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{' .') ,·.one of 'the chief :objections to modern electric light sources 
iii their nigh lirilliancy. By brilliancy is meant the foot candles' 
intensity at the surface of the light source. With such lights 
it is very. important that the eye does not receive the direet 
rays of the lamp, except at a safe distance. If this precaution 
is disregarded, what is known as the "glare" effect is pro
duced; that is, by looking '~t such a lamp for even a short time 
within 10 feet say, an image of the light is fOJ.'!llled in the eye, 
and does not disappear for some minutes later. ' This image is 
very annoying, as it is not possible to read while it lasts, and 
to work for any length of time with such an unprotected light 
will .seriously impair the eyesight. Such lamps ,are well illus
trated in the inverted Welsbach mantle and the Tungsten lamp, 
and it is unfortunately only too common to see the neglect of 
the above precaution with these lamps. The authors venture 
the opinion that this is largely the cause of weak eyesight, and 
need for using spectacles in a great majority of cases. 

The attached table gives, according to two recent authori
ties, the brilliancy of some of our more modern illuminants : 

TABLE III. ' 

SOURCE. 

un at Zeni th ... ... .. . ... 
rater Carbon Arc .. . .. ... 
pen Carbon Arc .. . ... ... .. . 
laming Arc ... ... .. , ... 
agnetite Arc ... .. . .. . ... 
ernst Glower ... ... 

S 
C 
-0 
F 
.M 
N 
N ernst Glower (U5 volt, 6 amp. d.c.) 

I NCANnESCENT LAMPS. 
Tungsten, 1.25 w. p. c. .. , ... 

. .. 

.. . 

... 

. .. 

... 

.. . 

... 

.. . 
Graphitised Car bon Filament 2.5 w.p. c. 
Tantalum 2'0 w.p.c. ... 
Carhon 3. 1 w.p.c. . " ... 
Carbon 3.5 w.p .c . .. . ... 
Carbon 4.0 w.p.c. .. . ... 

nclo~ed Carbon Arc (d .c.) ... 
cetylene Fla m& .. .. . 
cetylene F lame (1 ft burner) 

... 
I 
A 
A 
A 
W 

cetylelle F lame C1 ft. burner ... 
elsbach ' Mantle ... ... 

elsbach (mesh) .. . ... 

." .. . 

... 

.. . 

.. . 
... 
... 
.. , ' 
... 

... 
ooper Hewitt Mercury,Vapour Lamp 

W 
C 
K 
C 
G 

erosene Flame ... .. . ... 
andle Flame ... ... ... 
'as }<'Iame (fishtail) ... ... 
rosted Incandescent ramp ... 
:wa~t Froste~ Tungsten Lamp: 

Tl£ , '" ... 

F 
25 

... ... 
' .. Si e . .. '. .. . ... . .. 
.M oore Carbon· Dioxide Tube Lamp 

. \ 

... 

... 

... 

... 

. .. 

. .. 

... 

. .. , 

.. 
I . .. 

. .. 

... ... 

... 

... 

.. . 

. .. 

... 

... 

.. . 

... 
n • 

... 
. .... 
... 

BARROWS. IVES '" LUOKIESH 

Oandle Power 
, Ijd l e Candle 

per square inch . Power Power per 
per sq . in. sq. Mm. 

600,000 ... . .. 
200,000 84,000 130 

10,000·50,000 . .. . .. 
5,000 . .. ... 

.. . 4,000 6.2 
800·1,000 ... .. . 

.. . 3,010 4.7 

1,000 1,060 1.64 
625 750 1.2 
750 580 0.9 
480 485 0.75 
375 400 0.63 
300 325 0.50 

100·500 .. ... 
75·100 . .. ... 

... 53.0 0.082 

... 33.0 '0.057' 
20·25 31.0 0.048 

. .. 56.0 0.067 
16.7 Ho9 0.023 
4·8 . 9. 0.014 
3·4 .. .. . 

