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•• Introduction ••• 

The need of an effioient and artistic lighting 

system for the UnlYerslty Campus has been in ev1~ 

4enoe ~or several years. 

There are many different kinds of lighting 

systems in use at present, but some o~ them are 80 

1neff1oient that they need only a slight rlent10n 

in this article. 

The objeot of this t~e818 i8 to discUss com­

~arat1velythe different lamps and light1ng systems, 

finally deoiding on the most efficient systems, giv­

ing their first cost, total cost of installation 

and total cost of operation. 
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• • Di CUB ion o~ ArC Lamp Syste s. • 

The arc lamp 1s an electrio apparatuB in which 

an e1eotric arc is struck and ma1ntained between two 

or more e1 otrOdes, giv1ng a brilliant 111uminatiob 

th 00101' and 1ntensity of which depend upon the 

composition and diameter of the eleotrodes, the 

kind of current applied and the watts oonsumed. 

Th ~1r8t commaI' 1al arc l1ght systems for 

street 01' Pal.' lighting ere known a .. the open car-

bon arc stem-. The arc being formed bet een two 

c8.rbon electrodes "hieh ' were con 'Umed in a e hours. 

the nergy requ1.r-ed was high and the eff1cienoy of 

the sy tam lOW. The light, about 80% of whioh as 

em1 tt d rrom the orateI' of the top or posi t1 ve car-

bon, intr1ns1cally brilliant, but unsteady d 

thrown on the treat at an angle of about 45 

de~ee8 below the hor1zontal, 1b11e directly und r 

the lamp the dark shado as cast. 

~h c e1'0181 introduotion ot the enclosed 

arc e·l1tn1nated many of the obJect1o' able tetUl'"_ B o't 

1 ts pred C sBor, the "open aro". L1ke the open arc, 

ho ever, the arc tream was e tab11shed between C~ 

small globe, enclo 1ng the 

8l'C, as used to exolude the air, thereby 1n·creasing 
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the lite or the electrOdes. The intr1nsic bril11an-

OF was not 80 &:reat a. in the open aro, but the 

opal encloBing glObe became 8 seoondary SOU1'oe o-r 

well diffUsed 8t.ead7 l1ght oonspiouous by the 8b-

8enGe of shadOw. 1n 1ts tmmed1ate v1cin1ty. 

W1 th the per-reotion o't the MlolOtJed eo, the 

General Electrio COInP8J'l7 tOOk up and developed the 

Magnet1 te Arc Lamp. 

Con8t.ant Potential AI ternatlng current Enolosed 

Are L'P'. 

'!his 1.. oan be operated on 01rcu1 t8 ranging 

1n VOltage rrom 9S to 125 VOlts, either at 60 or 

125 0701.". the cholte 0011 18 prov1ded with two 001la 

•• oh wound upon • 1iq ~ the oore. on 60 oyO! es 

all o't the 0011e are 1n Wle, Whlle on 125 0701es 

0111, pet of one c01l. This 0011 1s provided with 

a number o~ tape wh1ah permit the autt1ng 1n or out 

of turn8, thereby making the 1.., adaptable for h1gh 

or low l1ne pressure.!h18 1.., 18 not operated in 

8erlee, and ha. a power faotor ot about '10%, wi th 

an en-lo1ency oct about 80%-. 
!he ohie't objeot1on to this lamp 18 ~ ... 

11abi11 t, and the aount Of oare 1 t takes 'tor main­

tenanoe. Aleo the exoessive nolae and vibration 1n 
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starting due to the initial strik1ng o~ the arc. 

Oon.,mt PO'ent 1a1 D1:reot Current Enclosed IrC &amP. 
\ 

!his lamp ~e~U1res 100 to 250 vOlts at the ter­

minals with '75 to 180 vol tB at the a:rc. The ldnllmlm 

mnpeJ-age 18 2 1/2 and the maximum is 6 amperes. Each 

lamp 1s fitted with 8 resistanoe 0011, and 1s a oom­

plete uni t tor mul tlple' oOlmect1ons on 100 to 12'5 

vOlts with 75 to 85 vOlts at the aro, or on aoo to 

SOO volte with 1.0 to 160 vOlts at the arc. T111s 

1 18 oontrolled by 8 eeries magnet an baa an e~-

:t101ency of 80%. 

