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INTRODUCTIO:N. 

The progress of civilization which has increased, 

more and more, the demands for power, has been heretofore 

a selfish commercial development. How tJUblic comfort 

is beg inning to be considered of sufficient consequence 

to neces s itate the discontinuance of obnoxious power 

production. The increasing black clouds of suffoc ating 

smoke strear:1inc over cities from ever-;/ fiwtory steck must 

be a thing of the past. No longer will the people stand 

for having their buildings blackened and disintegrated, 

their vegatables blighted and their lungs poluted. 

The following is a su~~ary of literature on the 

subject of smoke abatement as conpiled by the Chicago 

Smoke Com.missi:m. 

LITERATURE RELATING TO ~3Li0Kl·: ABATEILEITT 

IN :LARGE CITIES. 

"Smoke abatement in large cities has benn a m&tter 

of public interest Hor many years and the literature on 

the subject is extensive. It presents evidences of wide 

differences in the practice of cities in their efforts to 

secure relief from smoke, and many points of aisagreemtnt 

in the opinions of ex~erts as to the effects produced by 

smd>ke. This condition emphasizes the fact that the art of 
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smoke abatement has not as yet be en fully developed. and 

that much in the nature of scientific research and in­

vestigation remains to be ac c; omplished before ~efinite 

standards of practice can be est ablished. 

The more important facts and conclusions which seem 

to be ~enerally acce pted, or which were justified by the 

weight of the evidence presented, have been set forth in 

the concluding parag ra9hs of each section of this review. 

These may be s u1nr1E--: r i zed as f o 116 ws : 

1. Uefinite evidences of interest ~n smoke abatement 

date back six centuries or more to the time of Edward I 

(1272-1307) in Eng land. The first authentic information 

relating to the use of coal is contained in complaints 

against it as a nuis ance. 

2. The British Parliament, in 1819, appointed a 

Select Comrflittee to study and re9ort upon the matter of 

si::10ke abatement. Since that date, there have 1 • oe r:m 1n-

numerable discussions and reports of investigations and 

the mass of literature has grown Tiith great rapidity. 

3. Two conceptions of the meanine of the word 

'' sr.::1oke" exist. The usual and ropular conception regards 

smoke as the visable exhalation of a burninc substance. 

The other conception takes account of all the products 

of combustion, both visable and invisable, solid and 

gaseous. 
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4. Smoke becomes an object of concern to the city 

smoke insnoctor L::Dcdiately uoon bc:irn" a.1·schar.9· ed from 
~ ~ - ~ w 

the stLck. It is assruned to be objectionable in direct 

prop or t i on to it s vi s i b 1 e de : Ls it ~r • The c on t r o 11 ing 

factors in smoke inspection are= 

a. The requirements laid down by the ordinance, 

under which action proceeds, as to ~he character 

of non-per:Jissable sr.r1oke, as, for instance, 

"dense smoke" or "black smoke." 

b. A standard by which smoke discharges may be 

evaluated in terms to meet the requirements of 

the ordinance. 

c. The means by wnic h srnoke o o s erva t ions r!lay 

be made and recorded. 

5. A survey of the atmosphere of several of the 

world's great cities shows an improvement in atmospheric 

conditions during recent years. It shows also that 

Chicago suf:ers less from the effects of smoke than 

certain other large cities of this and other countries. 

6. The comparison of the air of cities with that of 

the country has revealed characteristics wj1ich may and 

apparently m~s t be attributed to the smoke of the cities; 

but it has also been shown that they ma~ in part be at­

tributed to other sources, as, for exam~le, leakage fror;:i 

gas mains, the pollution due to sewers, the dust of the 

streets and decaying organisms. Air analysts have ad­

mittedly not been able to separate the products of com-
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bustion as dispersed i n the air fro~ other ac ents of air 

pollution. 

7. The industrial activity of all i ~po rtant cities 

has brought about an incre ase i~ coal consumption which 

is ereater than the increase in population. Smoke 

f o rma t ion and the c on s e q -u en t po 11 u t ion of the at mo s r ) he re 

by smoke have in recent years tende d to increase, and 

have done so ezdept so far as t~e adoption of various 

means in smoke prevdntion have proved effective. The 

fact is repeatedly pointed out that, in securing results 

of, scientific va lue for use in abatine; smoke, no one 

individual ancl DO; , - one city can accom :_Jlish the work that 

mush be done. The observations r:mst be numerous [md must 

extend over decades. 

8. The fact appears firmly established t ha t there 

is a well de f ined relation between smoke and foe and that 

the prt:; sence of smoke induces fog. It is ag reed that sun­

shine is a function of t he amount of sm~ke present in the 

atmosphere. 

9. Certain investi;~:at ions h2ve shown triat the amount 

of ca rbon dioxid i n the a t mosphere of cities is, as a 

rule, only about one per cent great er than in count ry 

air. The su lphur c~mpounds in the city air usually 

form a more important constituent than is the case in 

country air. Sulphur c ompounds i n the atmosphere are 

g enerally due to the combustion of coal. 
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10. Arnone the sources of pollution of city air b;/ 

m :10 ke , the w or 1 d ,J v er , do lj e st i c chimneys are c on s p i cu o us . 

The mention of them by observers and students is much 

more frequent than the nention of any other source. 

11. The nost successful means TThich have been 

employed to abate snake have included n~t only legal 

prohibition but also the develop~ent of co-operative 

and educative measures. 

12. The □echanical and 9hysical means in smoke 

sbaternent which are suggested in the literature on the 

subject, not all of w:dch can be accepted as practicable, 

include: 

a. The remo~al of fuel consuming industries 

to points re~ote fro~ the city. 

b. 1he construction of s~oke sewers or coCT~unity 

chimneys of such size and height as to Dermit of 

directing the discharges of man~y flues into one 

stack end thereby delivering the co~tined streem 

fer above the city. 

c. ~he estrblishment of central heating and poTTer 

plants. 

d. ·rhe enployment cf devices for v12-shing: sr:10ke 

discharges before their emission into the at~osphere. 

e. The cJndensation ana deposition of smoke. 
- J,·· 



particles by means of electric devices. 

f. -::'he ab ::,; lit ion of r:1an~7 small coal fires 

through an ext ens ion of the use of g·as and 

electricity. 

g. Improve□ent in the methods of firing. 

13. ?ires of bituninous coal ~ay be maintained 

6 

without beco~ine sources of visable smoke, providing 

certain principles are recognized in the design of fur­

naces and in the manner in which they are firea, 

14. It is possible to secure s~okeless combustion 

of fuel in fires under stationary boilers by hand~firinc , 

though such a result implies ca reful supervision. 

15. ~ost mecha~ical st ~kers and methods of stoking 

which serve to distil and consume the volatile proaucts 

contained in the fuel are cenerally approved as a means 

in smoke abatement ,.~.'here bituminous or other c 02.ls high 

in volatile matter are used. 