. iJ·8 27 0.004 

4·8 ... ... 
. .. 1: 67 0.0026 
.. . 6.00 .. 0.0093 
0.6 .. , ... 
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One of the first points then to be considered in adopting mod
(lrn light sources in rooms (especially if' in offices, reading-rooms, 
etc.), is to see thpt the lamlls arp either m,oun,t~q. , suffi~ieIJ.tly, 
high to render< ineffective their high ' intrinsic 'brillianc~ " or" iP 
this is not possible (generally the case), tQ protect them witJ:L. 
suitable shad~s .. 

. . We 'have then to detEi'rmine the number of l~mps to' be used, 
the position and size of ,'each lamp;: and the nature ,of the pro-
tec.ti'n'g shade. '. . . . 

For this, it is essential to know to what use the room i~. tp,, ~~ 
be put, and the nature of the lighting of other ,a~djoining rooms . . ,' 
Information should also be obtained if possible as to what in- ,,-' 
tensity of light is required; ' but infolmlation such as this is, ~ '1 

.a rule, unreliable, ,and it is generally be~t to -rely on one:s ·, 
judgment and previous experience. • 

The following facts should be kept in view in determining 
the .intensity of light required: ..' 

. 1. That the power required to produce the illumination is 
(for anyone type of lamp) directly proportional to the inten
sity required. That is if twice the number of lamps are put in 
or the candlepower of each lamp doubled we 'get double the 
intensity on the plane of illumination. 

2. That 'it is generally desirable to keep approximately the 
same intensi1:\Y throughout anyone building, except for any 
special reasons. 

,If one room is brightly- lighted, a person going thence to 
a dull room, cannot discern objects clearly in the latter for 
some time, although the light may, under ordinary circumstances, 
be sufficient for him to do so. For this reason, in a well-lighted 
-city, rooms should be lighted better than , in houses situated in 
outlying districts. 

3. 'llhat the minimum intensity with which a person ; can 
rea4 ordinary print in comfo1,'t is 'One foot· ,candle. 

The! foilowing table (from the ~'Illuminati:i1g Engineer," 
October,.1911) gives the intenSities of illuminat ion .recommehded' . 
by several authorities for various localities, while the actual 
intensi ti~s obtaining in: severa1 of the 'New South .W ales Govern: 
men,t 'buIldings, and also in ·some GeI"lIlan schools, are given in
the tables J~t the .end :o.f this paper. ' 

,", 

: 1'. ~'.., _ ..... _ ;::~. : . . i ...... .. 
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,TABLE IV . 

, . 

G~NERAL TABLE OF IL~UMINATION REQUIREMENTS . 

• . .. 
ILLUMINATION. 

LOOALITY. , Various Average 

. , 

tToone , *Monasch t Bloch Sources in Ft. can' 
.. j '- l : (Ft. can· . , (Lux), (Lux). (Ft. can· dIes (very dIes). dIes). approx). 

--- --- - - -

~inning Milis . . oo .. 15 15-20 11-2 - 1.5 
eaving (light Mlours) .. oo 25-30 } 25-35 11-2 - 2.5 

W ea ving (dark colours) . 30-40 2,-4 3.5 .. oo -
Machine Shops .. .. oo 30 25-35 3 -4, 1 3.0 
Foundry .. o. I . oo 30 - - 3 3.0 
Fine Work (Mechanical) .. oo 40 35-50 5 -10 - 5.5 

LIVING Roo:r.t:8-
Drawing Room .. .. oo - 20-39 } a-2 2.0 
Diuing Room oo oo oo - 1-2 1.5· 
Bedroom oo oo .. oo - I i 1.5 

Commercial Office oo .. oo 30-40 35-50 2-5 4 4.0' 
Drawing Office .. .. oo 50-60 60-80 5-6 8 6.0 
Concer t and Entertainment H alls oo 40-50 35-50 2-4 2 3.5· 
Theatres oo .. oo .. - - 1-3 ~ 2.0-
Churches .. .. oo oo - - 2-4 - 3.0 · 
P rinting Works oo oo .. 40-50 - 4-5 - 4.5· 
Compositors .. oo oo oo 40 -50 60-80 - 8 6.0' 
Shops . . .. .. oo .. 30-50 35-50 4-4i 2,.5 4.(} 
Shop W indows .. oo .' . - - - 8 -20 14 
Restaur. u ta oo .. oo oo - 35-50 - 2i 4. (jo 

