
of different vollares, 16 won found Gk Lho Iowesl burning
eureenls wora (F015, (007 and 0710 wmperes vespeetively.
The vormn] working eureent for thesa [lunents was 005
mnperes,  Hinee e 1D -enrrent eurve vises rapidly as the
currend approaches sero, the BALT, necessary to muintain
a very snull eurrent steadily flowing is very large: if the
aurve eventually beeomes paralle! to the nxis of P.I. there
is n lower limid below which no eurvent esn be maintained,
however high the avnileble B.ILT.

Consider now the question of the lighting-up tempersbure.
When o Nernst lamp iz lighted the filament is heated by
pxternal meaus until it abfaing & certzin temperature at
which it will howve o definite resistence 1. Leb Lhe external
EALY. be B, IMig. 54, and the resistance in series with the

fiinment ».  Then a curvent will flow equal o T which
Y 1

will itzelf beat the filument to a higher temporature ad
which it will have a resistance less than ¢ The enrvent
will consequenily inerease uniil a stendy eondition is
reached, at which the filament has n resistance go. The

. g 1t . ,
steady curvent flowing will now be equal to PV Lt this

= (i

eurrent be represented on the dingram by O A'. Draw B A
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as hefore such that ton P E A = », and O A such that ten
X OA = gs. Thepoint of intersection A of B A and O A
detarmines the position of A'. Sinee the filament is hotter
than it would be il heated solely by the cnrrent O A’ its
resistanee must be lower than it would be as a vesult of the

o ey Al .f;'a Al A&
T 34.—Conditions for Hghting-up of W ernst filament.
electrical heating alone.  The P.D. nt its ends must therefore
be less than that required to mainfain the enrrent O A’
without external heating. Dub this PI.is S A" Henee
A A" the aetual P.D. at the ends of the lilament must be
less thun 8 A, or the point A must lie below the P.D.-current
carre.  The position shown is therefore elearly impossible
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ander these conditions the emrrent would go on incrensing
until it finally attanined a steady value snch as O AY for
which the eondition that As A’y must be less than §; A'y
is safisfied, If the resistanes line B A outa the P.D.-current
gurve ot Ay and Ag 16 will be seen that A can lie anywhero on
E A except bebween Ay and As.  The cwrvent which flows
through the filament whilsé the oxternsl heabing is still
applied must be thorefore eillier less than O XYy, or greater
than O A%, and the resistanea of the filunont (lue to the
eloeleienl wied welornnl honding) ot bo oithor greater Han
feee X O Ay, or Lo Alinin L X O Ay, Buppose Lhe resistancs is
ereabor than fan X O Ay, say equal Lo ten X 0 Ay, and let the
externnl sonres of heat be now removed.  As the filamaent
cools the enrrent will 2]l in a manner determined by the
movernont of Ay nlong Ay B, As Ay in moving along A B
never meets the P.D.-carrent enrve a value of the eurrent
ig never reached ab whieh the filament can burn under the
given eonditionsz of EMLF. and resistance, sinee for all sueh
values Aq must lie on the P.D.-current eurve. As n result
the current falls to zero and the lamp goes out. When
howover the resistunes is less than ten X O Ag, zoy equel to
far X 0 Ay, and the external heating is removed, Ayin moving
aleng As E evenbnally comes fo the I'D.-current curve nf
Aa, and ot the eurrent corvesponding to this position (0 A'y)
the filnment will eontinue sleadily burning. Hence in
order that the filament may light up, the initinl eurvent
musé have o value greater than O A’y and it has nlrendy
been shown it will nitain such o value provided it attuins a
valne grealer than 0 A’y The resistance of tho filament
dug {o the extenal heabing combined with the healing
produced by the starling eurrent as i grows nst thevelore
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fall o a value less than ten X 0 Ay, and in the limiting ease
wo may =ay that the resistance due to the external hoating
alone must be less than fan X 0 A, The lighting-up ten-
pernture is therefore determined by the position of Ay, the
first point of intersection of the resistance line and the