16. ~ith reference to the effects of s~oke, the 

followinf conclusions s~eQ justified by the literature 

on the subject: 

a. There is a ceneral acree□ent asotc sanitary 

authorities that polluted air is harmful to 

health, but at the present time there exists no 

accurate method of measuring this harm nor of 
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determining the relative res0onsibility of the 

different cle~cnts wbic~ enter into the ~ixture of 

gases and solids commonly referred to as atmos­

pheric air. 

b. The direct effects of smoke or of any of' 

its attributes, includin.f soot, dl:_st and gases, 

in amounts which may ordinarily pervade the at­

□osrhere of a sooky city ~re not shown to be 

detrimental to persons in normal health, but 

the general physical tone is lo~ered as a result 

of long continued breathing of polluted air. 

c. The direct effect of smoke upon those who 

arc ill has been :Jost extensi\rely studied in cJn­

nection ~ith tuberculo~is and pneumonia. It ap­

pears that smoke does not in any way stimulate 

the onset of the tubercular proce~s nor militate 

against the rapidity of recovery when once this 

disease }1as be0n contrected, but that it has a 

direct antiseptic effect and tends to localize 

the disorder. In c.~-- [.=;os of 0neu'.:'i·Jnia, t11e effect 

becomes seriously detrimental. 

d. The tarry matter and sulphur compounds 

pres e :n t in c o a 1 s lj o k e ha v t~ be cm sh o vm by ex 1m r -

iments to af~ect certain classes of vecetation 

when applied in sufficient quantities. 
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e. Smoke is popularly regarded as a source of 

loss and damag e in its effects upon building mat­

erials, objects of virtu, clothing and other prop­

erty. '.Vhile these effects of smoke seem obvious, 

it has not been possible to estimate their extent 

with any degree of accuracy." 

Practically all of the larger cities no.w have ordin-

ances which prohibit st1oking of stacks. Chicago ordin-

cnces are eood examples of those existant elsewhere. 

CHICAGO ORPINANCE OF 1881. 

"Sect ion 1650. • The emission of dense smoke from the 

sE1oke-stack of any boat or locomdlt i ve or fro: :: any chim­

ney, anywhere within the City, shall be deemed and is 

hereby declared-to be a public nuisance; provided that 

the chimneys of buildings used exclusively fo r privste 

residences shall not be deemed within the provisions of 

this ordinance. 

Section 1651. The o~ner 0r owners of any boat or 

locomotive enc ine and the person or pers ons employe d as 

encineer or otherwise in the working of the enc ine er 

engines in said. boat or in operating such locomotive, 

and the proprietor, lessee or occupant of any building, 

who shall permit or a llow dense smoke to issue or be 

emitted fro~ the smoke-stack of any such boat or loco-
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motive, or the chimney of an~r building within the cor­

porate limits, shall be de r med and held guilty of 

creating a nuisance, and shall for every such offence 

be fined in a sum not less than ~ive Dollars nor more 

than Fifty Dollars. Sections 1650, 1651 and 1652 shall 

take ef feet s.nd be in fo.cce fro1:1 and after I.lay 1, 1881. 

Section 1652. It shall be the duty of the Commis­

sioner of Health and the Superintendent of Police to 

cause Sections 1650 and 1651 of this Article to be en­

forced, and to ~ake complaint and cause to be prosecuted 

all persons violating the same." 

The latest smoke ordinance in Chicago were enacted 

in 1907. The following is the section rela ting part­

icularly to smoking. 

"Section 17. The emission of dense smoke within the 

city from the smoke-stack of any locomotive, steao boat, 

stem-:i tug, steam roller, stear::1 derrick, steam pile-driver, 

tar-kettle, or other similar machine or contrivance, or 

from the srJoke-stack d)r chimney of any building or pre-

1~ises, exceptine a peri0d of six minutes in any one hour 

during which the fire-box is beine; cleaned out or a new 

fire being built therein, is hereby declarnd to be a nui­

sunce and may be sumrnarily abated by t~rn sr.2oke inspector, 

or by any one whom he may duly authorize for such purpose. 

Suc h abatement Day be in ad dition to the fine hereinafter 
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provided. Any person or 0ersons , or corporation, owning , 

opera ting , or in charge or control of any locomot ive, 

steam boat, steam tug , steam roller, steam detrick , steam 

pile driver, tar kettle, or other simila r machine or contri­

vance, or of any bldlding or premises, Y7ho shall caus e or 

per□it the emission of dense smo ke, within t he cit y , from 

t he s mo ke-stac k or ch i mney of any such locoEotive, steam 

boat, s t eam tug, stean roller, steam derrick, steam r ile 

driver, tar kettle, or othe r simila r !~m-c2:ine or c ont ::c ivance , 

of from the s~oke-stack or ch i mney of any building or 

premises so owned, controlled, or in chare e of h im, her 

or them, exc~pt for a , eriod of six minutes i n any one 

hour durinf which the fire-box is bei n[ cleaned out or 

a new fire built therein, shall be deeme d 5u ilty of a 

violation of this ~rdinance, and upon conviction thereof 

shall be fined not less than ten dollars nor more than 

one hundred dollars for eac h of~ense; and each day of such 

emis s ion of dense snake shull constit ute a se par ate of~ense." 

The prevention of smoke has be en -'l::he ~rnb ject of rnuch 

thought and ex 0eriment. As a result, boiler setting de-

signs have been s o f&r perfected that practically smokeless 

c ombustion is now possible ~it~ even the softest b ituminous 

co a ls. This is true, however, only so lor~ a s all con t itions 

re r~ain in a fixed relation to ea ch other. .:?or inst ance, 

v, it h hand f ir i n6 , if a h o 1 e burns t hru ~ h n fire be d J r if 

the door is opened tu put in more coa l, t hen t he be lance 
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of air supply agai nst air consumption is ddsrupted and a 

puff of sr:1oke 6 oes up the s tack. Even with automatic 

stokers, a sudden loud drops the 8t ea::i pressure w:i.1ich 

speeds up the stokers and the dampers uust be regula te •i 

right for the increased demand for air. 

Steam jets have be en s uccessfully u~rnd to thoroly 

mix the unburned air and coal c ases so as to give complete 

and smokeless combustion, but it is expensive to run them 

continuously and the fireman never knows if they are needed 

until he happens to t ske a look at the fire, pe r haps five 

min r; tes after it start nd to smoke. 

In the CEse of oil fired furnaces smokinc r:iay be 

prevented by proper regulation of air and of a~ omizing 

steam at the burner. Again the fireman do.es not know 

if he is smoking unless he looks at the fires. If a 

load comes on suddenly the regulators send an extra amount 

of oil to t he burners, and the furnac e smokes. It is 

a simple matter for the firc r .. mn to read.just air and s t eam 

for the new rate of c ombustion but d~til he does so, the 

comrnuni ty is annoyed by a d.ense cloud of black smoke s:irnt­

ting out the daylight ancl getting the vu.1 s-: : in0 on t he lines 

all sooty. 