This l8JlU) 1s more reliable than the oonstant 

potential. 1 te:rnating ourrent enclosed aro lamp, 

but haa about the same· effioienoy. 

constant current At terna'1ng Qwr~D,' Enolosed Arc Lwrm, 

This lamp reqUires 75 to 80 VOlts at the termin-

als. The 8l'C f'rom 72 to 77 vOl tee The m1n1muzn am­

perage 1s 4- and the maximum 18 7 l/a. The field con­

\1'01 'may be e1 ther shunt or d1ffereat1al. The lmnpe 

operate in eeries on constant current oireu1te, us­

ually controlled by constant current transformers, 

or automatio reactanoe oo11s. !he system operatee 

on any frefluenoy ~om 50 to 1",0 cyoles. 'lhe ett1o-

1ency of the complete aystsm 18 about 80~. 
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con tent current D1:rect Current Enolo ed ArC Lamp. 

hi lamp require 75 to 80 vOlts at the ter­

min 1 • Th a c 1 Bet for 73 to 78 vOlts. The -

pM'ag 1 bet een 5 and 7, depending on the candle 

po er des1r d. The 1 operate 1n serie on a 

con tant current Ource 0 sUPply, and have an ef­

t! enoy of about 85%_ 

Fl ng Ar~ L_ • 

The light from all e1 ctric arcs 1s a resUlt 

ot the pheno ena 0 ino d c nee, an the probl 

~r ill nat1ng ng1neers 1s to increase th1s prop­

erty as much as possible. PrQm t e to tl e since 

90 it h B been propose to impregnate oarbon eleo-

trOde for arc 1 8, 0 to dd metallic vapors 

to the aro, there y greatly increa1ng its size and 

brill iancy. Several lJetho " of combining metallio 

alt with the oarbon ave be n tried, but the great­

t diff10Ulty has b ~n e rienced in securing a 

un1f'o mixture Wh1ch woUld onsume evenly wi thout 

the form t10n of a slag which woUld eventually In-

t rrupt th erv1ce of the 1 \. Af'tereve1'al years 

o~ exten 1v praot1oal u e the y 110 fl ng c 

h be n d v loped by the e tern ilectr1c company. 
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These 18l1ll)s are operated two in series on 110 

volts on e1the:r cUrect or altern t1ng current. A 

1ngle direot current 1 can be oper t on 110 

vOl t by us1ng re 1 stanoe in erie 1 th i \. A 

single altern t1ng ourrent lamp can be operated on 

110 vOlts by using small ototranB~or.m8r. The 

transformer 1 separate f'rom the lam» and can be 

suspended at ance tr 1 t hen desired. The 

ef ia1ency of a 1ngle al ternat1n current 1 hen 

rating '!r an ~ totrane'tormer 18 but 11 ttle 

10 er than when tw 8 are operated 1n se~1es 

:r8otly on the mains. 

In oonolusion, the main 41 advantage of the, 

tl 1ng aro lamp are s fOllowa; rrequent tr1Jllll1ng, 

high prioe of oarbon, fUme depoe1 t on the inside 

ot the lamp and unfavor ble light distribution 't 

str et lighting. 

).( . t1 te.A:ro 

One ot the mo t tmpBrtant faotors 1n the im­

p'rov . ent of street and park l1ghting duping the 

pa t tew years has been the devel~ent of the magnet-

1 te arc 1 • The h1gh oandle po e1' of thia type ot 

1 at light gles ~om the hor1BOnt,al r Ul t 

in n arly much light bet en the 1 8 1n 
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their tmmediate proxtmity provIded they are not 

plao dover 100 ~ at apart. 

!t 1 1ntere ting to note that these lamps have 

been put in in place of the direct curr nt ser1es 

arcl in many place and give much better 111u-

1n tlon ~t 

con umpt1on. 

v r aterial reduct10n in ourrent 

~he light from this lamp is of a pure wb1 te 

oharacter an very ril118Ilt. The distributIon curve 

o~ the magnet1te rc 1 has been found to be very 

nearly ideal for the u ual spaoing of street and 

• There 1s suffioient light underneath 

the lamp With the maxi candl power dlrected at 

an angle of 15 degre .Thi lamp cannot be worked 

on alt rnatlng ourrent becau e of the act that no 

arc oan be maintained on al ternatlng ourrent except 

in the case of electrode of carbon 0 orne . oarbides. 