H OTELS-
Small Rooms .. .. oo - 10-15 - Ii 1.5. 
L arge Rooms oo oo oo - 15-20 - 2 2.0> 
Corridors oo .. oo oo - - ~-l i 0.6 1.0-

R ailway Cars .. .. oo oo - - 1-2 2 2.0-
Post Office (Sorting D epartment) .. - - 2-4 1 4.5-
Schoolrooms .. oo .. - 35-50 - 2-21 3.0 
Lecture Theat res .. .. 30-40 35-50 2-4 - 3.5> . 
Ball Rooms oo .. .'. oo - - 2-3 2 2.5· 

LIBRABIB8-
Geueral oo oo oo oo - - 1-2 - 1.5· 
Local oo oo oo oo - - 3-4 - 3.5 
R eadiBg Tables oo oo oo - - 2; -10 ~t 5.0 
Bookshelves oo oo oo - - 4 2.5 

R eading (ordinary print) oo .. - - 3-4 2 3.0 

STBEETS-

I 
Main •• oo oo oo ,. - 3 -6} 0.1 i 0.5 
Side oo .. .. oo .. - 11-3 0.1 0.15 

* Elektrische Beleuchtung, p. 221. t Grundzuge Beleuchtunll' stechnik, p. 132. 
t Electrical Review, London, vol. 68, 19U, p. 881. 

Having decided the intensity required, and knowing the
area of the room, we can find the power required in watts to
illUlIllinate the room as follows : 



"n9 
r~:' '. The area in square feet mqltiplied by the required- int'ensity 
rin foot candles gives the actual useful light in lumens. Div~dinlg 
[this figure by 4 I1f' gives the total equivalent 'mMll ,s'pheUic!l1 
.candlepower. As th~n we know the watts per mean spheri'eal 
c/lndlepower of the particular kind of lamp to be ) used, . the 
~seful watts are known. " 

To find the total watts input, it is necessary to assume 
.a figure for the efficiency of the illumination. '1'0 ' determille 
this we must know the character of the. room and the system 

. {if lighting proposed. With white walls, an~ cei4n~s efficie.oGi~s 
-up to 70 per c~nt. may be obtained j but this is extremely ;rarl}. 
'Common efficiencies range from 50 to 60 per pent., ' whi\e . for 
-coloured walls and ceilings the efficiency fall~ 'off very rapidly, 
sometimes as low as 10 per cent. The effect of the wallS and 
-ceilings on the lighting of a room can be strikingly shown' b;V 
the following table-the result of some researches '. carried out 

'l>y the Holoplane Company. '. " 
. Let Nil equal increase d~e to light ceiling aione. 

, 

'J 

Let N/2 equal increase due to light walls aloiie: 
Let N/ 3 equal increase due to lighf'floor alone: 
liet N/4 equal ·additional increase due to interaction of.ligiit 

ceiling 'and light walls. ' . - . 
Let N/5 equal additional increase due to interaction of liglit 

ceiling and light :£ioor. · ' , . 
Let N/6 equal additional increase due to interaction of ligHt 

walls and iight floor. ' . . 
' .. Let N/7 equal additional iI,lcrease due to interaction of light 

walls and light floor and light ceiling. 

TABLE V. 
L;lGHT SOURCE -, 

One bare Olle Lamp Three bare Thre. LampI 
Lamp. 

. with 
Lampo, with 

Jtefleetor. Refleeto ... 

Per cent. Per eent. Per cent. Per cent, 
Nil ... .., .. , 79 33 96 29 

N/2 ... ... .. . 63 19 77 26 

N/3 .II 5 
I 4 0 ... ... .. . .. 

Nt. ... .. . .. . 53 23 54 !i7 ,'-' 

Ntfl ... ... .. . '5 0 6 1' 4 

Nt6 ... ... .. . 5 12 11 10 

N/7 ... ... .. . 42 58 60 45 , 

. -- . +~);a~ ... 258 . lliO 308 151 
' .. -- .. 

t \ 



-).' ... From the- total. watts input the size and number : of the 
-lamps is obtained . . No very definite rules can be given as '8. 