THE P lWBLEIJ .• 

~hat is needed in con~ection with the present exist-

inc efficient methods of s~oke prevention is some simple, 

reliable, u-u.tomatic and rapidly ac t ing instrument which 
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will audibly warn the fireman when any particular furnuce 

is smok ing. It \-:ov.ld a lso be of advant age to have this 

instrument t.'1a de so that it would indicate, by a pointer 

for instance, just ~hat density of smoke wa s being emitted. 

Af}-Y mechanical instrurJent i.vh ich is to 0perate when 

s r.:i oke is being pro duced r:iust do so by tL'.k: inc advantage 

of one or ~ore of three conditions: first, that which was, 

its elf, the cause of the srrioke; second, some property 

inherent in the smoke; and third, some rapidly following 

result of the smoke havine been formed. 

The causes of s.moke are, a s before st a ted, lar0 0ly 

poor boiler design, wrong a~Junt of air, or poor distri~ 

oution of air among the fuel gases. rhe former of these 

caus es is a fixed quantitt. The two latter, while v aryine 

with the amount of smJke, their variation is far too in­

definite to be used as a basic principle in the opera tion 

of a smoke indic ctor or alarm. 

The res ults foll0wine; smoking are: : sooting of tubes, 

flue and stack, a disagreeable cloud in the sky, soot part­

c les floating to the ground., a s ickcming odor in t he air, 

f ormation of acids in the at~os phere by the fumes and fin­

ally, a complaint from the s□oke inspector followed by a 

fine in co urt. All of t hes e effects are CT ore or le s s slow 

in action and even if instruments could be devised wh ich 

would make use of any of the results the y would be intol­

erably slou i n perfor~ i nc their function. 
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We must now turn for a solution to some propert~y 

inherent in the s~:1oke. What is S!:1oke'? What peculiar-

ities ha s it? ~hich o~ its qualities can we make an 

inert machine take advantage of automatically to announce 

its -:,resence. Let us note down all the properties of 

sr::16ke that v:e can think of. 

1. Smoke has mass. 

2. Snoke is black. (Appears so becuuse it absorbs 

what light falls upon it.) 

~,s. Smoke has an odor. 

4. Smoke carries particles of soft carbon in sus-

pension. 

5. Smoke □ay be a poorer insulator of ele6tricity 

t?ian clear fiue gases. 

o. Smoke is opaque. 

possibilities 
W~at ~~a~e~~~ea lie in the above inherent properties? 

1. Smoke has mass. If the flue gases ·:.rere caused to 

i~pinee un a flat plate a greater force Tiould be exerted 

·:.ri th suoke in the flue due to the extra mass of the soot 

particles. This i§~~lainly an unsatisfactory method to 

use as it would be difficult and require intricate compli­

cations to compensate for tem9erature and hence density 

vutiation, and for variable normal and stray air-currents. 

Since the suoke has m:::'.S8 the specific s:ravi ty of 

the flue gbs is increas~d by its presence, but this is too 
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difficult of satis~actory measurement and of co~pensation 

for accompanying alien conditions. 

2. Smoke is Black. rhe reas on the smoke looks 

bl ack is becuuse it absorbs all the licht tha t falls on 

it. It is a physical truth that light abs0rbed becomes 

heat. Hence smoke will be hotter in the light thafi in 

the dark. This might possibly be used as a means Jf 

detecting smoke tho it would hardly be feasible 9ractically. 

]i"'or instance: suppose two similar funnels 1.vere {)laced 

side by side, open ends down, near the middle of the 

stack. Then smoke passing up the chimney would enter 

and issue equally fr om the spouts of each funnel. ~hen 

if a hori zontal pipe ext§nded from the e~ee of one funnel 

to the outside of the stack so that a beam of light could 

be projected thru the stack so as to fall on the smoke 

entering one of the funnels, the smoke issucing from that 

funnel would be ~lightly hotter than the smoke issueine 

froo the other funnel. ~hen smoke was not present, the 

lifht would not be absorbed ana the clear flue cases 

would. pass thru each funnel nt the same temperature. 

The difference of readint of two ther~o~eters placed one 

in each funnel spout would indicate the amount of smoke. 

Of course, to be at all usable, the reading s would have 

to be visible from wit~out the stack and preferably soue 

sort of differential thermometer should be used to read 

temperature differences directly. Two small air cham-

bers, each connected to one side of a delicate different-
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ial pressure guage migtt work nicely. The disadvant ag es 

of t rlis method arc, the delic e .. te instrun1ents necessary to 

indicate the very small t emi)era ture differences that 

would be obtainable, and the f act that an appreciable 

amount of time ~.vould have to elapse after smoking started 

before the thermometric appara tus would receive sufficient 

heat to operat~. 

3 . Smoke has odor. The odor which characterizes 

smoke is not due to the suspended particles of soot, but 

to gases of combustion which are present whether or not 

the flue gases are visible. Hence this is not really 

a characteristic of the objectional smoke. 

4. Smoke carries particles of soft carbon in sus­

pension. The only apparently usable portion of this con­

c7 i tion ha s alre ady been taken adv~mtage of i :n the Hammler­

Eddy Smoke Recorder in wbich a continuous saeple of flue 

gas is drawn from the chir~mey, passed thru a drier and then 

blown in a small jet against a moving chart of white paper. 

The s1.mdge on the -:xiper is proportional to tho amount of 

s~oke passing up the stack at any particular time. The 

disadvEntage of t:lis instrument is that it merely records 

what has happened in the past and cannot serve as an aud­

ible alarm to warn the fireman that a furnace has s tarted to 

smoke. 

5. Smoke may be a poorer insulator of electricity 

than clear flue gas. In reality, after looking up 
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references to the matter, it was fonncl that sr:ioke is a 

better insulator than clea r flue cas and that this pro­

perty has already been t ake n advantaee of i:1 a Smoke re-

c order and t:oni tor invented by W. 'H. Strong and descri bed 

by him in Power, Vol. 40, pag e 912. This ap0aratus has 

a f3park c ap place a in the stuck and a c onde ns er a11a. L1.e 

l1 igh potential secondu1,ies o±~ a trannfo 1·rner are eac h 

c onn ected across the c ap . Vhen no smoke is present the 
sparks 

current ~i=t:e: right across the gap , leaving the condenser 

discharged. \Vhen there is snioke, the disc ·rw.r c e stops 

an~ the condenser is charc ed. An e lectric s l apparatus 

indicates whether o:r not the condenser is cha.re ed, thus 

indicating the presence of smoke. This t.;,Tpe of inst ru-

ment has also been built so as to record the smoke curve 

for e ach day on a chart. 

