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ELECTRIC ELEVATORS, WITH DETAILED DESCRIP-
TION OF SPECIAL TYPES. '

BY FRANK J. SPRAGUE.

There lias been so much written on the subject of electric
elevators which is pertinent to the subject, that in presenting
this paper I shall make free compilation from others, and, sup-
plementing these extracts with some new matter, I shall by
lantern views illustrate some details of the more recent machines,
their methods of manufacture, and some steps in their develop-
ment.

The time has passed when any one can doubt that one of the
most important applications of the electric transinission of power,
and one in the numnber and variety of its applications already
rivaling the electric railway work which has made such marvelous
strides in the past eight years, is that of the operation of all classes
of hoisting machinery.

Some idea of the extent of the present elevator business may
be gathered from the fact that in New York City alone there are
not less than 5,000 elevators of various kinds, more, in fact, than
there are street cars, and more people are carried vertically than
there are horizontally.

Ignoring for the moment the specific methods of application,
and discounting the difficulties naturally met in developing ma-
chines to do the duty required in modern office work, not alone
the technical difficulties, but those commercial ones naturally met
when a new company enters the lists with untried machines
against the entrenched forces of existing industries, there was
still much of encouragement to be derived from a backward
glance at the industrial changes wrought in the last few years,
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and to all objections raised_there came the natural queries: Is the
elevator field, great as it already is, limited to the possible applica-
tion of a water or steam motor? Is there no wider, no more
universal application of power for this claes of service than has
hitherto been presented? Is the hydraulic elevator the one
bulwark to stand up against the assaults of the electric giantt
Does it present such fixity of design, unity of purpose, refine-
ment of processes, economy of operation and freedom from acei-
dents as to preclude improvement if using some other power ?

Let us look at the record in other fields and ask: Why
has the trolley system, born only eight years ago, driven
the horse from the street? It involves great initial ex-
pense, the conversion, distribution and reconversion of
energy. It faced all the powers of conservatism, ridicule and
fear. It had to combat the allied forces of the Bell telephone
interests tested by court action in over twenty States. It had
the opposition of the strongest’municipal and corporate influences.
Every detail of the system Jhad to be created, and yet it stands
to-day unrivalled in its industrial progress.

Why is the same trolley system driving the cable to the wall,
and why has its adoption narked the abandonment of a plant
costing not less than $3,000,000,in the city of Philadelphia? Are
there many more examples of the direct applications of force than
the cable system, many closer connections between a great engine
built for the highest economyfand that which it moves?

Why is the steain locomotive giving way to the electric motor
on suburban service? Is there any more direct example of the
application of steam than is presented by a locomotive, the power
of whose cylinders is transmitted directly to the drawbar through
the intermediary only of a crank ¢

Why does the best shop practice dictate the abandonment of
the slow speed highly economical_Corliss engine and the direct
application of power by belts and shafting, and adopt the high
speed engine and direct-connected dynamo at a central station,
with the conversion, distribution and reconversion of energy by a
dozen different motors at a greatly increased initial expense? Is
it for any other reason than convenience, reliability and economy
of operation ¢

Why has every overhead crane builder in the United States
within the past four years absolutely abandoned wire rope, square
shaft and hydraalic transmission for the three-motor transmission
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which I advocated only nine years ago? It is because it is
simpler, because it will cost less, or because it is more economical,
more flexible, and Lecause it answers the purposes better than the
other and more direct systems {

Why have the great central stations of the country adopted
electricity for the transmission of power to the hundreds of in-
dustries within the radius of their supply, and into what formn of
energy is the power of Niagara being converted ?

In short, why is the transmission of power in almost every case
where flexibility, convenience, economy, efficiency and reliability
are required depending upon the electric method, not only in
new work, but oftentimes to the replacing of older plants.

The elevator field, indeed, is a large one, and if the system is
electric, then, considered from a commercial standpoint, there
appears the following possible classes of work :

1st. High speed passenger service where no hydraulic plant is
possible because of limited space.

2d. High speed passenger service in competition with hy-
draulic plants, the electric plant doing equal duty, costing less,
occupying less space than the hydraulic, and costing much less to
operate.

3d. Substitution of new high-spced electric service in place of
old steam and slow hydraulic services in buildings where the lim-
ited space and interference with operations will not permit con-
sideration of a new hydraulic plant.

4th. Passenger elevator service in buildings where the loads
are comparatively light.

5th. Passenger service in private houses where safety, simplic-
ity and noiselessness are essential.

6th. Freight and special classes of work.

For convenience we may classify elevator work as ¢ first-class, -
that requiring speeds from 300’ to 600’ a minute,” including the
first three duties above mentioned, and as “second class,” those
requiring speeds of from 50’ to 250" a minute,” which include the
remainder.

In general, there has been required and developed two kinds
of machines to perform these services. The first is the outcome
of the increased height of buildings and the demand for high
speed and smooth motion, largely regardless of cost of apparatus,
space occupied, or cost of operation.

The hydraulic elevator was the result of this demmand, and was
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the only one that up to a year or 8o ago was accepted for this
service.

It was to meet this demand—by creating an electric elevator
which would do the work equally well, if not better, than the hy-
draulic—that the elevator to be more specifically described, was
developed under some unexpected difficulties.

Of course, such a machine must have the speed and capacity
of the hydraulic elevator.

It must be absolutely safe.

It should have advantages in the matter of space, and must be
more economical to operate.

The second class of elevator work, that which requires lower
speeds, is applied to small apartment houses and other buildings
where lighter elevator duty is, required. This, for a long time,
has been fairly supplied by wormn gear elevators, and the replacing
of the steam engine by an electric motor has envrmously bruad-
ened the field for this class of machine.

These two machines, however, are not equivalents. They pre-
sent two distinct kinds of rope movement, two abeolutely different
methods of control, and two varieties of safeties.

Just here I will briefly outline sume of these differences, for
they constitute in my mind vital essentials, and are absolutely
determinate in their limitatione.

The rope movement on the hydraulic is provided by an ex-
panding set of sheaves on which all the ropes are maintained in
fixed planes. Four to six ropes can be used on the machme, and
six to eight on the car.

The sets of rope can be equalized at the machine, and they
bave a fixed lead in the hoistway.

The machines can be double and treble decked, and they have
absolute limits of mechanical travel.

All of these features are of the greatest importance when deal-
ing with high lifts, large powers and fast travel.

The drum machine, while having a distinct field of its own,
and a most useful one, has not a single one of the characteristics
mentioned. It cannot well use over two ropes on the drum, and
they cannot be equalized at the machine. The lead is a shifting
one, and on long lifts this may be as much as from four to tive
feet.

These particular objections have been met in a type of machine
which may be called a cable drum machine, where the drive is by
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friction of the rope in the sheave grooves, but in both these ma-
chines, the plain drum and the cable drum, there is the very
grave objection that there are no fixed limits of mechanical travel
which are independent of the armature movement, and on fast
speeds particularly, this is absolutely essential.

In the drum machines the driving power is applied through
one or more worm gears.

In my own practice on light service, such as house automatic
machines, and a low class of freight work, I use agingle gear with
double ball thrust bearings, and on heavier work, a right and left
handed gear generally cut on the Hindley form, to give the full-
est amount of gear surface, and with the shafts connected by in-
dependent machine-cut spur gearing, which allows the worm
gears to be free from each other.

There is another distinction—that of control.

The hydraulic machine is necessarily a gravity machine, using
power only in hoisting, its speed on the down side being con-
trolled by the rate of water exit. The machine is, of course, under
counter-weighted.

In the drum machine, when there is any attempt at economy,
over counter-weighting is generally used, part from the car and
part from the back of the drumn, the over counter-weighting being
approximately equal to the average load.

With these two types of apparatus as precedents. the problem
was:

How far can electricity be applied? What are the limitations
of control? What the conditions of installation and operation,
and to what extent could one type be eliminated ?

And the answer is: Both types must be used, but for distinct
classes of service.
~ Taking the drum type and considering electrical control on a
machine over-balanced for average service, the load up or down
is sometimes with and sometimes against the machine. To con-
trol such a machine directly from a supply circuit, (and I cannot
seriously consider any other, no matter how ingenious or refined,
a8 meeting general conditions), there is one method only, and
that is the use of a rheustat in starting, and the inverse variation
of the strength of the shunt field for about a two to one variation
in speed. A cumulative series coil is only perinissible in starting
if variations of speeds are controllable, and in any event these
variations are limited. Sach a machine ig, however, the best for
second-class service.
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Every one is familiar, of course, with the conditions of ordinary
freight work. I might, however, here point out an important
branch of this industry, and one which is destined for very wide
application, and that is automatic house service, the machine to
be controlled without an operator, and so installed as to be as
safe as a stairway.

Briefly, such a machine, on my system of working, is equipped
with an interlocking switch device on the machine, having a co-
ordinating movement with it, and with the controlling circuit in
series with & number of door switches automatically opened or
closed with the doors. The doors themselves are fitted with
mechanical locks, allowing a car to be opened only during a range
of movement from 6” above to ¢” below.

At each floor is a single controlling button. If the machine is
at rest, the pressing of a button calls the car, wherever it may be,
to the particular floor at which it is wanted, where it automati-
cally stops. When the door is open it cannot be started, and
when running, no one else can call it from the floor for which it is
destined. The machine also has an additional control in the car,
and the safeguards attending its operation are such as to make it
safe for servant, nurse, child or invalid.

The development of the multiple screw elevator was under-
taken for the express purpose of supplanting in a large way
the former standard for high duty office service, and although not
by any means an easy problem, either electrically or mechanically,
a knowledge of what the hydraulic elevator is, and the variation
of the types existing, gave adequate reasons for its attempt.

Let us consider for a moment a hydraulic system, and institute
a few comparisons. '

. 1t consists primarily of a steam cylinder, er a wmultiplicity of
steam cylinders, working ordinarily under poor conditions of steam
econoiny, that is with a fixed cut-out in the high pressure cylinder
of a compound pump, or no cut-off in any cylinder of a simple
pump. This element corresponds to the cylinders of a steam
engine in the electric system, which use steam expansively with
a cut-off varying according to the load, and under pressure con-
ditions which are somewhat better than exist in a pump. It is to
duplicate the results of this system of variable cut-offe and steam
expansion, that the energies of the various pump builders have
been more or less ineffectually bent for a great many years in plain
acknowledgement of that defect in their simple and duplex
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pumps, the latter of which is common to almost every hydraulic
plant of any size in the United States.

It is true that a so-called “ high duty” pump with equalizing
piston is used on some of the larger elevator plants, but its use
has not proven by any means entirely successful, because of the
spasmodic nature of the service.

Among the high duty pumps, the flywheel type, such as is used
on large water pumping stations has been attempted, but rarely,
I may fairly say, with success.

The next element is the water cylinder, which corresponds to
the dynamo in the electric system, and on account of the high fric-
tion due to the packing, the efficiency of a water cylinder with
its valves is not ordinarily equal to that of a dynamo, which with
a motor stands to-day the typical example of an efficient energy
converter.

The next element is the piping and the tanks, compression or
roof, and perhaps an accumulator, into or through which the
water is pumped for delivery to the controlling valves of the
elevator, and that which corresponds to thisin the electric system
is its simple wiring, and if a storage battery is used, then this
last in conjunction with it.

Any competent engineer knows that, measured by standard
practice, a given number of pounds of energy can be delivered to
the controlling apparatus of an electric elevator for less pounds of
steam, that is, water evaporated, through the medium of no less
than fifty combinations of engines and dyndmos, than can be de--
livered to the valves of any hydraulic cylinder through the stand-
ard pumps permissible in average elevator service. To be
specific, the average water evaporation on a compound duplex
pump, which is almost universally used, will in practice, be not
less than about 60 to 70 pounds per horse-power of water energy
delivered to the controlling valves, whereas the electric combina-
tion will easily give the same for less than 40 pounds.

There are exceptional conditions in which a higher economy
can be gotten in a hydraulic system, but they are few and
are not typical, and under equal conditions the steam consumption
in an electric system can be cut in two.

But this is not all. The fact is persistently ignored, although
the attempt is made to offset it by recent experiments with a
differential piston, that a standard hydraulic elevator uses the.
same amount of water under the same pressure for every foot of
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travel of a car, which volnme of water and pressure are deter-
mined by the maximum load which has to be carried, a'though the
average load on the ropes, including the excess of car over couuter-
weight, is not over one-third of the maximam. On the other
hand, the electric elevator uses, and must use, under normal con-
ditions, current directly proportional to the work, modified in a
small degree by starting and slow running.

In short, over and above the friction load of the generating
system, the steamn consumption in the engines and the generation
of electricity in the dynano, vary with the demand of the elevator
machines. It is a system which is of necessity automatic.

On the other hand, the hydraulic system is one of the most
flagrant violaturs of the relation which should exist between de-
mand and supply. It is a system of transmission by water, hav-
ing at one end a generating plant doing full duty for every foot
of travel of its piston, with a variable duty on an elevator car at
the other end, and an intermediate straight line water engine
with its pipes and tanks taking care of that variable duty, and
using the balance of its energy in heating the water which passes
through its valves.

Lack of economy, however, is not the only objection to the
hydraulic system when looked at from the architect's or builder’s
standpoint. Until recent developments, these have always been
strictly handicapped, not so much perhaps in the matter of cost,
but in the internal arrangements of the building as well as in the
lay-out of the basement, neither of which could be finally and
satisfactorily, if even then, determined, until the particular type
of machine had been accepted by the owner, and the contract
finally made for it.

Nor has there been either singleness of design or unity of plan
of operation. Each maker has had his own form of construction,
his special method of control. Every building has brought up a
problem more or less new, or at least conditions which had to be
seriously considered in determining the elevator service. 1l ori-
zontal and vertical machines, in basement or shaft ; high or low
multiplications; long and short, single and jointed cylinders;
big and little diameters ; large and small sheaves; free and sus-
pended counter-weights ; pulling and pushing muchines ; direct
and differential pistons; roof tanks, stand pipes, accumulators
and compression tanks; high and low pressures; hand rope,
wheel or pilot-valve control; simple or compound pumps—all
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have made a nightinare of complications, giving more initial and
continuing source of cnnplaint and dispute than all the other
engineering problems in a building.

So what more natural than that they should turn te electricity
for emancipation? And this tendency is augmented by other
reasons,

Leaving out central station supply, always, when properly
equipped, to be preferred when the electric service is of a
spasmodic or limited character, and considering for the present
those large plants which characterize the modern office or hotel
building and in a way rival central stations, every engineer knows
that the fewer the nuinber of well-proportioned units, the more
alike they are, the freer the interchangeability between them-
selves, and the greater the cxtent to which any oue unit can be
utilized, the better the system for power generation and conver-
sion, no matter what its character.

The best inodern practice makes a three-unit direct-connected
engine and dynamo plant the best for lighting a building. There
is an empirical relation existing between the number of lights
required in a building as ordinarily designed, and the elevator
service. When, in addition tu the lighting service, such a build-
ing adopts electric elevators, it is not now necessary that it shall
add an independent generating plant.

All that is required is that the three units should be somewhat
increased in size and, perhaps, one of them preferably divided,
the mains all taken to a common switchboard with two-way
switches, and every engine und dynamo thus made interchange-
able on either the lighting or elevator circuits, and at times both,
especially if using a slow acting corrective converter, some of each
can be run from the same engine and dynamo. So, instead of
five or six units, some water and some electric, the entire gencr-
ating plant is reduced to a single system consisting of three units
of one size, or two of that size and two of a half size, which can
be run interchangeably, and one of which is almost always in
reserve. ‘

Just here it is well to consider the probable application of the
storage battery which, if built with plenty of lead, with large
surfaces and for heavy momentary discharges rather than for
long time steady discharges, will prove a most important adjunct
to elevator service, which, like railway work, is spasmodic in
character.
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A modern office electric elevator on actual average service re-
quires an expenditure of about one kilowatt hour per car mile of
travel for every eight or ten feet of platform area. A car will
make from 1} to 2§ miles per hour, so that a battery of six ele-
vators will run from 9 to 15 miles, although very rarely making
over 12 miles per hour. With an ordinary car, say from 30’
to 35’ area, this would mean from 3 to 3} kilowatt hours per car
mile of travel, or say 85 to 40 kilowatt hours for a battery of six
machines. Without a battery this would require a 120 kilowatt
machine as ordinarily rated, worked at an average of 35 to 40 per
cent. load. With a properly constructed battery a 60 or even a 50
kilowatt machine will handle the elevatora.

Roughly speaking, a storage battery should be able to stand
twice the dynamo rate for from three, to seven or eight seconde,
and the dynamo rate for one-half a minute. If it has an honr
diecharge capacity equal to the dynamo capacity in kilowatt
hours, it should be perfectly capable to run the Saturday, Sun-
day and night service required in an elevator plant without losing
more than one-half its charge.

So much for the general conclusions on electric elevators, which
are necessarily more or less brief.

To meet the hydraulic machine there was designed and devel-
oped what is now known as the Sprague-Pratt multiple sheave
electric screw elevator, following the general lines of a tension
hydraulic machine in the matter of rope movement, limit safeties
and method of control.

The net result has been, that this machine now stands the su-
perior to the hydraulic elevator in that it has its speed and capa-
city with, if anything, greater safety, and certain advantages in
its automatics.

On high lifts it occupies less space ; it is more flexible in its
application, is more economical to operate, and it is more easily
cared for.

General Description.—The machine may be described as the
combination of two old elements with one new one, with specific
safeties and methods of control.

Briefly, it is of the horizontal multiple sheave type, with a
traveling crosshead and frictionless nut driven by a screw revolved
by a motor directly connected, and governed by & pilot motor
and rheostat.

The general construction consists of a heavy main beam, carry-
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ing the traveling crosshead and the lower screw bearing, with
special castings bolted at each end, one carrying the fixed set of
sheaves, and the other the thrust bearing, brake and motor. The
regulating apparatus is independent and self-contained, and is
placed on the wall. From the car to the system of multiplying
sheaves the direct multiplying machine and the horizontal hy-
draulic elevator are practically the same. The crosshead, however,
marks the point of departure in the two types.

In the hydraulic machine, this crosshead is rigidly attached to the
end of a rod which terminates in a piston moving in a cylinder
having an inside length equal to the lineal movement of the cross-
head. This oylinder in the vertical type of hydraulics varies
from 30 to 50 feet in length, with from 2 to 12 sheave multiplica-
tions, and in the horizontal types the multiplication runs as high
as 14, with corresponding diminution of length of cylinder and
increase in cross-section. Whatever the gearing, however, the
length of cylinder is a function of the car travel. In this electric
elevator, the erosshead being moved along a screw, stationary so
far as the lineal movement is concerned, there is, with any given
number of sheaves—only one variable—the length of screw ; and,
for all heights above about 100 feet, the electric machine has an
advantage in matter of length, which, with increased rises, be-
comes of great importance.

Looking to the needs of office buildings, there has been
adopted two methods of rope multiplication, determined by
the height of building, and so selected that the length of machine
over all, shall not exceed about 30 feet for rises approaching
300 feet actual car travel. From this the length grades down to
about 21 feet, so that all rises between 60 and 300 feet can be
taken care of with an extreme variation of nine or ten feet in the
length of machine, and there is thus provided limiting dimension
data of great convenience and utility.

These systems of nultiplication I may term direct and indi-
rect. In the former, the entire multiplication, varying from six
to ten, is done at the maehine, and the ropes lead from the end
sheaves over the shaft sheaves direct to the car. A free counter-
weight is used, the ropes being fastened to the car frame. In
this method, which is that common to all horizontal and to many
vertical hydraulic machines, the hoisting and counter-weight
ropes have unequal duty; furthermore, the ropes having the maxi-
mum bending, travel on the outboard sheaves at the same speed
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as the car. This last is the case also with all vertical hydraulics.
In some of the latter, the counter-weight is carried in the cylinder
on the piston, or in the strap, or both. its weight being as many
times that of a free counter-weight as there are multiplications.
Sometimes both methods are nsed.

Economy of operation and smoothness of movement, however,
are antagonistic in their relations to the amount of counter-weight
carried. The best method is probably that used when there is a
single multiplication in the shaft, giving a two to one counter-
weight traveling at half speed, and carried by all the car-hoisting
ropes, as is done for short-rise vertical hydraulic elevators.

For long rises I have adopted a combination vertical and horizon-
tal machine rope practice. giving even a more compact machine, a
longer life of ropes, and better counter-weight results.

In this indirect systemn there is a division of multiplication,
which, while having the same effect so far as speed of car and
length of machine are concerned as a high direct multiplication,
has an entirely different result in the wear on the ropes and the
amount of counter-weight which can be carried without jumping.

This is accomplished by making one-half the multiplication
{6 or 8) on the machine, the ropes, properly proportioned, going
thence to the bottom of the counter-weight frame, which has a
single multiplying sheave on top. The car ropes go over the
shaft sheaves,-under the counter-weight multiplier, and back up
the hoistway, where they are anchored, giving a car speed twice
that of the counter-weight. The equalizing chains, used to make
the pull of the car with any given load constant at all points of
the hoistway. are fustened to the bottom of the counter-weight
‘frame and anchored in the hoistway.

The space occupied by this multiplier is only two or three
inches more than by ordinary form of counter-weight. A propor-
tionally shorter screw, fewer revolutions, and sheaves of greater
diameter, characterize this type of multiplying machine.

This system seems to be the best yet devised for long rises, for
not only do all the car ropes do equal duty, both with relation to
the hoisting strain and the counter-weight, but the rope wear
must be less, because of the division of speed and multiplication,
the necessity of changing only one-half of the ropes at a time,
-and the possibility or reversal of the ropes on the multiplying
aachine to get a new wear.

‘Where space is limited, I use a double decked machine, and in
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the new Commercial Cable Building, which is to be 21 stories
high, the machines will be treble decked, and about 104 feet in
height.

"Details.—Turning now to the detail construction and operation
of this machine, there are a number of features claiming special
attention, each unique in character, and marking a radical depart-
ure from all other elevator practice. These are the nut, screw,
and thrust bearing, the brake, the motor and the regulator ap-
paratus.

One of the most interesting as well as importunt features, and,
perhaps, the one which has been most frequently attacked, is the
nut system. It joins the crosshead of the traveling sheaves by a
conical seat. There is no fastening between the nut and the
crosshead, the continual weight of the car always keeping them
in contact ; and the friction at this point, being greater than be-
tween the nut and the screw, enables the latter to transmit a
straight-line movement to the crosshead when the screw is re-
volved by the motor, and also to revolve the screw and drive the
motor as a dynamo when the mechanical brake releases the screw
to allow the car to descend. These are the normal functions of
hoisting and lowering. There are several other distinct functions
of this nut which will be described in considering the * safeties.”

Continuing the line of transmission of power, the only points
of contact between the interlocking nut and screw.are by a chain
of balls which ocenpy a number of threads, and enter and leave
the ends of the nut through tubes which are connected together
so a8 to make a continuous conduit. This is one of the most vi-
tal points of the elevator apparatus, and herein lies one of the
most potent reasons of its success—the reduction of friction by
rolling instead of sliding surfaces on almost all parts under pres-
sure ; for not only is the nut so constituted, being in fact a de-
veloped spiral thrust-bearing, but the thrust-bearing at the motor
end of the screw is taken on balls and the sheaves are carried on
ball or roller bearings.

This nut being a vital part, its development has been most
thorough, and a peculiar treatment of steel which has been
adopted renders its surface so hard that the wear is very small,
and it is well within commercial limite.

So free is the machine from static friction that it is possible
to start the car with a very slight increase of current over the
normal hoisting current, providing time be taken so that the work
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done in acceleration is small to the work of lifting, althongh that
is not the usual practice.

The balls have an average crushing strain of 25,000 pounds
each, but the working pressure varies from only 50 to 125 pounds
per ball.

The nut system is a compound one, for, besides the working-
ball nut there is another, called the ¢ safety-nut,” to which I will
make reference later, keyed to it, and between the two is a pow-
erful spring under compression.

The screw is a forged bar of high carbon steel with a peculiarly
shaped thread, the finished screw having a tensile strength of
700,000 pounds. It passes through the clearauce hole in the
_ steel trunnion crosshead, which carries the traveling sheaves,
then through the nut, and is carried at the outer end by a fixed
bearing.

BareTy

F1e. 8.

Thie screw is sectioned, being joined to the armature shaft by
a cone-seated coupling, secured by a taper gib.

The in-board end of the armature shaft, which is in effect, the
extension of the screw, terminates in the thrust-bearing, where the
pressure is taken by about 200 steel balls carried in a bronze guide
plate and bearing, by specially hardened steel disks. The thrust
of the screw being thus taken up on the in-board end, the strain
on the screw is invariably between that end and the traveling
crosshead—never beyond this ; hence, it is always under extension
strain—never under compression, and cannot buckle.

The action of the balls on the screw, which is untreated, is
peculiar. They form a path for themselves, partly by wear, but
principally by rolling compression of the steel, which finally be-
comes exceedingly hard, such that the edge of any ordinary
machine tool would be turned.

The balls themselves wear very evenly. Oblique forms in
normal practice cannot exist.
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Beyond the thrust-plates is keyed an iron pulley, connected by
a flexible coupling with the motor shaft. The function of the
brake is that of locking the screw when at rest, it is not a means
of varying the speed. In case of accident, it has the additional
function of helping to stop the screw. It may be described as a
compound electro-mechanical brake. A steel brake band, wood-
lined, is anchored at one end, the hoisting-side on the motor-bed
frame, and the other end is continually pulled down by a power-
ful spring under compression. The mechanical movement in
opposition is through the medium of a peculiar magnet. It is
operated by a dual circuit, one in hoisting, another in lowering. In
the event of failure of current for any reason, or too high a speed
on the down run, this magnet releases the brake in the latter case
by a snap switch, operated by an adjustable Pickering centrifugal
governor driven by the main screw—and the brake band promptly
grips the brake wheel softly yet powerfully.

Motor.—The motor, which is of the multipolar type, is carried
on the same casting which contains the thrust bearing. The field
magnets are of steel, and are excited by two circuits ; one, known
as the shunt circuit, being variable in strength at will, so as to
vary the maximum speed of the machine, and the other, a series
circuit, which acts to strongly compound the field. This type of
elevators is differentiated from all other electrics by the fact that
the action is like that of the hydraulic, for it always works against
gravity. In hoisting, the motor takes current from the line, but
in lowering, its main circuit is cut off from the line, and the
motor, rotating in an opposite direction, is driven as a dynamo by
the weight of the car. A strong element of safety existed in
the fact that the current in the field coils is never reversed, and
consequently the machine is never demagnetized. Hence, under

~certain conditions of the operation of the safeties, it has a power
of self-excitation which is of importance.

The armature which turns in this field is of the ironclad type,
and not liable to injury of any kind.

It is mounted on a sleeve, is of the 2-path series Wmdlng, has
a very large commutator, a.nd of course, multiple carbon brushes.
The field coils can be removed without disturbing any other part.

Control.—Considered in its simplest form, and in connection
‘with its action upon the motor and multiplying machine, without
reference to the means of communication between the car and the
regulator, this last is a very simple device. It is composed of
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two parts, each made up of peculiarly shaped iron grids of vari«
ous sizes arranged in circular form, connected to copper contacts
on a slate dick over which passes a heavy carbon brush.

The use of iron castings of a specific composition, possesses
great advantage over any form of wire resistance, not alone in
the mutter of cost. They are flexible, they expand in any di-
rection readily, and, as made, they have a resistance of from forty
to fifty times that of copper, or roughly, that of German silver.
The grids are interchangeable, and any of them can be readily
replaced.

Oue side of the rheostat is for regulation in hoisting, the other
for lowering. Instead of moving this regulator by hand, it is
operated by a pilot motor wound with a right and left handed
field, one or the other of which only at a tiine, can be in circuit with
the armature. This pilot is connected to the rheostat arm by a
single reduction worm gear, and is operated either from the base-
ment or the car, according to the position of the *change over”
switch, by an “up” and *“down ” button with an automatic lever
stop which normally has to be held by the operator to prevent the
pilot returning to a stop position. The spindle of the rheostat
arm operates switches co-ordinating in their movement, in turn
controlling the magnetic make-and-break circuit switches, the
down brake, and also the automatic stop lever ewntches which
limit the pilot movement.