.guide to .determine whether a smaller · number of lamps, each 
· of large intensity, should ' be used in preference ,to ' a large 
!number ,of .lamps of. low candlepower. Other questions, .such, 
as the limitations of the metallic filament lamp, : the degree of 

· shadowsrequir.ed, the' architectural features of'the room, and 
: tl;ie cost, 'have 'all to be considered. ' ~ 

It may be mentioned that, with the greater number of lam~s 
' employed, the shadows of anyone object in the room are less 
' 'distinct and troublesome; 'but, on the other hand, the cost ,of 
the installat,ion is increased. ' . ' 

l ' 

In offices; schoolr-ooms, etc. , where much reading· is carried 
out at night, it is very important to see that the positions of the· 

, l~mps . are so .~rranged that the person, the object and the lamp 
are never in a straight line; if such is the case, the light ' from 
the lamp is· reflected directly ,from the :paper into . the, eye of 
the person reading. ' . 

\ ' 

When '(perhaps. the most difficult matter to settle) the posi
·; tiop., number, and size of eacli lamp is ' determined, the last 
remaining,point is the selection 'of the ·shade. , This depends on 

Jyvt>, functions ... Firstly; the average distanc.e ap,art ' of the lamps, 
and, secondly, the most ,convenient mouhting height; the forme~ 

$9,f : :which has been already . fixed, . and' .the latter.is :controlled 
as a rule by the height of the ceiling. . 

~!. ~ :. 'Th~se ' func'~iotis being de'~erin.ined, it is quite easy, from the 
photdmetn c curve ·of'the various shades on the market, to select 
one which will give approfimat~ly uniform illumination under- . 
the conditions. . '.. 

,. ... ~" • t'· ,\'.. • >- j' ';' 

__ ".The. abov.e . giv~s ·a ' ~atio~aI.' ·. illetIiod for determining the· 
.eff!ci.~nt . ~ifo.rI? ,.lig~tiii~ ~of ·imy- la~~e'.room w~ere light shad.ows· 
~l'~ . .not' u desIrllble. The method may seem at first rather tedIOUS. 

· ap..~ip¥o '1fd '; 'but after a little. practice, ~t is possible to shorten 
the r:proc ss atId to I determine , the '¥esult's with .fair .cet!t~inty, 
ttn<! it is .argely adopted J,Jy the authQrs for the various proJ;llems: 
that: occu,r from time to ·time. . :" ... ..... 

~ i I., .... ".1 , i (:.',-::: 
," The method can. be expressed as fOllows:"':"'" 

Watts Input -1< ;:-, 

_~ A rea 0'£ Roo~ x Intensity. x watts per:IDean apherical candle pow), " x lOO> 

I J 
. 4, 71' .x efficiency ~r cent. 

-f~ X 1 X w., X 100 ~ j. 
; -- :471' X e - .. ___ ~~ ___ : - • ___ .. - - - j __ ._,, ~_. • __ ~.I'. _ .......... _ •. 

! ·'.t .~ AI i f"' ', ,;,', __ I .. J;'!'ii' __ 12.3 -- ;' or metalli.cilU&Went:tampB"wuenrw- = 1.0& 
............ , ...... '. _ .ce... . . , .. _.. , '.. .... _.,. _ . . 
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Thus th~ expression can be reduced to the for:m~W '= k AI':'
where k is a constant depending on the efficiency of. tne lighting 
and the watts per candlepower of the lamp, and represents the 
watts per foot candle per square foot. For an efficiency ' of 50 
per cent.,' and with metal lamps k=.246. It, is in ,this form that 
the formula is perhaps m{)st useful. :. 

If, ' ho'Vever, as in drawing-offices, ' absolutely shad()wlesS ' 
light is required, we must adopt what is known as the" inverted" 
'system of lighting, i.e., wher~ all the light is reflected from a 
large area, and none received direct from the light source. This 
would appear to be the ideal system, as light is obtained from 
an infinite number {)f points of low intensity. It is, however, as 
might be expected not very efficient, since all the light re
ceived at the ()bject has been reflected at least once, and ·a great 
many of the rays, twice. The system is only practicable with a 
perfectly white ceiling, where about 75 per cent. of the received 
light is reflected. . Spme figures for this type of lighting (taken 
from the "Illumin,ating Engineer," April, 1911) are given in. 
the table below . . 