The fact that smoke is a g ood in sulator might be 

used by :passing the· flue gns between large condenser 

plates. fhe dielectric would be of different strength 

depending whether or not smoke ~as present. This v.rould 

vary the capacity of the condenser and this variation 

of capacity could be recorded in some ma~ner. ?or 

instance: have two Tesla coils nearly in tune,., with 

the c apacity in the circuitof one coil. rhe va rying 

capacity would make the coils more or less in tune, caus-
or 

ing more~less current to flow. This could operate a 

meter to indicate smoke. 
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LIGHT- DETECTING IESTRuI.r:::·rni'S. 

Light may be detected and its variations measured in 

sever&l different ways. 

(a) By comparison with a standard of illumination. 

(b) By its physical effects on selenium. 

(c) By its action on certain chemicals. 

(d) By changing its form into heat by absorbtion 

ancl r.'leasurin0 the resulting rise of temperature. 

( D) It is entirely necessary for a smoke detector 

to be automatic in order to be of practical value. Any 

ordinary photometer, such as the 3unsen, would be very 

difficult to make automatic in its operatiJn. Hence 

direct measurement ty comparison of the light intensity 

after pas2ine; the stack is not a suitable means of acc­

Jmplishing the desired result. 

(b) The effe~t of licht Jn selenium, ~hich is now 

very generally known, is naturally one of the first 

r.1ethods to suggest itself for the detection o::· smoke by 

the li.o'ht-bear:1 r:1ethocI. The v.iri ter experimented v.:i th this 

method durinP· the sui:11 ::er of 1915 at the Pasadena I:un ic i Dal u ~ 

Licht Plant, though FnF·uccessfully at that tir.1e, ch;_e to 

lack of sufficiently d~licate instruments. Since then 

an exactly si~ilar method of smoke detection has been 
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successfully used on tho u.s.s. Conyngham, and has been 

the subject of a paper by Rear Admiral~. T. Hall, U.S.~. 

read before the twenty-fourth an~ual meetinc of the Soc­

iety of Naval Architects and Earine ~ngineors, held in 

New York Rov. 16 & 17, 1916. A review of this paper 

occurs in Power, Vol. 44, page 767. 

This apparatus consists of a simple selenium cell 

located as at Din Diagram No. 1. ~his was connected 

in series with a source cf power, a g~lvanometer and a 

resistance for adjustment. The adjustable resistance 

was a very essential part of this apparatus and as we shall 

soon see, it was prob Ll bly much overworked. 

A selenium cell, such as is put Jut by the Electro 

Importing Co., was tested under several conditions. Curve 

Sheet No. 1 shows the effect at const nnt temperature of 

varying illumination on the resistance. This curve 

shows that a r:1aximum illu□inat ion of about ten foot­

candles will probably cive the best results. 

The coll TTes then ]laced in the dark and the 

chane e of resist ance with temperature was noted within 

the normal Ti orkine rsnr e. :he results were plotted on 

CuTve Sbeet :~o. 2. Curve ,-~B is the orig inal rising 

temperature curve. After.that, conaitiorrs becume con­

stant and fo~r successive ascensions and descensions of 

tc~per&tnre follo~ed the curve BC. 

Curve Sheet no. 3 sl1ovrn the 1'hysteresis' 1 loop 
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which will occur if r8-pid temperature chanees take place. 

These curves wore made at const ant illumination of sixty 

foot-candles. 

Curve Sheets 2 and 3 both show that a very material 

resistance change ·with temperature takes place; that 

within the normal \','Orkin[; range ancl \'Ii th c:Jmparat i vely 

slow temperature changes, the temperature res h1tance 

curve is very nearly a straight linei and that the re­

sistance decreases ~i~h rise of temperature. 

Varying load conditions on a furnace cause varying 

flue gas temperatures. Climatic conditions ~ould al s o 

affect the t n~perature of the s e lenium cell. ""T • c.> ..:. .. ence, 1.1. 

the selenium cell suoke detector is • to be trust~orthy 

and. unt r:Jubles ome, some 1:iethod :1mst be devised to auto­

~at ically compensate for ch~nge of resistance TTith 

teL1perature. 

Curve Sheet 4, t 0ken from Carhart's Col l ege 

Physics, shows the cha.nee of resistivity r:ith terrrpcrature 

for the Dore c •Jrnmon me ta ls. .Jr 011.1 this vrn s e e that t 11 e 

resistance of ~oat metals increas es with in~rease of 

teLl)erature -- jus t t he op0osit c fro~ selenium. Eence 

it is evident t11a t if the correct air:oun t of metal ·::ire 

be connected in Beri e s '.7i th the ~3 ele c.:iu:,.: c ell t.m C: be 

loctited near it so as to be subject to the s ame temper-

a tul'e c h c:: nc es, t he res i s t &nce o±' the circu it \7i 11 r euai n 

Thus the selenium 

11 • -1 'h C '"' r"" J""-'lS'' t o f\ .{.>Or" -4L,-e·.r_,,.,~pe1• r: t ~ffe u rni \7 ill be c e w i _1_ i..; e v . ...:. 1: ,:., .:.. .... c ~ ...:, u. .L ,i _ -



sensitive to light variation only. 

condition. 

This is tho ideal 

The larger the temperature coefficient, the less 

wire will be required for the compensat ing resi s tance. 

Curve Sheet l{o. 4 sbor1·s thi~ t of trie c01.:1:c10n r:.1et als, ~ 

=i::e= i r on has the hi ch e st t e 6 p e :c ::.1 t u re c o e .f f i e i en t . 
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In order to deter:Gine the tecperature coefficient of 

the se len iur.i cell v.'e a.re interested in the slope of .i. -, une 

line 3C, Curve Sheet No. 2. BC will be considered as a 

straight line deten1i2:1ea b:' t he points B an d C. 

At B t = 170 

R - 17000 

At C t = 80 

R = 47000 

R - mt i- k -
17000 -- 170m t- k 

47000 80m + k 

30000 = -90m 

m = -333. 

17000 - -170 X 323- + 7,. - .n. 

k - 17000 + 5JG00 -
-- -73600 -

R = 73600 - 333t 
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The refore the resistance 0f the selenium cell 

decreas es 333 ohms per degree teLlp era ture ri s e (Fahren­

heit) . 

The fundamental equation for resist ance of me t a llic 

wire is: 

'S11 ere Rt - resistance after a temperature rise of -
tO F. 

Ro = resistance at origina l te lnperat ure • 

B = temperature coeffici ent of the ·wire per 

- .0165 per 0 F. for iron ,.~i ire. -

Rt= R0 + R0 Bt 

The variable R0 Bt must equal 333 ohms per deg ree F. 

R0 Bt - 333 -
R X .0165 X 1 - 333 0 -

Ro = 333 
.0165 

= 20200 ohms. 

No. 36 B. & s. Iron wire will be used in the com-

pensating coils. 

per 1000 ::'eet. 

Its resistance at 75° F. is 2940 ohms 

Hence 20200/2940 = 6870 feet will be 

required. Weight of No. 36 B.& s. Iron wire= .457 lb. 

The dark resistance of the circu it will then be 

140000 ohns, and vv ill vary f 1·om there to 78000 ohr:i s at 

10 f oot-candles illumination. 