Lime off Regixlange cprresponiding fo
Megiest Ternparature Productblé

N

Filament toe ofd
tolightup, =

la Friament

e Filamen:

|
o X
Pre. & —Azeing of Nemat flament and Hghling-up lemperature,

D.-eurrent eurve. This depends upon the P.D.-current
eurve, the EMY. and the external resistance. Thereis
therefore no such thing as an absolute lighting-up tem-
perature for n given filament: it will be seen at once tuat
the higher the applied .M. and the lower the external
resistanee, the lower the temperature at which the filament
sturts up, TFor given external conditions the lower the
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resigtance of the filament (or morve aneeuralely the lower the
P.D.-current eurve) tho lower the lichting-up temperature,
This explaing n phenomenon oflen observed with Nernst
lamps that, as the lamps grow old, the lime taken to light ap
ingreszes until eventually the flnment will not light up at
all,  As the filwoonl nees ibs vesislance increnses, and the
P.D-enrrent curve vises bedily, the peinl T (Fig. 55) moving
from lelt Lo right wlone the wxis of curvent unlbil eventually
it corvesponds fo u tompernbore highor than thet which the
hester ean producs, as is shown disgrammodically in the
ligire. '
Tapee XIV,

Fllnmaul Fesisthnens nt t Thermocannly Reslingat liglllng.
0 arljpoies, [T} e e H LT (1 DR ATTE
AL a7
423 el
40 ot
ab Greater than 57

Some experiments made by the writer which eonfirm
these conclusion: may be quoted. IFour filnments of the
snme diameter and matevial were made of dilferent langiha
so as fto have different resistances. A small electrical
furnaee was econslructed in which the filament to bo tested
could be eomplelely enclosed, and a thermocouple was
ingerted in this furnace a8 elose as possible to the filament.
The filament was connecled in series with a fixed vesistance
on & supply of definite EALY., and the fornoce slowly
heated up.  lleadings of the thermoeonple indientions were
taleen every bwo minutes until the filament lighied up; the
lighting-up eould be quite definitely deterimined Ly watching
an amieter eonnected in series with the filament; the
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Polarily.—That the conduction in Nernst filaments is
pesenlially electrolylie in nature is shown by the fact thai
even o few minates running on direct eurrent i sulliciend
to give fhe filament properties indicating the existence of
a definite polarity, and if the current is now reversed the
filsment in all probability breaks al the original posibive
end. This breakage does not always ocenr, and is less
liable to cccur the shorter the peried for which the filament
has been run bolore roversal.  Th will ysuadly bo foand tha
if the Gluwment sorvives Lo firsl Tow hoors’ oomning after
reversnl ils polarity appoars Lo be vreversed and it continnes
lo bwrn quite sulisfactorily.  Novertheless it is obvious
that the grealest eare must bo faken Lo aveid reversal, ana
laps must always be conuected ap wilh the ecorrees
polarity as marked on the lamp by the manufaeturers.
Ior similer reasons divcel enrvent filaments muet net be
used on alternating eurrent eivenits; the reverse process is
less objectionable. At one time different composifions were
used for alternating and direct current filaments ; the writer
iz not nware if this is still the ease. It is, however, quite
posaible with proper precantions to malke filaments of the
sanie compesition equally satisfactorily for diveef ov aller-
nating ewrrent. The polariby of the filament is further
avidenced by the greater henting which always cecurs at
the posifive mounf, and the grealer dvop of potential ai
this mount.

The Sevies Nesistance~It has alveady been shown that it
is possible to hurn o Nernst filament without any resistance
in series though nnder very unstable conditions. In dis-
eussing the PIh-eurrent curves it has been assumed that n
conatant vesistance, i.e., n resistanca whieh remained of the
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same value for all values of the current, was uwsed in series
with the glower. If is easy o see, however, that such &
resistance is unsultable; take for exampla the P.1.-current
curve in Fig. 57 for a filament in series with a resistance
equel to ten P B A, If the BALY. rises above By, the fila-
ment will Tuze, and i it alls below 10; the filament will go

i i e St 3

0 X
Trg. 87.—Etability of Nernst filament with constant anvies resistones,
out. The permissible variations in supply voltope nndar
these conditions are aecordingly vory small, and, moreover,
Lhe alterations in current aven when the voltage doss not
vary bevond these limits is exeessive. To aveld this, il is
ueeessary that the resistance live It A should be as nearly
vertical as possible ab the working eurrent.  This could ba
secured by using s wery high vesistance and o very high