Thi lamp h th magnet1t 

and a copper rod ' 8 the po '1 tl v 

the negative 

erminRl. The o 

h nonlum1nous zone near the positive electrode 

and an inien 'ely bright luminous zone, oomposed ot 

volat1lized oX1des, near 'he negative lectrode and 

closely resembling in shape an ord nary oandle n e. 

In order to seoure the most desirable light distri-





- 10 

but10n ell s to ecure 1mpllc1ty of operating 

mechan1 ; th negativ el ctrode 1 preferably fed 

frQm the top. The life of the negative electrode 

per tr1m is', for the 4: ampere lamps, bout 200 hours. 

From a commercial standpOint t agn tite arc 

1 p 1 of great intere t both to the central at 

t10n and to the general PUblio. By the us of thiB 

type of lamp With 1 ta deorea ed OU1'r nt consumpt10n 

and 1ncrea ed _ite per trim nearly tWioe a much 

l1ght with gr atly S2P r10r light distribution n 

be furnished a g1ven are for the am maintenance 

d operat1ng cost a with the older arc lamp sy -

t • or an quivalent 11 t1ng servioe can be fUr­

n1s'bed with only one-h 1~ the power con umpt1 • 

c.onstant Potent1al_ 

'lhi 1 1s not nearly a efficient the 

con tent curr ent agnetite ne on account of 1t 

having ~o be operated on 110 vOlt c11'cui ts d th 

,1'0 only r quires out 80 vOlt, <) that the re-

1n1ng yOlt t be used up by re' 1stano c01l, 

henoe 1 t h high re . 1 tano 10 es. The e lOese 
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red\lce 1 ts ett101enoy to a p01nt muCh below ~hat o't 

the conatant o~ent magnetite aro. 

Beaidea these, there are disadvantages due to 

the heat1ng of these 0011a, and the oomplicat1on 

of 1is mechanism, Wh1ah make it un:rel1able. 

constant curren' Jlasnet1 ta Aro Lgp. 

This lamnl as developed by the General Eleotr10 

ComPany has been a great advance in the 88rv1oe ot 

illuminat1on. 

!he distribution of candle power in thin lRJ!tP 

1e approxtmatelys fOllOWS: 

Positive crater, 20%; negative arater, 5%: and 

the arc flame '15%. 

This lamp hae the fOllowing recammendat1ona: 

( 1) It oonsumes 30% less energy with 30% ad­

d1tional illumination. 

( 2 ) Ideal distribut10n of light ma1n1llined 

throughout the life of the electrodes, and the posi­

tIon of the arc remains unohanged. 

( 3) Longer lite of electrodes. 

(,,) Less freQ:uent trimt11ng, hence less cost 
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tor mBintsnance. 

(5) No enclos1ng glObe ~equ1red . 

(6) It ff1c1ency for the whole ystem, in­

oluding rect1fier and transfor.mer, is about 88%. 

F1nally, aft r a comparat1ve d1 CUB ion o~ the 

d1rterent ~or.me of arc lighting, it resolves itself 

into the choice of the constant curr ent magnet1te 

arc. 

Fr the pr ce ding comparisons this 1s obvi­

ously the best and ost efficient arc lamp to u e 

for a lighting system for our purpose . 





- IS -

•• D1 cussion of Incanc1e cent Lighting ... 

In general · e have but two 1t1nds of 1noande 

o nt lamp - tor t:reet lighting and park. lighting; 

the e b 1ng the carbon lamp and the tungsten 1 - .- '. 

Zh8 . Q.§l'bCf!l Lemp. 

The 0 bon ·lamp is one we are all familiar with. 

Up to a ~ w years ago 1 t " s the only type of inaaD-'-

d cent 1 we had on the market.' 

The ordinary 16 c dIe powe~ oarbon 1 8 are 

mad 1n two type: 5.5 at per candle po, er and 

Sl wtts pe~ oandle po er (mean horizont 1). Th 

3.5 tt IUIP has an average usefUl life o't 850 

hours and the 3.1 att 1 a lite o~ 450 hours. 

