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FOREWORD

This thesis was undertaken at the suggestion
of Mr. C.A.B.Halvorson,Jr. — designing engineer of
the Street Lighting Department of the General Elec-
tric Company. To him, the author is greatly in-
devted for the use of the facilities of his depart-
ment and to the many courtesies and favors extended.

Great appreci&tion is also had for the kindly
interest and hearty cooperation offered by Prof. W.
J.Drisko of the Massachusetts Institute of Technol-
cgy and by Mr. R.B.Hussey, physicist, of the Gen-

eral Electric Company.



STATEMENT OF PROBLEM

Phe purpose of this research into solar
control of street lights was to experiment and
attempt to develop some means or apparstus where-
by an effective control of an electric circuit
could be obtained by means of the varying light
intensities from sunrise to sunset. This meant
that some form or other of & sun valve must be
developed which would operate to turn off the
street lights at or before sunrise and to turn
them on sgein at or after sunset. HNaturally, ideal
operation would cause the lights to be turned off
or on Just as twilight merges into daylight and
vice versa. The other 1limit should be that the
valve should not operate later than sunrise or
earlier than sunset. Of course, the time before
sunrise and after sunset &t which the valve would
operate, if that is possible, 1is dependent upon
the season of the year- the time varying with the
varietion in twilight which, of course, is longer
during the summer months. Though other methods of
controlling strest lights have been proposed and &
few installstions asctually put into operation,
they are, for the most part, based on some clock-
work arrangement. However, +this problem is con-

cerned with solar control through soms form of a
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sun valve and therefore no research or develop-
ment has been underteken elong any but this one
line.



ADVANTAGES OF EXACT CONTROL OF STREET LIGHTS.
Street lighting by electric lights, as it is

now usually developed, 1is accomplished by means
of & system of series circuitg, with each individ-
usl circuit emansating from and controlled directly
&t the central station. fThis means that there will
be many circuits coming into the power station,
necessitating & large switchboard, additional
transformers, extre circuit breakera, and all
such apparatus required to adequately control the
various systems. fThen, each day at definite times,
obtainable from a street lighting schedule, the
switohboard is operated and 8ll the lighting cir-
cuits are energized or de-energized as the case
may be. The street lighting schednule is & table
of times at which the street lights should be turn-
ed on or off~ the time of operation averaging a
haelf hour before sunrise and & half hour after sun-
set. Based on these times,street 1lighting contracts
are usually msde for four thousand operating hours
& year. Street lighting circuits are most always
series circuits, though this does not necessarily
mean that the: lamps themselves are slso in series
for they are generally considered to be in multiple
through small transformers at each light. However,

_if the street lights, either singly or in amall
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. 8yatems of twenty-five to fifty lamps~-the number
of lights in each system depending upon the size
of the lemps- are connected to the multiple house
lighting and power circuits and are regulated by
some remote method of control, such as by & sun
valve, & great elimination of aspparatus will be
noticeable at onee. There will no longer be &
duplication and parallel stringing of wires due to
the street lighting circuits being side by side
with the multiple house c¢ircuits while the addition-
el switchboard, transformers, circuit breskers,etc.
formerly required can be discarded or used for other
purposes. This means that there will be & decided
saving in both the initisl and maintenance cost of
8 street lighting system under these conditions.
This would be especially true if the controlling
device could be simple, inexpensive, accurate, and
capable of longevity,

It is not necessary that street
lights throughout e city should light at the same
time. It is readily seen that residential and sub-
urban districts of a city should tske &ll poasible
adventage of any twilight before turning on the
lights. However, business streets which are flank-

ed by high buildings are not so able to take adven~
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tege of this twilight and become derk enough for
lights at a definite time shesd of the residentisl
and suburban streets. Therefore, to have an
economical and efficient control, the lights in
each section should be turned on only when that
section really begins to need it. Neaturslly, |
this also applies to turning the lights off.,
Light being the controlling element of the time
when the street lights should be operated, it
necessarily means that some sort of a control
switech operated by light intensities is exsctly
whet is desired to accomplish the ends sought.
This control will be called a sun valve and will
be slluded to as such throughout this paper though
it does not necesssarily hold that it requires di-
re¥t sunlight to mske it function.
Such & sun valve would not only
be sppliceble to controlling street lights alone
~but would be of inestimable value in controlling
isolated light houses, traffic beacons, advertis-
ing signs, aircraft beacons, and all such types of
apparatus. If an effective sun valve could be de-
veloped to control such spperatus, the economy of
such operstion is plaeinly apperent and makes the

field of usage for an asdequate sun valve very wide



.indeed.

The purpose of this research, then, is to
develop some type of apparatus, affected by light
intensities, which will be simple, rugged, accur-
ate,practical, long-lived, inexpensive, and cap~ .
able of opsrating without requiring frequent ad-
justments. Hot only should the appearatus work
but it must be 80 designed and constructed that it
cen be placed on the top of & pole and efficiently
operate under all kinds of externsl conditions.
this last requirement meskes the problem even more
complicated for though a laboratory set-up could
undoubtedly be made to function, such an arrange-
ment would be impossible under actual operating

conditions.
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PREVIOUS WORK

There has been very little known or published.
work @&long this line snd the field of reference is
exceedingly limited- so much so that no direct re~
ference could be secured and even indirect refer-
ences on the subjeoct were very meager end consist-~
ed for the most part of the adaptation of photo-
electric or selenium cells to photometriec work.
From this, it would appear that the subject is @&
decidedly novel one and that it is either & com-
paratively new thought or hes been one not capable
of an accepteble solution and thus is not gener-
&lly known to the engineering profession.

The nearest approach of any device or sppar-
atus to the control of an electric circuit by the
intensity of 1light has been, with one exception,
through several schemes for recording daylight.
These daylight recorders have been developed and
installed, for the most part, by several electric
light companies for the purpose of keeping & re-
cord of the variations in the intensity of light.
It was found that many complaints regarding the
size of lighting bills could be easily settled by
demonstrating graphically, by measns of charts, the
wide difference in the amount of daylight during
.monthly bill periods. Several of these devices
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.Will be briefly described. The exception is s sun
valve or sun relay, manufactured by the American
Gas Accumulstor Company of Elizabeth, New Jersey,
which actually is operated by the variastions in
light intensity.

One daylight recording outfit was developed
by Mr.F.A.Swan of Boston for the Edison Electric
I1luminating Company of Boston, Mr 3Swen had noticed,
by accident, that the resistance of tungsten varied
with, and apparently in & certain relation to, the
amount of light falling upon it. fThis, of course,
a8t once suggested & means, by use of the Wheatstone
bridge prineiple, of measuring and recording veri-~
etions in light flux with the result that he devel~-

oped sn spperstus which he called & Meteorogragg.

The outfit consists of two prinecipal perts,
the receiver and the recorder. The receiver, which
is located on the roof of the company's laboratory
building, has the property of varying its resistence
in proportion to the amount of light which falls up-
on it. The recorder, which is locsted within the
building, records this veristion on a moving chart.
The device operates on the principle of & Wheat-
stone bridge. In the diagram,Fig.l,the resistances
A snd B, each having approximately 100 ohms, are
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-mounted in the receiver. The resistances C snd D

of similer value are located in the recorder; D is
adjustable by means of a sliding contact F. All
four resistances are sdjusted so as to be equal
when no light falls upon the receiver. Under this
condition, no current flows through the galven-
ometer and the bridge is in balance. The action of
light on the receiver causes & change in the value
of the resistance B. This throws the bridge out of
balance snd causes 8 deflection of the galvanometer
G. The galvenometer is connected with a relsy, and
this relsy cesuses the slider P to move along the re-~
sistance D until the bridge is again in the balance.
The slider F carries with it a pen arm, end by this
mesns & curve is drawn ou the chart in accordance
with every change of resistance in the arm B. As the
chenge of resistance in B is caused by the action of
daylight, it is obvious that the pen will mske & re-
cord which will bear & certain reletion to the var-
iation in the intensity of daylight.