Inn ELECTRIC LAMPS

E.LMLT., but such a conrse is obviously undesivable, as the
power wasied
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lesser extent the platinum resistanees, already deseribed,
possess this property to a remarkable degree in the neigh-
bourhood of a red heat. In Tig. 58 are shown the I.T.-
current eurves for two iron resistances, and by way of com-
parizon a similar enrve {dotled) for o platinnm resislance. It
will be seen that witlh the ivon wires the P.I). rizes ob fivst
slowly, then move rapidly, and then so quiclly that the corve

. o
.
2
FE e -
H"'--\.Jf':'.n': Lance
20
..-iiff;{glf—*ﬂt
&8 L] .
70 o
| |
60 '
& o oF d o4 g8 ge OF 08
Amperes,
i, 80 —Nernst filament in series wilk iven steadying
reaigtance,

beeoines almost vertical ; finally the P.1. rises less rapidly,
the earve bending over towards the horizontal. The sudden
sharp riszu is partienlarly interesling; practically for n eortain
alue of the envrent i6 will be seen thal the D). may have
any vilug ever a considerable range. This vwalue of the
eurvent is the correct working valus for the resistance, and
may be called the regulating ecurrenf. The conditions lor
a filument in series with such o resistance are shown in
3L x
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Fir 89, It will be seen that the value of the eurrent
through the filament is practically determinsd by the
resistanes, and that & very considerable rise or fall of the
supply voltage wonld produce only a very slight alteration
i the eurrent. The analysis alrendy given of the conse-
quences of the shape of the filament P.D.-current curve
applies equally well when o porios vesistones ol this type is
used, though for shmplicity it was sssumoed in diseussing
theae eonsequenees that & conslanl vesistanee was in series
willy the lilmnent.

The valus of the veeulating enprent nud the sharpness of
tho regulution of wn iron resistanee depend on the size of
wire nsed, the pressure of gas in the bulb, and the way in
whicl: the wire ig fixed. Il has alvendy been mentioned
that the regulation is sharper the finer the iron wire, and
for this reasen when the enrrent is greab two or more wires
in parallel are preferable to a aingle wire. The regulation
18 also sharper the better the vacuum in the bull, but the
better the vaenum the lower the current ot which the wire
becomes ved hol; some eompromise must, therefors, be
madle, sullicient pressure of gas being used to enable wira
of o reasonable dimmeter fo be employed. A pressurs of
12 to 14 com. of mercury is very satisfoctory. The wire
should also be fixed as freely as possible: it is generally
wannd in o very open spiral, as ghown in Ilig, 49, p. 144
The more open this spiral the sharpor the repulation, Lk
here again a compromise must be made in order 1o get thae
neceasary lenglh of wire info the bulb. The small resist-
nnees nsed in the smaller lnmps are always less satisfacte. y
on account of the necessary erowding of the wire. The
nearness of the wire to the bull and the position of the
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bulb i the lamp also affect the regulating current; this
ean be readily nnderstood sinee the regnlation fakes place
at w particolar tempernture. Anything, therefors, which
pffects the temperature of tha hulb will affeel the value of
the reguluting current.

The vemarkable chavnclerialies of these resistonces
sireest thele applieation to ofher uses, Their wso in
geries with standard inesndescent lnmps hng wlrendy been
wentioned (p. 183), and thay may weil be smployed in
obhor casos 1o which noonstanl enreont is requived,  Simider
resistiinees Tave reecndly been adapted for use in servies
wille e wees; Lhe writey suggested thoir use with ave
buapa in 1908 It miny bo mentioned that though these
sevios resislonees wre classified aecording to current and
voltage, e, 005 nips, 15 volts, the value of the voltage is
vbviously {o o certain extent only nominal,

Porewrian DIFVERENGE AND CANDLE-DOWLER.