TABLE VI. " 

J . Ourrent 'O~. AC.tual IIIuminatio.: 

TJ&ti 01 
, 

Height 01 Floor OonllUmp. .. c= In loot candle •. Divonit1 

Lig tin,. ~oom. 
Area ·tion in 1:~] 

~v~rage'l , Max. I 
= lIax. 

IQ. It. watteper e .... --, 
=I':E-< Min. oq. It. Z . lIin. 

: 

True Inverted 20 f~. ~,44.0 1.38 . 16 3.06 ~.2 2.0 2.1 

" " " " 
9 2.07 2.3 1.9 1.21 

" " .. ' " I 5 1.68 1.8 1.6 1.12 

" 
12 ft. 760 1.31 ' 13 ~.O .5.4 3.0 1.8 

" tr ~ft--: .. .. . .. , ; .. 9· 2<37 2.6 2.2 l.l8 

" .. 1,2~8 · 1.6 16 . ~.8~ 6.1 3.0 2.03 

" " " " 
9 2.6 2.8 2.5 1.12 

" 20 ft. 1,950 1.02 9 . 2.64 3.0 2 . ~ 1.26 
Semi-Indirect 18 ft. 2,500 1.32 17 4.12 4.8 2.2 2.18 

" .4, " , . .. .. 12 2.64 3.2 2.0 1.6 
True Inverted! 14 ft. 9 in. 554 2.2 8 5.25 ' 5.8 4.9 1.2 

" , " " " 
9 2.58 3.1 1.9 1.63 - .. ., ", .~ . ' 864 ' 2.31 10 6.18 7.0 4.8 U6 " . " 

" " 47~ " 
8 4.3 5.0 4.0 1.26 , .-. ,. -or, __ ;;-... ' ' " 1.01 5 4.1 ~.9 3.5 1.76 " , 

5H 1.83 10 3.8 5.2 2.9· 1.78 " . - .. "; ,,. .. " 
" " .. .. " 

10 2.51 ' 2.9 1.7 1.7 .. I varies 1,452 1',36 6 5.21 6.~ 4.0 1.62 i _height to .. . _. :.)- . ~ .~ 

, .. 
over . ,. 

! refliiJt.ors 
~ ! J ~3 ft. ,., 

I r-- '- .. -. .. . . 

"".-='- - ... ~ . .. , 
. 'x" 'very silnilar shadowless lighting can, it is ' believed be 

obtained by using the Moore tube light. This consists of a iong 
tube oontaining nitrogen at. very low. pressure. The light given 
from this is '~, ~~J!1t€!\~~n 'f!lllo~"and 'a:s; ;~~ <:tube is taken round 
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-tll ee ; or four. :walls of the room, light i$ receiveft ~r9~ ' a i la.n~e 
'ptimber of poi~ts. :No instaUa.tions of. this t»ge, ,.!l0 . ~a}." ~ ,r~h,e 
·authors are awar€l, have been carried out in New. Sou,th Wwe~ , 
'and no. figures are <obtainable for comparisop...· _";' ' .. 
.. i .' When the "inverted" system was first bro:Q.ght o~t; it was 
very largely adopted, as it W8$ thought that the uniform - lig~t 

:obtained was the aim of all lighting problems . . It h~s, ho,vever, 
'not prov,ed entirely satisfactory. No artistic effects can qe , prq
rduceq, due mainl;r to the absence of shadows. If of high inten
~~ity it has an irritat ing effect, as ·there' ar.e no .dark spo~s fo~ 
the ·eye to rest, as much as possible being kept w:hite to produc,e 

I ' 

, : 

I ' I I ''' ~ - I 
-- -'-<!r- - . -<!> - - ~. - k-.. ~- ; 

, - < • I . I - . :II .'. , 
. ' . " . i "; i . 

+1'-6. ! . 
I I I --I .- :.- <j>--_.--t._- I 

,~,~-+-- '. :.. .. ~II;D.+'#:D- . 
I , - ' I .~ . I I '. . ' i i . . 