The resistance B in the receiver is composed
of & bank of 40 watt, 220 wolt, type B, Mazda lamps.
In the operation of the bridge, it was found necess-
ery to keep the current in easch lamp below two milli-

- amperes, to avoid changes in resistance due to the-
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.current in the filament. 1In order to obtain &
sufficient amount of current to insure positive
operation of the galvenometer, & bank of lsmps in
series-multiple was used. This arrangement permits
& current of thirty-two milliamperes in the bridge
arm. The resistance arm A is & coil of wire of the
same resistence as the lamp bank, mounted in & lamp
bulb which has been evacuated and sealed, and cov-
ered so as to exclude light, but to permit circul-
ation of air. The resistance of this coil will be
effected only by variations in air temperature and
will serve to compsensate for similar variations

from the ssme cause in the lamp bank. This prevents
errors in registration due to the effect on the lamp
filaments of varisble sir temperstures.

Another type was the dasylight recorder used
by the New York Edison Company and very similar to
that just described and shown in Fig.2. The receiver
erected on the roof of a& building, consisted of fifty-
gix 40 watt, 220 volt Mezde lamps, connected in ser-
ies-multiple, seven in series. These groups of ser-
ies lamps likewise were connected in multiple. The
lemps were inverted under & housing and mounted
about nine feet sbove the roof in order that they

might receive the reflected rays of light from the
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roof. The recording device was worked out on the
theory of a Rheatstone bridge~ the lamp bank form-
ing one arm while the other arm, known as the dark
arm or balancing coil, consisted of approximately
& 100 ohm resistance. The coil was completely
shielded in order thaet it might not be affected by
light in sny wey. The recording device was & Leeds
& Northrup recorder with some modifications to meet
the existing conditions.

An electric thermometric recorder is used by
the Weether Bureau which, however, simply records by
.making contact on & revolving drum when the sun
shines and does not give any direct or even relative
readings of dsylight intensity. It consists of a .-
vacuum tube contsining a special thermometer, a -
clock, an electric magnet, a revolving chart, and a
battery, as shown in Fig.3. The thermometer is an
air-filled, glass tube with a cylindrical bulb on
each end, and is 1itself incased in & protective vac-
uum tube. The lower bulb, which contains & small
quantity of mercury with a little alcohol, is
smoothly costed with lamp black. The upper buldb is
clear glass., VWhen the sun shines, its rays are &b-
sorbed by the black bulb, whereupon the indicator

rises in the glass stem toward the clear bulb.
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. ?wo platinum wires are set in the stem leading to

the termingls through the wacuum tube. When the
indicator rises high enough to touch these wires,
the electric circuit is completed; the thermometer
being so constructed thet circuit is completed only
when the sun is shining. The mechsnism connected
with the clock mekes & comnection automaticelly
every minute regerdless of weather conditions. If
the sun is shining, this momentary connection com-
pletes the circuit and & mark, mede by & pen arm
drawn down by & megnet, appears on the paper of &
slowly revolving carrier. If there is no sun, the
chart remsins blesnk-the circuit being incomplete.
The best dgylight recorder as yet in oper-
etion is that developed by Dr.J.E.Ives of the
United Stetes Public Health Service. He has used &
Case photo-electric cell with filter snd shield in
connection with & Leeds & Northrup recording poten-
tiometer and has secured excellent results. The
cell in use by the 0fficeof Industrial Hygiene and
sanitation is mounted on & wooden platform, three
feet above the surface of the roof. The cell is
placed facing the zenith with the exhaust tip poir® -
ing south, and its axis has been carefully aligned

gso that it points directly north and south.
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The electrical connections of the battery circuit
are shown in pig.4. For the battery, it is conven-
ient to use five radio B batteries of 45 volts
apiece in series giving & total of about 225 volts
in all. The two sides of the resistance are con-
nected to & Leeds & Northrup recording potentio-
meter. This recorder is merely a mechanism for
making & chart record of s difference of potential
between two points in any current circuit; in this
device, the difference of potential is that across
the resistance coil. In the operation of the re-
corder, the pen is moved by steps every two seconds.
Phe extent of the motion of the pen is proportionsl
to the deflection of the needle of & galvsasnometer
incorporasted in the construction of the recorder.
The amount of the resistance used in the coil will
determine the amplitude of the curve on the recorder
paper; the larger resistance giving the grester mot-
ion. The recording potentiometer is operated on the
110 volt direct current lighting circuit while &
Hertford time switch has been installed which opens
the circuit shortly after sunset aend closes it short-
ly before sunrise.
The only reasl device actuated by light in-

. tensity and really controlling an electric circuit
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-1s one called & sun relay, This was developed by
Mr.v.L.0Oestnases end is manufactured by the American
Gas Accumulator Company of Elizaebeth,New Jersey.
This apparatus is a modification of & sun valve de-
veloped by the same company and used to function in
the control of gas for illuminating lighthouses,
channel lights, buoys, and other marine signsls.
These sun valves heve been in use for severel years
and have proved to be very reliable ahd capable of
performing their duties under s&ll conditions of eli-
mate and weather,

The sun reley was primerily designed for use
in railway signaling where it would control the
lights in electricelly lighted semaphor and switch
signsls, automastically lighting or extinguishing the
light under the varying conditions of darkness or
deylight. For this purpose it has been instslled on
various railroads, where it has given good service
in controlling one or several lamps, with decided
advantages over the 0ld o0il system or ser®sS elec-
trical of signal;lamp lighting.

The sun relay utilizes the energy of light
to open end close the contacts of an electrical cir-~
cuit. Light, according to modern science, consists

-0f electro-magnetic waves which are set up by some
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- heated or light-producing body such, for instance,
as the sun. These waves or radiations,if inter-
cepted in their passage from the light-producing
body, may be transformed into heat, the degree of
transformation depending upon the nature of the in-
tercepting body. Thus, light waves falling upon &
body, the surface of which is dull and dark, ere
absorbed, and in the act of ebsorption are conver-
ted into heat, which, in its turn, is transformed
into mechanical energy and menifests itself by the
expansion of the body. It is well known thaet dark
objects absorb more light and consequently more . -
heat than lighter objects, and the sun valve is an
application of this fact.,

?The sctive members comprise three round
brass rods and s brass cylinder enclosed in & glass
case which is coversd by & removable metal case
thus completely enclosing the bottom portion and
providing a guard to prevent breskage of the glass
case. See PFPigs. 5 to 9. The three rods are fast-
ened rigidly to & metallic base plate in an up-
right position. The metal cylinder surrounds the
rods and is rigidly atteched to them at the top.
This leaves the bottom of the cylinder free to

~move up and down as the cylinder expands or con-
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-tracts. Expansion and contraction of this cylinder
is effected by coating the outside surface with
lamp black so thet, under the influence of light,
heat is produced to cause an GXpansion of the cylim-
der. Contraction of the cylinder occurs whenever
the 1ight is removed so thet there is no longer pro-
duction of heat. The first of these conditions |
occurs during day light hours and the second during
hours of derkness. Having the bottom of the cyline
der thus moved up and down, the lower end bears up-
on the top of & lever through & hasrdened steel
pivot bearing. The lever is supported by two sim-
iler pivots on its under side. The length of the
lever and the location of these bearing points are
such that & lever ratio of one to twenty is secured.
One side of the contect is therefore mounted on the
end of the lever, the other side being fixed Jjust
above it so that the movement of the lever opens and
closes the gap. The contacts are of coin silver and
so constructed that dust cannot settle upon them.
In addition,the points are enclosed in & dust and
moigsture~tight metal housing. The pressure on the
contacts is nine pounds.