The Nernst lomp consisting of a eombination of the
filament and the series reosistonee, its bebiaviowr undar
varying conditions of voltage depends naturally on the
characteristics of these lwo components. IE has been
thought belder, therefore, to diseuss ench of fhese separately,
but there remaing the question of the variation of eandle-
pawer with variation of voltage, which if is better to consider
for the inmp 28 a whole. Variation ol eandle-power depends
on varistion of temperatare, and this must be always
rogarded in ineandescent lamps as directly dependent oun

.IJ.:“JH'-M!J’ uf the feslitetion of Blectrieal Fwgineers, Vol, XXXIT,,
e iR, .

a @
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the eurrent and only indivectly dependent on the voltagr.
There will be a great change in the candle-power for «
given change in the voltage when this veltage change pro-
iluces o great ehiange in the current.  Sinee, thevefore, the
regulating resistance keeps the eurrent through the Nernst
lamnp practically constant over o large vollage range the

140 a0
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Fercentage Foltr,

Ve, 60— Candle-power il \l.'-.|.1it.'i per candle vardations with Nemst
HRVTH N

eandle-power will alzo vary very liltle over this range;
above and below this range the varialion will be more
rapid. These eonclusions are full}r borne out by the curves
in Vig. (0, showing the varintion of candle-power and watts
per candle with voltage. These may be advantageously
compurad with the similar eurves for earbon flaments on

p. 112,
The watts per eandle will vary somewhat differently wo
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the eandle-power, sinea the wntts absorbed by the non-light-
slving resistance have to be luken info account. In some
enses these may increase so rapidly that there is an actual
inerense in the total watts per candle when the lamp is over-
run, as shown in Fig. 00, although, of couree, when the
watts absorbed Dby the f{ilament only ave considered, there
e 0 steady fall in wnlts per eandly s the voltoge is
incrensed. By overrinning a enrbon flamenl Tamp one

e, Bl—Hovizontal distribution curve.  Nernst lamp with
straight horizontul {iloment.

abtnins always o worse lifa ab a better ellicieney ; by over-
running o Nernst lamp it iz posaible thnf the worse lile is
cbtnined witheut any advantage in elficiency.

Dhisrntnurion of Lognt.

In Pig, 61 is given the horizontal distribution eurve for
a Nornst lamp with steaight horizontal filament, and in
Iia, G2 the vevkieal distribmtion eurves for the same lamp,
Lha full curve shewing the distribution in the plane ab right
angles to the flament, and the dotted enrve thnt in the
plane of the llnnent, There iz naturally a very marked
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differencs between these two eurves. A method for obtain-
ing & mean vertieal distribution curve for a lam: of
this type has been given in Chapter IV, p. 7T8. The
exceedingly low values of the candle-power in the two
diveetions along the actual axis of the filament are due to
the presence of
the mounts and
supports ab cach
end.  In Fig. 63
is miven the ver-
lieal distribution
eurve for u lamp
with sleaight ver-
tienl filoment;
the normal hori-
sonlal  distribu-

tion ewrve for a
Pra. 42 —Verlieal disteibution curves. Neinst ¢ i
lamp with straight horizontul filament, lamy of this type
Fidli ewree, in plang at vight angles to filament,  1B8Y be regarded
Dadted cprve, i ploma of filament. as 1 troe eivele.

The curves ave ol for lamps without glabes ; a elear giobe
modifies the shape of the eurve but little; o frosted globe
smooths out the more marked inegualities. When the
heater surrounds the filament (as in the case of the lamp in
Tig. 63), o cerfain amount of the light amounting lo from
9 per cent. to 5 per cent. is cul off, and the light in certain
directions is modified by the heater shadows