The use of magnetic switches instead of hand control switches
not only removes the arcing from the face of the rheostat, but it
gives the benefit of instantaneous cut-offs not possible by any
other means of control.

Thie, on fast machines is of the utmost unportance and the
practical application is that if a car is on the “up” motion, and an
operator, because of carelessness or becanse of fright lets go his
stop handle, the current is instantly cut off, the regulator follow-
ing to stop, and the car is arrested in the shortest time practicable.

Assuming that the circuit is made for the up movement, it first -

meets with a resistance sufficient to about hold the car and lift the
brake. This resistance is then gradually cut out, the torsional
effort of the armature is increased, giving the car an upward
movement with an acceleration depending upon the rate of move-
ment of the rheostat arm, and with a final velocity determined
by the point at which the arm is stopped.

If, while hoisting, for any reason the current is cut off, the tor-
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sional effort ceases, the brake instantly comes into action and the
car comes to rest.

In lowering, the brake is lifted by an independent circuit, but
the armature is first short-circuited on itself, and becomes a most
powerful dynamic brake. As the resistance in this circuit is in-
creased, the carruns fuster. When it approaches the lower limit
of movement, an independent retarding circuit is established, and
gradually reduces the resistance. This brings the car to the slow-
est movement.

The pilot movement regulation is, to my mind, an absolute ne-
cessity of fast passenger work ; and its application, although at
first attended with a number of annoying difficulties, is to-day by
far the most reliable method of control known.

Safeties.—Of course, the vital question to be considered in any
elevator system is that of safety. In that respect, I think, we are
amply provided. Safeties may be considered under two heads:

First, those on the car, and second, those on the hoisting ma-
chine.

On the car we use a special centrifugal which is attached to the
lower section of the car frame.

It consists of two long levers, short-fulcrumed at the sides of the
carand operating clamping jaws which run in close proximity to the
car rails, but normally out of contact with them. The inner ends
of the levers overlap, and in action are pressed apart by a very
powerful spring under compression. When out of action, these
levers are drawn together, the spring is put under compression,
and the system locked by a trigger. Near the trigger is a centrif-
ugal governor, operated by a standing rope, which at a determined
speed releases the trigger, frees the levers, and the safeties clamp
the rails with a pressure of about 16 tons. This safety can be
released from the inside of the car.

In the car, as hae already been described, there is an automatic
stop contact which operates to bring the regulator to the stop
position and the car to rest, in case the conductor removes his
hand from the controller because of crowding, accident or careless-
ness.

On the hoisting machine there are a number of safeties. One
which is perfectly apparent is due to the fact that the crosshead
is moved by a screw with a heavy armature on the end of it,
which is driven through the medium of a nut by a car of limited
driving capacity. The screw iteelf is of forged steel, under ten-
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sion and torsion straing, with a safety factor of at least twenty
to one.

The hoisting nut, as already described, is hardened by a specific
process which makes its wear very limited. In addition to
this, there is in the nut system what is called a ‘safety
nut.” Normally this is ont of contact with the thread of the
screw, but it is eecured to the hoisting nut, and should any acci-
.dent happen to the latter, breaking its hold on the screw, this
safety nut, the threads of which interlock with the screw’s threads
to a greater depth than the thread of the hoisting nut, would
then take the place of the hoisting nut and securely grip the
screw. This would put the elevator out of operation becaunse
the friction between the nut and screw would be greater than the
friction of the traveling crosshead, and it would act simply as a
collar on the screw.

The nut system has in addition another function. Since the
hoisting nut is only held from revolving by its friction against the
crosshead, when the nut gets to the upper limit of its travel the
safety nnt meets a solid collar on the screw which stops its travel,
causing it and the ball-bearing nut to revolve with the screw,
without, however, necessarily stopping the motor, and leaving
the traveling sheaves to be stopped simply by the weight of the
car.

There is still another function performed by the nut system,
that of a slack cable device. 1f for any reason the car in descend-
ing, when of course the nut is driven along by the screw, meets
an obstruction, the pressure on the nut being instantly reduced,
it recedes slightly, allowing the springs between it and the safety
nut to expand, throwing the latter into back contact with the
screw threads. The nut system then instantly grips the screw,
revolves as a collar, and consequently acts as a check against any
marked movement of the crosshead corresponding to a free fall
of the car on the ropes.

Assuming, however, the condition of a perfectly free release
from all operative safeties, there is a limit to the rate of revolu-
tion of the screw, and in any event there is a rubber buffer at its
lower end which would cushion its stop so as to prevent any in-
jury.

Besides the lower limit switch, which has already been men-
tioned. which pnts an increasing retarding force on the motor,
there is an upper limit switch for cutting off the current ; this is
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a self-cleaning lock switch, operating in both directions, and
moved by a roll on the crosshead. It cuts off the currentin
hoisting in the upper limit, and allows the brake to come on. On
the reverse inovement it is automatically closed.

I have already mentioned the governor on the machine, which
is called a “ monitor centrifugal.” This is for operating the brake
when running too fast. In hydraulic elevators there is no speed-
operated device in case of fast running except the centrifugal on
the car, and this is frequently set so much above the normal
speed on account of the annoyance of having it operated by a
temporary excess, as oftentimes to be useless when actually re-
quired. The monitor centrifugal does not throw the machine
out of operation, but simply slows it up to any desired speed, and
then allows the operator to resume control.

The dynamic action of the machine is made use of in still an-
other way by the introduction of an “auntomatic choking circuit
and switch operated by the same circuits governing the main
brake. It is in conatant play and closes the circuit around the
armature and its series coils through a rheostat under any of the
following circumstances: At each stop from up or down ; when
running down fast enough to work centrifugal on the machine;
on failure of the hoisting current, or on failure of the line cur-
rent.

So positive is the control over the motor, no matter whether it
be operating to hoist the car or retard it in going down, that the
brake band can actually be removed and the car still controlled,
and even with the brake in normal position the change from one
position to another can be made so promptly that it will remain
inactive. :

Such is the machine which has been developed during the past
three years, and whose first application in a large battery in the
Postal Telegraph Building seems destined to have the same effect
on the elevator industry that the plant at Richmond has bhad on
the railway industry. It is only permitted to me, of course, to
make the briefest allusion to this, but as illustrating in some de-
gree the extent of this industry, buildings of from five to twenty-
one stories in height are being equipped with batteries of from
one to twenty-six machines of various types, and the business of
a single company employing some two or three years ago a hand-
ful of men, now demands a constantly increasing force already
numbering nearly five hundred.
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Disoussion.

Tee CeaikMaN :—There is no question whatever that the
subject which has been before us to-night is one of the most
intense interest. Mr. Sprague has shown us what energy can
accomplish in a few years, in an entirely new departure in the
applications of electricity, and I think many gentlemen present
will be glad to learn much more than Mr. Sprague has been able
to show us of the subject in the time at his disposal this evening.
Are there any questions that gentlemen would like to ask, or is
there any discussion ¢

Mg. Coarces P. SteinmeTz :—I think you will agree with me,
that we have listened to a very interesting paper, and especiall
have seen some very pretty pictures. There is. however, stiﬁ
another side of the question of electric elevators, that of the
central station supplying the power. You all know that no satis-
factory lighting service can be derived from a railway circuit.
Now elevator work is very similar to railway work. It is
Freatly fluctuating, the elevator taking at irregular intervals very
arge power and no power, and therefore it 18 of very great im-
portance to know how much current the elevator motor takes in
running, and how much in starting. 1f the elevator is run from
an isolated plant, it will probably be operated from a special
generator ; but if an attempt is made to operate it fromn the same
generator as the lighting, and the lights flicker every time the
elevator starts, in consequence of excessive current taken by the
motor, it concerns only the user of the isolated plant.

When operated from a central station, however, the regulation
of the system as a whole is of the utmost importance, and, there-
fore, the first consideration must be, how much power the ele-
vator motor takes in starting and in running. :

I am sorry to see that in this otherwise very extensive paper,
no data whatever are given of the amount of current consumed
by the motor in running or starting with a given load, although
tgese data would obviously be the most interesting part of the
paper for an electrical soclet{.e In general, I should expect that
the gravity elevator would be inferior, in this regard, to an ele-
vator with over-balanced car, since in a gravity elevator the
descent is made without power, and consequently during the
ascent the motor has to do twice as much work, and thus prob-
ably takes twice as much power as an over-balanced car, in
which latter case .the motor does equal work during ascent and
descent. Furthermore, it would be interesting to know whether
any attempt has been made to keep the current in starting within
reasonable bounds. Obviously the torque required in starting is
freater than in running, and an ordinary shunt motor will there-

ore take a larger current in starting than during operation at
speed ; which current, if sufticiently large, exerts a vicious influ-
ence on the regulation of the voltage in feeders and maine. For
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this purpose attempts should be made to design the motor in
such a way that in starting it will consume less current than when
running at full speed, and still give more than running torque.
It would be interesting to know how the elevator motor de-
scribed in to-night’s paper behaves in this regard, and also how
elevator motors manufactured by other concerns act therein.

Dr. Cary T. Horcrinson :—Might I suggest that the remarks
of everybody be limited to about t%ree minutes? It is very late.

Tae CralRvaN:—The Chair is of opinion that the discussion
should be limited to the subject presented by the lecturer of this
evening.

Mgr. Georee HiiL:—I had taken very much the views ex-
pressed by Mr. Steinmetz. To a consulting engineer, employed
to pass on the question by an architect or an owner as to the rela-
tive economy of an electric or a hydraulic machine, this paper, in
its title, appeared to be of very great interest. It seems to e,
in view of the fact that the electric elevator industry is more
than seven years old; that in this town alone there are nearly a
thousand electric elevators in operation, the only excuse for de-
seribing a special device, which from my point of view is still of
questionable utility, would be that it was so economical as to
warrant a description of the machine to show why it is econom-
ical. Now we Eave in the paper that has been read before us
this evening, not one word as to the facts of the economical opera-
tion of the machine.

I have taken observations, a great many of them; I have
installed a great many electric elevators and have watched
their operation very carefully. I have ridden on the Postal
Telegraph machines a great many times. I have observed the
generating plaut in the basement of the Postal Telegraph Build-
ing. I have ridden on a great many high-speed hydraulic pas-
senger elevators, and, although I am a very strong advocate of
electric elevators in their place, [ affirm that so far as my experi-
ence goes, there is absolutely no machine to-day which can com-
pare with the hydraulic high-speed passenger elevator.

Me. Spracue:—The gentleman has just said, and here he
rather contradicts an assertion made by another before him, that
the electric elevator is not, and perhaps cannot be made, the
equivalent of the hydraulic elevator, either in the matter of
service or economy. It was naturally impossible in the limits of
this paper to go into all the details of the operation of a plant,
and f much prefer that they should be brought out in discussion.
Elevator service is of a distinct character. It deals with la:
powers; the requirements are the severest. Human life is the
stake, and no manufacturer has the right, whether on the score
of economy or otherwise, to ignore that vital fact.

The drum machine, which is the only one which can be over-
counterbalanced, and which I briefly described to-night, is one
which I very cordially and fully recommend for slow speeds and
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limited rises; that is, for a service which can be subordinated to
the requirements of the machine and a central station. Its
manufacture is not exclusive; it is made by my own company
and a dozen or more others. When, however, we come to deal
with the elevator question as it has been developed by modern
pruciice, and wish to supplant the hydraulic with an electric ele-
vator, then we must surround that machine with at least all the
sufeties which exist to-day on the hydraulic plant. It must have
absolute limits of travel; it cannot be a drum machine with no
fixed limits. It muet not be subordinated to conditions which
may send it into the overhead sheaves orinto the basement. The
automatics of drum machines can be so disarranged, and certain
electrical conditions may arise which will make that machine on
fast service absolutely dangerous. It is true, as Mr. Steinmetz
has said, that under certain conditions of over counter-weighting-
a drum machine can be run with less maximum current demands
thau a gravity machine. That goes without saying ; but, taking
Iy own experience, it is fair to assume that there must be a rea-
son for the existence of the multiple screw machine, since I am
building it at the same time that I am building machines of
other types.

He says the electric elevator of this type cannot do the duty
of the hydraulic elevator. Why? Can it not be run as fast?
Will it not lift as large a load? Has it not all the safeties
which characterize a hydraulic elevator? It has every required
attribute of speed, lifting capacity and safety. In fact, 1t has
more safeties than a hydraulic elevator. As an instance, there
is not a hydraunlic machine in the world which will permit an
operator to leave his regulator with the certainty that that car
will be brought to an immediate stop. . This single charucteristic
of this type of electric elevator control would, if capable of be-
ing applied to the hydraulic machine, have saved the lives of a
great many people in the state of New York in the last year.

He raises the question of economy. I am entirely ready to
accept any challenge on that score. It comes down to the num-
ber of pounds «f coal per car mile of travel, the care and attention
of machines, and the depreciation of working parts.

There is not an elevator of any kind in the city of New York
that averages over one-third of the maximum load on its ropes,
because the public rides to suit itself, and not the economic re-
quirements of a plant. A car weighs from 2,500 to 3,500
pounds, and is under counter-weighted so that the net dead
weight, or excess of car over counter-weighted, varies from 800
to 1,500 pounds. The car should be able to carry from 2,500 to
3,000 pounds without being stalled; yet there are very few hy-
draulic elevators, unless over-pressured, which cannot be stalled
by loads which it is possible to put in them. We have never
ret stalled a screw electric elevator by any load which it has

en required to carry.
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The average live load on an elevator is not over 500 or 600
pounds, so that, including the excess of car over counter-weight,
the net average load on the ropes is not over one-third of the
maximum. Whence goes the energy representing this differ-
ence? Heating water in the cylinders. Can it be overcome?
The attempt has been made to use a differential piston on one of
the largest plants in this city. Krom an economic standpoint it
is an absolute failure, for on the particular plant 1 have what I
believe to be reliable information to the effect that they are
using at least four times the coal originally guaranteed.

On another modern plant on which the differential piston is
not used, the equivalent work is the pumping of nearly two and
a half tons of water a distance about 40 ﬁaet reater than the
run of the car for every trip, full or empty. Does that repre-
sent economy ?

On another building in this city, the conditions originally set
forth, if followed out by the particular hydraulic system, would
require the lifting of a piston and sheaves weighing over 20,000
pounds a distance half the height of the building for every trip
of the car, full or empty.

And now about the expenditure of power on electric eleva-
tors. On cars of the standard size there will not be used over
3% kilowatts of electric energy for each car mile in actual aver-
age service. The electrical engineers in this room can make
their own calculations as to what they can develop that amount
of energy for. -

The coal burned in the hydraulic systems of this city varies
from 48 to 110 pounds per car mile of travel.

The coal burned on the electric system, will vary from 30 to 35
pounds ?per car mile of travel. Are these statements specific
enough

On a recent test in the Postal Telegraph Building, in which
six machines were run absolutely without special boiler prepara-
tion, but with all the service of the building excepting the ele-
vator, the house pumping and the pneunnatic services eliminated
by being operated from the street, 1,163 pounds of coal were
burned on 46.3 miles’ run, including all three services. With
10 per cent. off for pumping, this was the equivalent of 22}
pounds of coal per car mile of travel. There is not & hydraulic
plant of equal capacity in this city which can show such a
record. i

The amount of coal burned is not the only feature to be con-
sidered in a hydraulic plant. It costs money to pack the cylinders
of a hydraulic elevator, and on fast speeds, high lifts and high
pressures this is a serious item, the coet being all the way from
815 to $50 each packing. The good service which the hydraulic
elevator has performed during the past years is not a criterion
for judging modern high building service, for on such duty

cylinders have sometimes been packed as often as every three -
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weeks for a long period of time, and this can be easily verified
by taking the early records in any of the high buildings.

Again, cylinders may pit badly when the water is poor. In
the Hotel Netherland, the two main hydraulic cyling::s were
taken out after a service of practically only eleven months, also
an electric drum machine, and the cost of the changes could not
have been less than $10.000. It is an exceptional case, and an
unfortunate one, but all the same it existed.

The wear on the electric elevator, corresponding to the packing
of the cylinder on the hydraulic elevator is on the nut, screw and
thrust bearing. Now these screws are not things of very grave
cost, but if they wear five or six years, as they will. the annual
depreciation, measured in dollars and cents, is not more than the
average cost of a single packing of the hydraulic elevator. The
operative nuts will wear equally long, perhaps longer. We have
not yet worn: out one of our standard nuts.

An external central station is not the only source of electricity.
Such a system labors under some disadvantages There may be
aldermen to look after, street rights to obtain; there is the cost
of distribution, meterage and repairs. Every man knows that a
central station, so far as the generation of elcctricity is con-
cerned, is the more economical, mueh more so than a local or
isolated plant can normally be. There happens to be, however,
in all large buildings, a number of problems which have to be
considered.

Take, for example, a building like the Manhattan Hotel, which
I am equipping. They have their lighting and a distributed
elevator service with special problems. Sometimes the guests
get cold, and the building has to be heated ; sometimes hungry,
and their food must be cooked; perchance thirsty, and cooling
drinks must be supplied, this last is not the only service for the
refrigerating machines. A laundry may find a place in a hotel,
and bathing is occasionally indulged in. For all these purposes
steam must be supﬂlied. Of course, a man can put ir his steam
ice machines, and he can put in hydraulic elevators with a pair
of duplex pumps, and a roof tank or a pair of compression tanks;
he can put in his boilers for doing that work, and for supplying
the steam otherwise required, and the lighting problem remains.
Then he can go to the street for that lighting, but I should be
surprised if & competent electrical engineer would hold that this
method of dividing supply is as economical as a system of electric
generation with interc a.ngeab]e units, either three of one size, or
two of one size and two of a half size.

Suppose one is operating an office building. What do the
tenants get? Their light and the elevator service, heat and ven-
tilation. How much light? All they want. That is the great
commercial problem here in New York, when dealing with ex-
isting conditions,—the difficulty of using a meter in a building
where a man expects his light with his rent, and where he goes
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out and leaves all of the lights burning, subject to the will of the
cleaners.

Hence a man should generate power in his building for all of
the service of the buifding, or take it from the outside for all
the service possible. There is a line of demarcation determined
by the size of building and the extent of its service. I fail to see
how it can help him to get his lights and steam from outside, and
pump his water inside. If he stays inside at all, he would better
sta% inside entirely.

he practical result is, that in the Postal Telegraph Building
the number of lights, the car miles of elevator service, the air
pumped, the motor converters operated, and the number of hours
of service aggregate more for a given amount of coal than like
services anywhere in the city of New York.

It is pertinent to ask : W here is this coal saved ! In the lights,
which are run according tn standard practice, in the telegraph
service, which is special, or in the elevat r service ? Ordinarify,
the amount of coal used in a building of this kind for elevator
service alone i fromn 24 to 34 tons of coal per day of 12 hours.
We can shut off the entire elevator service of the Postal Tele-
graph Building, and run from the street, and save only an average
of a ton of coal in 24 hours, and if a man has to pay a difference
of from $6 to $10 a day more for coal for using hyd}:'aulic elevators
instead of electric, he will find it a continuous interest charge on
a rather large investment.

I trust I have answered explicitly some of the questions as to
the matter of economy, but if those answers are not definite, [
will make them more so.

Me. HiLL :—Now let us have the facts. Mr. Sprague says he

has lots of them. Let us have those facts added to his paper, and
then we will see how they compare with other facts obtained
absolutely impartially, and then, if he is right, I will admit it as
quickly as anybody.
* Dr. Cuarres E. Emery :—Independent entirely of commercial
considerations, or the merits and demerits of hydraulic and elec-
tric elevators, I will say that personally I am very much obliged
to Mr. Sprague for his lecture to-night and for an opportunity
to see in detail his admirable apparatus—admirable in design,
wonderful in execution. [ think that there are many here much
of the same mind, and therefore move that a vote of thanks be
tendered the lecturer of the evening.

Mg. vt :—I second the motion, Mr. Chairman.

The wotion was carried.

Mke. H. Warp Leonaxkp:—As regards the question of power re-
quired forstarting, and as regards the question of economy in opera-
tion,t hose are the two principal points which I personally have
been giving attention to, in connection with methods for operating
electric elevators. 1 have not had anything particularly to do
with the practical development of ideas of my own which I
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have spoken of before on this floor. But they have been nsed
by the Otis companies, and plants have been installed which are
exactly on the lines of the method of control which I have de-
scribed to you. This method of control, as you may remember,
is one in which—in the case of an isolated plant such as an office
building—a generator is in operation for each elevator that is to
be run, and the fields of the generator and the fields of the mo-
tors are excited from the lighting circuit. I agree with Mr.
Sprague in his statement that the power for these electric ele-
vators in large buildings will be obtained from isolated plants,
and that there will always be a lighting plant in a building of
that nature from which the current can be taken for the excita-
tion of the fields of the motor on iy system of control. A
plant havini three elevators of this nature has been installed in
this city which has been recently tested. They are drum ma-
chines, and were tested at an operating speed of 450 feet a min-
ute. In starting, the power required is somethinglees than 15
horse-power. As to tge water consumption, the Otis company
is pre{mred to guarantee 150 pounds of water per car mile run.
The elevator stops by the production of electric energy by the
elevator motor acting as a generator, and furnishing its current
back to what was formerly the generator, working it as a motor,
tending to accelerate the engine. This amount of energy is
really quite a large factor, it is no theory. It is an apparent
and 1mportant factor in the economy of operation. The plant is
simplicity itself, as compared with the very ingenious methods
and devices which have been shown us to-night, as it has merely
a standard shunt-wound generator and a standard shunt-wound
motor, and a drum and worm, with an attachment on the ele-
vator drum by which a travelling nut inserts a resistance auto-
matically at the top and bottom of the elevator excursion, to au-
tomatically stop the car in its motion. The stop is peculiarly
smooth because of the fact that no mechanical brake is used, and
the energy, which in the case of the elevator described by Mr.
Sprague is used somewhat for braking by using the energy pro-
duced by the clevator in its stopping, 18 in this instance not
merely electrical energy produced and then wasted in a rheostat,
_ bat a large portion of it 18 saved as it becomes usefully stored in
the energy of the fly-wheel of the engine and becomes available
later for operating the elevators. In the case of elevators work-
ing on this plan, when operating from a central station, there is
between the elevator itself and the source of supply a rotary
transformer of energy, which means a mechanism which com-
bines a motor armature and a generator armature. An elevator
operating on that plan will entirely eliminate the difficulties
mentioned by a former speaker, due to starting elevators npon
the Edison three-wire system, which does require a close regula-
tion of pressure on the lamps. There are plants of that nature
which have been running two or three years, and there is this to
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be said about some ten plants that have been inetalled on
this method of mine, and that is that, so far as I am aware, and
so far as I can learn, not one has ever had any portion of its
plant replaced on account of breaking, or accident, or wearing
out. or from any other cause.

Tre CBAIRMAN :—The Chair will announce the discussion
closed.

Me. C. O. MarLroox :—I would like to hear this discussion pro-
longed, though not this evening, perhaps. I myself came a long
way to hear the discussion, and it is a subject of too much inter-
est to be closed immediately. There may be other statements
that other people might want to advance and discuss, and there
is a great deal to be said in relation to electric elevatore. I
might wish to say something myself.

BE CHAIRMAN:—What is the sense of the meeting !

Mgz. HoLmes:—I move that the discussion be extended half
an hour.

Me. HiLL:—Before you put that motion, Mr. Chairman, I
like to move an amendment to it— that the discussion be defer-
red to the next meeting.

'ILThe motion as amended was carried.]

HE CHAIRMAN:—Before we adjourn, I have a request from
Mr. Steinmetz to read a short communication. I presume he
will be very short.

Mr. Steinmetz read a communication. ]

HE CHAIRMAN :—What action will the INsTIToTE take on the
communication of Mr Steinmetz?

Me. TownseNp Worcorr:—Is that in the definite form of a
motion ¢

Tre CuaikMaN :—It is a communication to the InstrruTe. It
is open for action. A motion is in order in regard to the com-
munication.

Dr. F. B. Crocker:—I move that it be referred to the
Council, where it should have been sent in the first place.

[The motion was carried.]

Adjourned.

Discussion AT CHIcAGO.

TeE CuAIRMAN [MR. R. H. Pierck] :—We are all very much
interested in this paper, and we consider ourselves fortunate in
having Mr. Arnold, who has considerable knowledge of the sub-
ject, to explain it to us. I think that all of us have a great deal
of admiration for Mr. Sprague, for we all know the energy, and
courage and ability which he has manifested in electric street
railway work, and I have no doubt that he is equally efficient in
electric elevator work. e was a pioneer in making the electric
street railway a success, and he has in the paper brought out a
number of good arguments in favor of electric elevators for high
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class work to replace hydraulic elevators. Whether or not we
with Mr. Sprague in all his conclusions, we certainly owe
him coneiderable deference, and ouglht to respect his judgment,
a8 he has shown himself in the past to be a pretty goo auﬁ:grity
on similar lines of work We probably will not agree to many
things in this f‘)ape'r. Many statements are made in regard to the
inferiority of hydraulic and steam elevators, and some of these
we will not assent to. The only thing we bave to regret is, that
the paper covers so much ground that we are unable to let Mr.
Arnold explain it as fully a8 we would like to bave him do, or to
o into a discussion such as the paper is worthy of. However,
ﬁat as many as possible give us their views of this paper to-night,
and make what criticism, or ask what questions they can in our
limited time.

Me. Frank B. Rak:—I am not prepared to discuss to any lar
extent, the paper which has just been presented to us. 1 think,
as our Chairman says, that Mr. Sprague ir entitled to a good
deal of the credit for the development of the electric ele-
vator. There are a number of things about the Sprague machine
which I would like to know more about, before expressing any
very decided opinion. There are a number of things connected
with this machine, which I am at present inclined to question.
The controlling device is one thing which 1 would like to be
more familiar with, and somehow, I cannot reconcile myself to
Mr. Sprague’s methods in this machine by which he attempts to
reach hydraulic practice. I agree with him that it is a good
thing to have a mechanical limit to the travel of any machine.
It is perhaps necessary to go to to this kind of a machine in order
to obtain that limit of mechanical travel. .

I wonld like to have Mr. Arnold tell me the necessity for the
large starting cnrrents. Is it altogether necessary that these
should be used in the time that acceleration is required to get
this machine to speed? There is a reference in Mr. Sprague’s
paper to kilowatt-hours per car mile of travel of the car. He
tries to reduce it to something like the car mile of the street car.
I do not see how he arrives at the cost of operation in that way.
As I understand it, he makes so many feet, or s0 many miles of
car travel for so much cost of power, without any reference
whatever to the load that he carries, or the number of stops that
he makes. It seems to me, that the number of stops and starts
that are made in the elevator car travel would have a great bear-
ing upon the cost per car mile. It certainly is a fact that you
can lift a given load at a given speed with a given expenditure
of energy; with a hydraulic machine, or any other, it takes so
much energy to lift so much weight. The only thing would be
that the less load, the less friction there would be in the lifting
device. Every time he starts that car and puts it to speed, he
must expend more energy than would be required to run it a
very considerable number of feet at full speed. I would like to
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understand how he arrives at that particular point of actual
expense.

. BB. J. ArnoLp:—Inu referring to the starting current, there
is no doubt that these machines take a high starting cnrrent on
account of the car not being entirely counter-bzlanced. We
therefore have a very heavy mass which we must accelerate ver
rapidly. 1f time was given to accelerate this heavy weight, 1t
could be done gradually with a moderate, current getting it up
to speed with a low consumption of energy. It takes a large
current, however, to start it quickly, but the objection, snch as it
is, i8 largely overcome by the non-consumption of current when
the car descends. Many elevators take sinaller starting curreut,
but they must use current to descend with, resulting in an equally
high, if not higher, average consumption of current per foot-pound
of live load carried, than is consumed by the machine under con-
sideration. I have had occasion recently to test three of the
leading worm-gear counter-balanced car elevators, and reduced
them all to a kilowatt-hour car mile basis.