The relsy is not supposed to be influenced

‘by changes in atmospheric tempersture because such
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.changes not only re-act upon the eylinder but also
upon the central rods. The temperature change is
equal upon both so that the relative position of
the bottom of the cylinder and, therefore, of the
contact is supposedly not altered. It is only the
differentisl sction of light which strikes only the
outside cylinder which results in s movement of the
contact causing the opening snd controlling. How-
ever, there is some doubt as to the sutomatic com-
pensation for changes in atmospheric tempersture snd
this will be considered later on in the paper.

In instelling the reley, it is essential
that it be located in & place where it is fully ex-
posed to the sun during the entire day. It should
be instelled in & vertical position and no higher
current then one and one-half amperes or higher volt-
&ge than six volts should be used.

The relsy can be adjusted by unscrewing
the metal cap on the glass protector and turning the
ad justing nut within by means of a socket wrench.
However, it is first necessaay to have the set cov~-
ered with a hood for at least two hours. Then,the
critical point cen be found and noted from the gred-
uated scale on top of the cecylinder. Phis is the

point of adjustment &t which the contact just mskes -
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. or breaks the current,when turning the index hshd
back and forth. This point is determined by spply-
ing & voltmeter across the terminasls, the reading
of which will change instantaneously from zero to
full voltage or the reverse. After approximately
jocating this point, the wrench should be slowly
turned in & counter-clockwise direction until the
exact point at which the relay closes is obtained.
Having obtsined the scale reading for this point,
the wrench should be moved clockwise for forty-
five degrees and then back to & position fifteen
degrees beyond the critical point. The relay,
when secured, is then ready for service.

Because of the success which this type of
redisnt energy control has schieved in railroad
end marine work, two relays were secured for the
purpose of testing their spplication to the con-
trol of street lights connected to the multiple
house eircuits. These sets wers installed snd tests
made over & period of six months. The results and
conclusions drawn from these tests will be consid~

ered further along in this paper.
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METHODS OF ATTACK.

The solution of this problem seemed to divide
itself into three methods of attack, namely through
the selenium cell, the photo-electric cell, and
some thermostatic arrangement. These will now be
teken in their order and reassons given why or why
not each method could be used.

THE SELENIUM CELL

The selenium cell is extra-ordinarily sen-
8itive to light and because of this, it was serious-
ly considered ss an sacceptable method of solving the
problem at hend. TUnfortunately, it has seversl ob-
jectionable charscteristics which, it was found,ren-
dered it entirely unsuitable for any purpose such as
that desired.

The asdventages of a selenium cell are that
it is more compact, convenient to handle, and that
its current is quite large requiring less delicate
apparatus. Theéggvantages of a selenium cell are
that it is erratic in its behavior, shows a variation
in its dark resistance, has & greet dependence upon
previous treatment, and has considerable inertis
with marked fetigue. The cell is also affected by
varistion in temperature snd by the presence of &
film of moisture upon it.

Its greatest drawback is its great inertia -
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.or slowness to recover its normal "dark" resiatance
after exposure to light. In some tests made by Dr.
W.i/.Coblentz of the Bureau of Stenderds on various
selenium cells obtained in the market(imported sand
domestic) and also on cells of his own construction,
the cell under test was exposed for five seconds.
After exposure to low intensities, it required thirty
gseconds for & certein cell to recover its normsl re-
sistance. Increasing the intensity twenty times, as
peasured with a thermoPile, the response (galvan-~
ometer deflection),as indicated by the selenium cell
was only eight times that of the low intensity,while
the delay (two minutes) in recovery to normsl resist-
ance was increassed four times. uxposure to daylight
required more than ten minutes for recovery.

Ruhmer studied the excitation end recovery
of five cells which he divided into two kinds, "hard"
end "soft". Soft cells were those annesled &t &
tempersture of 200°, hard cells those annesled at &
lower temperature and cooled more quickly. The
soft cells, he found to be relatively‘hore sensitive
to weak excitations while the hard cells showed &
more repid recovery than the soft. The sensitivity
of the selenium cell therefore depends upon the heat

1)

. treatment end veries not only with the wave length
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. but also with the intensity of the light stimulus.'
The single crystals of selenium grown by
Brown hgve an extraordinarily high sensitivity eas
compared with & selenium cell but they also heve
the characteristic slow recovery after exposure to
light. From published data, it appears thet & sin-

2 in area is one hun-

gle crystal of selenium, 1 mm
dred times as sensitive as the best selenium cell.

The wave~length sensitivity curve of & sel-
enium crystal depends upon the tempersture at which
the crystal was formed. A crystal which was formed
in the cooler part of the furnasce hes its meximum
sensitivity in the violet. A crystal formed in the
"hottest part of the furnece had its maximum sensit-
ivity in the extreme red, just as is true of an or-
dinary selenium cell which is, no doubt, composed
of mixed crystals.

As & result of the investigestion as to the
reasonebleness of the use of selenium cells for the
method of control, it seemed &s though their inher-
ent characteristics maede this type of control entire-
ly unsuitable. But even in view of the adverse _.
facts just reported, it is but fair to add that sel-

enium is very sensitive and that a great deasl of im-

. portant experimental work hes been accomplished
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. through its use. However, a potassium hydride
photo-electric cell has been found to be twenty-fivé
to thirty times more sensitive.

L new selenium cell was suddenly placed on the
market by the Electric Bean Grader Products Compeny
of Ithace, Michigen, and cslled the McWilliams cell.
It consists of transparent selenium spread on pure
gold wire which is in the shape of & very fine mesh.
The menufecturers claim thet this cell has no lag,
will stand the strongest light, is very sensitive,
quick acting, and reliable in action. prev;};after
gseveral ineffectusl attempts to obtein more specific
data as to their sensitivity, action, life, etc. the
matter was dropped as it seemed evident that the com-
peny did not have any accuraste data on these questions
and it waes, therefore, not worth the expense of in-
vesting in & doubtful cell that hed not been fully

tested and tried.

PHOTO-ELECTRIC CELLS.

The term,photo-electric cell, has been used in
& genersl sense to designete & large veriety of app-
srstus in which an electricesl change may be csused by
the influence of light. 3Since the first observation
mede by Hertz in 1887 on the effect of the ultra-

violet light on & spark-gap,many photo-electric de-
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vices have been described and a very large number of
substances heve been found to be photo-active.

A photo-electric cell usuaslly consists of s
glass or quartz bulb contsining two electrodes.
One electrode~the cathode-is the photo~sctive mater-~
ial end is the surface to be illuminsted. The anode
ususally consists of & loop or fine mesh of wire and
gerves as & collector of photo-electrons emitted by
the photo-active materisl.

The photo-electrons are driven across the cell
&rom cethode to anode as the result of an applied
potential and the amount of current carried by them
cen be determined by any sensitive method of messur-
ing current. 1In & cell having a very high vacuum,the
entire current is carried across the cell by the
photo-electrons. Providing the cell is properly de-
signed, the number of these photo-electrons, and
hence the photo-electric current, is directly pro-
portional to the light intensity falling upon the
cell. However,practicelly all of the photo=-electric
cells have not functioned a&s the humen eye rescts but
rether to the shorter lightwaves of the violet gnd
ultra-violet. On the other hend, the distinguishing
cheracteristics of the photo-electric cell is its

_8elective sensitivity to various wave lengths,being
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" most sensitive to the ultra-violet. Thus far it
has not been possible to modify appreciably this
inequality of sensitivity for different parts of the
spectrume.

There are & good many photo-electric cells on
the market &t present, among which are strontium,
barium, potessium, thallofide, calcium,rubidium,and
godium. Of these, the barium, potassium, and thell-
ofide only were considered as they contained either
the good or bed characteristics of each of the other
cells.