0 F. 
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Diagram No. 2 shows the connections for a selenium 

cell smoke detector to act both as an indicator and as an 

alarm. A recording galvanometer would make the apparatus 

into a smoke alarm, indicator and recorder. 

(c) The effect of light on the bromides of certain 

metals is well known in connection with photography. The 

':7attles Smoke 3egister, described in ?ewer for .Aug. 16, 

1910, projects a bea:~1 of light across the stack and permi ~s 

it to fall thru a slit onto a clock-operated sensitized 

chart. As the light intensity varies due to smoke, it 

affects successive portions of the chart ac8ordingly. 

The disadvantaces of this instrument are that the chart 

must be c&refully guarded fron stray licht; that ~he re­

sultinr record is not very legibile; and that no audible 

alarm ccn ~otify the fireman of the sudden smoking. 

(a) ::,ight energy is rea( il~y changed into he ut 

energy by permitting it to fall on a non-reflecting surface. 

Since the temperature of the instrun1en ts of any 

s~oke detector will vary thru a range of approximately 

100° F., any apparatus for determining smoke by ~easuring 

' the heu.t of absorbed licht r:mst be a differential arrange-

ment ?fuich will measure merely the e~tra temperature due 

to the absorbed lieht. 

The1·e are many vmys in Vv'hich this temperature a.iffer­

ence ~ay be determined. ~or temperature measurements, 

one naturully thinks first of the thermometer. Two 
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therrnomet ers 1;1i6 ht be used. One Yv' i th o lacke ned bulb 

placed a t D, Diagram ITo. 1. The other placed be s ide the 

first but screened from the light. Ordinary ter.1-

perature fluctuations would cause their threa ds to rise 

ana f all tor ether. The presence of iliight would cause 

t he exposed thermometer to be hotter. The difference 

of re a dinc; s of the t v10 'i"JOuld deterr:1 ine the amount of 

smoke present. This arrangement ~ould not record nor 

actuate an alarm. Suppose, however, slic ht ~edificat ions 

are mi1de. Select two exactly ·similar ther!no rneters . las ten 

them to a stick, bulbs toe ether and sterns pointinc in 

opJosite Cirections. Balance the stic~ over a knife 

edge and let the lir ht be focused on the blackened bulb. 

If no light is present and the tenperature varies, the 

thre a ds of tho t ~ o thermometers will run in and out to-

gether, thus maintaining the balance. If, however, lieht 

strikes the blackened bulb, the thre e d on that side will 

run out further than the other, the bilance will be dis~ 

rupted 2nd the stick will tilt, in.dic eting the ;,resence 

r:1hus a tilted stick means :no s11oke v:hile a 

level stick means s~oke. This method is i ~practical for 

obvious reasons, but is merely cited as an exumple of 

how the chanc inz center of c ravity of a ther~oneter 

micht be ~ade use of. 

'l'he comr1on steel-and-eboni te-strip the r mostat is one 

of the first mechanical temperature chanc e a l a rms to su~~est 
l_) ... . .J 

itself. ~wo s uch thermostats placed buck to beck Tiith 
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the light f L:lling on one eboni te strip would make a s at­

isfactory differential t Prnpernt11re alar m and co uld be 

used as a smoke detector. ~he arrancer'lent is sho,,,,-m in 

lJiagr~m A-A are Ebonite strips. B-B are steel 

strips. C is the electric a l c~ntact. As the temperature 

of the stack chanr;es, both compound strips tencl to be-

come concavP inward because of the extra h ifh coefficient 

of expansion of the eboni te. ~1 ovrnver, the forces are .bal­

ance a. against each other 2.nd contact C cannot r.1ove. ·men 

light is projected from the rir ht, the rir ht-hand complex 

strip tends.to bncome more concave because hott er ana 

hence the contact C is separ~ted. ·.'then smoke cuts 

off the light the temperature of both strips beoomes 

the same, the contact closes and th2 alarm rings. 

This apparatus is not practical because it is too slow 

in its operation. The necessarily lar5e mass of the 

part s re er:. . ires t o o 1 o ng to ~m a_e r go an a ppr e c i ab 1 e t em~ -

erature chang e under the action of lieht of any reas on­

able int om.J ity-. 

Diae;raw ~:Jo. 4 shov,s a method of us inc: the expansion 

of a g a s to prJduce the required results. Band 3 1 are air 

chambers ~ith corrugated diaphragms. As the air expands 

due to rise of temperature, the diaphragms are forced 

outward, thus the bell cranks C and C' are actuated and 

their inner extremities are g iven a do~nward motion to-

c ethcr. J:'hus the l)O inte :c ·:1 i.1oves clovmward but pa r a llel 

to it s elf. At A are two small flat springs. One end 
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of each i s f~stened to the po i nte r P. The other end 

of eacl1 is respectively f&stened to one of the bell 

c .cc:mks. 2his c ives u fl ex ible joint with no lost 

Sup ~ose licht f ~ll s on the ·mot i on or po.rt s to stick. 

blac~ened di aphr agm ~t B. It bec ooes hotter , producing 

greater expansion in the uir, ~ak inc the bell cr&nk 

u o v e mo re and hen c o the '.) 0 i :1 t er P is t i 9 .9 e d t o : he 1 e ft . 

When the smoke cuts off the light, the pointer returns , 

contact is made and the alarr.:1 rinc;s. ·.rnis ap [n..ra t ns 

v.rould probab ly wor:,;. ver·;1 satisfactorily as a sr~o~rn alc.r!'.:l. 

The expansion of EPYcury i s utilized in the a,pur-

a tus shown L.,-1 Diagre.1::1 Ho. 5. Two flfat, th i n r~10 rcury tanks 

A and ~ have risers C and D and small l eather pockets E 

f itted vi1 i th smal l }lunge rs F, at the i nner cor:ncr s . The 

front surface o f A is blac lcened :.i1d the light falls on it. 

~heu no ~i c ht strikes the instruo0nt, thP Gercury ex )ands 

eg_uall;:/ i n each of the ·Lio tanks , -;; ith chanr; inc t cm~;Graturc. 

I:ence po inter O does not ~:.iove. If lic ht strikes on A, 

the r:'.:lercury in it is ~1eate cl ~1o re and expands ::-:ore , in-

cre a ~~:inc ti1e hec.d on the :_-:ilunt:; er? e:nd the l10 inter i=-u ves to 

t he r i /._ ht , t h us ind i c t:.: t i 11c; the a:r:1 o u n t o .f s ~:1 o k e pa s s i ng . 

1~1is instrument ':.ro u lcl be slow i n a c -'c ion b ec ause of' the 

of the ~ercury pe rc eptibly. 
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The instrument shown in Tiiacram ~o. 6 ~as constructed 

and tested. It ~orked very satisf&ctorily ~hen an electric 

arc w~,s used as t11e source of li[·ht. '.I;hus it was 

proven i~.1_practicable, as too r.mch cnerr;y was reqtdred 

for its operation. 