Pror. W. M. Sting:—Have you investigated the number of
stops per mile ¢

R. ARNoLD:—Yes, 1 have a record of the stops. The ele-
vator service in leading office buildings is very similar, so that
in taking tests of several plants, you get pretty accurate basis of
comparison when reduced to a kilowatt-hour car mile basis.

B. Rag:—What average of stops would you compute per
car mile? Does not every start of the car, does not the number
of times you start the car, affect the cost per car mile? What is
the average number of stops you are going to allow to the car
mile? In considering this car mile cost, the energy expended in
starting and accelerating the load, seems to me quite as much a
part of the problewmn as operation at full epeed, and as this energy
expended varies with the load, I cannot sea how it can be deter-
mined, except for each individual machine by test, where the
cost should be divided at least into two parts, starting and accel-
erating, and running at full speed.

Mgr. ArNoLD :—In ordinary office buildings, the service is so
nearly similar, that the relative tests of different machines give
fairly reliable results,and on that basis I have made the tests and
compared the different costs, taking into consideration the num-
ber of feet each car travels. From these records the energy con-
sumed varied from 4 to 74 kilowatt-hours per car mile.

Pror. StiNe:—To (fet a correct result, of course you must
test at a uniform speed. In taking average service, and that is
the only thing you can do, and, at best, your figures under those
conditions are not absolutely correct, you cannot get absolutely
correct figures on elevator tests. You know they are correct under
the conditions in which you test them, but you cannot make a
uniforin load under which you can make all tests. You do not
always get the same basis for comparing the cost per car mile.
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Mg. NriLer:—May I ask Mr. Arnold if he has any data con-
cerning the hydraulic service ¢

Mkr. ArNoLp:—I do not consider that the conditions under
which the hydraulic elevator tests were made were very favor-
able, so it would not be fair for me to state just what the figures
were.

M-g. Stevens :—As I understand this paper, one of the main
points is the economy of the electric elevator, due to the fact
that the motor will adjust itself automatically to the load which
the car itself carries, while the comparison 18 made, that in the
hydraulic elevator it is necessary to do the full amount of work
whether there be a heavy or light load in the car. 1s it not a
fact, that the actual wor{; for the varying load of the car is so
small a feature in the amount of power required in each case,
that it would be rather in favor of the hydraulic elevator.

Mkge. ArnoLp:—No! I think the variable load gives the electric
elevators a distinct advantage. In the average hydraulic elevator
plant, there is required from 70 to 100 pomufs of ateam per horse-
power hour of work, delivered to the car, while in an electric ele-
vator plant, the same energy is given to the car by the consumption
of about 40 to 50 pounds of water, thus effecting a large saving
in the fuel requiresoto evaporate the water at first. in, the
electric elevator service has all the advantages that are claimed for
an electric street railroad, when being operated on a variable load,
viz..—The absorption of power in direct proportion to the
live work done; consequently the variation of the live load
enters very largely into the efficiency of the plant.

The point so well brougi.t out by the author of the paper,
that as all large buildings now have an electric plant, the electric
elevator becomes merely an adjunct to the main plant instead of
a distinet plant itself, as in case of the hydraulic, should com-
mend the electric elevator side of this question.

Mg Srevens:—The hydraulic elevator is usually able to
stand side by side with the electric elevator, if the correspond-
ingly advanced ideas of machinery are put in. Very little en-
ﬁineering ability, I think, has been used in putting in pumps for

ydraulic elevators. I think a change in the pumps in many of
the buildings would increase the efficiency of the plant at least
40 per cent.

L}ER. ArnoLp :—I think we will find a very marked economy -

in favor of the electric elevator, even when we get there.

Mg. Arserr SoHEIBLE:—At the Auditorium Annex, in this
city, there were some tests made of the hydraulic elevators,
count being taken of the number of persons in the car, the num-
ber of stops made, and the number of starts, and the steam and
water consumption. These tests were made for compuarison
with some of the Sprague and other papers.

Adjourned.

———
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AMERICAN INSTITUTE OF ELECTRICAL

ENGINEERS.

New Yoeg, February 26, 1896.

The 103d meeting of the INsTiToTE Was held this date at 12
West 31st street, and was called to order by President Duncan,
at 8 p.m.

The President:—The first business before us to-nmight, after
Mr. Pope has made some announcements, is on the motion to in-
corporate the AMERIOAN INSTITUTE oF ELECTRICAL ENGINEERS.

he Secretary read the following list of associate members
elected and transferred at the meeting of Council in the after-

nooun.
ADAMSON, DaNIEL,

BaDEAU, I8aac F.

CoLLETT, SanuEL D.

Dxcker, Epwarp P,

Foster, SAMUEL L,

Grirres, Eugene E.

MonNTAGUE, RaLrr L.

REio, Epwin S.

Manager, John Adamson & Co.,
Hyde, Cheshire,
England.

Ass't to the Engineer, Met. Tele-
ghone and Tel. Co.; residence,

218 W. 121st St., N. Y. City.
Engineer Construction l;)eg’t Met.
‘elephone and Tel. ., 18
Cortlandt St., N. Y. City;
rNesi%ence, Van Pelt Manor,

Electrical Engineer, Met. Tele-
hone and Tel. Co., 18 Cort-
andt St., N.Y. City ; residence,
Van Pelt Manor, N. Y.

Electrical Engineer, Market St.
Railway Co., 19 Hobart Bldg ;
residence, 889 24th St., San
Francisco, Cal.

Senior Partner, firm of Griffes
and Sumner, 807 South Main
St., Los Angeles, Cal.

Chief of Electrical Department,
The Gold Dredging Co., Ban-
nack, Mont.

Su{.}’t of Construction, Standard

nderground Cable Co., 18
Times Building. N. Y. City’;
residence, 116 W. 11th St.
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Chas. F, Sise.
Henry Jackson.

C. A. Carus-Wilson.
J. J. Carty.

T. T. P. Luquer,
H. Loewenherz.

John W, Howell.
J. J. Carty.
U. N. Bethell.

J. J. Carty.
U. N. Bethell.
Herbert L. Webb.

"
. A. Lighthipe.
Louis LF Clement.

Alfred E. Wiener.
Leo Daft.

Joseph P. Stone.
R. W. Pope.

W. D. Weaver.
Samuel Insull.

S. D. Field.
M. M. Davis.
R. W. Pope.
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SHarer, E. C. . Consulting Electrical Engineer, Chas.,T. Lindner.
20 Potomac Block, Los An- T, A. W. Shock.
geles, Cal, W. C. Cheney.

SuLLivaN, Epwarp, United Electric Light and Power N. Tesla.
Co., 108 Fulton St , N. Y. City; Wi, Maver, Jr.
residence, 887 W. 18th St. C. C. Haskins.
Total, 10.

TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP.

Approved by the Board of Examiners, January 8th, 1896.

SHEPARDSON, GEO. D. Prof. of Eléctrical Engineering, University of Min-
nesota, Minneapolis, Minn,

SixcLAIR, HENRY A. Electrical Engineer, The Tucker Electric Company,
New York City.

NuxsN, Pavn N, Consulting Engineer, San Miguel Cons. Gold Mining
Co., Telluride, Colo.

WixsLow, Geo. H. Electrical Engineer, 700 Lewis Block, Pittsburg, Pa.

GHaRkY, Wa. D. Sup’'t Underground Cable Const. and Maintenance,

hiladelpia Traction Co., Philadelphia, Pa.

Fiss, WavLter C. Manager Lynn Works, General Electric Company,

Lynn, Mass.
Total, 6.

TrE PresipenT :—I would now ask Mr. Vansize to give briefly
the reasons why it is desirable to incorporate the INs1TTUTE.

Mr. William B. Vansize read the following committee report
and explained the points involved. :

This Committee was appointed by the Council at its meeting on December
18th, to consider the question of the “ Incorporation of the INsTITUTE and the
changes that may be necessary and advisable in the Constitution.”

The Committee met on January 8th. After some discussion it was decided
that it would be advisable to divide the work of the Committee into two parts,
and to consider, first, the incorporation of the INsTITUTE ; second, the necessary
and advisable changes in the Constitution. This was deemed necessary, since
the meeting that will be called to vote upon incorporation, must vote unani-
mously in its favor in order that the action may be valid.

Your Committee believes that it will be greatly to the advantage of the INsTI-
TUTE to be incorporated, and recommends that the necessary steps outlined below
be taken to make this change.

A voluntary association, such as the INsTITUTE now is, has no standing before
the Jaw and cannot receive bequests or hold property. Every member of such
association is individually and jointly liable for all debts incurred by any agent
of the association.

A corporation, on the other hand, has a standing before law, it can acquire
property by grant, gift, purchase or bequest and hold and dispose of it for the
purposes of the corporation. The ultimate liability for debts, for which a judg-
ment against the corporation has been obtained, and remaining unsatisfied, is
limited to the Directors, and is not shared by the members of the corporation
individually. This responsibility of the Directors is a limited one, and extends
only to such debts as are contracted by the Directors during their term of office
and which shall fall due or judgment be had within one year from the time at
which they are contracted.



86 REPORT OF COMMITTEFR ON INCORPORATION. [Feb, 28,

1t is therefore recommended that the Council take the following steps in order
. to submit the question of incorporation to the members of the INsTITUTE.

1st. That the Council pass the following resolutions :

* It is voted that the President be directed to call a special meeting of the
INSTITUTE, to consider a proposition to incorporate the INstITuTE under the
Membership Corporation Law of the State of New York. (Laws of 1895, Chap.
559, Section 5.)”

2nd. That the Council send out the following notice to all the members of
the INSTITUTE :

‘¢ Notice is hereby given that at a meeting to be held on the 26th day of Feb-
ruary, 1896, at 8 o’clock in the evening, & proposition to incorporate such INsTI-

TUTE or Society in pursuance of Section 5 of the Membership Corporation Law,
will be acted upon by the members thereof.”

Dated New York, this  day of Jaouary, 1896.
MaJoriTy or CouNciL.

This notice must be sent out at least thirty days before the date set for the
meeting to vote upon the question, and must be signed by a majority of the
Council. If this notice is sent out as soon as possible after the meeting of
the Council on January 22nd, the meeting to consider the question cannot be
held until the third Wednesday in March, if it is to be a regular meeting of the
INSTITUTE.

We recommend, therefore, that the regular meeting of the INsTITUTE, sched-
uled for Wednesday, February 19th, be postponed one week to Wednesday,
February 26th, and that the question be submitted at said meeting.

The laws of the State of New York will make certain changes necessary in
our Constitution, should we become an incorporated society. The consideration
of these matters can best he postponed until after the question of incorporation
is decided. '

Your Committee is prepared to do all the necessary work pertaining to the
incorporation of the Society, including the legal work.

The Sections of the Laws of New York relating to the matter are added as an
Appendix.

An abstract of this report has been submitted to the non-resident members
of the Committee, Messrs. Carhart, Hasson and Hibbard, whose names are
signed to this report with their authority, thus making the report unanimous.

Very respectfully,
Wu. B. Vaxsizg, Chairman,
Cary T. HutcHINSON, Secretary.
T. C. MarTIN.
TownsEND WoLcCoTT.
A. S. HiBBaRD.
By_the Secretary, { W. F. C. Hasson.

H. S. CaRHART.
January 21st, 1806,

The Secretary then read the following resolution :

Resolved, That the directors of the AmEerican INstrTUTE OF
ELecrricaL ExeiNeers be authorized and directed to incor-
porate such association, pursuant to Section 5 of the Member-
ship Corporation Law, under Article 1 of such chapter, and to
execute and file certificates and take such other and further
steps as may be proper and necessary therefor.
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Tuk PresipExt:—Gentlemen, the other societies are incor-
porated, and we are simply getting in line. There is no radical
change to be made. Is that motion seconded ?

Me. James HamBLET :—I second the motion.

Tae PresipEnt :—We will take this motion by a rising vote
if you please. All the members in favor of the adoption of the
resolution will please rise.

Thirty-nine members rose.]
HE PrusiprnT:—All opposed to the motion will please rise.

[None rose in opposition.]

Tee Presipert:—The vote is unanimous. Our next busi-
ness, gentlemen, is the continuation of the discussion of Mr.
Sprague’s paper on “ Electric Elevators, their Uses and Advan-
tages.” According to the notice that was sent out, the discussion
will be opened by Dr. Hutchinson, who is now making figures
on the board.

Dg. Caxy T. Hurorinsox :(—Mr. President and Gentlemen, I
propose to give to-night a short acconnt of a test that I made on
the elevator plant in the Postal Telegraph Building; a test of
the energy expended in running the elevators for a certain defi-
nite time, under conditions of usual daily operation.

The plant, as has been explained, comprises six Sprague-Pratt
sCrew ell)ectric elevators, two for express and four for way service.
Current is supplied by a dynamo for this service alone, at a po-
tential of 220 volts.

The test was made by connecting a Thomson recording watt-
meter, bought for the occasion and newly calibrated, into the
circuit of the six elevators. The readings of this watt-meter give
the energy consumed. The travel of the cars was measured by
putting a counter on each elevator. The counter wae an ordinary
bicycle cyclometer, connected so that each revolution of the
fast-travelling sheave of the elevator moved the counter one
tooth. The ropes ledd directly from the fast-travelling sheave
to the car; every revolution of the sheave meant a movement of
about eight feet of the car; the counters were of course arranged
so that they did not register backward; every car, no matter
whether it went to the third story or the fourteenth story, regis-
tered its travel on the counters.

It was intended originally to have these tests extended over
a week, but owing to trouble with the counters, to delay in
getting the meter, etc., it was not possible to do this; so the
record is for only one day’s test, beginning at 10 o’clock in the
morning and ending at 6 in the evening. Readings were taken
approximately every hour. I believe that there will be no sub-
stantial difference between the results for one day and the results
which would be obtained in a week’s continuous test, at the same
time of the year. There should be a difference between the re-
sult now, and the result at some different time of the year. The
results from hour to hour are nearly the same. I have puta
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table on the board, showing the travel of each car in miles, the
consumption of energy for each hour, and the result of the whole
day’s run.

TABLE

BHOWING RESULTS OF THE TEST MADE ON THE ELECTRIC ELEVATOR PLANT OF THE
POSTAL TELEGRAPH BUILDING.

Car Travel in Miles.
Car No.
.45 A. M [17.05 A.M.[12.05 P.M.[r.00 P. M.[1.57 P. M.|2.57 P. M.| Total
to to to to to to for
11.¢5 A.M | 12,05 P.M.|1.00 P. M.|1.57 P. M.|2.57 P. M.|6.00 P. M.| Day
Toee tenian sune caenns 1.76 1.14 .90 .97 1.10 3.32 9.19
Bieeaes tiinn ae waes 1.92 1.10 110 1.01 1.10 3.94 9.97
kO RTTTTTTTN 1.72 1.27 1.10 112 1.23 3.85 10.29
Berren teer tenaieneens 1.78 .08 - 22 1.12 3.3¢ 7.8t
$ cen o tesiie csesane 233 1.87 1.78 1.84 2.00 5.08 14.87
L2 .33 1.87 1,98 1.84 2.00 5.68 15.50
Total .,.00ovvvvuineas| 11,64 8.30 6.66 7.c0 8.55 25.18 67.33
K.w. Hours . .. ..... 49.3 34-3 32.9 32.9 37- 1041 290.7
X.w. H.P. per Car Mile |- 4.23 4.14 4.95 4.70 4.33 497 4.37
Average speed, 350 feet per minute.
Car floor area, 33 square feet,
Average kilowatt-hours per car mile, 4.33.

There are six cars. Four cars stop at every floor; the others
are express, stopping at 11th floor and up to the 14th. Three of
the cars usnally do not go above the 11th. The others usually
go to the 14th. But all these variations are taken account of in
the counters, which register the actual car travel, and are not based
on any estimate of the average length of the trip. The cars
run at an average speed of about 350 feet a minute ; the area of
the car platform is about 33 square feet. The general charac-
ter of the installation has been dwelt upon, so it is not necessary
to go into particnlars.

ne further point: WNos. 5 and 6 are the express elevators.
In addition to putting counters on the car, I had the conductors
register their trips. The counter of car No. 5 gave out after
about an hour. In calculating the car travel of car No. 5,1
have reduced the mileage of No. 6 in proportion to the number
of trips as kept by the car men. The table gives, in the vertical
columns, the actual mileage of each of the six cars for each
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hour, beginning with car No. 1, 1.76 miles; car No. 2, 1.72
miles, ete., etc. The totals are given in the final column —car
No. 1, 9.19; car No. 2. 9.97; car No. 3, 10.29; car No. 4, 7.51;
car No. 5, 14 87; car No. 6, 15.50.

The next line gives kilowatts hours consumed, the total being
290.7, given in the column on the right. The total mileage for
the six days for the day is 67.33, making the average kilowatt
hours per car mile 4.33. The figure for kilowatt hours per car
mile varies from hour to hour, on account of the different loads,
from 4.07 to 4.95.

The test, I believe is as accurate as a thing of this kind can be
made, without extending it over several weeks; it seem to give
the results fairly of the actual practice in this particular plant
under daily running conditions. 1 made all the observations my-
self, took all the readings, and connected all the instruments
used ; I believe the test is correct in the general result.

Mke. J. W. Lies, Jr., (communicated :) Asthis discussion has
ruised the question of central station service, it may be in point
to mention that of 13,395 H. p. on the N. Y. Edison system, ap-
proximately 5,000 B. p. are for direct-connected electric passenger
and freight elevators, of which there are over 500, probably
more than 10% of all elevators in New York. Of these, 360, of
about 4,000 8. p., have been installed within two years, of which
approximately 200 (2,400 . p.) were of Otis type; 70 (580
B. P.), A.B Bee; and 13 (250 n. p. Sprague, the others being of
varions kinds. In January alone, 50 electric elevators, of over
700 B. P., were connected.

The company has required that the inrush of starting current
should not cause a variation in pressure of more than 3 volts above
or 3 volts below the 120-volt lighting service, being 6 volts
above or 6 volts below the 240 volts between outside wires, on
which motors are usunally placed. These conditions have, as a
rule, been readily complied with by contractors, and the lighting
service has compared favorably with that on systems not carry-
ing a motor load. The large generating capacity of stations,
and distributing capacity of street network, give central station
service in this particular a decided advantage over isolated plants.
In the one case, the effect of many motors is balanced and aver-

d to almost nothing; in the other case the starting of an
elevator is shown directly on the lights, which has usually ne-
cessitated separate dynamos for elevator scrvice in isolated iants.
This seriouely increases the investment cost and decreases the op-
erating economy of isolated plants in comparison with central
station service. The isolated plant, also, must have capacity to
cover the maximum demand of the elevator, except in a buildin
where many elevators are running simultaneously—again a disad-
vantage compared with the average demand on central station
service. Finally, if the elevator service is to continue outside of
usual hours, either the isolated plant must be run for excessive
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hours at great sacrifice of economy, or a supplemental service must
be obtained from central stations, or the elevators must be re-
stricted to the stated hours, to the consequent discomfort and
annoyance of tenants.

The price of current for elevator service has been kept at
usual power rates—as low, for 1,500 n. p. hours per month, as
5¢. per H. P. hour, 6 ; per k. w. hour. The intermittent nature
of elevator service results in a much lower average return per
H. P. from elevator motors than from almost any other class, the
figures approximating from ®$18 to $25 per year per H. P. in-
stalled—a cost far below that of a power like steam, which must
be kept on tap in the individual building to the extent of the
maximvm demand, and paid for accordingly. For this price
service is available 24 hours for 365 days in the year. These
figures and results compare rather well with isolated plants, when
aﬁ the elements of cost are fairly considered—except in those
extraordinary cases, rivaling Keely motor results, where, as in
one instance, an engineer reported a cost of less than one cent

r K. w. hour for electric current, and another lighted his

uilding for “ practically nothing.” To enable owners to compare
fairly, 1solated plant costs with central station service, the Edison
Company has recently prepared a blank for the use of owners
and electrical engineers. From the data obtained in a recent
case, it was found that a proposed building, requiring 5,000
lamps and 2,750,000 lamp hours per annum, would show an
operating cost for isolated plant of $18,000 per year, while central
station service at present rates would cost about $12,500. It
may be added that, central station supply, with the double service
usual in large office buildings, from two different mains, and
with sapply from the several Edison stations, gives a surety of
resource not to be expected from an isolated plant, unless under
exceptional conditions, and with the large additional investment
necessary to give duplicate gencrating capacity.'

Me. George HriLL:—Continuing my remarks at the last
meeting, I desire to state that on page 12 of the paper, Mr.
Spragune announces: “ To meet the hydraulic machine, there
“ was designed and developed what is now known as the Sprague-
“ Pratt multiple sheave electric screw elevator. . . . . .
¢ This machine now stands the superior to the hydraulic elevator
“in that it has speed and capacity, with, if anything, greater
¢ safety and certain advantages in its automatics.

* On high lifts it occupies less space ; it is more flexible in its
“ application, is more economical to operate and is more easily
¢ cared for.”

On page 22 he says that the Postal Telegraph plant is one to
which this remark applies.

Mr. Sprague says that at a certain test of this plant 1,186 1bs. of
coal were burned, but arbitrarily reduces the amount by 7 per
cent., and then says 224 1bs. per car mile was the duty. You all




1896.] DISCUSSION IN NEW YORK. 41

know that such a test must have been of relatively short dura-
tion ; that estimating the condition of the fire at the beginning
and the end of the test is very unreliable, and that there is an
opportunity for grave errors to creep in; but in addition to this
we are not given data as to either engine or generator size, as to
time of the day, day of week, number of trips the car made,
the namber of stops the cars made, whether they were on regular
duty or operating by running continuously up and down as rap-
idly as possible without any stops

All of this data is necessary to form a correct idea of what
can be done, especially when we consider that the amount of
current required to start this machine is more than double ite
running current, and that consequently the power consumption
per car mile for the same machine operated under the same con-
ditions will vary almost directly with the number of stops made,
increusing with every stop so as to nearly double the current con-
sumption in service conditions over the amount required for ex-
hibition-coal-per-car-mile purposcs.

This ends his economy data.

Mr. Sprague gives a few words about tons of water lifted hun-
dreds of feet, 24 tons lifted 330 ft. per car trip and asks if this
is economy. When reduced to H. p., this means 50 H. P. ex-
rended during the time occupied by a round trip for one car, regard-

ess of the number of stops or loads.

Cumparing this with the figures obtained by Prof. Shepard-
son at the Minneapolis tests of the screw electric machines, we
have car lifting a live load of 2,500 lbs., (smallload) 350 feet per
minute (low speed). and requiring 52 electric &. p.

In this Shepardson record, no mention is made of the start-
ing current required, so that we have at the beginning an ex-
penditure of energy greater than the figures Mr. Sprague gives
us, to which must be added the expenditure of energy required
to start the car after every stop.

First: 1n a first-class elevator plant, there should be:

(a) Perfect regularity in car dispatching.

(6) No missing of landings.

(¢) The highest speed the human system can bear.

(7) Perfect safety.

(¢) Reasonable economy, both of capital and for operation as
a part of a large plant.

e three first mentioned all have for a common object the
delivery of the passenger in the shortest possible time.

The fundamental difficnlties with the screw electric machine
are:

I. The surge of current through the motor to overcome the
inertia of the car is so great as to demand either storage bat-
teries or two separate generating sete. This assertion is based on
my experience with the drum electric machines (which require
about one-half the current of the screw electric) at the Ameri-



42 SPRAGUE ON KLECTRIC ELEVATORS. [Feb. 26,

can Book Company and the Jefferson Hotel. Observations of
the Postal Telegraph plant. reports of the operation of the screw
electric machines at the Hotel Grand (which, by the way, I am
told is everlastingly in trouble), Minneapolis and Chicago, and am-
meter readings on a dozen drum electric machines here in New
York, and observations of the actions of the standard forms of
direct connected generating units running underloaded, when
suddenly loaded to near their capacity.

If this is mot enough proof, visit any of the places where the
screw electric machine is in use, and observe the variation in
voltage when it starts.

I1. The inertia of the car in stopping is constantly varyin;i,
since it depends on speed, weight and direction of motion, all
of which are variants. The stop is effected by the short-circuit-
ing device and the brake; the short-circuiting device requires
time, and the brake having a constant retarding effect, requires
a different length of travel to accomplish its purpose each time
the conditions vary. Asa consequence, either the operator must
run with extreme caution, slowing up as he approaches each land-
ing to prevent running past it, or else take the chance of mise-
ing the landing and running back to it, which involves a loss of
time sufficiently great to permit him to have travelled through
another story. This feature is so well known that even laymen
mention it to me when I speak of electric elevators. I have ob-
served it in the case of careless operators on every electric ele-
vator on which I have ridden. The defect is inherent in the de-
sign of the machine, and increases in seriousness as the square of
the speed, and, as a consequence, really high speeds will be
found impracticable until a radical change is made.

This feature affects everything except the safety of the ia-
chine.

Mr. Sprague says (page 20) that his short-circniting device can
control t‘l)le elevator, liut you know that there must be rotation of
the armature and consequently motion of the car for it to be ef-
fective.

This cannot be relied on alone, since any break in any circuit
of the motor results in throwing it out of operation. .

I11I. Concerning economy ; in every first-class hydraalic plant
the pumps work at a uniform rate. There are not less than six
makers of pumps who will guarantee a duty of 30 Ibs. of steam
per pump H. P. %our. A plant consists only of pump, two tanks
and connecting piping, and the elevator cylinder. The number
of foot lbs. of work done by the pump, equals the maximum
load multiplied by one half the number of feet travelled, di-
vided by the efliciency, 55 per cent., and is a constant.

The experience of all of the makers tends to the belief that
the cars average one-half the number of people lifted that they
could lift, and consequently the expenditure of energy in lifting
water is about 3.67 times that of the useful work done; but
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having once stored up this amount of energy, there is absolutely
no limit to the number of stops which can be made. This gives
110.10 Ibe. as the stearn per useful horse-power, and if the cars
all ran fully loaded, this consumption would be halved.

In the screw electric machine, as 1 have before said, there ie
demanded either a special generating set or storage battery. For
the generating set the engines would run under-loaded, de-
manding at least 60 lbs. of steam per indicated m. p. for one-
half the work to be done, which, divided by the efficiency of the
machine 51.3 per cent., gives 117 lbs. as the steam expenditure,

lus an additional amount to be allowed for every landing made.
is 60 Ibs per indicated m. p. hour is based on my observations of
about 300 cards taken from seven engines of capacities varying
from 25 to 75 kilowatts, showing a steam consumption by com-
putation from the cards, according to the-Thompsen method, of

l
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from 67 lbe. at 25 per cent. of rated capacity, down to 30 Ibs. at
rated capacity.

The influence of the number of landings made, and the care
with which each stop is effected, has an interesting effect on the
output, thus the current for one machine making a run of the
entire travel with but one start would be as shown in Fig. 1. The
hump must be repeated every time the car is started, and every time
a landing is missed. Imagine the consequence on the area of the
curve where a car is compelled, as in many of our buildings it
is, to stop on an average of every other landing, both up and
down. Our economy, as above stated, was for a single start.
For the usual conditions the steam consumption must be very
much increased.
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1f a storage battery is taken as the other alternative, an en-
tirely new set of conditions arise.

In the first place we have the interest and maintenance of the
battery to be charged against a saving of coal, and in the next
place we must consider the efficiency losses of the under-loaded
generator, charging the batteries through a booster, 3 or 4 auto-
matic switches, ete.

In the case of the Postal Telegraph plant, to install a battery,
allowing 15 per cent. for maintenance cost, depreciation and
interest on investment, there would be a minimum charge
of $3,000 per annum, or enough to purchase more than three
tons of coal per day—rather a serious item.