The thallofide cell made by the Case Research
Laboratory, is the most sensitive cell developed,as
far as can be lesrned. It is extremely senéitive but
has the serious drewbeck that it cen not stand & high
intensity of light and should not be exposed to any
light for a period of more than five seconds. It wag
therefore, impossible to use this type of cell for
this problem.

A potassium hydride cell, menufactured by the
general Electric Company, was next considered. The
sensitivity of potessium is incressed one hundred
times by chenging the material into & hydride. The
potessium cell would, it was found, stend up under

. constant exposure to daylight. However, it was
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.also found that it had two grave fasults. The first
was that it was not sensitive enough to act at low t
light intensities unless the current was reletively
high and this incresse in current was found to great-
ly shorten the life of & cell. The gravest fault how-
ever, was that, because of the high intensity of ill-
umination at mid-day,excessive electronic emission
was caused to such an extent that the cell would burn
up. These faults had been observed in some previous
tests of the potassium cells by the laboratory of the
General Electric Compeny, A wiring diagram for apply-
ing & potassium tube to such & use will be found in
Fig.10., Thus, it was necessary to eliminate the po-
taessium cell from the consideration of the problem.

The last photo-electric cell considered was
the barium cell-glso manufsctured by the Case Research

L'sboratory. This cell is less sensitive than either
the thallofide or potassium cells, but will stand up
under continuous daylight and will not burn up under
the high intensity of illumination at mid-day.
Because this cell is the most applicaeble to the pro-
blem, a description of its construction and operation
will be given.

The cell is msde of hard glass in the form of

& tubular bulb, about two inches in dismeter and five
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end one-half inches long &s shown in Fig.ll. The
negative electrode consists of & film of sluminum
deposited by evaporation on sbout a third of the
inner surface of the glass bulb. 7The positive elec-
trode consists of & loop of twisted platinum ribbon,
coated with an oxide of barium,in the a&xis of the
tube. During the process of msnufacture, the oxide
of barium is reduced and & very thin layer of photo-
ective materiasl is deposited upon the negaetive elec-
trode, and also to & lesser degree upon the inner sur
face of the glass bulb. The cell has & very high vac
uum and will retein its sensitivity for yesrs.

Mr.Cese cleims that the photo-electric asction
of the cell is due to pure electron emission and is
consequently practicelly instantaneous in response to
the light stimulus. The photo-electric current in-
creases with the epplied voltage up to sbout 200 volt
at which point saturastion is reached. Above this
voltege, the photo-electric current is independent
of the voltage and is directly proportionsl to the
intengity of the light incident upon it, In aversage
sunlight, the photo-electric current is about 300
microamperes. The temperature effect is small at
ordinsry temperatures, being less than 2 % for &

-temperature range from 0° to 100° m,
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The photo-electric properties of the barium
cell have been investigated by Coblentz and the re-
sults of his study are shown in the curves of Fig.
12. The response of the cell to light of different
weve lengths is seen in curve B. It will be noted
that the cell is active throughout the visible spec-
trum with & meximum in the blue violet. 1In order to
use this cell for the purpose of recording visible
illumination, it is necessary that it should respond
to 1light of different wave lengths in approximetely
the same manner as does the human eye; in other
words, that its response should follow the visibil-
ity curve. In Fig. 12, the curve D is the visibil-
ity curve of the average eye. To cut out some of
the sction in the blue violet region, meking the
curve of response of the cell correspond to the vis-
ibility curve, a light filter mede of brownish
yellow glass is plsced over the cell. The spectro
photo-electrical reaction of the cell, when covered
by such a filter, shown by the dotted curve in Fig.l2
indicates that its response to light of different
wave lengths agrees very closely with the visibility
curve.

3ince this cell is to be operated by the hor-

_izontel component of the illumination, it is necess-
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ery,according to Cese, to use in comnnection with the
cell & further device so that the cell will obey the
@osine  law of reflection. This is necessitated by
the fact that some of the photo-active materisl is de~
posited not only on the saluminum plete within the
tube, but also upon the inner surface of the gless it-
gelf. In order to correct for this error, & boat-
shgped metel shield, shown surrounding the tube in
FPig.13, has been designed. 1In Fig.l4, teken from
Bulletin #6 of the Case Research Laboratory, is shown
the response of the cell, with and without the shield
to & moving source of light. The cosine . curve has
been plotted in this figure and it will be seen that,
when the shield is used, the curve of response agrees
more or less closely with the c¢osine curve.

This type of cell appeared to have exactly the
qualities desired except that of sensitivity. Unfort-
unately, the light intensity, at the time when the
cell should operste, was not safficient to cause
enough electroms to be emitted to sllow sufficient
current to flow to even operste & sensitive relaye.
There was but one solution to this-it was necessary
to step up the photo-electric current.

After corresponding with the Case Laboratory,

it was learned thet such & circuit as shown in pig.1b
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would give & working current of three milli-amperes
for & light intensity of five foot candles, when the
barium cell had no filter. Naturally, another stage
of amplification would mske the entire arrangement
even more sensitive while using the filter would cut
down the sensitivity, somewhst.

This arrangement would undoubtedly give good
results and come very close to the ends sought.
However, it has the one big disadvantage of not being
capable of being set on top of & light pole and left
for some time wdthout need of repair or sdjustment.
Such an srrangement is more suitable for the Labor-
atory then for the field because of its numerous
connections and batteries snd beceuse it would need
constant attention to see that the batteries and
emplifying tubes were in good condition. The cost
of one cell, alone, is prohibitive though it is
understood, on good authority, that this cost could
be brought down to & very reassonsble amount if cells
were to be menufactured on a production hasis.

gome consideration was given to using a '
barium cell in conjunction with & Leeds & Northrup
potentiometer as in Dr.Ive's set-up. Then, instead
of operating a pen, some type of & contact srrange-

.ment could be rigged up. This,however, was given
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up because of the high cost attached, complicated
epparatus, and frequent settings necessary.

It was decided, therefore, that the barium
cell and, for that matter no known type of photo-
electric cell was capable of being used to solve the
problem.

There was one more opportunity given slong
this line from the announcement that Dr.Zworykin of
the research department of the Westinghouse Electric
and Manufecturing Compeny hsd developed & new type of
ph oto-electric cell. From the mesager description
obtained, it had four electrodes, two of which were
assumed to be for emplificetion purposes . Inform-
etion was requested concerning the characteristics of

the tube but none was obteinsable at this date.
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- THERMOSTATIC METHOD

Two sun relsys were secured from the Amer-
ican Gas Accumulator Company and installed. One was
pleced in an excellent position on the top of build~
ing #40 at the plant of the General Electric Company
at west Lynn,Massachusetts. This relasy was placed in
the most optomistic position possible on the top of a
building sbout sixty feet high where no shadows could
fell on it and where it could absorb the earliest
light reys in the morning and the last beams of light
in the evening. The other relay was placed in & de~
cidedly pessimistic position on top of 40-G~ & one
story building adjoining #40. Here it received di-
rect sunlight for less than half the day as it was
gset four feet nottheast of building #40 which shad-
owed it for the second hald of each day. Both relays
were set upon and secured to boxes at & distance of
two feet from the roof. fThe pessimisticaelly located
relsy will be considered ss valve #2 while the optim-
isticelly pleced relsy will be considered as valve #3.

velve #2 had & very simple set of connect-
ions (Pig.16-8) and its resdings were secured by
watching the small tell-tale lemp. This could be done
to & fair degree of accuracy as there was always some

one working in the small room where the light was
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located. The comnnections for valve 3 were slightly
more complicated (see Fig.l6-b and c¢) as & recording
voltmeter, and later & recording ammeter, was used to
record the time of meking end bresking the circuit.
It was deemed thet valve #3 was located in a position
more 8imilar to that of actual conditions than was
valve #2 and so more care waes taken with its resdings.