The 'tungatgnhAmP, 

the tung t n lamp 8 invented 1 ter and h • 

. filament consisting of tungsten alloyed with t1t 
u.. 

n1 um OJ- thOr1 or van 'om., !he tung ten 1 1 

o - !lie o't an eff101enoy o't 1.25 w tts per mean hor-

1z tal oandle powr. Its lit is trom 1200 to 

1600 hour • 

Th light 1 pure whi te!~ being the nearest 

fIIIIiII.~"-oh 0 daylight yet obtained by srt1t101al 111u-
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Dlinants. 

Due to the high efficienoy of the tungsten 

lamp 1 t 1 s used nOw almost un1 versally. On account 

of the shortness of life, fragility of filarn~nt, 

and the vOl tags drop of distant 11ghts and consequent 

energy 10SB the mUltiple lamps WOU1d be out of the 

~ue stlon to select as a lighting system ~or the cam-

pu • 

However, the series system of tungsten lamps 

will, on an automatic ourren t transformer t be an i­

deal form of lighting for streets, parks and sim1lar 

servioe. 

This 1mnp shov{s CO!1omy over the orci1nary oar-

bon ser1es lamp in two ways: 

(I) By requiring one-third of the energy of 

the carbon lamp, hence, reducing the cost of cur­

rent two-third • 

(2) The original central station equipment 

can be used for three times the number of lamps. 

The h1gh efficienoy is du to lower VOltage 

required per lamp for 8 given can<.Ue power and cur­

rent. The increased life of series tungste 1 amps 

over mUlt1ple lamps 1s due to greater oross section 

of filament. This gives more strengtl'l to the fl1a-
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ent 8Jld m8ltee 1 t able to 8tand all ord1nary v1bra-

t1ons. 

The tungsten ee'I'1ee lamp, 8e OOJIU)ared to the 

oarbon B6r1~8, 1s very muoo m~e eft1c1ent. With ,he 

ert101enoy of the tungsten at 1.15 Y.P.C. Y8 S.8 W.P.C. 

or oarbon ser1es and a 11~. of 1500 bO~8 V8 1000 

hours and coat of $1.35 VB $.60, it 1s very obv1-

0U8 that there 1e a greater saving by ue1ng t\D18-

stens. Also for the same candle poW'8l' the tran8~or-

m'8r ectu1pment 1s cut down by thltee, or, ~r the lSam. 

current. we oan Jut three times as manYII'.l.1ghts on 

Ute same transfo'rmer. 

When aeries l8JXl)8 are used, 1t 18 desirable to 

ue8 a aeries socket provided with a rllm cutout or 

8 e neat1.,.e resistanoe devioe. 'ThIs seriell 

sOcket 1s sO o<mstructed that when the lamp raile 

til 1ncreased yOl tage at t.he lamp t.erm1nals punot­

ures,and establ1ahee a o1rou1t through, a thin f1lm 

o~ mi.a or shellaoed veiling. This also affords 

the opportUD1 ty or removing the lamp at any time 

Wlthout breaking ~ circUit-
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cogar1 on o:f the 1er1ee Magnetite Aro and the Se­

ries Tung ten sYstems. 

These systems are the most e'tf101ent in their 

respeotiv olasses of lighting. The magnetite arc 

system 1s not nearly SO flexible a system II the 

tungsten, on aOCO'\.U1t of being made into larger un1 ts. 

The magnetite also has the disadvantage of having 

to be trtmmed, however, as the lite of the eleotrOdes 

18 very long, this 1s no serious disadvantage. 

For park. lighting an4 street lighting, large 

units are desirable, hence, the magnetit arc i8 

very suitable. By putt1ng seve~al units together in 

an ornamental oluster, or employing larger un1ts, 

we can also make a very sat1 sfacto~y system, for park: 

l1ght1ng and street lighting, w1th the tungsten lamps. 

Seleotion of Posts. 