Assuming that the storage battery is used, and admitting that
by its use tﬁe coal consumption could be halved in so far as the
storage of energy is concerned, we have to consider the watt ef-
ficiency of the battery, a matter of about 85 per cent.. and, next,
the efliciency of conversion of the booster, say 90 per cent., and a
steam consumption of 35 1bs., or a resuitant consumption of 90
Ibs., or 20 lbs. gain, considering simply efficiencies. Of economy
we can then say that for a special generating set, the steam con-
sumption will be about the same (110 lbs. hygraulic—ll'l electric)
when the conditions are best for the screw electric, and worst
for the hydraulic, as I have before demonstrated.

For storage battery use, we have seen that the cost of battery
would about pay for the coal which Mr. Sprague says is re
quired to run an hydraulic plant. (Discussion page 26). If we
add to this expenee the cost of a break-down connection, the
cost is nearly double again.

Second. A few words concerning some of Mr. Sprague’s
other points:

On page 5, Mr. Sprague gives the field of the electric elevator.
1lis tirst sub-division brings up a condition that has never occurred
in my practice, and, in my belief, could not occur except in con-
nection with other conditions, which would dictate the demoli-
tion of the building entirely.

His second case %dispute.

His third case I cannot imagine as occurring, especialy as I
know of several cases where a change from a slow hydraalic to a
high speed hydraunlic was effected without interference with the
service.

His fourth, fifth and sixth cases are perfectly met with the drum
machine.

11is statement on pages 9 and 10 is in my estimation unfair,
since, a8 I have above stated, in a reasonably well designed plant,
properly operated, there is u demand for- a constant output of
energy on the part of the pumps, and it is simply & question for
the owner to determine between capital account and coal bills.

The statement on page 9 that fifty combinations of engines
and dynamos demand less water evaporated than one hydraulic
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pump is a fair rample of the statements made. Taking his own
statement as to the steam consumption of a generating unit as
given in the same paragraph, as less than 40 lbs., say 30 per B. p.,
and taking the efficiency of the combination as 95 per cent., we
would have for fifty transformations 390 lbs. of waterto com-
pare with the 60 or 70 lbs. stated by him in this paragraph as
the pump water consumption.

On page 10 he says the electric elevator used current directly
proportioned to the work, modified in small degree by starting
and slow running. I think, on the contrary, it would be more
nearly the truth to say modified in an enormous degree by start-
ingi slow running and number of landings.

he difficulties mentioned in the last two paragraphs of page
- -10 are, as far as my experience goes, fanciful, due not to difticul-
ties inherent to the hydraulic elevator but simply to the dis-
inclination on the part of most architects to be bound by limi-
tations of any kind whatever.

Concerning the packing of hydraulic cylinders and the cost of
maintenance of them, Mr. Sprague mentions isolated cases where
trouble has occurred due to stupidity on the part of the opera-
tors, or carelessness or worse on the part of a shop foreman. A
most cursory investigation of the hydraulic elevators will con-
vince the fair-minded that the difficulties are exaggerated.

Mr. Spragne mentions the need of heating. 1 cannot speak for
every consulting engineer, bnt I know that in my own practiceone
of the first points which I consider is the heat unit transmission of
a building for the year, and 1 usually figure it out very carefully
from the%)eet plans available, using the German method and ap-
portioning the losses per square foot of wall, window, roof and
cellar surface according to the actual conditions.

In the American Book Company plant, we find it practicable
to heat all of our part of the building under all conditions, and
all of the three upper stories occupied by the University under
all but the most severe conditions with less than three pounds of
back pressure.

At the Odd Fellows Temple in Philadelphia, we heat under
all but the most severe conditions, without one pound of back
pressure, and without the use of live steam. -

In both of these large buildings, there are two high speed hy-
granlic elevators operating constantly, during seventeen hours a

ay.

In a great many other plants that I know ef, the daily coal
consumption increases in the fall and winter as a regular
thing, not because of the increase of lighting requirements,
since my observations show it to vary with the outside average
temperature rather than with the condition of the sky or am-
pefre output, and I have the records of three large buildings to
refer to.

e ———— A
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Third. Let us refer to the Postal Telegraph plant :

Mr. Sprague, in his very intereeting remarks, states that in
* the Postal Telegm h Building they are running more lights,
“ more car miles of elevator service, pumping more air, running
“ more motor converters, running more continuous hours of ser-
“ vice in a year than any building in the city of New York,
*“and running it on lees coal than any building in the city of
“ New York %or the same service ”

This is a general challenge to produce any mechanical plant of
nearly equal size operating as economically.

There 18 also the “inference that this economy of operation is
due to the use of the Sprague-Pratt screw electric elevator. I
shall show that this is a very inefficient plant. '

Recently it has been burning on an average of 7§ tons per
day of broken coal at §4.50 per ton. It has one generator run-
ning for electric elevator operation alone, in which the amperes
vary from zero to 650. Volts vary from 190 to 245. The ele-
vator speeds are about 275 feet per minute.

My authority for coal cunsamption cannot be divulged, but I
pledge my word that you would unquestionably accept it if I
should state it.

PHILADELPHIA RESULTS
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All are a good type of hydraulic elevator with the ordinary pumps, some compound
and some simple, with no attempt made to secure high duty. A simple change in style
of pump would reduce the coal per car ngile to below 20 lbs.
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The Postal Telegraph Building is protected by the Home Life
Building on the north. Its exposure is principally to the
south, affording an advantage of 20 per cent. in heat required.
The elevator service is not 24 hours a day for the entire plant,
but that of a regular office building, with a few of the elevators,
a portion of the lights, etc., run at night for the telegraph ser-
vice. The building is very well lit naturally.

This coal consumption is for a very recent period. Mr.
Sprague’s figures, given after the conclusion of my remarks of
an average from June 94 to December ’95 of 6.2 tons, are the
practical substantiation of the figures above given, because he

ives us the average for two summers and one winter, start-
ing from the time when the building began to be occupied. My
records of plants show ahout the same proportionate increase
between the daily average during the period for which I have
made the comparison.

The Home Life Building is exposed on all sides, is very tall
and has a tower, which I have not counted in making the cube.
It has an expensive and extensive indirect heating system for
the lower floors, three hydraulic elevators, is occupied as an of-
fice building during twelve hours of the day, with a supplemental
gervice for five hours longer. [ give two rates of coal consump-
tion, the lower rate being for five degrees higher ave
temperature than was experienced during the time ofr:E:
Postal Telegraph records under an exceptionally competent en-
gineer, and the other taken at the same time that the Postal ob-
servations were made, and the work of a less competent en-

ineer. My belief is that more than half of the difference is
ue to the difference in the men.

The Mail and Express Building is exposed, as you know, on
all sides. Inaddition to heating the building, ventilating the
basement with a large electric fan, ventilating the engine room
with a large steam fan, operating four hydraunlic vertical cylin-
der elevators, two hydraulic horizontal cylinder plate hoists, the
entire lighting service of the building and the operation of the
large Hoe presses required for the issue of the paper, consider-
able live steam is used in the stereotjping room for the driving
of a small engine running eight hours a day, and for the heating
of a building adjoining. The plant unquestionably could be
materially improved; the daily coal consumption, however,
shows remarkably well. i

The Morris Building is strictly an office building, running at
night for the convenience of tenants, as well as by day, has three
hydraulic elevators and an independent electric lighting plant;
coal consumption given is annual, averaged for a day.

The American Book Company building is ten stories, with
cellar and sub-cellar, nine of the stories being occupied by the
American Book Company factory, in which there are over 170 g. P.
of motors, three large drum electric elevators, two hydraulic eleva-
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tors of 450 per minute speed. one steam and hydraulic sidewalk
elevator, a wasteful indirect heating plant for the roof, requiring
live steam in severe weather in considerable quantities, a num-
ber of ventilating fans, etc. The hydraulic elevators are used
for the service of the three upper floors, and are run constantly.
Inasmuch as the shipping departments are on the third and
fourth floors, and the manufacturing departments on the top
floors, the electric elevators are in constant use all of the
time. Two points are particularly noticeable. One, very mod-
erate coal consumption, dropping to less than two tons of coal
per day in the smmnmer, and the other, the fact that the watt-
meter records taken continuously day after day, one on the man-
ufacturing circuit, which includes alf fans, etc., and the other on
the total power, which includes the first circuit and the electric
elevators, are practically only 2.5 k. w. apart, with an occasional
peak lasting but a second when two or more elevators happen to
start together.

The ()dd Fellows Temple is a larfe building, one-half occu-
pied ae offices, and the other half for Odd Fellows’ meetin
rooms, entertainments, etc. Oneof the courts only goes throug:
five storiee ; the building is heated entirely by indirect radiation,
a 120-inch Sturtevant fan being used occasionally during the day-
time, and always during the evening in the summer. The build-
ing has two Kydrau]ic elevators,%)esides its isolated plant, and
runs continuously for eighteen hours a day. In the top floor
there is a restaurant, which, the janitor claims, demands the ex-

nditure of one ton a day alone for live steam for cooking, ete.
The coal consumption stated ie for the same period as the Postal,
and is about the average in addition for the three winter months.

The Manhattan Life has 5 hydraulic elevators; one running
twenty-four hours a day, has the Weather Bureau, which de-
mands light and heat during twenty-four hours a dai, and a
seven-story tower, neither of which are figured into the cube,
nor allowance made therefor. The regular office service ie for
eleven hours a day, and there is a supplemental service of thir-
teen hours. Coal consumption stated for the same period as the
Postal. * Elevator speeds are very much higher, and my belief
is that the elevator car miles exceed those of the Postal by prob-
ably 30 per cent. Lighting requirements are undoubtedl
greater, and the beating requirements certainly so, as the builJ:
ing is entirely exposed ou all sides and is very lofty.

I have endeavored to make the table giving these results as
complete as possible.

In the column headed ¢ Special ” I have made allowances in
accordance with my own judgment, so as to reduce all to a uni-
form basis of hours of service. The two other columns of cost
are figured from a perfectly evident basis.

TaEF any one you please, the marked inefficiency of the
Postal plant 18 evident.
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In conclusion, I am fully alive to the shortcomings of the hy-
draulic elevator, have been fighting for years to obtain more effi-
cient pumps in my plants, and to get a closer relation between
the energy expended and the load lifted; but I do not see what
road is open to secure the enormous advantage inherent in a
hydraulic cylinder due to the fact that the acceleration of the
car on starting does not derange the source of supply while in
every form of electric elevator, this must occur. It can be han-
dled in the drum machine, but not in the screw machine within
any reasonable limits, and the final point, that the stop in the
hydraulic machine is always positive, while in the electric ma-
machine it rarely is.

Mz. Joax D. InLpEr:—I should like to call your attention
to the difference between the screw machine and the ordinary
drum machine. Mr. Sprague makes the claim that the screw
machine is the only one that is fit for high speed service, and he
bases his claim upon its special construction. Now, why an
electric machine which has a rotary motion should be bnilt on
the same lines as a hydraulic machine which is reciprocating in
its motion and has a short cylinder, and therefore must have
multiplying sheaves, seems very strange. The screw machine
of Mr. Sprague hag, through these multiplication sheaves, an en-
ormous pressure on the screw, which it seems he has overcome in
a more or less satisfactory way, by making special tools, using
special material, and large ball bearings, all of which are not neces-
sary in the ordinary drum machine. The ordinary drum machine
has thelarge advantage, again, of overbalancing. The screw ma-
chine cannot be overbalanced. In this way the drum machine re-
duces its duty down to less than one-half that of the screw machine,
consequently the screw machine requires a very large plant for
operating it, or has to use very heavy currents when it draws its
power from the street. The difference between a balanced car and
an overbalanced car is not very familiar to most of the members
here. To illustrate this difference, take, for instance, a car of a
daty of 2,000 pounds, with 400 feet speed. A drum machine can
overbalance this load, if it is desired, to one-bhalf, so that the
duty of the machine is reduced down to 1,000 pounds. But the
screw machine of Mr. Sprague’s cannot only not overbalance the
load, but, in order to start and accelerate the empty car on the
down trip, is obliged to leave the car at the lowest figure 500
pounds, probably 1,000 pounds heavier, so that the duty of the
screw machine is 2,500, or 3,000 pounds, instead of 1,000 pounds,
for the drum machine. This is evidently a very great dis-
advantage against the screw. The only points that Mr. Sprague
brings out to advance hie claim that the serew machine is the
only one that is fit for high speed are that it has a limited motion, and
that the lead of the ropes is always in the same line; it does not
shift aa it does on the drum. Now, the shifting of the ropes on
the drum is practically immaterial. It does not make the slight-
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est difference whether the ropes vary, in their lead in 150 feet,
something like two feet, or, when it comes to a 300 feet building,
whether they vary something like four feet. The limited motion
which is cluimed as a parallel to the hydraulic machine is incorrect.
However, there is practically no difference whether you consider
a drum machine or Mr. Sprague’s screw machine. Mr. Sprague
tells us himself that it is impossible to suddenly arrest the motion
of the screw. If you attempted to do it, something would
break. There is so much power contained in the motor
and the momentum of the car pulling ahead, that it would be
impossible to suddenly arrest the motion. Consequently he
must cut off the current and gradually produce friction, and in
that way bring the car to rest. In its general features, the drum
machine has the same arrest of motion. Most of the designs
which are at present in use have a thread cut on the main shaft of
the drum, with a traveling nut. It sets a train of gears in motion
and cuts the current off, the same as the nut does in Mr.
Sprague’s machine, and puts a brake or some other arresting
device on. So that the difference is practically only one in de-
sign; in theory it is exactly the same. Where the great differ-
ence exists that makes one machine fit for high speed service
and the other not, I fail to see.

Mr. H. Warp Lronarp:—I occupy rather a peculiar posi-
tion. I do not think that the hydranlic machine has the superi-
ority over the electric machine which has been claimed for it by
its advocates. Neither do I think that the type of electric ele-
vator which Mr. Sprague has described to us has the adwantages
which he has claimed for it. But I do believe that the electric
elevator in its best form has advantages over both the types that
have been discussed. The hydraulic elevator has many features
of disadvantage, which 1 think Mr. Sprague has put very foreci-
bly. The Sprague electric elevator has a great many disadvan-
tages which I think the hydraulic people have set forth very
clearly. The desirable features for an electric elevator are that
it shall be cheap as regards first installation ; that it shall be
cheap as regards operation; that it shall be possible to oper-
ate it at quite h'i% speed under satisfactory control; that it
can be stopped and started smoothly ; that it can make a perfect
landing ; that it shall be quiet in operation ; that it shall be simple
in its essential parts; that it shall be clean, which is one of the

ints that is quite a factor in the office buildings of to-day, and
1 which electric elevators have a decided advantage over hy-
draulic elevators ; that it shall restore useful energy in stopping ;
that it shall require but a small amount of power in starting—
that is to say, a power which is proportional to the actual work
without the necessity of the power which is absorbed and
wasted in rheostats or any other starting devices of similar char-
acter;—that it should not affect electric lights which are con-
nected to the same source; that it should require but a slight at-
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tention to keep it in perfect order; that its cost, due to deprecia-
tion, should be small, and that the cost of power, in case power
be purchased for operating it, chould be small.

I believe that elevators running on my system of operating
elevators have these features to a more marked degree than
either the Sprague elevator or the hydraulic.

A statement of that kind carries but little weight, and I have
not authoritative figures to substantiate it. Bat in case any per-
gon has a desire to investigate whether such a statement has an
foundation in fact,I can refer them to the lastinstallation, whic
is in Fahey Building, in Maiden Lane, where three elevators of
the drum type are installed, and where we have no difficulty in op-
erating to about the same height as the Postal Telegraph elevators.
They iave been in operation about three months. They start
with a much smaller amount of power than any elevator that
starts by rheostatic control or any other means. T{ey do restore
energy in stopping. They are perfectly noiseless in operation.
The motion is perfectly smooth in starting and stopping. They
make a perfect landing. The machinery is perfectly clean, and
the speed is higher than the speed quoted for the Postal Tele-
grﬁ elevator.

R. FrankLiN S. HoLmes:—I have watched the Sprague
elevator for some two or three years with much interest. I feel
that any person who has the grit to build a machine on new lines
and perfect it as that machine has been perfected is entitled to
the thanks of the mechanical community. .

But there seem to be two objections to the operation of a

. motor on these lines, and, indeed, to the electric elevator as it is
now operated. The first is that we are taking a motor at its
weak point. 'We take a motor standing still, and we ask it to
lift a ll()md at a speed equal to 400 feet per minute. Now, we
know well enouggetbat the current taken by a motor under these
conditions ie twice as great as the current required to operate
it when in motion. Any machine that requires two or three
times as much carrent to start it as to run it, simply because, or
largely because, of a weakness of the machine itself, is funda-
mentally wrong. There are people who are now trying to make
a combination between the gly(ﬁ'aulic and the electric elevator
thereby avoiding this weakness of the motor. In these days
when pure breed is valued so highly, possibly such a mongrel as
that is looked upon a little askance. But fy believe that along
these lines we shall, with direct current—I am not speaking
now of alternating current apparatus—get the best results in
elevator service. %‘he objection which is peculiar to the Sprague
elevator, it seems to me, is that it does not allow over-counter-
weighting. Mr. Sprague divided elevator work into two parts,
namely, medium service and high duty service, and he claimed
that tl{e only elevator which can operate successfully on high
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duty service was the screw elevator. I do not think that point
was established. I think that the dram can be made serviceable
for high duty service. The Sprague elevator takeis about 200
amperes of current, [ believe, to start, and a third of that, about
70 amperes of current, to ran. The Otis elevator takes about
80 amperes to start and about 25 to run. Now, I have been on
the platform of an-elevator, where the armature was turning
constantly, which took to lift three men, at the rate of 150 feet
a minute, 30 amperes to start and 20 amperes to run, at 110 volts,
which means 5 horse-power to start and 3 horse-power to run.
This was under conditions when the current taken to come
down was the same as that taken to go up. In other words,
the thing was perfectly balanced. But that is the advantage you
get when you ﬁ:ve an armature that is turning constantly in one -
direction, and is one thing we are looking for. Such a machine
will be commerical before a great while.

Dr. HuroninsoN : —Mr. Leonard says he has not figures to
prove some statements about his elevators. If Mr. Leonard will
give me permission to quote some figures that I have knowledge
of, I will do so. ,

Mg. Lronarp:—I do not know what the gentleman refers to.
But any figures he has he is at liberty to state. _

Dr. Hutcuinson :—I refer to a test of an elevator running in
the Otis factory, when you were present. .

Mg. Leonarp —Do you refer to the apparatus you designed s

Dr. HorcrinsoN :—{Io, I refer to the apparatus that the Otit
oompani designed and use in their factory.

MR. LeoNarp:—| was never present at any test where you
were present except of an apparatus you designed.

Dr. HurcHinson :—I beg your pardon ; we ran a test in their
factory on their motors.

Mr. InLper:—I think we made a few tests. Possibly I have
the records in my test books, and they are at your service.

Dr. Hurcwunson :—I1 do not want to give the tigures without
Mr. Leonard’s permission.

Me. Leonarp:—I am perfectly willing that they should be
given, with the explanation that they are not of the kind of
plant that [ mentioned when 1 spoke.

Me. IaLper :—The figures taken there were from a dynamo -
driven by a motor, and t%len the dynamo drove the elevator mo-
tor; the plant which Mr. Leonard refers to has a dynamo driven
by a steam engine. It leaves out the motor.

Dx. HurominsoNn :—DPrecisely; the steam engine takes the
place of the first motor.

Mz. Iuvper:—The steam engine takes the place of the motor.
Those tests were made some time ago by students of the Stevens
Institute, who will publish them in the near future.

De. Huroninson :—[ am simply referring to tests that you
were present at.
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Me. Iuvpee:—If you have any, they are entirely at your
service.

Dr. Hurcainson :—It is merely a qguestion of the current re-
quired to run the intermediate gynamo and motor constantly,
whether the elevator is moving or not. This work was done
under your direction, and I shall not quote it except by your
permission.

Mz. Lronaro :—With the explanation I have made, you can
give any figures you want to.

De. Hurcrinson :—The readings I am about to give were
made on a slow speed drum freight elevator in the Otis factory.
The car was driven by a motor of about 15 horse-power, to
which current was supplied bv a dynamo, which in turn was
combined with and driven by another motor, supplied with cur-
rent from the building circuit. The strength of the field of the
dynamo, and consequently its voltage, was varied by rheostat, con-
trolled by the operator on the car. Thefirst motor and dynamo ran
continuously during the hours of service of the elevator. In
stopping, the elevator motor drives the dynamo as a motor,
which in turn causes the first motor to act as a dynamo, thus re-
turning current to the line

The readings were as follows :—

Current gOINE UP..cuveiineiiierenerenns aeiannnanens 20 amperes.
Current coming dOWN, ..coeeeeiviriennrieeereiennsanns 40 amperes,
Starting current ...... ... i eeiiiiiiiiiiieiiieenee. 80 amperes.
Current when car was stationary........ ............. 16 amperes.

Current returned to line in stopping, depending upon
the suddenness of the stop, from 20 to 60 amperes.

The average of the ap and down current was 30 amperes.
Of this, 16 amperes is required for the dynamotor. That is to
say, over 50 per cent. of average power expended on the car is
used in the controlling device. The actual running time of such
a car is about one-fifth of its nominal operating time. With an
elevator service of ten hours, 160 ampere hours would then be
required for the dynamotor, and 28 ampere hours for moving
the car. "That is to say, of the total energy expended, only 15
per cent. goes to useful work, the balance being wasted in the
* dynamotor.

When a steam engine is substituted for the first motor, the
case is worse, since a motor is & much more proficient piece of
machinery on light loads than an engine.

MR. InLprr:—I believe it is hardly fair to Mr. Leonard that
this plant, which was run experimentally, should be quoted as
giving exact figures.

It was a motor generator combination running 3,000 revolu-
tions, which was put together by me out of machines which we
happened to have in stock, in order to demonstrate that a speed of
3,000 revolutions was not desirable for elevator service. So they do
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not show really any economy; they were not commercial ma-
chines.

Mg. Spracur :—Let us examine some of the statements which
have been made. There have been six speakers.

Dr. Hutchinson has given some interesting figures bearing on
the kilowatt hour expenditure per car mile of travel on the
Postal plant between certain hours. These are interesting ; but
I think his conclusion that the average result would not be ma-
terially changed had the record been continued for a longer pe-
riod of time 1s in error, a8 I will show later by some records of
several thousand trips.

Mr. Hill has reproduced a good portion of m per. I will
later correct a number of his statements—some I shall ignore.

Another speaker, being somewhat timorous concerning electric
elevators, advocates « mugwump system, a cowmbination elec-
tric and hydraulic, having few of the good and most of the
bad points of both. It might be pointed out that the ordin
motor {mmp and hydraulic elevator is such a system, but this 18
probably not the specitic device which he has in mind.

Another sees great beauties in a type of machine which I am
building, likewise the company which he represents, and exhib-
its a strange incapacity to determine differences between screw and
dram machines which ought to be clearly manifest to any mechani-
cal or electrical engineer.

Then again we have here the representative of the continuous
operating system, whose advocate, contrary to one of his prede-
cessors, believes in the supremacy of the electric elevator, so long
a8 it is the particular type which he advocates.

Now, all these speakers are entitled, of course, to their respec-
tive views. It is true they are somewhat contradictory.

I will give a few facts now, and since the P’ostal Telegraph
Building has been especially considered, I will take that plant. .

First, I will state t%at there need be no mystery about the coal
consumption. I have in my hand the operating log-book handed
ne to-day by courtesy of the attorney of the building. The coal
burned for all purposes from June, 1894, to December, 1893,
averaged 6} net tons instead of 74. This is the official record,
and not one quoted without authority.

The comparison of other buildings mentioned with the Postal
is of little moment unless it takes into account the real duty per-
formed, and just here I will point out the fact that it is a contin-
uous service building, and more so than any other office building
in the United States, except the Western Union, which gets a
part or the whole of its steam eupply from the street mains.

A cubic contents unit comparison is simply misleading. The
lighting of the Postal alone 1s a large factor, and although there
are three dynamos, each rated at 72 kilowatts, for the lighting,
telegraph and ventilation, recourse is had sometimes to the street
for the telegraph supply.
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Averaged for six months, January to July, 1895, the engineer’s
record shows an average for the above service for 24 hours, and
for every day, of 356 amperes at 115 volts,or 982 kilowatt hours
per duy, and to give an idea of how steadily this demand holds
up at different seasons we may note the hourly averages for each
month as follows:

JANUATY . oot iii i iirannienieenar nioncanncennss 887 amperes

February....coiiiiiiiiiineiiiiiitrinissnteenennns 870

March... c.iiiiiieiiins tenieenins coneennnnonnnnen 368 v

7 2 | N 848

May..ooovviiines veee . ue perten sreccttenanasaae 338 ‘-

JUNE. ¢ ottt ettt e e deeaeaeieaeas o

T 845 .
AVerage. .o v.oiivreees iiiiiiirntconnsesiiasnes oos 356 amperes.

As distinguished from the other buildings mentioned, the Pos-
tal has in addition to the continuous lighting service, and an ac-
tual, not janitor, night elevator service, a club and kitchen supply,
and a telegraph and a pneumatic dispatch service.
™ If the whole building, except heating, was supplied from a cen-
tral station, the demands would be about as folﬁ)ws :

Lifhl.ing and ventilation. ..,.. 808 k. w. hours, or about 52 per cent.
Telegraph ..... ... ........ 174 " . 11 .

Passenger elevators............. 850 " ‘ 23 -

Water pumping................ 25 o o 2 "

Miscellaneous.................. 180 . “ 12 .
1537 100 per cent.

These figures should speak for themselves. Since the plant is
actually run locally on 6} net tons of coal, then, assuming the coal
distribntion to be charged as per above percentages, 1.43 tons
should be charged against elevators for each 24 hours, and it does
its proportionate duty in heating.

It is, of course, difficult in a building which is always in use to
make elaborate tests, but the following are submitted in addition
to the above record:

The first is & coal record for the period beginning October
28th, 1894, and was made by Mr. Mackay’s representative. The
time was divided into three weekly parts. In the first week the
entire service was supplied locally, in the second week the ele-
vator service was supplied from the street, and the third week
the entire service was again local. .

Coal was measured by the number of loads of 2100 pounds
each, and was as follows:

First week, 45 loads, local supply .......c......co.. 0ttt 94,500 lbs.
Third week, 48 *¢  *¢ ¢ . el 100,800 *
Mean, first and third weeks, local supply............... 97,650
Second week, 43 loads, street supply.. .............. . 90,300 °
Average difference, one week, with and without local

supply of elevator power . .......ccc.ieceiiiiiennas 7,850 *

or 1050 pounds per day of 24 hours.

Maximum difference, one week, with and without local
supply of elevator power .. ............0vieer aunn. 10,500 *°,
or 1500 pounds per day of 24 hours
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The actual maximnm record is about 50% of our estimate for
the elevator service independently, that is, of 1.43 tons.
This is probably in part because some live steam was used for
heating the building, and because the boiler efficiency on a re-
duced power is a little less than when the elevators are rnnning.
It is interesting to compare this with the statemrent which was
made by the Spragne Company as to what would be required in
the matter of steam over and above the remaining service of a
building in case electric elevators are used instead of hydraulics.
There was made during the second week, November 3rd to No-
vember 12th, when the elevators were run from the street, 10,196
trips, a total travel of over 600 miles.

Our estimate was that the water evaporation would not exceed
250 pounds of water per car mile of travel. Six huudred miles
would require an evaporation of not exceeding 150,000 pounds
of water, or an average of 21,430 pounds per day. At
eight pounds of water per pound of coal, which is a con-
servative rating of average boiler duty, this would be 2,680
pounds of coal per day as the maximum for this duty. Take an-
other record, that of t{le Edison meter, for this same period from
November 8d to 12th. This shows 3,108 n. p. hours charged.
For 600 miles this would be almost exactly 5 u. p. hours per car
mile of travel, or 3.80 kilowatt hours.