The energy for the primesry side of each cir-
cuit was furnished by dry cells-varying from two to
four in number and never giving & voltage of more than
four and & half volts. Any change in the amount of
primary energy csused no epprecisgble difference in
the operation of the sun relsy. Valve +% was first
connected with & recording voltmeter in the circuit
to accurately record the times of operstion but,
after severel weeks of operation, it was found nec-
essary to have this instrument thoroughly overhaul-
ed. As there wgs no other recording voltmeteyévail-
able, it was necessary to use & ten ampere recording
ammeter in series with & 500 watt lamp in the circuit
The light was for the purpose of causing sufficient
load to give enough current to gllow a good reeding
to be made by the recording instrument. The sec-
ondary energy was obtsined from the 220 volt shop

line and was stepped down by an suto-transformer.
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The voltage used varied from 85 to 115 volts &t diff-
erent times but as nothing depends upon the voltage
the definite velues at any one time will not be given.
However, it wes found thaet the current drawn by the
500 watt lamp was excessive as it caused & great desl
of trouble in the telegraphic relay-once burning up
the contects completely. This was csused by the con-
tacts opening end causing en arc which would form &
rough spot. Then, when the contacts closed again,
they would not fit snugly to each othet and another
arc would be formed roughening the contact surfece
8till more. fThis effect was cumulstive and it was
finally necessary to rebuild the telegraphic relay
and put in tungsten contacts which have given good
service. To partially eliminate this, the 500 watt
lamp was replaced by a 300 watt lamp. The relay used
was an ordinary telegraphic relay having & resistance
of 175 ohms. It was opersted by having two like coils
energized when the primery circuit was closed, which
attracted an armature, opersting a lever arm which
closed the secondary circuit. The first telegraphic
relgy was thought to have a weak adjustment spring so
another relay of the same type having & resistance of

20 ohms was obtained.

This outfit was tested in 8ll conditions of
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weather except that of the hot summer months but
there is no doubt but what resdings over such & per-
iod would averasge up to the same result as those ob-~
tained. It can not be said, however, that the resad-
ings obtained were entirely consecutive as this was
not exactly the case. There were seversl kinds of
deleys caused which prevented readings from being
recorded. Among these delays was that of the relsy
burning up, the paper jamming in the recording volt-
meter, the telegraph relsy sticking, various weaits
for new apparatus, etc.-all of which at various
times caused a great deal of trouble.

The results obtained and a discussion of
them will be given in & later part of the paper.

In trying to develop some thermostatic
me thod of controlling & circuit by means of light
intensity, it was self evident that some sort of a
raediometer would be necessary. It was reslized,of
course, that radiometers, as & whole, are much less
sensitive to light than & photo-slectric or selenium
cell but, due to the drawbacks end limitations of
these two types, it was hoped that some suitable
mesns of control could be evolved. If & radiometer
type of control was to be developed, there were three

methods of attack; namely by the exXpansion and con- .
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traction of gases, liquids, or solids.

Before anything definite was done along thesé
lines, however, it was decided that a little knowledge
about the radiant energy during either the early or
later part of the dey should be known. To this end,
after a study of the various methods, used by the
United States Weather Bureau to measure temperatures,
was made, an apparatus was made up and located on the
top of building #40. 1This apparatus (see Fig 17) con-
gisted of a moving picture bulb with & hole blown in
the center and which wes peinted & dull lusterless
black with a thin costing of lacquer. A rubber cork
wes inserted in the hole while a 100° Centigrede ther-
mome ter was insetted into the bulb through & hole in
the cork. This wes &ll air tight so that there could
be no leskage of air in or out of the bulb. A square
tin tube, twelve inches long, was pleced as shown and
painted on the outside with a light aluminum paint.
The inside of the tube was left with its originsl dull
finish. Another 100° gentigrsde thermometer was sus-
pended in this tube so that no direct sunlight could
reach it. The blackened bulb would pick up radiant
energy end transmit it into heat, causing the temper-
eture of the air in the bulb to give & reading higher
then the true temperature. The tube with its light -



Radient Temperature Qutfit

Fig. 17
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paint would reflect the radiant energy end in turn
cause a current of air to pass upwards through the
tube, thus csusing the thermometer: therein to record
the true temperature of the sir. ™The difference be-
tween the two temperature resdings- the thermometers
being calibrgted-would then give the rasdiant heat that
could be expected at that time. A curve showing the
results of this test is shown in Fig.1l8 &nd is maede up
of the average readings of ten different days during
the last part of QOctober and the first part of Novemw
ber. Prom this curve, it is seen that about one tenth
of a degree Centigrede of rsdisnt heat is available at
sunset ant that very little radisnt energy is present
efter sunset.

Simultaneously with these readings, a test was
made of the foot cendle intensity of the day light for
& period of at least hslf an hour before sunset until
after sunset. A curve showing the aversge for ten
different days is shown in pig,.19, which gives the
light intensity at sunset as thirty-two foot candles.

Knowing then that the amount of radiant energy
gt sunset or theresfter is very low, it became necess-

ary, in devising eny rediometer, to work it out

theoretically so that no unnecessary time would be
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lost in experimenting with dimensions that would not
give action.
GAS RADIOMETER .

Working along this line, & radiometer,opera~-

ing on the principle of expansion of gases, was de-
vised. It consists of two moving picture bulbs con-
nected by a smell glass tube as shown in Fig.20. One
bulb is shaded with & cardboard box so that no light
can fall npon it. The box is carefully vented so
thet eir may circulate freely and therefore the tem-
perature, and the pressure resulting therefrom, will
be the brue tempersture snd pressure of the sir.

The other bulb, being completely coated with a thin
layer of dull black lacquer, will pick up redient
energy from the light and, in sddition to the true
air temperature, will have an increasse in tempersture
proportionel to the amount of rsdiant energ& eabsorbed.
This extre heeting, then, will cause an inequelity of
pressures in the two bulbs and if a slug of mercury
were in the connecting tube, sealing each bulb from
the other, it would be moved until the inequsglity of
the pressures would be overcome. This then, is the
principle upon which experimentation was hased with

the hope of devising an effective sun valve.
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when figured out theoretically, so that
limits could be decided upon, the following was the
result. The volume of each bulb was approximately

equal to 34 cubic inches; it was slightly more then

this but the error is small and will give only & pess-

imistic answer. Then, & change of a° ¢ at & temper-
ature of 15° ¢ will be used &s & basis on which to

work. It is assumed thet a movement of one helf an
inch of the mercury will be sufficient to allow for
any variation due to & rise in the externsl temper-

ature.

Absolute tempersture= 273 + 15 288

34 = 288
RAN ZEB.1
Vy = 19795.4 - 34.012
288

or the volume in the blackened tube is incressed by
.012 cubic inches.
The largest working dismeter of the comnec-

ting tube will be found as follows:

012 = 1,00 A - .012- @&rea of tube
— £ ut

by
2
R - 0012 - 00%
t %1416 ° 028
R = .0616"
t

Thus the msximum inside dismeter of the tube= ,1232n
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or approximetely 1 ".
8

This shows that, theoretically, any tube less
then en eighth of an inch inside diameter should give
good results.

XKnowing these limitations, & set was made up
as shown in Fig. 20 8. This proved thet the device
was capeble of giving motion to a slug of mercury.

In order to determine whet shspe would be best for

the glass connection tube, shapes as shown in Fig.20 b
and 20 ¢ were also made up. It was decided that the
shaepe in Pig. 20 ¢ was the best and so another wsas
prepared heving two tungsten cdntact points sesled
into the gless &s shown.

The ides of this wes thet, if & slug of mercury
was located so that it would just touch each tip of
the tungsten point, a complete electricsl circuit
would be aveilable. Then, when an inequsality of press-
ufe existed, the mercury would be driven away from
one of the contact points and the circuit would be
broken.