Raring ann Lire,

Nernst lamps ave rated by the manufacturer according
to voltage and current, the candlo-power varying aceovding
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to the voltage. Thus lamps are made for (25 amperes
and say 200 and 220 volts; the 200-volt lamp will Le
32 candle-power and the 280-voll lemp 35 candlo-power.
This rating by eerrent is to o certoin extonb necessitated by
the fact that resistonees and burners have to be sold
separately, bub aparl from this it is in many ways preler-
ulbile to the candle-power rating.  If nll Inmps were rated in
thiz way the consummer would lnow whal ho s going o pay

s

Tig. R—Vertical Lstribation cavve. Nornst lamyp with stenight
vertiend filament,

for energy for burning ench lamp, and he eonld tell approxi-
mabely himsell which lamp suibs him best, lnsbs lowgest, or
gives him the best return in illumination for the money
spent.  Bub when he buys bwo lomps, eaeh of 16 candla-
power, he has no iden how much ensvent ench is tnking,
and it iz o very diffieult, or even impossible, maiter for him
te find out which is the most economieal from his lighting
lills,

The Nernst lamp iz ot present made in various gizes
the standard filaments fnke 0-25, 05, and 10 mmperes



1% ELECTRIC TAMPS

respectively., The quarter and half-ampere filamonts aw
monnled in lamps that ean be fitted info the ordinary
Inmp-holders as used for ecarbon filament lamps ; the one-
ampera filuments are mounnted in lamps which have to ba
separately suspended in the same way as arve lamps, and
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Fra, fid,—Tife tost envve for 24k-volt one.ampere divect-current
Nernst lnnys.

the half-ampere filaments ean also be obtained mounted for
this type ef lamp, Multiple filament lamps are also made
having three half-ampere or thres one-nmpere burners,
The eandle-power varies, ns nlready stated, with the voltage,
and may be ealeulated approximately on the basis of -
power eomsumption of 105 watls per candle for the larges
and 175 watts per candle for the smaller lnmps.

The life of Nernst lawmps is very variable, so much so
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that it is possibly better to define their useful life as the life
till failuve, rather than the life till the candle-power lias
fullen 20 per cent. Some lamps will fail after o few lours,
others may last only 30 to 50 hours, and others agnin run
for 500 to 1,000 hours. Toughly, the average life may b
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TG, Gh.—Life test envve for 200.volt ono-ompore alternating-
current Nevnst lompa,

tuken as abouk 500 hours for divest-ecurrent lamps and 800
honrs for alternating-carrent Inmps.

In Figs. 64 and 65 ave given typienl life test enrves for
divect and alternating 200-veli ens-amperes lamps, Tt is
geuerally characteristic of Nevnst lamps thab thers is o
very marked fall in eandle-power during the first few
heurs' burning, ag is shown in these enrves, Lut this
charaeteristic is not always present.  On account of this the
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pereentage eandle-powers in Figs. 64 and 65 have leen
enlenlated in referenca to the actual eandle-power aniter
20 lours' use; inslend of in reference to the frue inifial
candle-power, It will be seen that there is o eontinuons
fallmg off in eandle-power during life, which becomes
steeper towards the end of the lifs, The avernge lifc (fill
[nilure) for the five direef-curvont lnmps (Fig. 64) was 750
lours, amd for thoe five allernaling lamps (Fig. 65) 700
hwours, bub the corresponding asafal lives (20 per eent. Zall),
it will b seen, wero only 540 and 260 hours respectively.

U aceounl of the noeertoindy in lile, it is diflicult to
give o brue estimale of the eost ol lighting with Neenst
laraps.  Trstly, a decision has fo he made as to whether
the lifo £l failure or the ** useful * life will be taken as the
basis of comparison ; secondly, the question of the rorawal
of other parts than the burner (i.e., flament and heater)
has to ba eonsidered ; and finally, the costs of maintenance
and depreciation, items by no means negligible with Nernst
lamps, have to be taken into account. 16 scems bebter for
the purpose of this lLook, however, to neglect these last
items, ns eherges of this sort vary immensely according to
lhe precise conditions of the installation.  Thus Nemst
lamps used for ouldeor street lighting will cost very muneh
more for upkeep, and will involve much heavier depreei-tion
charges, than when used for interior lighting,

As p bagis for the caleulation of the lighting cost,
independently of these charges, we may fake the enrves
in IMige, 64 and 65 and work out the eost, firstly, when
the lamps ave run only for the period of their uselnl lifg,
and seeondly, when they are rum 6l failure. From thess
curves we geb the following data :—



T NERNST LAMT 17l

Dmpor-Cuneent Lawrs.
Tseful life, 520 hours at 19 watts per candle.
Life till failare, 750 hours nt 2:1 watts per candle.
Life of resistones, say, 1,000 hours.