I see no reason to change my statement that on more modern
plants the expenditure, averaged for all classes of service, will,
with the average size of car, not exceed 34 kilowatt hours per
car mile. :

On the night of November 22d, 1895, a test (to which expert
engineers were invited), was wade under the following condi-
tions, in the presence of about twenty peo¥‘le:

All electric service, except elevators, shifted to street con-
nection.

One boiler only left connected—B. & W.

All piping left in connection up to the engine and pump throt-
tles.

Steam supplied to elevator engine, boiler and house pumps,
and main pneumatic pump.

House pump prevented reliable use of water meter, but coal
was accurately weighed, and nearly 2,000 electrical readings and
the mileage of elevators were taken. One elevator was run on
regular service, and five were run with 650 lbs. load (more than

the average).

Boiler pressure............ciciiiiiiiiiiiiiiis ceienae 112 lbs.
Engine pressure ...........ciiiiiiiiretiiiieiieiiiieon. 110
Pressure should have been.........o..ovviieiieniininne. 125

Exhaust into heating apparatus.
Westinghouse direct equipment used.
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ResuLr:

Duration of test, 9.30 p.M. to 12.40 4.u., 8 hours, 10 minutes.

Number of round trips of 165 feet rise. T44
Total mileage ......coveeieennnns cunn
Total coal burned........ccoo0 vunnnen.

Hourly mileage.....ccoivoviiiriiiniiieiieniiacernnans

Coal percar mile.... ....coviviniinns civnnecnnennnn,

Average kilowatts........ ....ciiiiieienes cncenennn

Kilowatt hours per carmile...... ....covviivveeeennans 3.77

Water at 8 to 1 evaporation per car mile................ 180 lbs.
“ atBtolpercar mile.....ovuiiaiiiiiiiiiiiiann 04
¢ at 50 lbs. per kilowatt hour per car mile.... .... 1884

Average indicated H. P. of engine .........ceiieeiennnn 82
“ ' H. P. per car mile of travel.......... 6

It will be noted that the electrical expenditures per car mile
of travel taken under actual service conditions for our work in
1894 and that just given under a test at fixed average load are
almost identical.

Let us take another record, one interesting also because of the
diversity of opinion as to the average live load. One saysitis
one-half, another one-fifth. Which is right? I have in my hand
the record of 328 trips, in which every man, woman and child
that got into or out of two cars in a ten-story building, the Board
of Trade of Chicago, was taken. [ submit for record three
sheets taken at random. (See pp 59, 60, 61).

The whole record is so long that I have not had time to ave
it, but it will bear out the statement which I have frequently nade,
that the average live load in a car does not usually exceed one-
fifth of the normal waximum' live load. In other words, if
the car is rated at 2,500 pounds the average will not exceed 500
or 600. The meter record was taken of this same plant for the
trips made, and shows an average of 4.1 kilowatt hours per car
mile,—something over the Postal. Their cars are larger and
heavier, and my guarantee was 4 kilowatts. Later it will run
under the guarantee.

The Minneapolis plant I have never seen. The storage battery
is being used because those locally in charge, at a time when [
had nothing whatever to do with the installation of the plant,
concluded that they would install a battery so that at certain
hours of the day they could run their lighting and elevator ser-
vice from one engine and the battery. I presume that is what
they are going to do. The statement is made,—apparently got-
ten from newspaper cli'F ings, that the machines at this plant are
not up to guarantee. e test showed an apparent efficiency of
56 per cent., not 51 per cent., but it is probable that there was
an error in'the net weights reported, or some of the parts or the
guides or sheaves may have been running hard, for they should
have shown about 62 per cent. DBut this is not very important
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PASSENGERS CARRIED.—Continued.
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PASSENGERS CARRIE D.—Continued.
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at the present juncture, for I hold in my hand the full copy of
Prof. Shepardson’s report, and I quote verbatim the closing para-
graph as follows : ‘

“ The meter was put in circuit Wednesday evening, January
“ 1st, 1896, at 6 p.M. FReadings were taken’each day at the same
“hour. At 6 pwm. Saturday, Jannary 18, 1896, the meter
“ showed that 1129.2 kilowatt hours had been used by the three
* elevators in seventeen days. At the same rate, 1994 kilowatt
“ hours would be used ina month of thirty days. At the regular
“ motor rate of 7§ cents per kilowatt hour charged by the Minne-
¢ apolis General Electric Company, this would come to $149.50
¢ per month. The discount of 35 per cent. for monthly bills be-
“ tween $100 and $150 would reduce this to $97.17 per month
“ for the three elevators for one month, or about $1.08 per ele-
“ vator per day. This remarkably low cost of power actually
‘ used, shows the wisdom of your board in adopting electric
¢ power for your elevators.” ‘

he plant is to be extended.

The Chicago Board of Trade plant is under the supervision of
Mr. B.J. Arnold, a member of this Ixstirure. The storage
battery will be put in there because Mr. Arnold made the state-
ment to this Board of Directors that with a single engine driving
a 75 kilowatt dynamo he could run the four large elevators, a
number of ventilating motors, and lights, both arc and incandes-
cent, for a certain number of hours, and after that ran entirel
from the storage battery. It is not my province to criticise this
plan or conclusion.

At my own works, I am about trying a storage battery, but not
because we are in any danger of breaking down, especially as
we have a duplicate equipment, but because I wish the facts. .
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Ground for criticism has been sought in the fact that the Postal
has a street connection. That is a very sensible practice. They
happen to have a good many motor converters which required
absolute certainty of delivery of current for twenty-four hours
for their telegraph service. Electric elevators at one time were
not looked upon with general confidence, and there was oppor-
tunity for serious delays and troubles in starting so new a plant.
Then, too, they wished to know if perchance it might be more
econowmical to run from the street than from their own plant
and as a wise provision, which people, under those circumstances
would naturally make—it is now some two and a half years
—they put in break-down switches connected to both the 240
and 120-volt circuits. I think that was an ordinary precaution.

A passing comment npon the report of the Edison company
is not out of place. The screw machines, which are the specially
characteristic machines built by the Sprague company, are gen-
erally operated from large isolated plants and not from the street,
because individual elevator and light duty service has not been
sought by it. That, of course, anyone can do without trouble
My aim has been to surpass the hydraulic service in its highest
ty%, which is alinost invariably operated b]); private plants.

ith regard to the criticism that it takes more current to
start a gravity machine than an over-balanced machine, that goes
without saying, but the reasons for using gravity control on the
screw type of inachine will be set forth later with reasonable
fullness.

The statement that it requires 200% or 300% more to start a
- machine than to run it will not stand present investigation. In
past work, there have been times when there has been from 1006%
to 200% excess of current used momentarily, not becauge the ma-
chine required that to start it, but because the resistance has been
cut out of the circuit at & rate in excess of the building up of
counter electromotive force. That objection has been done
away witb, and with the small amount of static friction it is pos-
sible to start a screw machine with a very small percentage above
the actual running current, this depending upon the amount of
counter-weighting carried, the speed at which a car is intended
to be run, the load carried, and the rate of acceleration.

It is now perfectly possible automatically to control this start-
ing current so that it will not be over 25% or 50% or any other
percentage above the running current, and this method of opera-
tion does not interfere with the lights on a large central-station
circuit.

We have gone so far even as to now run elevators during a

ood portion of the day on the same engine as the lights of the
guilding, as in the Hotel Walton, Philadelphia, and this practice
will grow rather than decrease, because of certain features which
it is my privilege to introduce. I state without reservation that
such potential variations as are given for the Postal plant do not
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oceur, nor can they occur, except under the most abnormal con-
diticns and with engines and dynamos of the poorest character.

Mr. Hill quotes my statement that ‘“ineasured by standard
“ practice, a given number of pounds of energy can be delivered
“ to the controlling apparatus of an electric elevator for less
“ pounds of steam, that 1s, water evaporated, through the medium
< of no less than fifty combinations of engines and dynamos than
“¢ can be delivered to the valves of any hydraulic cylinder through
¢ the standard pumps permissible in average elevator practice,”
and indulges in a curious mathematical tlight wherein lie gets
lost in combinations and permutations. He says that this 1s a
fair sample of the accuracy of the statements contained in my
ya r. g am glad to hear that frank acknowledgment, and it is

air to say that his criticisin of it may be taken as the measure of

his eriticism of the balance. It would seem that my original
statement was quite clear. Put in a different form, it is simply
saying that there are no less than six or seven standard dynamos,
and not less than seven or eight excellent engines, any one of
which dynamos and engines can be emgloyed, and by this com-
bination energy can be created as stated.

Mr. Hill distorts this statement into the absolutely absurd con-
ception that there may be fifty transformations of) energy, and
that a high percentage of return can still be obtained.

Now, as regards automatic control, I repeat, that in a hydranlic
system the character of automatic control nsed on my electric
elevators as it is practiced, is not feasible where a mechanical
operating pilot exists, and if any device is applied to the pilot
valves of the hydraulic elevator, to be effective in this way, it
must be electric. Its use requires the operator to keep his hand
on the lever under all conditions of car movement, and operates

“to cut the current off instantly in hoisting, or to bring the car to
a prompt stop in lowering, in case the operator is negligent or is
ushed away from his lever, or in case any accident happens to
gim. This control is not on other mnakes of machines of any
kind or description, and in case of an emergency it is of the most
vital character.

It is odd that some of the speakers have fallen into the mistake
of assuming that we do not know exactly what our machines are
doing, or what, with the improvements we are introdacing, they
can do. They also differ somewhat as to the relative costs of
electric and hydraulic plants. My statement is entirely sound,
that, measured by the prices which have obtained in this city for
first-class hydraulic elevator plants, the electric equipments have
been the less expensive plants to install, and even with the in-
.crease of generating plant are not necessarily more costly.

Generally speaking, on large loads the total efficiency of a
screw machine will vary from 60 to 68 per cent., and on a drum
machine from 40 to 68 per cent.

. The best practice of governing over-balanced drum machines is
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the use of a rheostat in the armature circuit up to one-half
sEeed, and then the weakening of the field, exactly as 1 did on
the elevated railroads some ten years ago.

I am not proceeding in ignorance of the physical laws
covering the operation of electrical machinery. I try to
meet all the conditions which arise in elevator service,
not simply selected ones,—and 1no man in dealing
with human life is justified in ignoring the abnormal con-
ditions which may arise,—the failure of current, of a brake,
a cutoff, breaking of a shunt field wire, slipping of a brake,
running away of the machine, or the carelessness or ignorance
of an engineer or an operator. All machinery, we may say,
when operating normally operates with safety. What we are
more concerned about is what will happen when conditions in
an emergency are abnormal.

I have no apology to make for my strictures upon the drum
machine, no matter by whom made. I say that up to certain
speeds, and under certain conditions, it is the proper machine to
use. Under certain other conditions and more extreme speedsit
absolutely is not the proper machine, and I say further that any
machine which has not got the power of self-excitation in case of
emergency should not be tolerated on serious passenger work.
I want to emphasize this fact just as plainly as I know how.

It is curious to hear the claim that a drum and a screw ma-
chine are practically the same, and it can only be accounted for
by either a wilful dieregard of facts, or because of ignorance of
the essential principles of construction and control. I shall try
to make the differences clear. There have been in the past two
forms of hoisting machines,—one the steam worm gear drum
elevator, the other the hydraulic, either vertical or horizontal.
The hydraulic has had the preference over the drum machine in
the matter of first-glass service, and in point of safety.

Electric elevators are likewise of two types, the first being the
drum-—that is, the absolute counterpart of the steam drum ma-
chine, subject to its limitations and modified by the replacement
of a steam engine bf' an electric motor. The second is the elec-
tric counterpart of the hydraulic macine, having all its “safeties,”
and something more than its safety. As I have stated, I build
both types of machines, but I classify the duty to which, accord-
ing to my judgment and experience, and that of engineers in
general, they should be applied.

The drum machine is always subordinated in the class of work
- to which it is applied. It is not deemed by hydraulic com-
panies nor by myself, the equivalent of the hydraulic elevator
for first-class service, although the dram machine I am buildin
has, for example, six times the gear surface under pressure o
many machines. Its strength and efficiency in this way are ma-
terially increased. It has not, however, the elements of abso-
lute safety which characterize the screw machine, and which will
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re]egatf the hydraulic elevator to a subordinate position. In
neral :

" The drum machine corresponds to the steam drum machine,
long since given the second place.

The screw machine corresponds to the very best type of hy-
draulic elevator. '

There are detail points of differences on these two types of
machine,—differences which I consider absolutely essential on
first-class passenger service :

1. The screw machine has absolute limits of travel.

The drum machine, on account of the endless character of its
mechanical movement, has no fixed limits of travel.

It is therefore impossible to drive a screw machine into the
overhead timbers, or send it into the basement by failure of the
cut-off and brake. This has never happened to a screw machine.
It can, and has happened to a drum machine.

2. The screw machine not only has the normal cut-offs and
brakes, but, on the up movement, the mechanical part absolutely.
dislocates in case the cut-off fails to work,and it has,at the lower
end, a buffer nut, which will stop a car going 600 feet a minute
without danger, in case every automatic sq:o:fd absolutely fail.

The drum machine does not have, and cannot have, either one
of these mechanical limit automatics.

3. The method of control on the screw machine makes it self-
exciting, both in normal operation at its lower limit and in the
event of failure of the main current. '

The drum machine control generally adopted, that is, where
over-balanced, is such that the machine cannot be self-exciting.

The power of self-excitation, the impossibility of demagnetiz-
ing the machine, and the fact that the current in the machine is
never reversed, are essentials in the matter of safety under cer-
tain conditions of failure of current and brake, because the ma-
chine develops automatically a dynamic-brake of the most pow-
erful character.

4. At least four hoisting ropes are used on a screw machine,
and from five to six car and counter-weight ropes. The ropes at
the hoisting machine have fixed leads, and are equalized on each
gide. The ropes on the car pass over one set of overhead sheaves,
and each rope has equal duty under all conditions.

On a drum machine it is difticult to use more than two hoisting
ropes, or at best three. They cannot be equalized at the machine.
Tl?:y have a shifting lead, and under certain conditions they are
apt to jump the ves. If the cars go to the basement, the
back counter-weight ropes which must be there used are “ broken-
backed.” There are three sets of overhead sheaves, and three
different sets of ropes under unequal duty.

8. In addition to the *safeties” which characterize hydraulic
chines, the screw machines carry a “centrifugal automatic” at
the machine which prevents intentional racing of the car by a
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careless operator, and can, if desired, make the machine a self-
exciting dynamo on a closed circuit.

6. The screw machine can be built for any desired load or
speed, for it is impossible to drive it past its autownatics more than
a fixed distance. It works on the gravity principle, precisely as
the hydraulic does, and on that account has certain safeties not
apPlicable to any other machine.

The drum machine should not be built for speeds higher than
800," because it has a carrying-by power on account of the greater
masses in motion, rapidly increasing with s , which render it
liable to run into the overhead sheaves or into the basement in
case of failure of cut off at a critical moment.

I hope I have made clear the differences in the two types of
machines. Practical experience confirms my impression as to
the importance of these essentials.

The tangible fact remains that, although electric elevators have
been used for twelve years,—I putin one in the Pemberton Mills,
Lawrence, Mass., in 1884,—it was not until the screw machine
was developed that the hydraulic system was brought face to face
with a real competitor. Its makers recognize that fact now.

Much has not been said by those who have been speaking upon
the subject of hydraulic elevators, so I will make reference to
two plants. The first is that of the Masonic Temple Buildin
of Chicago, and it is interesting to note the opinion of the Chie% ‘
Engineer of the Crane company, who, on the 10th of May, 1895,
sent a report to the Vice-President of the Crane company, from
which I quote verbatim as follows:

“DRrAR Sir:—

“ Below you will find data as to the Hale elevators and
“ Worthington pumps as now operated in the Masonic Temple
¢ Building, this city.

“The conditions under which the observations were made were
“ those in every day practice, no notice of preparation being given
¢ that such observations were to be made.

“ The observations began at 7 A. m., May 8th, and continued
“ uninterruptedly until 12.10 a. m., May 9th, so0 as to take in one
“ complete day’s service of the elevator plaut.

“ Registers were placed upon the pumps so as to record each
¢ stroke made, and watch was kept upon the elevators and the
¢ trips made by all of the elevators during the day were noted.
¢ The notes and figures give me the following results:

“The elevators consumed 612,166 gallons of water, and the
¢ pumps delivered 1,469,722 gallons in the same time, showing a
< discrepancy between the gallons of water supposed to be deliv-
¢ ered by the pumps and the amount of water actually displaced
“by the movement of the elevator pistons of 59%. In other
¢ words, without taking into consideration whether the pum
“ are the best that coul§ be used for the purpose, or whether the
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¢ elevators are the best that conld be used, these ﬁ%:u'es establish
“ the fact that more than one-half of the coal now burned is ab-
“solutely thrown away and is burned for no useful purpose
“ whatsoever, so far as running of the elevators is concerned.”

This is followed by the usual modest claim that by a change in
the hydraulic method of operation there can be a saving of nearly
seven-eighths in the coal consumption.

Careful avoidance is made, I notice, of mention of the Ameri-
can Tract Society’s plant, put into operation in May of last year,
and supposed to re%resent the highest result of the combined
skill and talent of the engineers of one of the most prominent
elevator companies in this country,—a plant installed in full
recognition of the fact that the hydraulic elevator, as commonl
built, no matter whether for high or low pressure, uses identi-
cally the same amount of power for every foot of travel with or
without a load. In this particular plant inverted differential

iston cylinders are used, originally designed to work at about
(50 pounds pressure, and to use water on one side of the piston
when more than a certain load is carried, and on both sides on a
differential plan on a light load.

The architects’ requirements were that one car should make
700 ft. and five cars 600 ft. per minute, that they should make
1,200 round trips at full load in ten hours, and the guarantees by
the hydraulic people were 1,750 lbs. of coal per day.

That building 1s reported to have practically abandoned the essen-
tial economic éatures of the plant. Pressures have been materially
raised ; the pumps and accumulators are disproportioned ; a by-

has been introduced in the high duty pump to prevent its
sticking ; the differential valve has been largely inoperative ;
the speeds guaranteed are not made; the loads called for are not
]ifteJ ; the trips specified are not recorded. The building, while
averaging for 24 hours less than one-half the lighting of the
Postal Building, which has in addition its telegraph and pneu-
matic rervice and carries more people per day on 1ts elevators,
is burning not less than eight tons of coal per day, and it is
stated that at times it goes as high as nineteen tons. I have not
had an opportunity to verify the statement of the engineer, but
I think tﬁese statements will be found to be pretty close.

Did time permit, I might add further pertinent reports, but
these will suffice. I thank you, gentlemen, for your attention.

[Adjourned.)
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The following pa‘fer was then read by Prof. Puffer, after
which the meeting adjourned to Columbia University where the
experiments were shown.




A paper [resented at the rogth Meeling of the
American Institute of Elecivical Engincers,
NVew York, March 25th, 1800. Pyesident Dun-
can in the Chair.

A NEW METHOD OF STUDYING THE LIGHT OF
ALTERNATING ARC LAMPS.

BY WILLIAM L. PUFFER.

When a direct current of proper volume is caused to pass be-
tween the tips of suitable carbons, there is produced the phenom-
enon called the arc light. Generally the direction of the current
flow is such that the upper carbon is the positive, and the lower
the negative electrode. In order to produce a quiet and steady
arc, the positive carbon may have a soft central core to aid in
the formation of the crater from which the greater part of the
light is emitted. The negative carbon may be cored or solid.

If we examine this arc light very carefully through dark glass,
either smoked or colored, or better still, project an image of the
arc on a white screen in a darkened room, using a good achro-
matic lens of large aperture and moderately long focus, we shall
see pictured out a beautiful but inverted image of the arcin
correct colors and intensities.

Knowing the direction of the current, we notice that the posi-
tive carbon has a very sharply defined crater of dazzling white-
ness of about } or  the diameter of the carbon itself. From the
crater the somewhat rounded point of the carbon diminishes in
brightness, and finally verges into the dark unchanged carbon.
Upon this heated carbon point the evidence of combustion is
plainly seen in shape of changing surface and falling or accu-
mulating ashes or secoriee, while about it may be seen the flames
of the burning carbon. The appearance of the negative carbon
is quite different and clearly characteristic. The point is sharper,
often with a little tip at the extreme cnd, while its base has a
sort of crown or wall of ashes. The little tip is of whiteness equal
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to that of the crater of the positive, but very small indeed. Be-
low this tip is the hot pointed carbon which, however, is not
nearly as hot as the positive.

In the space between the two carbons is the bluish violet light
of the incandescent vapor in the path of the current. This is
the are itself, relatively non-luminous and in volume conical. The
base of this blue cone is as large as, and is in contact with the
crater, while the apex just touches the white tip of the negative
carbon. Surrounding this core are several layers of gases of
various shades of blue and yellow, and the flames of the burning
carbons. The light thrown out by this combination of causes
may be considered as coming from four sources. By far the
greater part, from the white hot surface of the crater on the posi-
tive carbon, & much lesser amount from the little white tip of
the negative ; less than this from the carbons considered simply
as two red hot sticks, and a very small amount from the hot
gases. It is evident that a large part of the total light will be
thrown downward.

Upon stopping the current, the heated carbons glow for some
time; the positive is, however, very much hotter than the nega-
tive and keeps hot longer.

If, after the carbons have become cool, an alternating current
is caused to pass between them, and sufficient time allowed
for the points to become settled into their normal shape, it will
be seen that the arc is naturally different in appearance from the
direct current arc. Both carbons will be of the same shape,
having rounded points, each with a sinall luminous crater, from
which is emitted the greater part of the total light of the arc.
Both carbons will show similar signs of combustion with the
accompanying flames and ashes, and the light will be thrown
upwards as well as downwards.

The blue arc between the two craters will appear as a band of
nearly the same width in all parts, while about it are the several
gaseous envelopes of different degrees of intensity. Upon shut-
ting off the current, both carbons will be found of the same
degree of luminosity and heat.

Somewhat more than a year ago, I wished to demonstrate to
the senior class in electrical engineering during a lecture I gave
them on alternating current phenormena, that, although when ex-
amined by means of a large projected image upon a white screen
in a darkened room, the alternating current arc appeared to be
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as steady as the direct current are, and the light was thrown
equally upwards as well as downwards, yet there were very great
fluctnations in the light due to the intermittent heating of the
carbon points.

The method chosen was the stroboscopic, which has given us
at the Institute of Technology most excellent results in the hands
of various experimenters while investigating the movement of
transmitter electrodes, telephone diaphragms, tuning forks,
vibrating strings, and the like. '

A hand regulating arc lamp was placed in a lantern, with a
large achromatic lens so adjusted as to make an image of the
arc some ten feet long on the screen of the lecture room. A
transfer switch and suitable rheostats were arranged so that
either a direct current or an alternating current of about fifteen
amperes could be used. At a convenient point a disk of about
eighteen inches in diameter, in which were cut eight narrow ra-
dial slots, was placed so that the beam of light was interrupted
as the disk revolved. The disk was fixed to the shaft of a direct
carrent motor whose speed could be adjusted very closely by a
rheostat in the armature circuit.

As the alternator nsed was a 123-cycle dynamo, and the disk
had eight slots, the stroboscopic effect would be produced when
the light of the arc would be allowed to pass at a frequency
very elightly more or less than that of the dynamo, or
125 x 60

8

Suppose, for example, it ran at 937 revolutions per minute,
then, counting from the time when the current in the arc was
zero, each receding flash of light wonld be g4 part of a com-
plete alternation behind the preceding one, and owing to the
persistency of vision the arc would be seen on the screen, as if
the alternations had been so reduced in speed that it took two
seconds for a single alternation of the current.

An attentive watching of the image as the current alternates
is now highly interesting and instructive, and can only be seen to
be fully appreciated.

It is clearly shown that the alternating current arc is a se-
-quence of direct current arcs, alternating in polarity, and that each
wave of current produces very clearly and distinctly all the at-
tributes of the direct current arec.

The hot positive carbon with its white hot crater, from which

= 9374 revolutions per minute of the motor armature.
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extends the fan-shaped blue light of the arc to the small white
tip of the colder negative carbun, will be seen to die away, and
all light goes out except the glow of the red-hot carbons,
and then light appears again with the current reversed.

Early in November last the subject was again taken up, with
the very efficient aid of Mr. R. R. Lawrence, a post-graduate
student in electrical engineering at the Massachusetts Institute of
Technology, and rapidly developed with such beautiful results
that it was decided to exhibit publicly before the the Society of
Arts, which was done some little while after, at the regular
meeting of Janunary 2d, 1696.

We first attempted to take a set "of instantaneous photograplhs
of the arc at different periods of an alternation, and by the use
of a pneumatic shutter, and a progressive motion of the lens, ob-
tained some very sharply defined pictures. After many trials,
this was given up, because of the practical impossibility of tim-
ing the exposures with respect to the alternations, and we de-
cided to use a disk with half as many slots as there were pole-
pieces on the dymamo, and to *drive it by the shaft of the ma-
chine itself. .

The dynamo available was one giving a three-phase 500-volt
current with a frequency of about 60 cycles. Two wires only
were used to give us the current required.

A somewhat long, light shaft, carrying at one end the disk,
and at the other a positive mechanical clutch, was mounted in
line with the armature shaft. As the clutch could only be
thrown in when the two shafts were nearly equal in speed, a
small motor was placed so as to bring the disk up to speed when
the clutch was thrown in and the motor belt removed.

The disk was held in place by a frictional clamp disk on the
shaft. A graduation and reference mark served to measure
angular change of disk on shaft, and therefore of slots with ref-
erence to the pole pieces or alternation of the current.

The arc to be tested was put in a boxing to keep away air
from the currents close behind the disk, and a camera with a
roll holder in front of the disk. With this arrangement the arc
as seen was perfectly steady at any part of the wave that corre-
sponded to the position of the disk on the shaft, and as the pro-
cess of stopping, setting and starting the disk was very rapid.
the roll holder being in the meantime turned, many plctures could
be taken in a very. few minutes.
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Generally it was not necessary to take more than twelve ex-
posures in order to get a series showing clearly the changes in
light intensities during a single phase.

We found that it was about as instructive to watch the appear-
ance of the arc on the ground glass of the camera, and far more
beautiful. In this way we examined both the effect produced
in the arc by change in the voltage of the circuit, the current
being kept constant by alteration of the resistance.

For example, with 500 volts, and a large non-inductive resis-
tance in series with the arc, it was plainly evident that the current
wave was approximately sinusoidal, as the time of extinction of
the current, as indicated by the blue band of the arc proper, was
very short, and the rise and fall of the current gradual and with
no irregularities. This is to be expected, as the back e. M. r. of
the arc is small compared to the voltage of the generator, and
the circuit as a whole is non-inductive.

The opposite condition was realized by using a lower E. M. F.
and regulating by a reactive coil. The time of no current was
longer, and the current appeared to jump to its maximum in an
exceedingly small angular time. In this case the arc was not
steady, showing clearly to the eye that the succeeding waves of
current were not alike either in form or current value, and also
that the angle of lag was constantly changing. This fact has
-always prevented an accurate plotting of wave forms by the in-
stantaneous contact method, and although known to exist, was
never before actually seen.

A very pretty double arc was arranged by using three carbons
and wiring two circuits, each with current regulators, in such a
way that the arc was the common junction, and vne carbon was
of one polarity, while the other two were of opposite polarity.
‘With wire resistances in each side, there was nothing peculiar to
be noted other than the effects of the junction of two currents,
but when the resistance in one circuit was gradually cut out, and
equivalent inductance cut in, there was at once visible evidence
of the lag of the current, together with the change of shape of
the wave and the unsteadiness before noted. Owing to the long
time of no current in the inductive side there were times when
even with considerable lag there were actually no visible traces of
current between either points. This effect was dependent on
adjustment of current strength and inductance. as well as voltage.
The sequence of currents and polarity in this arc was inost beauti-




0 PUFFER ON ALTERNATING ARC LAMPS. [Mar. 25,

fully brought out when the disk was disengaged from the shaft,
and driven by the little motor at a rate very slightly less than the
dynamo.