This wes tried out for some time but it gave
very eccentric readings. The greatest drawback was
the extremely hard proposition of getting the slug of

mercury accurately loceted so thet it would just touch
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each contact point. Because of this inherent diff-
iculty, this form was given up and enother type de-
vised which worked on the same genersl principles.

The form of the new device is shown in Figs.
21 and 22, It again consisted of two bulbs of the
same size &s before, with one shesded and one blsck-
ened. However, the connecting tube was quite diff-
erent in shspe. The principle of expansion is still
ugsed but this time, instead of moving & slug of mer-
cury from & contact, the pregsure forces the mercury
down until it bresks over the sharp point, thus
bresking the electricel circuit. The end of the -
tube connected to the shaded bulb was much larger in
diemeter then the rest of the tube in order to gainpg
slight mechsnicel sdventage when the mercury weas
forced up into it. The whole outfit was mounted on
& hinged board, as shown, so that it could be piv-
oted and thus regulate the heighth of mercury over
the point. Doing this salso gllows one to adjust the
sensitivity of the outfit, for neturally a high col-
umn of mercury in the tube will require more press-
ure, egnd therefore & higher differential temperature
than a short column of mercury to force it down
enough to break the circuit,

L great deal of difficulty was encountered .



Final Gas Radiometer

Fig., 21



Vo
/

EREAKING POINT /

_TUNGSTEN WIRES

FINAL GAS RADIOMETER TUBE

Fig. 22



_41 -

.with this outfit. mThe biggest problem was that of'
overcoming air lesks, While this could be done sat-
isfactorily for s permenent set-up, it wes rather
difficult to get any flexible arrangement that
could be essily changed and still meke & good sesl.
The method used, which gave varying results depend-
ent upon the care taken in meking the seels, consis-
ted of rubber tubing with en inside diameter slight-
ly smeller than the outside diameter of the glass
tubing. This gave & good close fit which wes in-
cressed by several tight turns of wire near esch
end of the rubber tubing. A thick heavy gresse was
apprlied over the rubber tubing and around the ends
which helped gresatly in lessening any leekege.
This seal gave good results when properly applied.

The entire outfit wes necessarily s tem-
porary one as changes were constantly being msde
in it. The box covering the tube was made of hesvy
cardboerd snd could not, of course, withstand e
heavy rasin. As it was, several new boxes hsd to be
mede. The glass tubes being of a small diameter,
were very brittle and & stréong wind could break
themy this occurred several times. In fact, the out-
fit that has been working most satisfactorily wsas

-destroyed by one heavy storm~ only & few small
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.pieces of glass remsining.

Because of this frailty, and the fact that tﬁe
weather wags so continuously baed during the past few
months, no consecutive readings of any value have
been secured. Readings have been secured, it is true,
but they have been only valuable as a means of sett~
ing the apparatus for its most sensitive point. How-
ever, the outfit does work and is quite sensitive.

At middey, on a bright clear day, & blanket was held
between the black bulb and the sun, causing the mer-
cury to immedistely move three quarters of an inch.
This proves that its action is positive and immed-~-
igte. The results obtained from this type of rasdio~
meter will be discussed later in the paper.

LIQUID RADIOMETER.

An outfit using the expansion of & liquid as
the prime mover in the sction: to control a circuit
was also tried. This arrangement was given up,how-
ever, because of the difficulties met with in sett-
ing and controlling & liquid.

The outfit, as shown in Fig.23, consisted of
two bulbs filled with mercury and commnected to each
other by & glass tube containing a slug of mercury.
One bulb is black end the other covered as before.

.The expansion of mercury in the blackened bulb will -
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.cause &n inequsality of pressure on the mercury slugr
and move it awsy from the tungsten contact. The
theoretical principle is the same sas in the ges ex-
pansion arrangement.

The daylight recorder used by the United
states Weather Bureau operastes on the same principle
es has been worked out here except that it does not
compensete for temperature changes. An arrangement
using this principle could perhaps be arranged.but
it seems &s though it would be & very complicated

set-up and so no further thought was given to it.

METAL THERIMOSTATS

Knowing that some metals and substances have
g high coefficient of expansion, it was thought that
some arrangement could perhaps be developed so that
this sdventage could be utilized.

To this end, two aluminum rods-one half inch
in dismeter-were arranged &s in Frig.<4. One end of
each rod was securely fastened to & base while the
other ends were joined by & thin, stiff strip of
copper-.016" thick-which also had & long copper poin-
ter in the same piece of masterisl. One rod was black-
ened with & thin coating of & dull black lacquer and

the other was shaded by & hollow tube. The blackened
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-rod was supposed to expand to & grester length and '
impart s movement to the copper strip which in turn
would give &n increased movement &t the end of the
pointer where some sort of & spring contact could be
arranged. This outfit, however, failed to give any
eppreciable motion.

Following this, an arrangement was thought of
whereby two &luminum strips, riveted or soldered to-
gether, would form a helix gbout & light steel shaft
a8 shown in rig.2b. One end of the combined strip . -
was to be fastened securely to some rigid base and
the other end secured to the rod, which was pointed
and resting in pivot bearings. Then, if one strip
of the combined strip was painted black and the
other polished, the black one would tend to extend
over & greater length and ceuse & twisting motion to
the steel rod. This motion would be increased by s
small arm extending out at right angles to the rod
and heving the contact point et its end.

However, before this ides was put into practice
another scheme along the same line was worked out.
It consisted of two helices, one inside of the other,
and wound in opposite directions, of thin aluminum
8trips~-.085" in thickness, .5" in width, and 24" in

- length. Each helix was to heve one end fastened to-
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.some immovable part while the other ends were conn-
ected to an arm coming out from & steel sheft sim-
ilar to the one in Fig. 26. This arm was to be ex-
tended out to bear sgeinst & copper pointer. This
pointer was six inches long and the lever ratio of
the point of contect to the point of bearing was
eight to one. 0One strip was to be polished and one
blackened with the latter expending to & greater len-
gth on picking up rediant energy. This would cause
motion of the sheft e&rm, which, in turn, would im-
pert motion to the pointer end the original motion
magnified.

such an arrangement was made up but feiled
to operate at 8ll satisfactorily. The mein trouble
wes probably due to the fect that instead of im-~
parving its motion due to an increase of length to
the shaft erm, it merely increased the radius of the
helix. 1In other words, the motion was in & radial
rather than an axial direction. There wgs some con-
gsideration of plecing this in & large glass tube so
that the outer helix would bear sgeinst the glass
end thus prevent this axisl motion. This idea, how-
ever, was discarded as it would still allow the inner

helix 40 have & rasdisl motion and the friction he~
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.tween the metal and the glass would probably be too
greet to allow eny motion of the srm. The same dis-
adventege was inherent in both the spiral forms and
S0 both were discarded.

The next attempt was in the use of a thermo-
static bi-metel. A simple outfit was mede up con-
gisting of two bi-metel strips as shown in Frig. 26.
These strips were home made out of steel and dur-~
glumin riveted together. One duralumin snd one
steel strip were blackened and the others polished
and then assembled as shown. Ior temperature in-
creases, both strips will bend to the right be-
cause of the duralumin. buralumin, having a great-
er coefficient of expansion than steel, would tend
to lenghten more than the steel and force ihe latter
to bend. However, when the blackened sides pick up
redient energy, they will tend to increase more in
length then thet due to temperature. This, then,
would cause the right hand strip to bend more to the
right as the duralumin agein increases its length.
The left hend strip will have & motion to the left
due to the steel increasing its length snd over-
coming some of the bend caused by the durelumin.