The principle of operLtion is as follows:- Two 

thin aluminum strips B anQ B' are fastened at their low-

er ends by the screws o. Their upper ends are fastened to 

two levers C and C' which are pivoted on knife edges 

as shown. The spring P, fastened to the two levers C 

and C1 thru the equalizing bar and linkage Q, keeps the 

same tension in each of the two strips. 1his may be ad­

justed by the screw R. At the outer ends of the two 

levers C and C1 are tTio thin flat german silver springs 

K, which are also inserted into the block D to which is 

fastened thn arm E. Whe~-1 the stack temperature che,n0 es, 

the aluminum strips exp2nd equally and hence the two 

levers C and C' move tocether. Thus the sprinc joint 

K does not come into action and the arm E ~erely moves 

vertically up and down. If, however, licht falls on 

the blackened strip B thru the slot U in the □etal shield 

T, then it ex_pancls more, the lever C nove~) more and the 

arm Eis deflected to one side. In the lower end of E 

is a slot in VlhL~h ,.-,orl:s the small pin IL This is con-

nected to pointer G thru the ar~ F. Sis a weight to 

·keep the pointer balanced. Jhen the arm Eis deflected 



it moves the pin Ll and the pointer G is moved across 

the scule. 
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The wechanical □ultiplicstion of ~otion from alum­

inum strip to pointer tip is 

N L x-x 
11 K 

J 
I 

The dimensions used were: 

N: 3.375" 

M = .0625Tf 

L = 2.875n 

Then the multiplication is 

3.375 X 2.875 X 

.0625 .0515 
1.25 = 

.0937 
40300 

K = • 0515" 

J = 1.25" 

I = • 0937 II 

1 

The pointer r~ust move 1 3/8 inches. 

::.Jeng th of exposed a.lur.1inum strip is 2 1/ 4 inc hes. 

Coefficient of expansion of alurj inum = .OOOOlZ per o F. 

Ternpera. ture rise in alurninmD strip must be: 

1.375 
40300 X 2.25 

---------ID • 1.17° F . 
. 000013 

The above results are based on dimensions as finally 

constructed and adjusted. A one degree F. rise was used 

&s the basis of the orig inal c a lculation of di :!-iensions end 

then adju~tment at F anc1 i.'i provided for final adjustrnent. 
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Aluminum was chosen as t he mat eria l of t he strips 

bec ause of its extreme su itfb ility. Zinc and Ebonite, 

of t he materi a l s t hat a re at a l l suit able, have h i gher 

coefficients of expans ion. Zinc ha s the di sadvantage 

of corroding eas ily , while ebon ite i s brittle and tends 

to warp ·when i n thin lJ ieces. 

A very sensitive ins t rument using the expans ion of 

a luminum strips is shown in Diag r am No. 7. It is un i que 

insofar a s it contains a bearing wh ich, when acting as a 

balance pivot, is in effect absolutely frictionless. 

The instrument is f astened to a g las s cylinder shown 

sectioned at A, wh ich floats i n mercvry B c onta i ne d in the 

trough C. Located concentr ically in the g l ass cylinder 

A i s an iron core D. Thus the magnet E ret a ins the cyl-

i nder A centrally loc a ted in the trough C. 

Th i s pivot is frictionles s when at rest bec aus e it 

is i mp pss i ble for t he sys tem t o come to res t wi th the 

center of gravity at any but it s lowest position. 

A frame F i s f as tened to the pivot and ha s fl a t 

springs G at its extremities wh ich a re at tached to a rms ·rr. 

~e i ghts W are he ld ou t equally by spring I. Al um i num 

strips K and 1 r e~tra in the outward no tion of the weight s 

~eight M i s fo r ad j us t i ng ~he bal ance. 

~hen the i nstrument temp era ture changes, str i ps K 

and L expand equally, letting t he weiehts ~ ~ove outward 
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equally and the be.lo.nee is r.'lai.nt(;~ined. St1·ip K is black­

ened and. li0h'~ nllo·aed to fall on it. It expands more 

than cloes L so the wei[;ht at the left 0·oes ,mt r:iore, so 

that the ba.L:mce is disturbed, the i::..'1strurnent tir)s, and. the 

pointer N moves over the scsle O. 

In actual practice such an instrument as this would 

have to be arrrmged with r:iean~3 of adjlrnting the center of 

gravity vertically and Tiith son0 method of dampenine 

oscilll~t ions. 

The heat of absorbed lieht might well be used to 

chan5e the resistance of a coil of wire, which, when 

~easured, would be an indication of the light int0ns ity. 

Of course, in this, as in other similar instruments, com­

pensation for temperature changes must be e.f f ectoc1. ·Dia-

cram No. 8 shows a simple method of accomplishing the desired 

Tes u. lts. Two exactly sitnilar coils A tmd Bare vrnund ·::ith 

iron s;'.rire as shown at C. ·.rhese are set u :) e nd con-

nected as shown in the diacrun. 

nothing rnoro or le~H3 than the T\'iheatstone Bridge connection. 

A vuriation in the ratio of resistance A to rosisttnce 3 

1.·:ill ct.use a current to .flow th ru the cu l Vt '.nor:::iet er. 

~ill occ ur only where A i s hotter than 3 d~e to the licht 

falling on it. This method of smoke detection w&s tried 

out, but ~):;·Jved unsuccessful, princirally becm:~se 

a galvanometer of the necessary sensitiveness was not 

obtainable. The method is prob£bly impractic able be­

cause of the very sli[;ht change of resistc.nce T.vith the 
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sr.'.lall temrierature change obtai::able b;/ lic ht absorbtiou. 

A the r r11 J c o u ·:' l e i ~: c o iD p o s e d J f t ·.:: o a if i' e re n t c1 e t a 1 s 

solder ~d tocether at the end. When this join t is 

heated r:u re than t}~e r est _) £' the ·,: L re, a s~Jall pot-

ential is created and an electric current vill flow which 

can be detected b~ u calvunometer suit~bly loc a ted in the 

circuit. An arrangement of t '. 'tis ~-: ort is shovm i .n ·u ia-

~i~e disadvantages are that action would br 

slo~ bec 8us e of the amount of lieht energy necess ary to 

ruise t~e t emperature of the cornIJaratively 

of the Thcr~ocouple. 

"Diagri~w i~o. 10 shows a corn ( inat ion of a +-heruo-

couple, u g&lvanometer and a relay. A bimetillic ring 

A hangs by a quartz fiber B from 2 torsion head c. 1he 

\~ire dips i n ~ercury at E and by means of ar~ F c ~~tact 

is ~ode a~ G when rot s tion t akes Dlace. Variation of 

instrument temperat ure ccnnot 9roduce any res ult s bec ause 

both joints in the ring A are at the same temperature. 