In the tung ten 8y tam we do not re~1re 88 

high a lamp post 8 the mafJ"let1 te arc. The post 

for the tungftten system will be of the same design 

&s tho e of the magneti te arc sye tern, but about four 

teet shorter. The cost, however, is the same 1n 

both 08S8S. A drawing showing this post is show.n 

1 ter in the disaues1on. 
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For oder te price these· were thebest and ost 

t1 tic po is e coUld fin • 

At this po1nt it might be well to ay 8 few 

ONS about the concrete post. e were unable to 

g t much cost t a on this kind of a post, eo, oon-­

equ ' tly had to oonfine ourselves to the iron post 

de 19n t1rely. Th concrete tandard 1s admir-

., adapted to th1 part1cUlar el'vice. It can be 

mOUlded and finished to 1n1ze d th the outdoor 

urround1ngs, bUilding , al , etc·. Even arnong 

trees and flowers the at e inish e B more in 

k eplng with 1 t 

rl 1 .• 

l) le2t1on of Cable. 

viromnent then any other mate-

Both the magnetite aro and the tungsten are 

, ere r1e o1rcui te. or fl:rtv light magnet--

i te 0 y tam 4000 volts 1 required, which makes 

1 t n 0 Y to h v h1ghly inSUlated cable. 

In 1 ct1ng the size of wire to u e for 4 

o n t t ourr nt or series oirouit, we used 

the ollowing m t ode 

For a g1 ven lse of ire the cost will vary 

dir otl the length and SO 111 the i nterest on 

til' t 00 t and the energy 108S, sO it 1s suff10ient 
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to oaloul te ~or ,·, y convenient length, say, 100,0 

~ et. !he cost of power 1s three cent p r kilowatt 

hour. The ll~tlng schedUle will be approximatel y 

1825 hour per annum. so in consi derin g t hr e cent 

r kilowatt hour and 1825 hour per ann ' , we ~11 

have 54'75 0 nt-hours per annum. 

Fro.m the fOl1owin calaulated table we deter-

m1ned the most eoonomical cable to use for our pur-

po e. 

I 
SIZ.e:: I CO$T 00'[ 1000 Pr. ! Fix EPCtif\R'E':; I LIN E t.oss Tor '1L Ctt'1~GES 

Lef\DI~p C"s'-~ I '1T 15"0 IN I 
IN PO .... "KS 

OF IN 

6-t-5G 
C£Hr-l(ov"l$ 

DOL~~~S ~OLL~~6 K'LOWf\TTS ~~ /{"I'IfI'1 ~7S 

8 156.00 23.40 0.016 24.28 

10 130 ,.00 19.,50 0.026 20~92 

12 130.00 19.50 0.041 21.74 

In the above table, it i seen th t we u e the 

ame cost for 1000 feet ot leaded cable for No . 12 

B & S we did for the No. 10 B & s. W ere 1n-

struB d to do this by the manufacturers, who stated 

th t or a No. 12 B & S , it WOUld have to be a spe­

cial order and that the cost 'OUld be pr ot1oally 

the ame for No. 10 B & S. They also state 
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that No. 10 B & S is as small &8 1s usually 8])801-

r1e4 on 0 ble or this kind. The only d1fferenoe would 

be a al1bg't saving in copper, which 1s o~ Vf!lrY a11ght 

ooneequ oe, and for meGbanioal reasons 1 t 1s not, 

praoi1oal to make 'UP heavily lead covered oables 

of aller wire than No. 10. 

Henoe, tor these reasons and by means of the 

above table 1 t 18 e.i4ent that Ko. 10 B 3: S 18 the 

most economioal to use. 





20 -

liee 1tnng sx t. and constant current 'trans~ome:. 

The magne 1ie c require a rectifying system, 

8 the en r ' 1 taken frOm the A C bus bar • Thi < 

!'ea lf11ng a:PP ·atu co ·t con, 14 able more 

theoOJ\ tant ourr nt transformer l' quired for the 

tungsten syst • HO ever. th1 xtr cost of the 

magn tl te system, compar ed to t he tun ten BYstem, 

1 some hat otraet due to the faot that 1n the 8e 

of the latter system the 1 rene als co t much more 

than the rene als of electrodes f~ the magnet 1 tAl 

yst • The charaoteri tic o-r the constant current 

transfomer for the tungsten 'BY te especially a­

dapt 1 t tor oont:rollin serie inoandesoent air­

ou1 t • !he oonstant ourrent transform r, beside 

acting 88 controlling dev1 
5 

,in Ulateathe g ,nera­
!l 

t1ng syst trom the 1ncande oent c1roui te, thereby 

preYent1ng a ground on the t1re yst m 1s case ot 

ground on th er1es c1roui t. 
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on or the 

ynet1t~ .6l0 .SY tem.B. 