These two motions, in opposite directions, would
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.therefore tend to opem up the circuit made by the
contact screw on the contact disc. 'This arrange-
ment worked after a fashion, with & small tell-
tale lamp and dry cell in series with it to indi-
cate its sction. However, due to the crudeness
of the bi-metal and the very little theoretical
motion possible, it was given up. Later, another
bi-metal relay was developed which seemed a&s though
it had good possibilities. This is shown in
FPigs. 27, 28, and 29. The function of the relsy
is to operate when affected by radiant energy from
any source, such as the sun, and at the same time
compensate for temperature differences. The relsy
consists of four thermostatic bi-metal strips which
are rigidly fastened to & base. At the top of these
gtrips is fastened & lever arm which will be rigidly
connected to bsrs 1 and 2 and hasve & sliding conn-
action to bars & and 4. This letter connection
should permit motion to the lever arm, &s regards
these strips, in a plane perallel to the face of
strips 4 and 4 but not normal to them.

Then, under any changes of temperatures, the
bi-metel strips will all bend in the same direction,
as shown by the full arrows, as a result of the bi-

' metsl action. Now, if the brass section of strips
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.2 and 3 and the steel section of strips 1 and 4 be
blacked and the remeining sections be highly pol-
ished, the blackened sections will pick up more
radient energy from the energy source and cause &
motion as shown by the dotted arrows. This means
thet, for an incresse in temperature, strips 2 and
3 will have motion due to both temperasture and rasd-
iant energy, while the other strips will have &
smaller motion because of the bucking effect. Then,
considering strips 1 and 4 as fulcrums, it will be
seen that a lever action is the result, the ratio
depending upon the distance between the centers of
the strips to the distance between the fulcrum
point and the contact point. Strips 2 and 4 are
mounted upon & small base which can be moved about
& pivot by means of & regulating screw. By this
meens, the distance between the contact points can
be regulated.

the sensitivity of the relsy can be incressed
by either increasing the length or decreasing the
thickness of the bi-metal strips, by increasing the
lever ratio by lessening the distance between the
centers of the strips or increasing the length of
the lever arm, or by decreassing the distance be-

tween the contact points. If the length is tripled
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and everything else held the same for the kind of
bi-metal used, the deflection will be increased to
nine times its originsl value. If the length is
held constant and the thickness tripled the deflec-
tion will be reduced to one third of its originsl
value.

This device seemed to be very practicable
and, meeting with the approval of pProfessor Elihu
Thomson, a patent was applied for, subject to the
petent agreement with the General Electric Company.

One set was made up using strips of WwWilco
Thermostatic metal- 040" in thickness, .5" in
width, and 6" in length. 7This metsl was secured
from the H.A.Wilson Company of Newark, New Jersey,
The lever arms were Six inches long and the centers
of the strips were three quarters of an inch apart,
giving a lever ratio of eight to one. From curves
obteined from the Wwilson Company, & strip of their
bi-metal, 6" x 3" x .040", would have a deflection
of .,013b" for g .ZOF change in temperature. 1t was
considered that .1°C was approximetely equal to
.2°F; the .1% being previously found to be the rad-
ient temperature at sunset. This deflection, when

multiplied by the ratio of the lever arm and agsin
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multiplied by two for each set of levers, would give
& motion at the contact points of .208 inches. 7o ‘
meke this outfit more sensitive, it is only necess-
ary to lessen the distance between the contact points
to less than this amount by mesns of the adjustment
gcrew. Though it is reslized that the lever ratio
for the lower strip, as shown in Fig.27, is not as
high as thet of the upper, it is considered to be
the same since no gttention was peid to the deflec-
tion due to the steel sides straightening out. fhe
answer obtained is then a pessimistic one and slight-
ly better results can be expected.

Before this outfit had been really tested, a
change was decided upon; that the two strips of bi-
metal for each lever should not be close together
but spread apart as shown in rig.30. The reasson for
this change was due to the thought that one set of
strips would shadow the other. 7This time the strips
were .020" in thickness, .5" in width, and 7.5" in
length- the idee being to make as sensitive a relay
es possible with the materisl at hend. This outfit
gave & deflection of .674" for a change in temper-
ature of .2%, 1phe paint for the blackened strips

was the same dull blsck lacquer as used befors,



Fig. 30

Modified Bi-metal Relay

Pig. 31
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while the polishing was done on a buffing wheel. The
polished sides were afterwerd coated with & thin
white lacquer to preserve their polish.
The results obtained from this relsy will Dbe
discussed among the finel results.

GECO RESISTORS

Acting slong the lines of the discovery of Mr.
F.A.Swan, it was decided to try out some arrengement
whereby the change in resistance of a substance due
to the light felling upon it might be used to sdven-
tage. o this end, an outfit wes assembled &s shown
in rig. 32. To determine any change, if there were
any, & DH-5 mid-scele differentisl voltmeter was used
in & circuit with two Geco resistors. The voltmeter
had been fixed so thet a full scale deflection was
given for .005 amperes, meking it very sensitive.
.The resistors were made up of 66 inches of iron-
wire-4.7 mils in dismeter. Their form is similar
to the moving picture lamps previously described
except thet the iron wire is run lengthwise through
the bulb in place of the filament. The resistor
was used for this experiment as it was availgble
while such & tube with tungsten wiré,would have

taken weeks to secure. It wes also considered that
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with such a high degree of sensitivity an idesa, at
least, of how such an arrangement would act could
be geained. Then, if it showed promise, & differ-
entielly wound relay could be substituted for the
voltmeter. The fixed two thousand ohm resistsnces
consisted of two wire resistance tubes.

After the areangement had been accurately
balanced so that the voltmeter read zero, both hands
were clasped around one bulb sand held there for ten
minutes. There was no deflection of the voltmeter.
The same thing was tried sgain. There was still no
deflection. Such an srrangement wes therefore con-
sidered to have no vlaue, &s the heat from the hends
was undoubtedly gresater than thet which would be
received from rediant energy at sunrise and sunset
and even that caused no deflection in an extremely
sensitive instrument.

THERMOCOUPLES
Oon the advice of Dr.wW.W.Coblentz of the United

States Bureau of Standerds, no effort was masde to

develop any scheme in which thermocouples were used.
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RESULTS OF TESTS.

The results obtained from the tests on the
American Gas Accumulator sun releys have been work-
ed out and tabulated as follows;

SUN RELAY #3

Avereggge time-of lag after Sunris@seescecessl hr.4.5 min.

Based on 110 sctuel resdings
Aversge time of lesd before sunseteececeesss50.4 min.
Based on 105 actusl readings
Totel waste time per day(sunrise to sunset)l hr.50.9 min.
Total waste time per day on street lighting contract-
2 hr. 50.9 min.
Total waste time per year on street lighting con-
tracteecececccecccccsccccscccoscsscessssl062.8b hrs

= 26.57%

The best sunrise reasding was 9 minutes before
sunrise. A lesding sunrise reading was obtained
twice. The best sunset resding was 6 minutes after
sunset. A lagging sunset resding was obtained twice
with one reading exactly at the time of sunset. These
readings all occu@?d under exceptionelly bright
clear conditions.

Phe worst sunrise reading wgs & hours 51 min-

utes late.
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The worst sunset reading was 4 hours 5 min-

utes early.

The sun relay failed to operate st all on four
stormy dsys.
SUN RELAY #2

Average time of lag after sunrisessee..l hr.2.3 min.

Based on 77 sctuel reedings
Aversge time of lesd before sunset.....l hr.26.7 min
Based on 57 actusl resdings

The results obtained from this test were some-
what as expected. The average time of lag after sun-~
rise, for both the optomisticelly placed and the pess-
imistically placed sun relays, checked very closely-
better in fact, than one might expect. The reason for
this was that both were directly in the path of the
morning light and therefore should be acted upon in
the seme mammer. The evening readings, however,
show that relay #2 operated on sn average of thirty~
8ix minutes before relsy #3. This sgain was to be
expected as relsy #2 was in very poor position to
receive the late afternoon light and, therefore,
necessarily would close the circuit shead of the
better locsted relay. This proves then that & loc-

ation with an unobstructed horizon is vitelly nec-
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.essary to the most efficient operation. Although
there were several resdings before sunrise and after
sunset, it is seen that they sre the exception rather
than the rule and therefore should not be seriously
congidered. These results, when communiceted to the
chief engineer of the American Gas Accumulator Com-
peny checked very closely with their confidentisl
test results so that an sccurate and satisfactory
test can be considered to have been made.