Avrernarea-Connenr Lases.
[Tseiful life, 260 hours ni 22 wills por eandle.
Life till failuve, 700 hours ab 241 watls per eandle.
Life of resislunes, soy, 1,000 hours,
We iy ko b following ronewad costs as w busis for
endendnbion s

[harner, Tesiatance,
1 mnpors 124, (el
" S 16, Bl
1 i 204, Bdl.

On these assumptions Table XVL has been worked out
showing the cost per 1,000 candle-hours, with energy af
various priees per unif, If the figures in this table are
exanined elosely it will be seen that so fur s Lhe direet-
earrent lamps are eoncerned it is prachically immalerial
whether the lamps are run till they [ail or whethor they are
replaced nfter the candle-power has fallen 20 per cent., Lut
with the alternating-eurrent lamps it is more economienl in
nll but o few enses (those of the high candle-power lamps
when the cost per unit is high) to run the lnmps till [ailove.
It is o inirly safe general vule, therefove, to ron Nernst
lymps until they fuil, and thiz conelusion is supported by
the faet, alveady mentioned, that lampa dilfer so much in
their individual behaviowr thal any estimate of the cost of
lighting ¢an enly be regavded ng approximale.
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It must be vemembered that there are several possible
causes of failure in Nornsk lomps, and also thal both the

Cavzes or 1'armune.

filnment and rvesistanee alter with 1ife, o that it "3 hardly

to be expected that the vesults of lifo tesls should be so
uniform as with carbon-filament lamps.

The filnment
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itself always rises in resistance as it gels older, tha chiaf
part of this rise being at the mounts.  The drop of volbs
ub the pogifive mount, which is alwoys higher than that
at the nepolive mount, espesially lends to vise, and fuilore
very frequeantly ocenvs at this mount in consequence of
over-heating.  The life of the filament is to o very laroe
extent conirollod by the pmount of platinnm put into the
mounts; the more platinum used Lho ecoler the mount
pnd the longer the life of the filament. TG is in fact
posailile 1o predelorming o averago lilo with faiv necornay
i Lhis way., o lhoooob slso Lbeesines eryalalline and
et oy beenspreond a6 grows oldor, the crystallisa-
tion buginuing at the negative meunt and grodually spread-
iz nlong the filnment,  Under these eonditions the filament
ig ooworse radintor ; eevbain hinparities inerease this effect
in & marked manver, the weiter boving made filsinents
whieh, after  few hours' running, gave proctically no light
for over half their length, starting from the negative
wount. The iron resistaneces sve wlso linble to fail or fo
alter in the value of their regulaling current and the sharp-
ness of heir reculation, thus cansing failuve of the lilument,
Filaments and resistonecs must of eourse be earefully
matehed ; il {ilaments fail {repuently in a particular lnmp
tha [ault lies vary probably with the regnlating resistance,
which either does not regulate shavply enoongh, or regulntes
ab too high o emrrent.  Overrunning, or using the lamp on
a girenit the voltage of which is normally oo high, is moro
gevers oo the resistance than on the filutnent, sines the
oxtra voltnge is nbsorbed by the resistance which is conse-
quently continuonsly running et toe high o temperature.
The resistance should normally absorh only n few volts,
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abiont 15, 5o that there is plenty of elasticity towards rise
of voltage, fall of voltage being naturzlly less injurious.
I'or this renson, when the eirenit on which the lamyps are
to be used is known to be normally overrun the sum of the
marked voltage on resistanes and glower should be greater
than the nominal vollage of the cireuit, For example, a
160-volt or 195-voll slower should be used in series with a
13-volt resiglanen foracivenil of nomined) 200 vells instend
of an 1HG-voll glowor.

Anobhoer ennszo of llooent filore is e eul-ont. Some-
times this gels oul of order and does noi ope