)La· spherioal Candle Po 

!unS;fJ~en. 

per Unit. 

For 100 watt 1 - - 62.6 m.e.e.p. 

• 50 It It - - 31.3 m. S . ' o.,p • 

Magne.t1te. - - - - - - - -216.0 m.e.o.p. 

Distribut10n of Light • 

• 0105 foot candles at 150 feet • 

• 0270 foot candles at 150 ~eet. 

consumption of Each Lamp. 

TBDistm· 
40 c.p.l 50 watt • 

80 a.p.1amp - 100 w tts 

Magnetite. 310 watts. 

lLasnetl te .• 

atts per candle Power .• 

- - - - - - - 1.25 

..... ----- .88 
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CO t per Unit L 

iUUistS, 

on Top of post. 

1 80 c.p. lamp 1.01 

1 1 

3 lamp 

stan~d - 1 glObe 

1 aer'ies 

1 80 o.p. 

standard - 2 40 c.p. 

3 glObes 

1 

lamp 

:; sere sockets 

1.00 

1 ,.01 

1.68 

3.00 

,1.~O 
6.89 

lagnet1 tee Total outfi t - - - - - - - - 25.00 

Total cost of Lamps on Top of Post 

'lun,lsten. 

41 single lamp standard - - -198.,81 

4 three 

gnet1te. 45 ,ngle 1 

.. - - - 27.56 
$126.3'7 

tandards - 1125.00 

~~~~_45 po ts at 43.00 e oh - - 1935.00 

asnet1te.45 .. • .. • - - 1935.00 
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cost of constant Current Transformer 

far Tungsten System - - - - - $250.00 

cost o~ ReotifYing APParatus for 

Magnet1te ArC system - - - - t950.00 

Total cost o~ Cable Laid. (same for both SY8t~8.) 

9650 feet o~ NO. 10 B & S 5000 vOlt 

at 13 ~ per root - - -$125~.50 

"9650 :teet of Trenoh at 6~ per foot ~or digging 

and installat10n of cable - - - - 579.00 

9850 reet ot 1/2 tile at 4~ per foot, - - 386.00 
$2219.50 

Total cost of !nstallat1on of System. 

%!1'lgatep.. 

Lamps and fixtures - - - - - - -t126.37 

Posts - - - - - - - - -- - - - - 1935.00 L-­

constant current TranB~or.mer - - 250.00 

Cable Installat10n - - - - - - -2219.50 
'4530.87 

ltametit,. 

Lamps - - - - - - - - - - - - - $1125.00 

Poets - - - - - - - - - - - - - 1935.00 t--­

Reot1fy1ng APParatus - - - - - 950.00 

Cable Installation - - - - - - -2219.50 
18229.50 
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Total cost of Operation par Annum. 

'!Ul\istont 

4 •. 9 K x 1825 hr • p,er year - 89"2.5 KWH. 

8942.5 KHat 3 ate. - - - - t268.28 

IIR 10 s = 16 x 9.6 Ohms = 153.6 watts. 

153.6 x 1825 = 281. 05 KHat 31 8.43 

Insurance. aintenanoe and Repairs at 5~. 

226.55 

Interest - - - - - at 5% - - - - - 226.55 

Depreciat1on, lO~ , - - - - - - - - 45S.10 
Total - - - - 1182 .• 91 

13.95 K x 1825 bra. per yr. 25458.75 K H 

35458.75 WHat 3 ot • - - - - - 763.76 

IIR 10S8 16 X 9.6 Ohm = 153.6 atts. 

153.6 x 1825 = 281.05 KWH at ~ 8."3 

Insurance, aintenanoe , d Repair at 5~ 

311 .-47 

Interest at 5% - - - - - - - - - - 311.47 

Dapreoi t10n t 
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•• Conolu ion._ 

Ut con 1'dJ in the a ~an t g and d1 dvan-

, ­
( / 

t g of both th e y t ~ thet.r oomparatlY8 costs - . --", " " ) 

e might est that oombinat1on of the two BY 

t u 1ng the 'gn t1 te here 1nt n e 1111:ll11nat1on 

1 reqUired and the tung ten f-or out! ing point or 

pI oe here the fOl1ag 18 th1 e t. 

Th1 OUld b an 1deal y t for our pur,po e. 




