We found that work in the immediate vicinity of the dynamo
was not very desirable, owing to air currents and excessive vibra-
tion, so we arranged a combination of motors that will produce
at any distance from the dynamo all the desired results.

A very nicely balanced brass disk with four radial slots in it
was attached to the armature shaft of a Holtzer-Cabot synchro-
nous induction motor of eight poles. The pulley of thie motor
could be driven by a light belt from a self-starting induction
motor of the same make, which is, however, not quite synchro-
nous ander load. By trial the two pulleys are wound with rub-
ber tape until their ratio is such that the brass disk will be
uniformly driven at a speed a trifie above synchronism, and the
arc light can be seen through the slots to pass through the alter-
nation at a desirable rate.

By a single movement of a switch, the non-synchronous motor
is cut out, and the synchronous cut into circuit when the armature
drops into step with the dynamo, and the arc is instantly seen as
fixed, the belt is thrown off or left on, as desired. These arm-
atures may be on the same shaft, if necessary. The synchronous
motor does not stand on its base, but rests on the turned-outside
of its bearings in pillow blocks which are attached to u suitable
base frame. A

Concentric with the shaft and firmly attached to the motor is
a brass gear, six inches in diameter, and on it a graduated circle.
On a lever pivoted so as to be thrown to or from the motor gear
is a small spur gear with a milled head for turning.

Turning this head will evidently cause the motor to slowly
rotate about its axle, and as the armature must be in step with
the dynamo, and as the turning of the motor changes the posi-
tion of a given pole-piece relatively to the arc light, it follows
that any part of the alternation of currentin the arc may be seen
on the screen, and as the motor has eight poles, a gunarter turn or
90° on the graduated circle corresponds to a complete cycle in
the are.

The picture of the arc can then be photographed, measured,
or in any way studied at leisure in any phase relation, as, for ex-
ample, when the top carbon is positive, or when there is no arc at
all and only dull red carbon points visible.
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In this way we have seen single arcs of high and low . M. F.,
long and short double arcs, arcs with much inductance in circuit,.
Jablochkoff candles, arc between a ring and a point within, the
spinning arc between the ends of a carbon cylinder and a con-
centric carbon within, with a magnetizing coil around the inner
carbon and the like.

One of the most beautiful arcs investigated by us visually and

. (|s/(u (210°) 1
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photographically was a rotary arc made by the use of three car-
bons in the same plane, at angles of 120° apart and wired up as
the junction point of an external Y load on-a 500-volt 60 cycle
three-phase generator. Non-inductive resistance was used in the
circuit, and the current used in one leg of the Y was 10 or 15
amperes.

Twelve photographs were taken at equal intervals of 80° in an
alternation of the current in ome wire. Fig. 1 shows very

)
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clearly the relation of the current waves from the different car-
bon points, and the curved, fan-shaped figure indicates the posi-
tion and direction of the bluish arc at the corresponding angle.
The base of the fan rests on a positive carbon which has a
white-hot crater and all the appearance of the positive carbon of
a direct current arc, while the tip of the fan rests on the white
spot at the end of a negative carbon.

It will be seen at 0°, for example, there is no current on car-
bon 1, and that 2 is negative and 3 positive, the blue fan-like
- arc curving from 3 to 2: 30° later, 2 is still negative and 3 posi-
tive, but that an equal arc is new playing from 1 to 2. At 60°
2 is still negative, 1 positive, but there is no current on 3. At
90° the appearance is somewhat like 30°, except that the signs
are changed, and the point with the double current is necessarily
much whiter, it being now positive. And so on through the
changes of the complete wave.

This three-phase arc, when seen while the disk is running non-
synchronously, is the most beautiful of any studied, and may
be seen according to the different length of arc and the diver-
gence of the disk from exact synchronism, either as a band of
blue light which seems to be progressively travelling over the
three sides of a triangular path, or as a rapidly spinning star of
blue light, being in fact a rotary are.

The three-phase arc is less noisy than the single phase, and its
light is steadier and has less variation in its total intensity, owing
to the fact that the current never stops, and there is always a posi-
tive carbon. Three cored carbons, placed parallel side by side,
with slight magnetizing coils to keep the arc at the ends of the
carbon, will give a very satisfactory light in the direction away
from the tips, and may be used when it is desirable to throw the
light all in one direction.

Four carbons at 90° apart, each with a suitable resistance in
series with it, and connected to quarter-phase tap wires on a
Gramme ring or other generator giving quarter-phase circuits,
will also produce a rotary field arc of great beauty and interest.

Stndy of these ares is still going on at the Institute of Tech-
nology under my immediate charge, which will, I hope, pro-
duce results sufficiently interesting to justify a second paper at
some later date.
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MeETING OF WESTERN MEMBERS.

Cuicaco, March 25th, 1896,

A 1meeting of western members was hLeld at the Arwmour
InsTiTUTE, this date for the purpose of exchanging information
in regard to the ‘“ Rontgen Ray.”

About 250 members and guests were present, Vice President
A. 8. Hibbard presiding. Mr. Charles E. Scribner presented a
historical sketch of the discovery, and also deseribed experiments
made by him and the apparatus used. Dr. James Burry also
spoke on “The Surgical Value of the Rontgen Ray.” Prof.

tine presented the following details of his experiments.

Pror. WiLBor M. StiNe:—In the original paper by Prof.
Rontgen the statement is made that when the cathode stream is
deflected by a magnet, the X ray is given off from the new point
of impact on the glass. By implication, it then seemed that the
ray was produced at all points of the wall of the tube upon which
the charged molecules constituting the cathode stream, impinged.
This information proved too vague to materially assist the experi-
menter in investigations or in the design of Crooke’s tubes. The
fact that Geissler tubes do not generate the ray, indicated either
that the ray was absorbed within the tubes, or that the cathode-
repelled molecules lost their charge before reaching the walls of
the tube. Again, were there two sources of the rays,—the sur-
face of the cathode or some of the charged molecules of the
stream, and the glass of the tube? Some time since, the writer
showed that the fluorescence of the glass did not of itself, even
when associated with a static charge, produce the ray. This

inted out the criterion for the successful tube, that it was one
in which the vacuum was sufficiently high to permit a free molec-
ular path from the cathode to the glass of the bulb.

Further, it has been recently stated on the best of autherity
that sciagraphs are produced not by the cathode, but are anodic.
From the very first, the writer has kept these considerations in

9
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view, and endeavored to obtain definite facts which should, be-
yond doubt, establich the source and distribution of the ray. In
the following description the historical sequence will be preserved
and a few leading dates indicated.

From the very first, penumbral effects were observed. The
first accurate experiment was made about February 20. A rod
of iron was separated a fixed distance from the plate, the distance
of the plate from the end of the bulb being already noted. The
penumbral effects were plotted back and showed that the rays
were emitted from almost the entire end of the tube. This ex-
periment was repeated and varied a great number of times with
about the same results. Early in the present month a more exact
result was obtained. Pieces of flat brass about £ inch in width
were soldered together to form a geometrical figure. As these

Fia. 1.

rested edgewise on the plate, the width of the shadows could be
measured with great accuracy. These, when plotted back to the
tube, indicated a source of the ruys circular in shape and about
14 inches in diameter, this area corresponding in size and position
with the dark ring, (the cathode imprint) on the bulb. as this
then, one or the only source of the ray? It then occured to the
writer, that a short tube would indicate very clearly the space dis-
tribution of the rays. Accordingly, sections § inch in height
were cut from brass tubing, No. 18 gauge, of diameters ranging
from one-half to three incgee These were placed concentricall

on a dry plate, and a sciagraph taken with the rings parallel wit{;
the end of the bulb and at a fixed distance from it. The tube in
this case was a small pear-shaped one. The shadows were con-
centric, and, plotted back to the tube, indicated that a circular
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area about 1} inches in diameter was the prime source of the X
ray (Fig. 1). To test whether the flat anode was also active, sim~
ilar rings were placed opposite it. In this case, the shadows, in-
stead 0%8 being concentric, were elliptical, and plotted back to the
former area! (Fig. 2).2

Amongst the first experiments was one to test whether the ray
could be polarized. It was found that tourmaline plates were
sufficiently transparent. Two exposures were made, one in posi-
tion of maximun transmission, the other at 90°, or in the crossed
position. In both cases, with equal exposures, the tourmalines
were equally transparent.

Another interesting experiment was to determine whether

A

Fie. 2.

varions grades of dry plates were more or less sensitive to the:
Rontgen ray. The results showed that the time of exposure was
not influenced by the light-speed of the plates. Slow plates have
since been exclusively employed, since they work with greater
density and clearer shadows. The writer had the pleasure of be-
inﬁ‘the first in this country to annoance this important discovery.

his experiment possesses much theoretical interest. Rontgen
and others have stated that the effect of this ray on silver salts.
was probably due to fluorescence which it induced on the film.

1. Shortly subsequent experiments made by the writer, employing the same-
method, clearly indicate that there is also a more or less weak secondary source,.
viz., wherever the cathode particles impinge upon the walls of the tube.

2. The letter *‘A” here designates towards bulb opposits the cathode.
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Were this the case plates ex to such rays would act in pro-
portion to their light speed, since fluorescent light is highly actinic.

Much stress has also been placed on fluorescent glass bulbs as
the source of the ray. To test this, a cube of uranium glass was
powerfully excited by a focused arc light, but only negative
results were obtained in repeated and lengthy exposures. The
surface of the cube was also kept charged by a 1loltz machine,
but no results were obtained. The fluorescence of the bulb of
the Crooke’s tube seems rather an accidental than a causative
phenemenon. The kinematics of the Rontgen ray was carefully
and exhaustively studied. In short, no evig:nces were found of
diffraction, refraction, reflection or interference. There are many
ap;l)lesrances of such character, which have evidently misled some
rather untrained experimenters, yet when carefully studied are
found of negative value.

The writer’s experiments have been extensive, and have been
so fully described in the columns of the current technical papers
that their repetition here seems unnecessary. Only a few of the
more important results have been noted above.

Upon motion of Mr. B. J. Arnold a vote of thanks was ex-
tended to Mr. Scribner, Dr. Burry and Prof. Stine for their con-
tributions upon the subject of the evening and the meeting ad-
journed.

DIED.

PEck :—En route from Mexico to Boston, June 18th, 1896, Samuel C Peck,
formerly of Boston. Mr Peck was born in Newtown, Conn., April, 1866,
and was elected an associate member of the INsTITUTE September 6th, 1887,
at which time he was electrician for the Simplex Electrieal Co., at New-
tonville, Mass. He subsequently entered the employ of the Thomson-
Houston Electric Co., at Boston. In 1890 he went to Mexico, where he
has been since continuously engaged as agent of the General Electric Co.
He started North for the purpose of having a surgical operation performed
and died on the train about three hours ride from the City of Mexico.
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The 105th meeting of the INsTITuTE was held this date at 12
‘West 31st Street, and was cilled to order by President Duncan

at 8.15 p. M.

The following associate members were elected by Council at

the meeting in the afternoon.
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nati, O.
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ville Electric Light Co., 1531 L. B. Stillwell.
4th St., Louisville, Ky. Alex. J. Wurts.
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Approved by Board of Examiners, Feb. 18th, 1896.
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The following paper was then read by Mr. D. McFarlan Moore,
and was illustrated with lantern slides. The hall was illuminated
by the vacuum tubes described in the paper. Various experi-
ments were also shown.




A paper presented at the r0sth Meeting oy the
American Institute of Electyical Engineers,
New York, April, 2ad 1806. President Duncan
in the Chair.

RECENT DEVELOPMENTS IN VACUUM TUBE
LIGHTING.

BY D. MC FARLAN MOORE.

Most people have been accustomed to oil lamps, gas jets and
other forms of light which have about reached their perfection.
With the appearance of the arc and incandescent lamps it was
thought that electricity had reached its limit in giving to the
world a system of illumination that would leave nothing more to
be desired. Indeed, it seems almost a presumption to dare to
think of light being produced that would approach daylight in
form and quality. The time is not so very remote when any
man, who would have attempted to manufacture snnshme, would
have shared the fate of a Galileo.

Baut fortunately the investigator of to-day has nothing of this
kind to fear. Much arduous labor has already been expended in
the solution of the problem by many eminent electrical scientists
engaged in the study of vacuum tube phenomena, but the results
from a practical point of view have been very meagre. This is
chiefly owing to the complicated and expensive apparatus neces-
sary, and the very unsatisfactory results even then obtainable.
In fact, light from vacuum tubes, which is the only form of illu-
mination that actually approaches nature’s standard—daylight;
has never been obtained in any quantity that would, in any way,
be snitable for practical use. Of the other forms of electric
lighting, the incandescent lamp is the most prominent. It is the
peer of all illuminants in commercial use to-day, but is laeking,
when we consider maximum uniformity in the distribution of
light, and when calculations show that only three-tenths of one
per cent. of the energy of the coal necessary to produce light by
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incandescence (its name defines its character) is actually trans-
formed into light, it is evident that there is room for improve-
ment. The new electric light should possess all the good gualities
of the present lamp with none of its drawbacks, and among its
improvements will be noted the combination of utility and dec-
oration. The recognized tendency of the day is towards multi-
plication of lights and avoidance of strong shadows—in other
words, an even illumination, that is ; light from all directions.
The object of this paper is not only to call attention to the ad-
vantages that will accrne with the adoption of vacuum tube
lighting, but more particularly to a simple method of obtaining
a current which will ultimately make such an adoption universally
feasible. Almost without exception, experimenters in vacuum
tube lighting have hitherto sought for the solution of the prob-
lem by merely pushing to the extreme, well-established methods
based on principles long known in the art. That is, strictly
speaking, no radical departures from the well-beaten paths have

+%%- é‘t
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been as yet brought forward. However, this paper does repre-
sent radical departures: in principles, in apparatus and in the
nature of the current, resulting in a light of greatly increased in-
tensity.

Before entering upon a description of the new system, permit
me to call your attention to the methods heretofore used for ob-
taining light from hermetically sealed glass tubes containing a
rarefied gas.

For many years the Geissler tube has been a scientific toy.
‘When a suitable electric current is connected to its terminals, its
entire length is filled with a faint glow. This is, of course, a
light of radically different character from that now used in any
commercial form of illumination. (See Fig. 1.)

It is light emanating from rarefied air with an apparent ab-
sence of heat and combustion. Upon this principle developed,
probably depends the light of the future, which will soon be, in
the opinion of the writer, the “light of the present.” As a
device for transforming electrical energy into light, the vacunm
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tube is very efficient. The majority of authorities place it
at about 70 per cent. and the incandescent lamp at two per cent.
Notwithstanding this remarkable efficiency, it has never been
commercially possible to illuminate by vacuum tubes, because the
light could not be made sufficiently intense (this is expressing it
mildly) even with bulky apparatus that was entirely impractic-
able.

Furthermore, the current produced by such apparatus was of
such a nature as to render its insulation extremely difficult. The
ordinary induction coil is often used for this purpose. A current
of low voltage, such as that from a battery of a few cells must
be used with such a coil, because a current of higher voltage
could not be properly disrupted, the arc forming, preventing a
sudden bresk of the current. But since the light depends on the
suddenness of the break, the arc must be prevented, therefore the
quicker the break, the brighter the light—provided the apparatus
is properly designed.

The quickest break can be made by interposing in a circuit the
most perfect dielectric in the minimum space of time. The best
dielectric known is a vacuum, and I have discovered methods for
interposing it in rapid succession in a current in & minimum
space of time, depending upon the principle of making and
breaking a current rapidly in a vacuum. '

The disruption of any current in the air results in the forma-
tion of a spark of greater or-less length, and the greater its
length, the lese sudden the break. Therefore, if the break be
made in & vacuum, the narrowest conceivable complete gap in
the metallic conductor results in an almost instantaneous discon-
tinuance of current, ensuring a maximum o. . M. F. The cur-
rent is thus interrupted in an almost infinitely short space of
time as compared with all the ingenious mechanical contrivances,
such as air-blasts and magnetic blow-onts devised for the pur-
pose of breaking a current suddenly in the open air, but all of
which are of little avail for the production of any quantity of
light.

The vacuum vibrator, as shown in Fig. 2, is the nucleus of
my invention. Although an exceedingly small device (not as
large as one’s finger) it demonstrates when in circuit with a small
magnet (not as large us a tea cup), a principle embodying great
posgibilities. It is a new piece of apparatus, exemplifying a
principle of value not only applicable in practical use, but also an
improved implement for scientific investigation.
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It is almost unnecessary to describe such a simple piece of ap-
paratus, which consists merely of a spring rigidly supported at
one end, and having attached to its free end a small disk of soft
iron. A countact point rests against the spring at about its centre.
A sealed glass tube, from which the air is exhausted, encloses
both spring and eontact point. The system, as a whole, is ex-
ceedingly simple. An electric current passes through a coil of
wire and then through the vacuum vibrator. Wires in contact
with the outside of each of the ends of a closed and empty glass
tube are attached to the two ends of the coil of wire. This
statement embodies the gist of the invention. (Fig.8.) It will
‘be noticed that this system is far simpler than the apparatus ordi-
narily ueed to excite Greissler tubes. The secondary coil is absent,
reducing the expense and bulk many fold, as are also the netallic
terminals sealed into the ends of the Geissler tube, but it pro-
duces light, the desideratum, in wonderfully increased voluine.

Fie. 4,

With this apparatus, currents of almost any voltage can be
rapidly and suddenly interrupted, and it is therefore now pos-
sible to obtain, by using ordinary commercial currents, strong
light in vacuum tubes.

When the circuit through the magnet and vibrator is closed,
the armature within the vacuum vibrates rapidly, disrupting the
current within the vacuum at each vibration.

The resulting high-tension current excites a brilliant luminosity
in another tube, usually of much larger dimensions, and contain-
ing a lower vacnum than the vibrator tube. There is, therefore,
a necessity for two vacuums, one the very highest, the other very
low. However, I have tried a number of experiments, using but
one vacuum, practically amounting to an enlargement of the
vibrator tube and a lowering of its vacuum. (See Fig. 4.)

This is manifestly not a good plan for the production of light,
because the breaking of the current does not occur in a high
vacuum, but it led to an interesting line of experiments, the most
novel of which will now be brought to your attention.
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Within this low vacuam is placed a wire which can be bent and
shaped into any form desired, as shown in Fig. 5. When con-
nected to the vibrator, the beautiful effect is immediately appar-
ent, the wire being enveloped in a delicate purple glow. This
can be applied to various purposes, such as advertising. One
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wire only, connects this sign tube to the vibrator, and it
is attached to the armature terminal of the vibrator, because
when so connected, it is the one which receives the high poten-
tial discharge of the magnet. In the bulb now shown (Fig. 6),
the vacuum is higher, and a single wire extends through the
centre. The light, instead of appearing as a purple envelope
around the wire, now fills the entire chamber with a beautiful
wilky glow.

"Close inspection, however, reveals the fact that there is a very
small dark space immediately encircling the wire, and beyond it
there appear to be rapidly moving rings of light, concentric with
it. In fact, one is reminded of the field of force surrounding a
conductor, as displayed by the familiar arrangement of iron
filings—indeed, it is & similar phenomenon—the molecules of the
residual gas taking the place of the iron filings.

The next bulb (Fig. 7) is similar to the one last shown, but
with one exception. The wire is not single throughout its entire
length ; for a epace of about three inches at its centre it separates
into six strands, which thereby form a kind of cylindrical cage

Fie. 1. Fie. 8.

about one-half inch in diameter. In this case the entire bulb is
not filled with a glow, but the interior of the cylinder forms a
pencil of light quite dense, denoting that a new principle is
brought into play. It is this—every current creates its own elec-
trostatic field around its conductor, which, when immersed in a gas
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at the proper degree of rarefaction, causes it to give forth light,
which is most dense in a comparatively small circle surrounding
the conductor. (See Fig. 8.)

When two wires, each having its field of force, are placed
parallel to each other and about one-half inch apart, the density
of the field between them will be doubled, and consequently the
light in almost the same proportion. It will thus be clear that
the pencil of light is due to the intersecting or overlapping of
' the fields of force of each of the six strands forming the cage.
Upon this new principle many interesting lamps have been con-
structed, the problem being to get a maximum number of fields.
of force to intersect. Probably the best solution is in a cylinder
made by spirally winding a wire, as in Fig. 9, causing its field
to intersect in a manner that is almost ideal. This explanation
may seem at variance with Faraday’s famous experiment, prov-
ing that an electrostatic charge does not reside in the interior of
the charged body. The vacuum may make the difference.

Fie. 9. Fie. 10.

In this bulb (Fig. 10) there are two separate terminals project-
ing from the glass. When the spiral is connected to the negative
pole of the vibrator, and the other terminal is made positive, the
light is yreatly increased. Such a lamp can be very conveniently
made by using an incandescent lamp bulb, as in Fig. 11. The
bit of platinum wire extending into the bulb and forming the
positive pole, can be placed in any of the positions 1, 2,3, 4, 5,
without affecting the light in the spiral, but it is apt to become
heated, and this is remedied by attaching to it a metal wire ring.
(See Fig. 12.)

In these lamps a large proportion of the light is confined
within the spiral, and since volume is desirable, the idea of in-
creasing the number of spirals suggests itself, as in Fig. 13. But.
the total volume of light emitted by four spirals is only equal to
that of a single spiral lamp, that is, each pencil is but one-fourth
as bright ; hence, to bring them all to full brightness, the energy
of the inductive current should be increased in proportion.
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With the idea of obtaining from the entire bulb a uniform glow,
the lamp shown in Fig. 14 was constructed. The “filament”
consists of a great many complete loops of very fine aluminium
wire. Fine wire was used, not only because of appearance and
weight, but also for two other reasons: lst, because a fine wire
has about as large a field of force as a much larger wire; and,
2nd, because it does not obstruct the light so much, and at the
same time is & minimum of metal within the vacaum. This is a
matter of much importance, as upon it largely depends the life
of thelamp. A great many different conductors were used for
the construction of these filaments, the main idea being to use
that material which contained the least occluded ges, and would
be disintegrated a minimum by the action of the current. Fig.
15 shows ordinary incandescent lamp filaments utilized in a glow
lamp, but one leg only is cemented at the centre of the bulb to

Fie. 11. Fie. 12. Fie. 13. Fie. 14.

the negative terminal, the other being free—a veritable fountain of
filaments. A rather curioue and not entirely explained phenom-
enon was noticed in this form of lamp, viz., the free ends of the
filaments were apt to be violently agitated, and whenever they
touched the glass of the bulb, they heated up to a bright red
throughout their entire length, producing a most brilliant com-
bination glow and incandescent light. Many are the advantages
of these lamps over those using fluorescent materials, as the sul-
phide of zine or calecium. Sometimes when the exhaustion is
carried a little too far, the vibrator current is unable to affect
the lamps, but after they are held in contact with one pole
of a large induction coil for a few moments, and then connected
to the vibrator current, the trouble ceases.

In all of these forms of lamps it is very interesting to note that
in order to get maximuin light, the sub-divided terminal of the
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lamp must be so connected to the mains that it is negative. This
is interesting to remember when the subject of lighting tubes is
considered.

The class of lamps will now be considered where, instead of
sub-dividing the lighting electrode into filaments, plane surfaces
are used.

The bulb in Fig. 16 contains two pieces of sheet aluminium
equal in size, set with their planes at right angles to each other,
in order that a minimum of light may be interrupted from any
point of view, and that the positive will act as a reflector to the
negative. These pieces of aluminium must be carefully cleaned be-
fore being placed in the lamp, because any grease upon them will
cause beautiful tufts of light all over their surfaces, instead of a
glow filling the bulb, and the vacuum will soon be lost. Of
course, in & lamp of this construction the poles can be changed

LA

Fia. 15. Fia. 16. Fra. 17. Fie. 18.

with impunity, and if an alternating current be passed through
the vibrator, both plates will give light, but the total amount
will be the same as when direct current is used.

One of the many modifications of this form of lamp was to
make the magnetic pole in the form of a small cylinder of alu-
minium gauze.

Many lamps were made on the principle of a spiral within a
spiral, wound in the same or opposite directions, and also of
using metallic coatings on the tubes interior and exterior, as well
as using bulbs of all shapes and sizes. One important advantage
to be noticed in all these forms of lamps is the total absence of
the very objectionable striatione, such as occur in the ordinary
Geissler tube.

Fig. 17 is a very simple form of lamp—merely a single piece
of straight carbon filament producing the light.
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Fig. 18 is another of peculiar form—an unusual density of white
light inside the convolutions of the spiral.

To determine whether there was any appreciable heat at the
centre of an intense pencil of light, a number of lamps were con-
structed in which various substances were placed at the point of
greatest density of light, as in Fig. 19, but in ne instance was
the substance affected in any degree whatever.

Following out this idea a little further, there was inserted a
small glass tube containing air properly rarefied in the centre of
a spiral, as in Fig. 20.

But the inside of the small tube remained dark; nevertheless,
the glow ontside of the spiral, dark space and other phenomena,
even to the tufts of light between some of the convolutions of
the spiral are the same as those in a similar lamp without a tube,
inside its spiral.

Yy P

Fie. 19. 20. Fia. 21. Fia. 22. Fia. 28. Fie. 24.

Another lamp was then made the same as the last, except the
tube inside the spiral has a platinum wire extending into it,
which wire is electrically connected with the spiral (Fig. 21.)
Of course, the small tube was tried separately before being placed
in the lamp bulb, and it filled with a white glow. But after the
lamp was completed it refused to give any light; the glow out-
side the spiral, however, was the same as though there was no
inner tube present.

Hoping to get a lamp with almost no metal in the light-pro-
ducing vacuum, the lamp shown in Fig. 22 was constructed—
the spiral is within a separate tube. When tried, a tuft of light
appeared in the top and bottom of the small tube which was sur-
rounded by a faint glow, the outlines of which are shown by the
dotted line.

The next step was to do away with the inner vacuum and con-
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struet a bulb as shown in Fig. 23. When a spiral was inserted
in the tube and connected to the negative pole, the positive being
either 1 or 2, a dark space one-eighth inch deep surrounds the
tube, beyond which a faint pinkish glow appeared filling the bulb.
The phenomena known as “afterglow,” which is sometimes no-
ticed in evacuated bulbs after having been subjected to an elec-
trostatic strain, I have been able to obtain, but very seldom.
(Fig. 24.) Llowever, this bulb could be picked up and carried
around the room, but every time it was picked up after being laid
down, a discharge resulted, which, being repeated three or four
times, dissipated the glow entirely.

From a tube containing two parallel wires, shown in Fig. 23,
but with a low degree of exhaustion, the glow was entirely ab-
.sent, but instead, brilliant, flaming yellow discharges completely
filled the space between the wires, which was over half an inch
wide and about two feet long.

At the beginning of the lecture your attention was called to

;-@ﬁ%% e

Fie. 25. Fia. 26

the great similarity existing between the ficld of force of a ¢ cold-
light ” giving conductor in a partial vacuum. and that of a con-
ductor conveying a current in the open air. Care, however,
should be taken to note that the light from the rarefied atmos-
phere is due to electrostatic and not electromagnetic phenomena.

For example, I have here a powerful electro-maguet which I
-connect directly across the lighting mains, and therefore, it is one
at whose centre or core the electro-magnetic field is very dense.
When this tube, which has a diameter the same as that of the
-core of the magnet, has about half of its length passed through
the ceutre of the magnet, no light whatever results. If, how-
-ever, but one terminal (the other being free) of this same magnet
be connected to the vibrator, immediately the tube gives forth
light.

Referring again to the subject of connections, Fig. 26 shows
the light connected around the terminals of the magnet; it also
«an be connected with equal results around the break or spark
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gap as shown by the dotted lines. Your attention is called to the
fact that lamps of this kind will operate equally well, whether
connected in multiple or in series, provided the area of the nega-
tive electrode is about the same in each ; if not, that one in which
the negative electrode is of greatest area will alone light up.

If a single bulb of small size be connected to a circuit of con-
siderable induction, a well-defined discharge is liable to occur
which will ruin the lamp.