If, }10wever, ~~he l i ch t is cone ent rat ed. on 1,.:n:e of the 

joints Tihich has been previously blackened, thut joint 

cluati.ng around the rine w:hll produce '. a :.rnagnetic :.field • 

tending to turn the ring into a 0osition at rir ht anclcs 

to the position shown. 

tl:e ulc.n1 thru o re lay. 

:Chis instrument is a modification of an a:!paratus 
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that has been used succe ssfully for ~easurinc the encrcy 

it s}10L,. ld bo delic ~' te o.nough t o 1·;a.ke a vcr;/ ~:ood smoke 

detector. 

rhe i nteresting i ns trument known as Cro oke's 

~adio~eter operates in the Drosence 0 
;:> 

..L 
,..,. 
_;_[18 

blackenea sides of the v~nes beco~e waruer due to the 

absorbed lieht and hence air ~olocules ~}: ich strike 

tho black and the shiny vane s r rfaces equally arP thrown 

back wi t2::. ereL ~ er veloc i t.y fror:1 t:rie wa rm black s id8. 

?hi reacti on □ ight be used to actuate contacts and 

hence o :ers te the alr::r1:J. 

To cLlculate th~ mean torce exerted 90r s~uare 

inch of blackened V~'. ne ::rnr face, the ?E1d l omo t er '.?C:;.s pluc c c1 

in lic h~ of definite streneth and its rate of rot~tion 

~otc c1. 

part is enclo sed in 2 v~cuum bulb, it was impossible to 

get the ~e ichts ~f the different parts directly, so 

their sizes 't.'ere estimated end a~: tho :Jat erials Esed 

v:erc lrnO'Sf1
1 

the .JO!nent of inert ie. and the raclius o:f 

gyr a t iJn ·1','cre reo.cl..ily calcula.t ed with an cr:ror of not 

over lOOf~. 

After the force exerte~ was calculated it Tias 

then possible to calculate tho temDerature difference 
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between t h e t wo s ides of t he v nos. T~ i s was don e on a 

bas is of a ) r c s ~rn re i n t he bu 1 b of 1 cent i rn et er of :::-:1 er c ury. 

Diameter of Glass bulb - 3 1/2 inches . 

Est i r:10. t ed r1e a n t i1 ickne ss of mica v unes = • 0045 inch. 

4 v tmes e a ch 5/ 8 rr square. 

Eean r ad i us to cent er Y t., v nne = 13/ 16 u. 

Framework of aluminum, : thickness = .015n. 

4 Ar ms 1/16" 11ic;h D.nd 5/ 8 '' long . 

I.:oment of 'Inertia. 
(.625) 2 

~7t. I~ic a = 4 x --- x 
144 

.0045 
12 

X 183 . 

- .000745 lbs. at. 13 - .0677' 
16 X 12 

·.vt. Arms = .625 X 
1 

X .015 X 4 X 1 -16 1728 

- . 00022 lbs. a t . 13 - = 
lG X 12 X 2 

Uome nt _) f Inert ia = . 000745 x (. 0677) 2 + 

- .OOOCOZ4 + . 0000003 

- .0000037 lbs. x ft 2 . 

Radiu ~ of Gyra tion . 

• 0000037 
.000955 

X 162. 

. 0338 t 



used. 
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p = \I .00383 

- • 062 ~·t. 

- .742 inches. 

Vanes rotated at 24 r.1').1~1. in light of t ho in~ensit:· 

They made 1.00 turns after the licht waG shut off. 

They required 8.0 seconds to cooe to rest after 

Acccler s tion based on Velocity and Time. 

V -
- 24 TT x 2 x • 062 _ lh ,. ft / - • oo • sec. 

60 

!.1 = •000965 = .00003 Poundals. 
32.2 

S : 4 Tr X • 062 - .39 ft• 

t - 8 secs. 

V - at 

a= v = .156 = .0195 ft/sec 2 . 
t 8 

..:\.cceleration ba.sed on Distl:~nce an d Time. 

s = ! at 2 
2 

a= 2s 
t2 

- 2 X ,39 
64 

= .0122 ft/sec 2 . 



... ie a n a cc cle n 1tL~11 = .01.SG ft/s e c 2 . 

l orce exer ted. 

F = 11a = ,00003 x • 0158 

- . 00000047 lbs. 1o tL l forc e . 

. 00000047 
(.625)2 

- .0000012 lbs/sq. in. of Black surface. 

....J 
l 
I 
l 

F-= Wfcrnc< 

w 

Consider v ane 1/2 inch s q . - 1/4 s q . inch hang ing 

from silk threads 1/2" long. 

Wt of Aluminum 

F = i X 
4 

tano( = F = w 

o( = 6 .5' 

: .007 x .25 x 1 G2 
1728 

- .000164 l bs. -
.0000012 = .0000003 

.0000003 = .00183 
.000164 

lbs. 



d = L tan o<. appro:x:. - . 7 5 x . 00182, 

= .00137 1
' Deflection. 

If deflection of .005" is needed then 

L = .005 = 2 3/4 r, 
.00183 

The deflection pos s ible increas es appr0xi~ately 

directly as the length of suspendine threads and in­

versely as the weieht of the v : ne. 
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Liica would be a r:mch better material for t lw v u.ne 

because of its low heat conductivity. 

~ith a mica vane, say .001 inch thick and s uspended 

frorn silk threads s ix inches long , the deflection v:rould 

be abou -~ fifteen. time s that calculated for the a luminum 

as above. 

It will be interestint: to calculliate the temperature 

rise on t he b l 0ck side of the v r ne. 

TELIPERAI'LRE nISE IH J.A uro:n~TER VANES. 

Assume a pressure in tbe bulb of one c entimeter of 

?res trn.re v t-:;_ries directly ss tho absolute temp-

era t ure. 

Horrr..al pre s :·ure _ 14.7 
76 

= .193 lbs/in2 . 



?emp.-= ~50 F. = 535° Abs. 

Pressure on Black side= .0000012 x 100 
.193 

- • 000622)0 High. 

:3 6 

The molecules st Ti~ce the discs Vli th the s ~ me vel-

ocity on each side b ecaus e t he S (' me temperature exists 

in t he nedium surrounding each side of the disc, but the y 

re b0und fron ~he black 2ide with a g reater veloci t y be­

caus e the y a rc heated after contact ~ith the hot surface. 

Hence the extra pros uure exerted on ~he black side is 

equiv-~ lent t o h a lf tha t due t o th e t empera t ure of t 110 disc. 

Therefore tempe r ature must be 2 x .000622% Hi~h. 

= 2 x .00000622 x 535 = .00665° ;F. high er on the 

black side than on the s h iny side of the vane s . 

It n us decided to suspend a thin m1c ~ disc with 

an expo s ed a rea 1/2 inch s quare from two s ilk t hreads 

each six inches long. The we i ght of the dis c v1i t h its 

double platinrnn contact :)oints was .00011 lbs. 

Tan o( - F = • 0000003 = • 00273 
W • 00011 

d = L tan o( approx. = 6 x • 00273 = • 0164 inches. 