It is &t once clesrly evident that the American
Gas Accumulastor sun relay is entirely unsuitable for
use in controlling street lights. ithile it is true
that it functions in 8ll sorts and conditions of tem-
perature and weather, it does not give sensitive
enough control and therefore is useless. Street
lighting contracts, bessed on four thousesnd opersting
hours & year, have heen in force for years and any
operation of lights over this period is a direct &nd
distinet loss to the lighting company unless the
contract could be changed, which is practically im-
possible. NoO city or town will pay for light when
it is not necessary. BResides all this, it would
be a great economic waste which this generation is
trying to eliminate &s much as possible. Any adven-

téges, then thet might accrue from multiple wiring,
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elimination of power stetion equipment, etc. would
gsoon be lost through the generation of unnecessary
power due to the inexsct control of the lighting cir-
cuits.

Phere is one statement made by the American
Gas Accumulator Compeny which was not borne out by
these tests, however. The company claims that the
sun relay will accurately compensate for changes in
temperature. This was not found to be true. The
critical point is the position at which the two
contacts just touch each other enough to mske an
electrical circuit. Therefore, if the relsy saccmr-
ately compensated for changes in temperature, the
setting for the criticel point would remain the
same under gll conditions. This was not found to
be the case. On October 14, the critical point weas
found to be at 235° with & tempersture of about 70%g,
On December 23, when it was found that the sun re-
ley was not working well, the criticel point wes re-
located and found to be at 150° with & temperature
of 20°F. on Pebruary 6, though the sun relasy was
still operating properly the critical point wes agein

relocated and found to be &t 220° with a temperature

of 44°%¢, r1he relay, in each case, was hooded for at
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least twelve hours previous to the setting. The crip-
ical point was found by the voltmeter method and was
the mean of at lesst ten readings teken in a slow,
accurate manner according to instructions. The finsal
gsetting, each time, was 15° from the critical point
and better operation was at once noticeable.

This variation in the location of the criticsal
point was without a doubt, due to the varistion in
the tempersture during the different sessons of the
pear. NMr.0estnees, chief engineer of the Americen
Gas Accumulator Compeny,waes notified of the variation
and it is understood that he is now working towsrds
an elimination of this fault. The variation is un-
doubtedly due to the difference in cross-section ares
of the cylinder and & rod.

It wes found that the eversge light intensity
at sunset for ten different readings was thirty-two
foot cendles and thet the average light intensity, fo
the times that the relay operated‘during the days
thet this record was kept, was two hundred and ten
foot candles. The curve showing this is given in
Fig.19.

No definite results, from which to draw acc~-

urate conclusions, have as yet been obtained from the

[
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ges rediometer. The device has heen in operation
snd is giving resdings each day. These readings
have been, however, for the purpose of resetting the
outfit so that it will give & more sensitive reading.
It was not possible to give as carsful attention to
this ot the bi-metel set as their supervision was, by
necessity, more or less erratic. Also, because of
the temporary frailty of the set, it was slways se-
curely covered and fastened down whenever there was a
storm snd, with the prevelent spring rains, this was
quite & common occurrence. All this necesserily meamt
that the test progressed much slower than desired and,
et the writing of this paper, it is still in the ex-
perimental stage. However, it has been giving good'
resdings, especially in the evening when the readings:
we1ll after sunset have not been at all uncommon. This,
gorry to say, does not hold good for sunrise &s there
has been average lag of sbout an hour up to the
present time . This lag has possibilities of being
corrected, though. There is some doubt as to whether
the device will operate the same in the winter as in
the summer due to the contraction and expansion of
the mercury. This will have to be worked out in case

the test is carried: any further.
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The finael bi-metal outfit was instelled on the
roof of building #40., It was found to be extremely
gensitive to vibraetions of any kind and so, to off-
set this, it was placed on top of & felt pad-1" in
thickness- and covered over with a large glass globe.
It functioned and gave fairly good results. AS &
proof of its sensitivity, & shadow wes cast on it, one
dey at noon, casusing it to move to close its circuit
at onca. However, its extreme sensitivity to vibrations
mede it necessery to disconnect it as its continusl
opening end closing the circuit, when the contacts
were close together, was very hard on the relsy,
tending to burn it up. Time was not given to build
en outfit which would not be so sensitive to external
#actors, and still would function well. The arrange-
ment has good possibilitié&s, though, end would un-
doubtedly give good results if & happy medium in its

dimensions could be found.
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Conelusion

For the ressons advanced within the report, it is evident
that neither the selenium and photo-electric 2ells nor the
sun relay are apnlicsble to the solving of the problem, TXor
aan the other thermogtetiz methods developed, save perhaps the
gas radiometer and bi-metsl arrangements, be used as an accu-
rste solution, These latter two methods have shown g00d pos-
sibilities and seem worthy of having a longer and more
thorough test spplied to them.

Gonsidering sutomatic operation of street lights in its
entirety, outside of just control by means of solar radi-
ation, there are two other methods by which & remote control
can be effected; nsrely, by clock mechanisms or by wired
wireless operating a selective relay. Of these, it appears
thet the wired wireless contrcl would be the superior, A
resume of sn actusl wired wireless atterpt at control will
be found in the appendix,.

It is therefore recommended that, in spite of the pos-
aibilities offered in the gas rediometer and bi-mefal out-
fits, any further reseasrch into this problem should be
conducted along the lines indicated by the wired wireless
experirents., It appears that experimentation in that
direction will be much more conducive to successful attain-

ment than research glong other lines.,
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WIRED WIRELESS STREET LIGHTING INSTALLATION BETWEEN

LYNN AND NAHART
the remote control of distant lighting circuits or

individusl lamps by meens of carrier current consists
of superimposing on & line, alternating current of a
predetermined frequency. This current is drsined off
et the desired point, by utilizing circuits, selective
to the impressed carrier frequency. Obviously the
power 8o taken cean be employed in operating a device
which is also responsive to the carrier frequency.

The decided sdvantage of this system lies in the
fact that the existing power lines can be used as the
conductor for the carrier current. In sddition sev-
eral relays widely located on the system can be oper-
eted at the will of the station attendent. It is slseo
possible to provide for operating any one of a number
of relays without asctuating other relsys on the same
system.

An actual demonstration was provided by the
General Electrie compahy uging the system of the Lynn
Gas & Electric Compeany.

In the generating station of the Lynn Ges & Elec~
tric Company at Lynn, a high frequency generator,
consisting of a low power three-element vacuum tube

and its sssociated circuits was used to convert power
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from the 110 volt 60 cycle lighting circuit into
power at the carrier frequency.

the output of this generator was then super-
imposed on the 4400 volt three phase grounded neutral,
house-lighting feeder circuit. That section of the
feeder circuit between the g;nerating station and the
remote point consists of three miles of serisl line
and one mile of underground cable, meking & total of
four miles.

fhe demonstration was so arranged that either
of two circuits could be controlled. One of these,
the L.ittle Nahent section of the D.C.street lighting
loop, consists of 18 incandescent and two src lemps.
The other loed comprised two 1000 weatt searchlights,
two 500 watt floodlights and one pendent lantern.

The control of these losds is asccomplished at
the Central Station as follows:-

A frequency selecting switch is moved to that
position corresponding to the operation it is desired
to perform. It is only necessary for the operator to
push a butfon which causes the relasy to funetion. It
should be noted that the high frequency genersator is
in operstion only when the button is depressed. This
sequence of operastion applies to either connecting or

disconnecting the distent street lighting load.
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