In Fig. 27 an inductive resistance is distributed with each lamp,
making the system of distribution self-regulating. that is, the
turning on or off of lamps will not affect the brilliancy of those
burning steadily.

Referring again to the diagram of circuits showing the system
in its simplest form : If good results are to be obtained, the mag-
net must be designed and constructed with the greatest care. Its
duties are two-fold ; first, to give the vibrator its mechanical mo-
tion, and second, to act as an inductive resistance. The iron core
must be proportioned to the conditions of the circuit. If there

be too much or too little, the light suffers, but a certain amount -

of iron should remain, in order that the magnet have sufficient
power to vibrate the armature. Similarly if there be too many
or too few turns of wire on the magnet, the light is decreased.
From this it is evident that vibrators of different rates will not be
suitable to the same magnet. However, even-when a vibrator is
connected to a suitable magnet and circuit, and produces a good
light, it can be further improved by * tuning the circuit,” that is,
altering its self-induction by varying the amount of iron in
the magnet’s core. It should also be stated that by this means a
maximum light is obtained from a minimum current. In order
that the time constant of the magnet be a minimum, and to en-
sure rapid action, the magnets should be short and thick. Large
induction coils cause the tubes or lamps to give forth but little
light, whlle a small magnet, whose length of wire is not {§ that
of the induction coil, will cause the tubes and lamps to light up
brilliantly.

1t is interesting to note that with a comparatively few turns of
wire, a very small one-volt battery will give quite a strong glow.
This glow can be intensified by using a secondary coil.

Although the various lamps that have been described are of
great interest, nevertheless the very nature of lighting by lamin-
escent gas is such, that it is far more applicable to radiate from

e e ———
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sources of considerable area than from units of light of small
area. The best ethod of obtaining light from a large area is by
the utilization of tubes of considerable length, instead of small
bulbs. The light of these tubes should be entirely free from the
very objectionable striations always present when interior elec-
trodes are used; but these striations are entirely obviated by
using exterior electrodes. They may be metal caps on the out-
side of the tube, or preferably merely coatings of metallic paint.
Such tubes can be made up in almost any lengths, and can be
bent into a great variety of forms, making them suitable for ex-
quisite decorative effects. Under this head can be mentioned
the fashioning of tubes in the form of letters, which may be used
as electric signs.

Permit me to call your attention once more to the key of the
whole system, viz.:—repeated interruptions of an electric current
in a high vacuum.

D-u-
0- 4

Fia. 27. Fie. 28.—Electric  Vibrator
Light Carbon.  Contact Points.

The simplest method of accomplishing this object is to herme-
tically seal within a glass tube a vibrator of ordinary form, but
its exact construction to give the best results has been a matter
of tedious experimentation and study. The very slightest altera-
tion in the dimensions of alost any of its parts—snch as the
length, width and thickness of the spring, or its method of mount-
ing, or the position of the contact points, or the thickness or
diameter of the armatare, will cause it to be a very good, or a
very poor vibrator. Again, the operations of the glass-blower
had to be watched most carefully. Only certain kinds of iron
and steel were selected, to avoid occluded gases, and even then
they must undergo a special treatment before being fit for use.
The selection of suitable contact points has also been a large field
for research. Nearly all known conductors have been tried, and
many interesting facts have developed in this connection, not
only so far as the direct action on the various metals in vacua
and various gases is concerned, (and this several in instances is
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the reverse of the phenomena noted in open air), but also with
reference to the electro deposition or electrolytic action that takes
place. For instance, as is well known, the positive electrode is the
one which disintegrates most rapidly in the open air, and its apex
is usaally concave. This is probably best shown in the ordinary
direct current arc lamps. If aluminium or any soft metal of
comparatively low fusing point be used as contacts in a vibrator,
after about a day’s run, an examination shows that the shape and
condition of the contacts is just the reverse of the way they appear
after use in the open air. That is, the positive terminal looks
like the negative, and the negative like the positive. (See
Fig. 28.)

I have constructed several dozen distinct varieties or amplifica-
tions of the ordinary type of vibrator, such as multiple contacts,
ete.

Fic. 29. Fi1a. 380.

Fig. 29 shows one form, in which the object was to produce a
larger number of breaks of the current per unit of time by pro-
viding two contacts, as shown. In some respects this scheme
worked well, that is, the light was stronger than that produced
by an ordinary vibrator with a single magnet, but the light was
not steady, and when the connections were changed so that but
one magnet was used, the light flickered still more. All the
vibrators so far considered, have had their springs so adjusted,
that the contacts remained normally closed. Fig. 30 shows
a circuit using a vibrator normally open. The small magnet con-
stantly closes the circuit, and the large one opens it. This ar-
rangement gave a good light. A number of ordinary vibrators
have been operated, arranged with the magnet above the armature,
so that gravity helps close the circuit. Of course, springs and
armatures of scores of shapes and sizes, including gravity vibra-
tors, have been tried, the principal object being to obtain a method
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for taking up the wear of the contact points; but the best solu-
tion of this problem lay in getting contact points that would not
wear because of a more perfect vacunm.

Turning now from the mechaunical construction of vacuum
vibrators to consideration of their unique properties from a
scientific standpoint. As stated before, roughly speaking, the
prime object of making the break of the current in a vacuum is
to produce an increased c. . M. ¥. over that resulting from an
air-break. But 1 venture to say, few as yet realize the possibil-
ities and the tremendous advantages involved in the separation
of electrodes in high vacua at regular periods of time. It is
indeed questionable whether the increased c. E. M. . of the ether
gap is responsible for the results. It is more probably due to
the fact that the wave lengths of the current resulting from an
ether gap differ radically from any that have heretofore been
known of. Recognition of the importance of this phenomenon
led me to nse the word * etheric” in connection with my system
of tube lighting, because the light is directly dependent upon what
I designate as the ether gap of the vacnum. Our best notion of
the separate existence of the ether is formed by thinking of that
which remains within a vacuum of the highest degree we can
produce. It may have been noticed, that so far I have not used
the word “phosphorescent.” It is undoubtedly a misnomer as
applied to tube lighting ; but to make matters worse, there seems
to be no word in existence exactly or even approximately suit-
able.

The word etheric is especially applicable to light produced by
the ether gap. That incomparably better results should be ob-
tained by using a vacuum as a dielectric seems to be in perfect
accord with accepted theory which has largely been upheld by
actual experimentation. For example, setting aside for the time
being that part taken by the maguet, let us consider only the
break,—the spark.

- First, what is required is a continuance of the rapid oscilla-
tions of an electric discharge, and I desire to show that this
is accomplished by & vacuum vibrator in an ideal manner. One
method of obtaining an oscillating discharge is to use a potential
such that an air-gap of considerable width is bridged by the
spark. But the manner in which such discharges succeed each
other largely depends upon the irregular movement of the air
within the gap.
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This method is unsatisfactory for many other reasons, among
them the very objectionable high tension required, but there re-
mains the conductive method of causing a spark, exemplified in
the ordinary vibrator and induction coil. Here the sparks in the
primary circuit can be made to succeed each other quite rapidly,
but the length of time required for each complete break is long.
However, with the vacuum vibrator, a new and simple device,
the conditions are different, and so are the results. Here the
dielectric is an exceedingly thin film of ether, which is capable
of withstanding a great electrostatic strain, but when it does
break down, it does so very suddenly ; that is, it may be consid-
ered a perfectly disruptive discharge, and therefore its single
oscillations are very short; but as a whole they are long contin-
ued. This means that the frequency is high, and, according to
Maxwell, very high frequency oscillations are probably identical
with light.

The small magnet, being a circuit of inductien, has its own nat-
ural period. But its period and moment of inertia will be less, the
less its capacity. That is, the smaller the magnet the smaller the
period, or the higher its frequency can be.

But to have an intense light, there is required a high ®.M.r. of
self-induction. This the small magnet furnishes, because what
is lost in self-induction by using a comparatively few turns
of wire is more than made up by the suddenness of the discon-
tinuance of current flow, and the fact that the high vacuam pre-
cludes the possibility of loss to the self-induction ordinarily due
to the glow discharge which precedes the disruptive discharge in
the air. - The self-induction also depends on the amount of cur-
rent flowing through a circuit when interrupted, and this the vi-
brator provides for, in that @i/ the current which flows through
the coil does not pass through an are, but is transmitted over ac-
tual metal contacts. Also since these contacts are so very close,
due to the thinness of the dielectric, the oscillatory discharges do
not leave the metal and pass in objectionable minute streams
through the vacuum. And the number of oscillations in the coil
and the amount of light, depend in a measure on energy ex-
pended to overcome the resistance of the dielectric which is al-
most infinitely greater than that of air.

That the silent discharge prevents long continuance of oscilla-
tion is shown in the Hertz experiments, where the experiment
fails unless the balls of the electrodes are kept polished. That
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the vacuum vibrator is nearly ideal, is again shown in that these
troubles are almost entirely eliminated. The ether is undoubt-
edly the ideal medium in which to disrupt an inductive circuit
for conversion into light. Since an exceedingly thin film (if this
term may be so used) is & dielectric of such strength that a very
small displacement results when it is disrupted, and the ether
being the medium of minimum rigidity closes the “hole’’ the
instant it is pierced. Such a medinm for such a purpose is al-
most incomparable to air or oil, which becomes volatilized.

In order to get any oscillations, more sudden rushes of current
must occur on discharging than on charging, and the more nearly
these equal each other, the quicker the rushes will succeed each
other. Now, in the case in question, when the tube circuit with
its condenser coatings has a certain capacity, the self-induction of
the magnet can be so varied that these two will always neutralize
each other, and then the critical strain on the dielectric requires
but little energy to cause a discharge, and the circuit being al-
most balanced, the surges follow each other in rapid succession
through the tube. The surges continue for a longer time, since
the energy of the discharge is not dissipated in heat on the air,
but is conserved to be utilized in prolonging the existence of the
oscillations. The use of this vibrator seems to afford the best
meaus yet invented for impressing molecular disturbances in a
tube. The longer the oscillations exist, the more nearly the
mean oscillation approaches a constant period, and this period is
practically governable as compared with that of currents due to
magnetic blasts or heated air currents. The higher the fre-
quency, the greater the mean free paths of the molecules, be-
cause a less number of molecules will then be required to cause
a given number of collisions, and the less the number of impacts,
the greater will be the light in proportion to the heat. But the
frequency is dependent on the capacity of the condenser, which,
in the case of the tube coatings, is very small.

‘When the self-induction and capacity are properly proportioned,
and the rate of the vibrator is the same as the natural period of
the coil, or any of its harmonics, then there is resonance, and
the maximum amplitude of each impulse will be constant. In
this case the current flow is at its maximum, but so also is the
voltage at the ends of the tube, as well as the quantity of light
produced with a minimum expenditure of energy. The velocity of
the lines of force produced by an oscillatory discharge is supposed
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to be equal to that of light, but its wave lengths are exceedingly
greater. But this disparity is greatly reduced by the vacuum
vibrator. 'This accounts for the intense light in the tube at com-
paratively low potentials, and indicates that nature’s keyboard
has been struck to the tune of 500 trillions of waves per second,
and that this rate is maintained by the fundamental mechanical
vibrations of the vibrator—about 100 per second—a most beauti-
ful demonstration of nature’s wonderful compass. But not only
is more light produced by the vacuum vibrator than was hereto-
fore obtainable, but there accompanies it many other advantages
of particular importance. Three of these can be mentioned :—
first, simplicity and greatly reduced cost of apparatus;
gecond, the obviation of impracticable potential; and third, a very
marked advance in economical production. The first heading,
simplicity, has already been dwelt upon. Compare an inexpen-
sive magnet, not as large as one’s hand, and a vibrator the size of
one'’s tinger, attached to commercial currents; with apparatus
costing thousands of dollars, consisting of a high speed alternating
dynamo of many coils, oil transformers, disruptive discharges
with magnetic blast, induction coils and condensers. The many
seemingly insurmountable difficulties encountered with this
method, are almost completely overcorne by the simple expedient
of the ether gap. Or, referring to ordinary induction coils, the
vacuum break affords & means for obtaining from the few turns
of comparatively coarse wire, results not obtainable with mam-
moth and expensive coils, made of many miles of wire, and cap-
able of creating enormous differences of potential.

The second heading is essentially a practical one. It has often
been argued, to the detriment of tube lighting, that since it was
admitted by its supporters that enormously high potentials were
absolutely requisite to cause any appreciable amount of light,
that therefore (and the argument was logical) the whole idea was
extremely impracticable unless some new insulator be discovered,
that could cope with the high potentials, so difficult, dangerous
and expensive of generation and manipulation, as to prohibit
their use commercially. But with a current endowed with such
properties as are given it by a vacaum tube vibrator, no new in-
snlator is needed.

A light now results many times brighter than that formerly
due to millions of volts, able to pierce several inches of hard
rubber, or produce a spark many inches in length, from a current
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transmitted to the bulb or tube over ordinary flexible cord, and
whose sparking distance is less than 4 of an inch. Neither can
any shock be felt from such a current. Another example of the
comparative ease with which this new current can be insulated
is apparent in the magnets, wound in the ordinary manner, in
striking contrast with the necessity for expensive and cumber-
some oil transformers. [In this light the exclusion of all gaseous
matter does not seem to be a matter of such vital importance.

Closely allied with the subject of insulation is that of frequency.
The higher the frequency, the lower the potential can be, not
only with respect to light, but also to insulation, because irreg-
ularity in the rate of vibration puts the insulation to a severe
test. However, the period of the vibrator is not rapid as com-
pared to that of alternating dynamoe, constructed to obtain similar
lighting effects, but resulting in those of lesser degree. The al-
ternations of such a machine are about 30,000 per second, which
is further increased by a disruptive-discharge coil. This was
necessary to compensate for the long wave lengths of the current.
But since these lengths are so much shorter in the vacuum vibrator
current, an initial frequency one-tifth as great, without the use
of additional coils and condensers, produces far better results.
But that an ordinarily constructed vibrator can attain a speed of
6,000 per minute, may be questioned, when it is remembered
that induction coil vibrators work at a rate of but a little over
1,000. The difference lies in the fact, that the vacuum vibrator
has no air pressure to impede its movements, and also that a
much shorter space of time is required for a single complete in-
terruption, because the actual mechanical movement can be much
less, yet cause a complete break, and another cycle has begun.
The speed of the vibrators is ascertained in two ways :—first, by
comparing the musical note it produces with that of a pitch pipe,
and secondly, by a visual arrangement constructed and operated
as follows:

A shaft, supporting a wheel with one spoke, is rotated rapidly
by hand, a series of multiplying gears being used, so that when
the hand makes one revolution per second, the spoke makes
twenty. When this apparatus is operated in a room, lighted
only by a single vacuum tube, the spoke will appear stationary in
one, two, or three positions, according to the rate of the vibrator.
For example, if the spoke appears stationary in two positions, it
indicates that it is illuminated twice in a single revolutien. each
image being due to a vibration.
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Another subject, which has been a serious obstacle in former
proposed systems, is that of impedance. The fact that the best
conductors would cease to transmit current, seemed a difficulty
almost insnrmountable; yet it appears to be almost absent under
these new conditions. For example, when a large coil is inserted
in the high potential lead from the armature terminal to the
tube, the effect on the light is surprisingly small. The result is
the same, whether the wire be in the form of a magnet, or in a
long exposed line. But, nevertheless, on account of line losses,
it is advantageous to prevent condenser action by using a wire as
small as possible, yet able to stand the strain it is subjected to
when its insulation is being placed upon it. Although the light
produced by a single wire is quite good, it is decidedly advisable
for best results to use a return wire, because the fundamental
frequency is so low.

The third subject—economy—is so large, and of such import-
ance that [ deem it expedient to make it the subject of a fu-
ture paper when accurate measurements have been made. In-
deed, it is second vuly—but it is second—to the nucleus of
the whole investigation, viz., getting light. The efficiency of
the lighting taube is well established, due principally to the
great amount of light accompanied by so little heat that it has
by some been called “ cold ” light. The temperature of the gas
within the tube varies with the density of the discharge from 12°
to 132° C.; but even this is improved by the shorter wave
lengths. These figures are extremely low, as compared with tem-
peratures as high as 8,500° C., which must be reached by some
substances in order that the light be white and the spectrum com-
plete.

Owing to the peculiar characteristics of the current, the line
losses are materially decreased, and the current flowing through
the primary circuit is less when the tube is giving light, than
when it is disconnected. There are almost no losses for motive
power to disrupt the current, for the magnet is its own motor.
But the greatest loss has always been in the disruptive discharge,
—the spark. It is remarkable how easily several horse-power
can be dissipated in the air through the intervention of a disrrup-
tive discharge. In this connection it should be borne in mind
that magnetic blow-outs and air currents are merely heat dissi-
pators, and increase the loss, while these losses are entirely ob-
viated by the vacuum vibrator. The current can perform a
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large amount of work on the air, unlimited in volume, with no
apparent results; but when this volume is reduced to the compass
of a small vibrator tube which remains perfectly cool in opera-
tion, does not the question of efficiency assume a different
aspect ?

Upon these reasons may be based logical conclusione, pointing
to an euormous increase in efliciency over that of all other meth-
ods of obtaining light in tubes.

The theory which has just been considered, of course, is not
limited to a simple vibrator, but applies broadly to any method
of interrupting the flow of current through a high vacuum.
This can be accemplished in a great variety of ways, although
as far as simplicity of apparatus is concerned, the regular spring
vibrator, in connection with a single magnet, probably cannot be
improved upon.

The first deviation, however, is to use a very small magnet to
vibrate the armature, and to connect this in series with a larger
one to furnish the induction. But in these cases the power of
the operating magnet depends on the current passing over the
contact points; hence to make the light which is dependent on
the contact points perfectly positive, the power should not
be dependent upon them, and separate circuits suggest them-
selvos—that is, cause an intermittent cnrrent to flow through the
power magnet that does not flow through the contact puints
of the vibrator, which have in circuit with them the induective
magnet. Or the electrodes can be separated by mechanical jarring
instead of magnetic power acting through the glass.

If an ordinarily constructed vibrator be attached to any form
of rapidly oscillating mechanism, the contacts within will be
opened and closed rapidly. But in order that the light be
steady, the movements of the vibrator armature must be in step
with the movements of its mechanical support. This is best ac-
complished by having the centre of the oscillation of the vibrat-
ing armature coincident with that of ite oscillating support.

It is plain that it is unnecessary that the current be inter-
rupted by a reciprocal motion only; a rotary motion is also ap-
plicable.

Fig. 31 shows a form somewhat analogous in operation to the
simplest vibrator, except that the rotary momentum of the arma-
ture takes the place of a spring, and the break-wheel which fur-
nishes the light, also acts as a commutator to the simple form of
motor.
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Another way of obtaining a rotary motion within a vacuum is
to attach a pendant weight to a ratchet wheel, free to rotate
npon a shaft attached to which is the brush. Siunce the shaft is
rigidly sealed into the glass, it is evident that when the bulb be
rotated by a motor, the brush will revolve around the break
wheel. The fault with the device isthat the pendulum will have
a vibration of its own, causing the light to waver.

In order that the make-and-break devices dependent upon a
rotary motion be absolutely positive, a rotating magnetic field has
been utilized. Since the experimental side of these investiga-
tions has extended over but a few months, it is at present diffi-
cult to say upon which of these methods, developed, the system
will take final form.

Returning once more to the subject of the light in the tube.
It is interesting to note, that although the most intense light is
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produced when both of the ends of the tube are connected to
the electrodes, it is well known that light also results when the
tabe is merely placed near an electrode without actual contact.
This phenomenon is known as lighting by induction.

If an inductive circuit, sufficiently powerful to brilliantly il-
luminate a tube four feet long. be transferred to one two feet long,
there will appear at the center of this small tube a very intense
thread of silvery white light, which undulates as if it were
a material substance. It is interesting to contrast the color
of the light of these tubes with that of an incandescent lamp.
The reddish and wasteful glare of the latter, indicating heat
waves, and the pure daylight white of the former, is immedi-
ately apparent. It is this difference in color that makes an eflici-
ency caleulation so diffienlt. It is very easy to ask the question:
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How many watts per candle-power! But in most instances it

indicates a lack of information on the part of the questioner. The
question sheuld be: How many watts per amount of light equi-
valent to one candle-power ! But even this is not perfectly cor-
rect, because it is well nigh impossible to compare accurately
lights of a different color and power of diffusion. When the wse
the light ia to be put to is stated, the problem is much more
simple. For instance, if it is to be used to read by, the range of
legibility can be made the basis of comparison hetween the true
glow lamp and the candle. This most popular form of illumnina-
tion, from the 12th to the beginning of this century, is still the
standard of illnmination, although it is probable it will soon be
deprived of this honor. 1 may be pardoned for calling your at-
teution to the remarkable intensity of the light in these tubes, in
connection with the statements repeatedly made by eminent =ci-
entists, that such intensity was an impossibility, and that efforts
in this direction were comparable to those wasted on perpetual
motion. It is merely another instance of history repeating itself.
in that in all times the inertia of the learned has interfered more
with the progress of science than has ignorance. Be it remem-
bered that the commercial incandescent lamp was an acknowl-
edged impossibility among scientific men, and that by themn the
proposed Atlantic cable was considered foolishness. If there be
but one lesson taught by our times, it is, condemn nothing »ew
in religion, science or art without thorough investigation, and
even then be careful, because many suggestions, though of little
value themselves, have led to great advancement. It is also well
to remember that there is almost a creative force in the spirit that
is earnest and courageous. Thelight having reached the intensity,
as you see it in this tube, it is questionable whether much greater
intensity is wanted. The vibrator, as applied to the electric bell.
was the first practical application of electric power, and to-day
we see the same vibrator in & “new light.”

The very nature of the light, if it is to be counterpart of the
ideal-daylight, is such that when a square inch of the surface of
the tube emits as much light as that thrown into a room through
an aperture one inch square, the want is satistied. Then the desired
illumnination can be reached by multiplying the area and length
of the tubes, and distributing them in the most advangeous man-
ner, that is, so that the light will fall from all directions. When
a considerable area is to be lighted, the most efficient light is the




1896. ] MOORE ON VACUUM TUBE LIGHTING. 107

one that is most equally distributed. However, there will always
be a demand for units of light. Even this can be satisfied by
using a tube of small calibre. This lamp is made by winding a
small tube in the form of a spiral, its ends, to which the wires
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are attached, terminating in oblong bulbs three or four times the
diameter of the small tube.

I have previously stated that the alphabet has been constructed
of tubes of light. Here are the initials of the body I have the
honor to address, A. L. E. E,, in letters twelve inches high. The
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-delicate shades of these letters cannot fail to elicit admiration
from all who love the beautiful.

The principle of breaking a circuit in a vacuum has many ap-
plications to a variety of uses. Among them may be mentioned,
advertising signs, decorative electric lighting, electrotherapy,
philosophical apparatus, theatrical effects, in the manufacture of
-ozone, in the kinetoscope, ete., ete.

But the greatest field will ultimately be that of general illumin-
ation. You have noticed the tubes extending around this hall.
Undoubtedly this is the first time that lighting by tubes has been
attempted on so large a scale. You will note the alinost entire
absence of shadows. y

Fig. 32 illustrates what we are coming to in the way of church
lighting. For some time past everything has pointed to the
general adoptien sooner or later of some such form of illamina-
tion. and since volumes of light can now be produced, and of
commercial intensity, does it not indicate that already this light
is a matter for serious practical consideration, and no longer a
pyrotechnic curiosity ?

But the only way in which one can form a comprehensive or
appreciative idea of what advance in this line of work really
means, i8 to compare the situation of to-day with that, not of a
hundred years ago only, but with that of only twelve months ago,
and note the contrast.

Discussion.

[Owing to lack of time at the meeting of April 22d, there
was no opportunity to discuss Mr. Moore’s paper. The follow-
ing discussion took place at the General Meeting May 20th, 1896.]

R. C. P. SternMmETZ:—Mr. President and Gentlemen. While
reading, and afterwards listening to the presentation of the paper
on “Recent Developments of Vacuum Ei‘ube Lighting,” a num-
ber of points occurred to me with which I cannot agree. The
foremost criticism which I have to make against the paper as a
whole, is the same as that which 1 had to make only recently
against another paper, namely, that it contains a number of vague
claims and statements, without offering any proof for them.

Coming now to an analysis of the paper, lpﬁnd on the second
page a statement with which I must beg to disagree, namely, that
the paper “represents radical departures in principle, in appar-
atus, and in the nature of the current.”

The electrostatic discharge is produced by a sudden change in
the electric circuit, consisting of a make and break of the circuit.
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This is precisely the same method used since the early daysof
the Ruhmkorff coil, with the only exception that the interrupter
is placed in a vacuum. The absence of a secondary coil is not
new, but not desirable where the primary E. M. F. is very low, as
a battery cell, as stated on page 95.

The allusion to the ponderous alternator, oil transformers, mag-
netic blasts, the millions of volts required, etc., is obviously gross
exaggeration.

One disadvantage of this vacuum interrupter, compared with
the condenser discharge across a spark-gap, has been alread
noticed by the lecturer. While the condenser discharge through
the spark-gap makes its own frequency, with the vacuum inter-
rupter the circuit has to be carefully adjusted to some condition
of resonance. That the nature of the current produced by the
vacuum interrupter does not differ in any way from that of any
electrostatic discharge,—either oscillatory or steady, according to
the circuit conditions,—is self-evident. The phenomena produc-
ed by this electrostatic discharge in vacuum tubes, and described
in the paper, as the luminescence of the conductor and of the
electrostatic field of force, the diffused glow at a different degree
of vacuum, etc., have been observed many times before, and
exhibited with nearly the same brilliancy, for instance, at the
World’s Fair in Chicago by Mr. Tesla. The use of external
electrodes in vacuum tubes is old.

The luminescence of the interior of the spiral in no way con-
tradicts Faraday’s experiment, since the interior of an open
spiral is obviously not the interior of a charged body, and Fara-

ay’s experiment, as is well known, refers only to electrostatic
charges at rest, but not in motion.

W%]e:t cause the lecturer has to claim an irregular period for
the oscillations produced by the condenser discharge through an
inductive circuit, I cannot see, since it was with such discharges
that interference and nodal points of electro-magnetic waves have
been observed. The wave length of an electric oscillation is not
shorter if the wave is quicker, as stated by the lecturer. It is well
known that the period of oscillation is entirely independent of
the rapidity of the break, and only the amplitude can be affected
thereby. Thus the conclusions drawn herefrom are erroneous.

The calculations on page 98, on the counter k. M. F. of the
ether gap and its particular and radically novel features, are too
fantastic to pass any scientific scrutiny.

A number of other statements in the paper are unintelligible,
as, “natural period of a coil,” or “governing the period of
oscillation”—Dby the way, through the high resistance of the
vacuum tube, the discharge is probably not oscillatory at all, but
steady—or “compensating for the long wave length by a dis-
charge coil,” or the action of return wire, etc. Other remarks
border on mysticism as, “striking nature’s key-board to the tune
of 500 trillions of waves per second,” etc. In general it is to be
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regretted that a large part of the paper is written in a style
more befitting a sensational newspaper than a scientific or even
technical society.

After criticising what the paper says, I may add a few words
regarding what it does not give, but what such a paper, to be
suited to such a body as the AmericaAN INsTITUTE OF ELECTRICAL
ExcINEERs, should give.

At the risk of being included by the lecturer amongst those
lacking in information,% must neverthelees raise the all import-
ant question, “How many watts per candle power do you
require ” ¢

cannot see any difliculty in determining this. Compare the
light given in one metre distance by one of these tubes, with
that of a standard candle, in the Bunsen photometer. The total
candle power of the tube, to that of, say, an incandescent lamp,
will be proportional to the area of the surface at one metre dis-
tance from the tube, to the area of a sphere of such a distance
from the standard candle or lamp, as to give the same illumina-
tion of say 1 em.? of a white surface. Or if you object to the
_ difference of color, compare by means of colored screens the in-

tensities, say at the points A, p and F of the spectrum.