Eence in a light of intensity s uch as was used in 

testing the Radiometer, a suspended disc of the size and 

vveight assumed would be deflected .0164 inches f~--om the 

normal ~osition. This would be sufficient to break an 





electric&l contact. 

The instrmnent us desicned and constructed 'Is shovm 

in Diagram 1To. 11. 1.1 is a class tube in which a low 

pressure exists. 3 is a wooden base. Screws C-C-C are 

for leveling the instrument so that the disc t1a;/ hung 

perfedtly freely fron the silk threads. TI is the mica 

disc, blackened on the front side and carryine double 

contacts~ which comJlete the circuit thru the stationary 

contacts ?-F. Leads 0-0, run from ::?-F to t}1e bindinf~; 

posts G-G. Screw His for adjusting contacts EX···· 

tending over the top and down the rear of the disc is a 

stationary metal shield J which is for the purpose of de­

flectinc the air current~ which rise from the warm black 

front of the disc around and ao~n the back side so that 

the draft may keep the rear of the disc cool. 

K-K are provia_ed in s:llield J for passine: silk thread.s 

L-1 which suspend tho disc D. The silk threads are 

clamped by the a1m K which is held up by the frame 

member N. 

~he OJeration is as follows: ~hen no smoke is 

being emittej the licht ~~11s on the disc D, forcinc it 

bac}r anc1 breaking the contacts at ?-:? . ':.:'hen the smoke 

cuts off the light the disc sTiincs for~cra by its own 

weizht, contact is made ana the smoke rlarm rincs. El-

ectticel con'ections for the apparetus are shown in 

0iacram lJo. 12. 



T ~ti1
0 

the a iometer r iicu.t r . 







·.7:l-1en thiD r.1a.chin0 \'.' u s tested it worked rn sc.t is-

f~ctorily because the only relay av~ilable re~uired 

a current to operc te it Bhich sufficient to cause 

sticking of thr contact points to such an extent that 

the minute welc1 formed WYula be able to hold up the 

entire weight of the f isc. 
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It would have been inconvenient to have tried out 

the instruments that were constructed by actually instal ling 

the:-:: on a stack, as contra 1 of the smoke and stack temp-. . 

erature would have been difficult. Accorainr ly, the 

ap~aratus shown in Tiagram No. 13 was built. Tho 

source of licht was located in the co6partment B. 

'.rhis lie ht passed thru an aperture at ::T, thr1J. the dead 

space ... .., into the instrument box 1). The light could be :-~ .J 

located a c:y distance back from F in the space 3, corres-

pondine; to different stack diameters. Lcross the ap-

erture at F, a glass screen G could be slid. This 

g lass screen w:s divided into six sections that were 

stained in even gradations from clear to dea6 black, 

corrospondin; epprox~nately to the Ringlemann scale 

of smoke densities. With this arrancement the light 

vf1ich reached tho instrument could bo diminished a t 

will to correspond to the intensity of light bearn 

that '.,·.:oul (1 penetrate an~.r c iven densit~y of s1:1oke. The 

instrument b ox D v7as cap ::~ble of be inD l{ept at any d.esirod 

temperature b:,l a b r;nsen burner loc ntecl at C ana. heating 

up the abestos lined tin box H which had air vent s 
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.. teri Li : t Ol rt 



39 

photos sh ow the testinc 2p;uretus unJ the sethod of usin5 it 

c mw Lu s I mrs. 

In all, f01.a d.if::erent t:,...pes of i:nstruments r; ere 

constructed und tost ~d with the f ollowinc results:-

l. A machine b::::,'. sed :in the pr inc iplc of differential 

ex0ansion of two pieces of metul. 

T~is instrwnent required an arc light to 0~0rate it. It 

worked very satis factorjly when the lic ht : intensity used 

was sufficiently grout. rhe tim0 lac to indicet e the 

rrese~ce of ~□oke averucod about ten seconds. ~hen the 

smoke stopped the time lag was about four seconds. t:ore 

increase the sensitiveness materially. In testing, 

the mu 1 t i p 1 i ca. t ion ,:.':.:i s adjust e cl to b e as c r cat ~L s c o rn-

g at able v.rith ass ·:_ff0d action. l?rom the results of the test :~ 

t}1is t~7:pe of instJ:UL:wnt ~~mst be branded as co r:1::ncrc ially 

impractical in its present s tace of development. 

2. An ap Jarutus bnsed on tho principle of un­

b&lancinc e. ?/hc 1..~ tstone l3 ridgc nr- .work b~, cli.ff'c:rcntial 

henti:'.16 of corros L)orn1inc; fix,:: c.t rcsist ~:nces. See Dia0 rat1 

:To. 8. i'~nis appan1tus \'lG.B Cl"l"tirel~'" nnsatisfactory as -it 

was i upossible to find a c alv.::;110::1eter sru: _'ici0ntly a.el-

icate to indicste t ne presence of lic ht. In fact, the 

coil on \·;hich the lii:.,, ht fell had to iJ(' he a ted with a 



bunsen burner to got~ vi~ible deflection of the 

c e 1 v.,_ .nornet o 1· . 
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reaction of ~;aseous r:10 lecFles rebounding· f :t0m a he a tr:!d 

surfe.ce over those robounclinc f :·•om an eq_ual co0ler ~?urface. 

See Di ac r e.ms •Nos. 11 and 12. ihis instrument h 8 s good 

pos s ibilities tho it iid not show UJ very well under test. 

Two essential co nd itions are, that the pressure in the 

tube be just right and, th&t an exce 0dincly delic ate 

rela;7 a nd. lov.; current be nBed ~::;o us to prevent sticking 

of the contact p ) ints. At best, this instrument ~ould 

re1uire a comparatively intense s ource of licht end is, 

for that rea:3on alone, probably c orrL1erc ially b1pract ical. 

4 . Use of ,'.-.c Se 1 en i um Ce 11 • lhe r es ults obtained 

are ver-;;, cnc,::ni.raging . Acthm is practicallJ instafrtanc •Jus. 

'.Vi th ace urat e c oml)ensat ion for te1:1perature, the selenium 

c e 11 is tl1G r.100 t sat isfc~ct ory smoke detect or. 'fhere 

are :"lo 1~10vin6 parts, no thine exp )Ge d to c: et out o'f' order, 

and no intric &te construction. Ve 1•-;;· L: ood scleniuu cells 

In conclusion it r:w.y be s Did that a selenium c0ll 

smoke det n,Jtor arr~nge d us. in "'JiagrL~i~l Eo. 2 encl equipped 

v.ri th a c al v::rno::ie tor sr.:10ko ind ic (.·'. tor end re lay ac tnat ed 

aucHole alarm. -,,,ioulcl be a ver~f u e si:r <'. ,b le ana. satisf&ctory 

auxiliary to every coal or oil fir e d furnace and cJuld 



be produced cott1e r6ially cou]cr at ively cheap ly and 

marketed re adily snd profi~ably. 
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