-'-'«'- ' - ~1- - -~ - · -H -'-~ 
. , I' II . J I· - i -- ~1; 'j ::'" ,;. 

~.-~.-' . -~-,--~-.. --- 4"~ 
, . I I .. 
I I ' :? , 

i i @ , . j! -
-'1-'- ' -r--~-t'-~rr-- '~ I 

III---++~--" ..• --:-J+--u'=tl --1- -~J--
~t'@ I - ;@ , . :~ I .. j . 
. --:; - I' ,@' - , ---

, ~Ar"'lf1", _ .• I I 
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TECHNICAL COlLECE AUDITORIUM 

Fig. 2. 
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.a good efficiency, everything has a : fi~t ftPp¢aranGe j .. aqd noUlilJg 

.st'ands out. for tpese reasons and for its 10\\: ~fficielHlY ; the ')lystem 
should not be adop.ted exc~p.t where the circumstan!les deinanJi 
,an absolutely shadow less light. . , ',' " :. :, ' 

It will therefore be seen that the problen'l of providing uni
form illumination in a room 1l1ay be conveniently considered a,s 

·8 , physical problem; up to the point' of de~erIhining ,the total 
,lwatts required to ligJ:lt the room; beyond this it' is mainly pl).ysi-
Glogical, in other words, the t.otal watts depend on concrete factli, 
,the efficiency of the system adopted, the type ,of ' lainp. used, the 
,C.olour of the walls, etc" the position and' size of the lamps' depeItd 
.on the position of the persons .occupying the room, the purposes 
for which the room is required, etc., also that -th re -are two 

.. general methods available, the "direct" system ' and ' the " in-
,direct" systElm. ' , , 

To make the method clearer, :an actual. example is: takeR, i,e., 
the new Auditorium at the Sy.dney !r echnical: .Gbll.ege,r:·J :A ,,plan 
:Qf this room is given , below' and the, leading::,aimensiOrts 
shown. The purposes for which 'this ' room 'would ' lie ··required 
!ire obvious. The light should be good enough for pe0ple·tD ' read 
'.ordinary print with ease; but. no prolonged readihgwould be 
'req~ired. The intensity adop.ted was in this 'case t \vo ,faot cabdres 
in main hall, increasing to three over the stage; ~yhere ' a: better 
light would naturally be necessary. The total area ,of this' room 
'was 5285 square feet. Multiplying this :by two (the' required 
,intensity) gives 10,570 lumens. which ,repr'es'ents ':a rn,ean spheri-
cal candlep.ower of 842. . " .. ' 

With the metal filament 'lamp we can expect ·1:55. ".vatts per 
mean spherical candlepower, and this represents 1302 'Watts 
usefully employed. Allowing an 'efficiency of .50 pel' cent. , ' 2604 
watts ,are required for lighting the rOOm. Actually, 2204 watts 
-were used, consisting of 28/ 63 watt lamps and 4/ 110 watt lamps, 
the four latter being placed over the stage, to obtain the addi
tional intensity. The lamps were spaced as shown in the sketch, 
'and Holophane 17 shades were used. . , 

The actual intensities obtained in various portions of the 
building are also shown Qll Figure 2,and the pnotograph Fig. 3 
sh()wli the gen eral effect of the lighting. , 
" ' The mean illumination 'intensity 'over the whole room, from 

,; a ctual measurements, is approximately 2.4 foot candles, which 
gives an illumination ' efficiency of 70 per cent. This high effi'
.ciency may at first be' doubted; 'bnt wheri it is considered' that 
.only ,a small proportion of the lighting is' reflected :Off the walls 
(lr ceilings, the lamps being kept at a distance from the walls 
for this purpose, the majority being I' directed" , by ' the snade, 
'and that the efficiency .of the shade' (i.e., the ratio of mean spheri~ 
cal candlepower to lamp with shade, to lamp without , shade) is 
about 82 per cent., the efficiency does' not, seem unreasonably high~ 

The authors have frequently noticed that there is .a' sfI'ong 
prejudice against mounting lamps higher than about 8 or 9 