Or taking & more concrete case : The lecture room was illumin-
ated by 27 Geissler tubes of about 7 feet length and 2 inches
diameter, instead of 22 incandescent lamps as usually. Compare
the intensity of the light reflected by 1 cm.?, white surface in either
case, with a standard candle in the Bunsen photometer. This
will give you an exact measure of equivalence. I should judge
the Geissﬁar tube light to be about equivalent to five or six 16
candle-power lampe. Now determine the amount of power taken
from the supply dynamo. I saw a 7} H. P. Crocker-Wheeler
motor driving the dynamo, and from the hum of the motor it
seemed to slow down noticeably if the load was thrown on the
dynamo, and a 7} H. p. Crocker-Wheeler 500-volt machine
flashed badly, showing either a defect in the machine or an over- .
load. This does not look like high efficiency. However, a public
demonstration is not very suitable for such tests, but they
shonld have been made before in the laboratory, and their results
communicated to us here. Thus, while the paper is very inter-
esting as showing improvementsin (Geissler tubes, or illumination
by Geissler tubes, no data whatever are brought forward regard-
ing the only and all important question: “How does the power
required for lighting with Geissler tubes compare with that re-
quired for the same illumination by incandescent lamps?” I
may add in closing that the paper would have been essentially
improved if all reference to Galileo about the interference of
the inertia of the learned with the progress of science, ete., had
been omitted..

Tee Presment:—There is a communication on this subject
by Mr. J. P. Wintringham, which will be read.




1896.] DISCUSSION IN NEW YORK. 111

Mr. J. P. WintrineHAM :—This paper seems to have some
interesting new matter, but the author has written a little care-
lessly, and I would note two or three lapses. He speaks of the
- counter E. M. F. of the air-gap. The effect is not a counter, but
a direct E. M. F., and i8 due to self-induction, not to the air-gap.

He speaks of a high frequency oscillating discharge, which
term has a special technical meaning among electricians, referring
to the discharge of a leyden jar, etc.

He seems to deal with a branched circuit, the current of one
branch being periodically interrnpted, the current in the other
branch being also periodic. There does not appear to be any
charge and discharge or any oscillation involved.

at I have said applies to the lamps with two electrodes.
Some of the lamps had only one, and the tubes were without any
electrodes. Here there would be condenser action, charge and
discharge. The question if it is oscillating would be determined
by a formula put as follows by a very high authority :

The resistance must be less than 2 4 \/é for the discharge to

be oscillatory. A = the velocity of ]iﬁ?t’ 3v earth quadrants per
second, or, say, in practical units, 30 ohms. As Z, C and the re-
sistance are not given, it can only be conjectured that the discharge
may be oscillatory.

The time of an oscillation would be given by the formula

T=§\/La

As A has a value 3 X 10' any ordinary value of # ¥ Z C would
leave 7 so small, and the number of oscillations per second so
large that the number of makes and breaks of the contact maker
would be of a different order of magnitude and entirely incom-
mensurable with any high frequency effect.

So the expression, * when the rate of the vibrator is the same
as the natural period of the coil or any of its harmonics” would
seem to be meaningless.

Dr. E. L. Nicaors:—I was not fortunate enough to read this
peper. As regards the probable efficiency of vacuum tube light-
ing, I may say however that we are not absolutely ignorant with
regard to the efficiency of the Geissler tube discharge. Measure-
ments were made in Zurich by Dr. Staub on the tube itself, in
which he got the radiant efficiency, which ran very high, some-
times as high as 33 per cent. That means that the spectrum of
this source is very largely lumninous in its character. A few
years later Prof. Angstrom made other measurements with the
Geissler tube, in which he included the losses in the generator
circuit. The heat lost in a generator circuit of such tube being
from the very nature of the case large; where you use an in-
terrupted circuit you may expect that. He found as a result of
bolometric measurements that while the radiant efficiency some-
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times reached 90 per cent., that only about eight per cent. of
the energy expended in running such a tube was converted into
light. his would seem to ingicate that vacnum tube radiation,
if produced by the means at present known to us, or, at least,
by the means used by Prof. Angstrom, is not likely to be found,
of extremely high efficiency. ﬁ? order to secure a vacuum tube
discharge which shall be of very much higher efticieucy than
other electric lights, you have got to devise some means of
generating that discharge whicli shall be free from the losses
which exist with any ordinary make and break apparatus.

Mkr. STeiNMETZ:—About a year and a half ago lP:xperimented
somewhat in the same direction, and tried to measure the power
consumed by Geissler tubes. While these tests have never been
completed, due to more urgent work, 1 noticed that the
efficiency of the Geissler tubes apparently depends to a la
extent upon the frequency. With very high frequency, as by
oscillating currents, the vacuum tube gave quite a noticeable
amount of light while remaining perfectfy'l cool. With a fre-

uency of o;ginary machine currents, however, when giving about
the same amount of light, the tubes became noticeably warm.

Mg. L. M. PivoLer :—In the absence of Mr. Moore, who is
detained by sickness, I wish to explain that the slowing down of
the motor, which has been referred to, was not caused by an
overload but was due to the fact that the motor was run with
the resistance of the starting box only partly cut out. Measure-
ments made the night folﬁ)wing the lecture, showed that the
magnets with their vibrators took about one eighth of an ampere
each, at a pressure of from 450 to 500 volts. Since then a change
has been made in the apparatus which has reduced the current
consumption to about one tenth of an ampere. In making these
meusurements, it was noticed that the brightest tubes took the
least current.

Pror. ANTHONY:—] would like to know exactly where the
ammeter was placed when these measurements were made ?

Mr. PivoLeT:—It was placed in series with the vibrator and
its magnet; whose current was to be measured.

Mg. N. W. Perery :—The statement that he was present when
the test was made showing a consumption of energy in those 27
tnbes being exceedingly small is interesting. I saw a gentleman
present here a little while ago who I think could tell us just
what the results were that were obtained and how the tests were
made.

Mge. Woroorr :—Mr. Moore told me last night that he took
about forty watts per tube.

THE PrEsiDENT:—Do you know how many tubes there were
at the INsTITUTE meeting.

Mgr. PivoLer :—Twenty-seven.

Mgz. Worcorr:—In justice to Mr. Moore I will say that he
has since succeeded in getting a much better quality of light
than that exhibited before the fNSTITUTE.



1896.] DISCUSSION IN NEW YORK. 18

Mg. CarL HeriNg:—In connection with this light, the question
is often asked, how many candles are generated per watt. Itseems
to me that it is not quite right to put the question in that form,
if it is intended to make a comparison with other forms of elec-
tric lightiug. I agree with Mr. Moore in his statement that it is
not altogether a question of watts per candle; the real question
is, how much energy does it take to light up a given room with
this and with the other systems, so that the effect is the same to
the human eye. Except for photography, we generate light so as
to be able to see, and theref%re if the effect on the eye is the
same, it does not make any difference to us how many candles of
light there are generated in that room. It is well known that if
a certain amount of flux of light is all concentrated in one small
point, it becomes glaring and dazzling, and the retina of the eye
contracts, thereby limiting the amount of light admitted into the
eye, while if that same amount of light were distributed equally,
as for instance when reflected from white walls or emitted from
the surface of large Geissler tubes, it would have a much better
effect on the eye, and would produce what would be called a
much better illumination. I therefore do not think too much
stress ought to be put on merely the number of candles produced
per watt in this system, without also considering the very im-
portant factor of the distribution.

Me. A. E. KenNeLLY :—Mr. President: It has given me great
pleasure to witness the distinct advance that Mr. Moore has made
over the Geissler tube, in the production of light by high tension
discharges. This is a direction in which advance may be looked
for, anm which we may hope that success will ultimately be
achieved. Yet I think we should face the facts as they are, if
only for the sake of having an accurate criterion as to how far
Erogrees is made, and I think we should face the question as to

ow much light is produced for a given quantity of power. Of
the forty watts which are said to be supplied to one of Mr.
Moore’s tubes at the present time, we cannot believe that all are
expended in light. It would seem probable that most of it
would be ex%en ed in exciting the magnet whose discharge pro-
duces the light, in the same way that a fifty-candle power lamp
absorbs fifty watts to produce a relatively small activity in visible
ight. The fact that the tube occupies an extended s and
offers an extended surface, does not really come into tmues-
tion. What we want to know is, how may units of light are
produced from this tube, considered as a source of light, for the
alleged forty watts which are supplied to it. That is a perfectly
definite question capable of a perfectly definite answer, and if
that answer can be given to us at the present time it will at least
afford us a valuable criterion of the advance which Mr. Moore
has made in the art of Geissler tube lighting.

Mg. E. E. Ries :—I coincide perfectly with what Mr. Hering
and Mr. Kennelly have said in discussing this new method of Mr.
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Moore’s, that it is not proper to compare it with existing stand-
ards of candle-power ; that is to say, with systems of concentrated
lighting to which we have been heretofore accustomed. The
new system operates by diffused light ; that is, a lesser intensity
of light, given forth by a larger emitting area. Now, if it can
be sEown that the luminosity given by this method to an apart-
ment or room is sufficient for practical purposes, that is, for
‘the purposes of reading or woriin by, at a fairly economical
cost, it will denote that a considerable advance has been made.
I do not think it wise for the members of the INsTITUTE to con-
demn a new invention at the outset, simply because it has not
arrived at that s of efficiency which, if the theoretical prin-
ciples underlying it are true and correct, it will probably eventu-
alfy attain. All methods of artificial lighting are more or less
inefficient. We have to spend a great deal of electrical energy
in gl{')oducing waste, either in the form of heat or chewmical action,
or both,in order to get some light. In the incandescent electric
lamp a large waste of cnergy occurs, and in other sources of
illamination simnilar wastes takes place. It is possible that in the
vacuum tube systemn the waste incidental to the excitation of the
magnet, and the other losses due to the resistance of the air-gap,
etc., which appear to be the seat of the principal losses in this
case, may eventually be minimized. I think it well to defer giv-
ing a hasty decision until that point can be determined.

%f 1 recollect rightly, some years ago I saw a statement to the
effect that Mr. Moore had been experimenting on a make-and-
break in a vacuum containing a vibrator very similar to this, for
the purpose of producing & regulating socket or controlling
device for incandescent lighting gu intermitting or interrupting
the flow of current passin througlz the lamp filament more or
less frequently. The meﬁxod itself was not new, but the means
of accomplishing it—that is, the making and breaking of the
circuit in vacuum—was new. I am very glad to know that from
that initial starting point this later achievement in tube lighting
has been evolved. It is another one of those curious instances
where an inventor originally starting out on one line of investi-

tion discovers, turns up and develops something in an entirely

ifferent direction. I hope that future developments in this re-
spect will show that something valuable may be expected from
this new method of lighting.

Mke. STEINMETZ :—]1 must protest, Mr. President, against the
imputation that anyone wants to condemn this paper. hat we
want is to get exact data and not mere general statements.
‘What we condemned was the entire absence of nunerical data in

the paper

Ml:: CarL HeriNG :—We know the are light is much more
efficient in candles per watt than the incandescent light, yet we
use the incandescent light, because we can distribute it. It is
possible that even if in the light under discussion the amount of
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energy rewired'per candle Kower is greater than in the incan-
descent light, it might nevertheless be a more economical way of
illuminating a room.

Mgz. Perry :—That brings up another point. 1 think all of
us who saw that exhibition were guessing as to how many incan-
descent lamps distributed judiciously through the hall would
enable a person to read with equal ease. All the guesses that I
heard gave a very small number. Mr. Hering’s point was that
the larger surface ought to give us better results. That is so,
and measuring by incandescent lamps would not be unfair to the
lamps and favorable for the tube. The only data we have as to
the power consumed in those tubes was the behavior of the gen-
erating apparatus. There are a great many who saw those
instruments work. I could see the motor part of the time, and
the rest of the time I could hear it, and iy impression was that
there was not less than ten horse power generated. If we hear
8 74 B. P. motor laboring as that one was, it is a pretty sure in-
dication that energy is being generated, and this must have gone
somewhere. If we divide it up among those 27 tubes and it
gives no more diffused light than a comparatively few 16 candle
rower incandescent lamps then it would seem to indicate that the
ight was a very expensive light.

Me. KENNELLY :—Whilel% agree in some respects with the
last speaker, I think that matter ought to be viewed from a
somewhat different standpoint. e have here a new means of
electric lighting. 1 do not suppose that anybody thinks the
method has advanced to a practical stage. That is not the ques-
tion at present. The question is, what is the possibility of this
means becoming better in the future? In that point of view it
becomes of interest to know just how the facts stand. These
tubes produce light, and the light is capable of being measured.
They absorb power that is capable of being measured. At the
InsTITUTE the other night, by an arrangement of white screens
behind the tubes and gauze above them, an illuminating effect
was produced in the hall. But we want to know how much
light these tubes produce for a given quantity of energy. We
shall then have sonrething by which to judge of future progress.

Pror. WiLLiam A. ANTHONY :—The candle power is simply
a measure of the flux of light, whether it comes from a
small point or a large one. If we hang up the arc light,
what we observe is the illumination upon a little screen W;ﬁlin
the photometer carriage, and we make that illumination equal to
that of the standard. ~There is no change in the size of the
retina here. The brilliancy of the arc lamp does not directly
affect the eye. But we compare its illumination on a screen,
with the illamination of another source of light and so measure
the intensity. The fact that we cannot use the arc lamp itself
with the same efficiency in illuminating a given space that
we can a smaller source of light, has no bearing upon this
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point that I see. In the case of illumination by means of these
tubes, the tubes present a large surface. It may present ad-
vantages as regards the distribution, but that makes no difference
with the amount of candle power per watt. In-regard to the
results the other night at the INsTrTuTE meeting, 1 took pains
while the tubes were being used to observe how well I could see
to read, and tried to compare that as well as I could with the
ease with which I could read by means of the incandescent lamp.
When the %7 tubes were in use it was certainly very much more
difficult to read than when the usual lamps were employed for
lighting the hall. I think that was evident to everybody. How
much more difficult it was, I could not say. When the one large
tube in the front of the hall was doing its very best, the one
large tube with a reflector behind it, I could see to read nearly
as well as when the reading lamp that was used on the desk was
turned around, as it sometimes was, towards the hall. I was not
able to see as well by the one large tube as I was by that single
reading lamp. That, it seems to me, is a fair comparison of the
illuminating power of those two sources, and it is exactly what
we want to know about. The absence of such information is
what we are criticising in Mr, Moore’s paper. Mr. Moore has
certainly done a great deal, and has made a great advance in
vacuum tube lighting. He has accomplished something that we
have never seen done before. But at the same time we would
like to know just how much light he will give us per unit of
energy expended. :

Dr. NicHors :—If the photometer is not for the purpose of
measuring the illuminating power of light what is it good for?
The work of the committee on light standards would seem to be
wasted if when we got through we are not going to be able to
measure the power of all sorts of light. Tbe light which falls
upon the disk of the photometer produces there an effect which
is entirely independent of the area of the source. It does not
make any difference to the man who is looking at the photometer
whether the source is concentrated or not. If you test your
light by some other criterion, the question of diffusion may come
in. If you are standing with your%wk to an arc light you cannot
read in the shadow. ﬁ‘here 18 a certain benefit which is obtained
by distributing your light so as to avoid showy shadows. All
other benefits than that of getting rid of black s{adows is entire-
ly fictitious, unless the baﬁe effect upon the retina of gazing at
intense sources of light be considered.

Mz. Ries:—It does not seem to me to be a question of relative
candle power so much as the amount of energy required to pro-
duce the required light, or, more properly speaking, the utility of
the lightin comparison withitscost. When it comes to a question
of measuring light by candle power that is one thing, but so far as
its commercial use is concerned that is quite a different thing.
If we take an arc light, which will give us 2,000 candle power
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with an expenditure of one horse power of mechanical energy,
we will, by expending the same amount of energy, be able to get
at the most, about 200 candle power out of a number of incan-
descent lamps, yet because the latter are only one-tenth as effici-
ent as the arc lamp, that is no reason why we should dispense
with incandescent lamps, nor do we dispense with them upon that
account. In the case just cited, we sacrifice a good deal in effici-
ency for the sake of subdivision and better distribution of the
light, and it seems to e the vacuum tube method holds forth
the promise of a still further refinement in this direction and in
all probability at a far less sacrifice of economy. If vacuum
tube lighting can be brought in the future into commercial use
for the lighting of the interior of rooms it will have a field
peculiarly its own. It will not drive out the electric arc light
or the incandescent light, but it will open up a new field for
ornamental and decorative lighting effects where intense lumin-
osity is not required, and it is perfectly conceivable that with
a satisfactory means of vacuum tube lighting, which of course
is not concentrated like that of the arc and incandescent light
but is capable of a more uniform, and for many purposes a
more desirable diffusion, a great many practical uses may be found
for it. From that point of view I say that it is not so much a
question at the outset to criticise Mr. Moore’s new method, or
his improvement in the Geissler tube method, simply because at
present, from our lack of information, we have not the data
which shows us exactly what it will cost. If the cost is reason-
able—even if it should be greater than the cost of incandescent
lighting—it may still have a future before it. It seems to me
that the question now is, to discuss the matter from the stand-
point of an improvement in lighting rather than to criticise it at
the outset too strongly from the pomnt of view of its economical
advan over other forms of light.

Mz. Worcorr :—One reason \l!ﬁl the members have all taken
the stand of the efficiency of this light is that the paper spoke of
the incandescent light as very wasteful. The idea was that this
was & cold light which took very little energy.

Mgz. KenNELLY :—] do not desire to criticise Mr. Moore’s work
in this direction, but we want to know just how much to admire
it. If we have from Mr. Moore a statement of how many candle
power he can produce, why, we obtain a criterion by which we
can measure his success.

Mkg. HoweLL :—1 do not think Mr. Moore would have the
slightest ohjection to telling us all he knows about this. I do not
think he would have any objection to answering every question
that has been asked here today about it. There is one thing that
was brought out by Mr. Moore that night which has not been
touched upon, and that is the difference in color between the
vacuum tube light and the incandescent light. You will remem-
ber that he held up a tube in a reflector, and alongside of it his
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reading light, to illustrate the difference in color, stating it was
his belief that the color of the tube light was very much snperior
to that of the incandeecent light. It was my impression that the
color was a very poor one,and that the whiteness, or greenness as
I called it, of the light, was a very great disadvantage to it. 1
think the disadvantage of that whitish light has been shown by
Dr. Birchmore in a series of articles in Zhe FElectrical Engineer
in which he shows the action of different colored lights upon the
retina of the eye, showing that the rays from the violet end of
the spectrum rather contracted the pupil very much more than
rays of light from the lower end of the spectrum. The contrast
which he made between his light and the other was a strong
argument in my mind against it.

TrE PresipEnT:—Mr. Moore has just come in. We should
like to hear from him. -

Mz. D. McFarLaAx Moork:—Mr. President and Gentlemen :
Owing to a bad cold it will be difficult for me to make myself
heard. The ideal light will undoubtedly only be reached when
we can produce by artificial means a light which is the same
a8 daylight. Since my method of vacuuw tube lighting was ex-
hibited at the last INsTITUTE meeting, improvements have been
made in it so that I can produce at this moment tubes with a
dayliﬁht spectrum. The vacuum tube method is the only one
which presents itself for our use, in order to produce a light
which will be anywhere near a counterpart of daylight,—a light
which will be radiated from long tubes. In relation to efficiency,
of course it was understood that the paper was presented merely
to call attention to the advance that has been made. In order
to appreciate that advance, a person must understand how very
inefficient previous experiments and methods have been. The
vacuum vibrator is undoubtedly a device which has greatly
improved the economy of tube lighting over previous systems.
Previous methods used a break in an electric circuit in the open
air in order to produce the secondary current which would have
certain properties necessary to produce the agitation in the tube
and cause the light. In all those systems the break came into
the system somewhere. Anybody who has experimented with a
break in the open air, knows that it is very remarkable how much
energy can be wasted. An enormous amount of power is dis-
sipated in the open air break. Now, when that arc is placed in
a vacaum which remains perfectly cool, it is apparent without
any further discussion that there results an enormous saving.
During the test at the InstiTuTe which has been referred to, the
apparatus was run without the slightest difficulty and without
anything getting out of order. A number of tests were made by
the parties who were present, as to the range of legibility. That
was the only way by which we could get any idea of the con-
sumption of power necessary to produce a quantity of “cold”
light, the equivalent of which could be gauged by incandescent



1896.] DISCUSSION IN NEW YORK. 119

light. It was undoubtedly a fact that objects on the wall of the
InsTrTUTE could be discerned a great deal better with the tube
lighting than they could with the 25 incandescent lamps. As to
the power consumed, there was at no time more than two am-
res used. Now, that is the only basis we have to calculate
rom, as far as power is concerned, viz., that you could distin-
guish objects better with two amperes, which is of course a less
amount of power than required by 25 incandescent lamps. Since
then I have well nigh cut the power required in half, and also in-
creased the quality of the light. 1In faect, it is difficult to say
just what power would be required to produce the same amount
of light with the break in the open air; but if the same amount
of light were to be produced with the break in the open air and
b, tﬁe inductive method alone, I am not exaggerating to say that
the increase of efficiency is about eleven million per cent. =~ This
sounds outlandish, but it is a fact. .

I do not kuow that there is anything more for me to say, ex-
cept that I will take great pleasure in explaining my apparatus
to anyone who wishes to examine it. I can add that the spec-
trum from my tubes is absolutely continuous, something never
obtained before from vacuum tubes.

Mz. Worcorr :—I would like to ask Mr. Moore one question.
On page 86 of his paper hesays: “As a device for transforming
electrical energy into light, the vacuum tube is very efficient.
The majority of authorities place it at ahout 70 per cent. and
the incandescent lamp at two per cent.” I would like to know
what is the basis for that. ves he mean 70 per cent. of the
energy which is supplied to the electrodes appear as luminous
radiation ¢

Mgz. Moore :(—Yes, undoubtedly. I wish also to add that the
idea in showing the difference between the incandescent light
and the vacuum tube light was merely to show that the vacuum
tube light had very few red and wasteful heat waves. =~ With
reference to efficiency, of course it is understood that I referred
to the amount of power consumed at the terminals of the lamp,
and that this system of lighting, without heat, is merely a step
in advance. We must.come to it, and rapidly, and it is merely
a step in that direction. The heat is not all removed but we are
approaching that end.

BR. WoLcort:—1 have never heard that a Geissler tube had
70 per cent. efficiency.

R. Moore:—I tilink Dr. Nichols can give you some points
on that subject.

Dgr. NicroLs :—The tigures referred to are doubtless those to
which I referred a few moments ago. Dr. Staub had a Geissler
tube in an ice calorimeter, so that he was enabled to allow the
luminous rays to escape. Then he blackened the walls of the tube
and absorbed it all, and he found in that way about thirty-three
per cent. efficiency. On the other hand, in the second set of



120 MOORE ON VACUUM TUBE LIGHTING. [May 20,

observations—those of Prof. Angstrém—comparisons were made
between the luminous radiation, produced in & Geissler tube, and
the total amount of energy electrically measured necessary to
generate that light in the tube, the efficiency in such tubes thus
tested wasabouteight per cent. This second quantity, which would
seem to limit the total efficiency of the Geissler discharge at less
than ten per cent. is a question of course of the method of gen-
eration, and if you can reduce the loss in the outside cirenit then
the luminous efficiency may be greatly increased.

Mg. Worcort :—Even at ten per cent?

Dr. N1crors:—You have to divide that by the fraction of
light-giving energy in it.

ROF. ANTHONY :—It seems to me that a good place to put a
voltmeter and an ammeter is in the circuit that drives the motor.
If we put the voltmeter and ammeter in the circuit which drives
the moior, then all question as to the measurement, by means of
the ordinary instruments, of this extremely flnctuating current
that goes into the tube, as to whether that gives us an accurate
measurement or not, would be disposed of. e could tell then
very nearly what amount of energy is required to operate the
tube.

[At this point the President requested Vice-President Stein-
metz to take the Chair.]

Tae CrairMaN :—I observe that Mr. Wetzler is present and
some of the gentlemen have expressed a desire to hear him on
this sabject. ill Mr. Wetzler favor us?

Mgr. Josepr WerzLER :(—The tests made by myself on Mr.
Moore’s apparatus were carried out as follows: A Weston direct
current milliammeter, A shown in Fig. 33, was placed in series with
the inductance coil employed by Mr. Moore, and the potential
was measured by a Weston alternating and direct current ty
voltmeter, v, connected directly across the leads. The results
of one set of tests was as follows:—

Milli-
amperes. Watts.
Tube No. 1, good tube.......c.eonivvn cennnnnn. 90 110 53.9
. v 110 51.7

...................

g

rhemzEREaRgERa:

........

¢ B ieeeeieenen-en e eee 110
Tube No. 4, good tube.........ccoiiviinennnnn.. 108

o B ieeeseucecccsrsassssssens 110
. . e teeaieeeieieienaes 470 105
Tube No. 5, good tube..... .........ooovneL.s. *88

CoOWoRARLOORDDBN®D

*With momentary rise to 120.
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In other tests which I made I found some tubes that gave
much lower watt readings than any of the above; thus one read
as low as 30.5 watts. ’I’ise above results may therefore be con-
sidered a very fair average. No special preparation, so far as 1
am aware, was made for these tests by Mr. Moore, and all were
taken in his Exposition booth while the apparatus was being
shown publicly. -

Me. Ries:—I should like to ask Mr. Wetzler what was the
length of that tube on which the 42.5 watts reading was taken {

Me. WerzLER :—All those tubes were about seven feet long.
In fact they were the same tubes that were used at the INsTiTUTE
lecture. No measurements were made ou the illuminating power
of the tubes. They were all in good condition except the one
which I have referred to as a bad tube, which was evidently
lacking in brightness.

Mgz. Rizs : —Then one of those seven-foot tubes took practically
as much energy as an ordinary 16-candle power incandescentlamp

Mr. WerzLER :—Yes sir.

v

F1e. 83. ARRANGEMENT OF TESTING APPARATUS.

Mi. Moore:—I believe it was stated hy somebody before
I arrived. that the motor appeared to be overloaded. It is quite
remarkable, when you consider all the motor experts there were
at that meeting, that every one presumed that the motor was
overloaded, and it only shows how unsafe it is to be too sure of
anything. When the dynamo field rheostat arrived it was
found when it was connected in circunit that you could turn its
handle all the way on or off without affecting the voltage in the
slightest degree. = Therefore, it was a useless piece of upparatus,
and it was not wsed. The motor starting box had seven points
for varying its resistance. ~Now, at no time during the evening
were more than three points cut in, in the motor starting box,
and I think most of the time only two. Of course, anybody who
is familiar with this kind of apparatus knows very well that
when you have a motor with only two-sevenths of its starting
box cut out when you put a slight load on it, it will lose its volt-
aﬁe. That was the whole truth of the matter. Of course if
the attendant had turned the starting box all the way around
and cut it all out then it would have been all right as it was the
following night.

De. S. 8. WaeeLer :—]1 attended the INsTrTuTE meeting at
which the new light was shown, and I thought I noticed a
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squeaking, indicating that the belt between the dynamo and
tlﬁe motor was slipping. [ would like to ask Mr. Moore about
that.

Mg. Moore :—Dr. Wheeler must have been mistaken. A
number of men who are competent to know how tight a belt
should be stretched, all agreed that the belt was all right. It
worked perfectly, merely by throwing the resistance of the
starting box out.

Pror. ANTHONY :(—During one stage of the experiments I
knew the motor starting box was not all cut out. That was
when the first attempt was made to start up the tubes for lighting
the hall. Later I saw the assistant go and turn it out, and I su
posed it was fully turned out ; .I feel quite sure that it was. ll;
regard to the laboring of the machine, it was not the laboring of
a machine that was working with the starting box partly turned
on, but it was the laboring of a machine that was overloaded.

Mg. Moore:—In response to that I must say that Prof.
Anthony is entirely mistaken. I have the very best evidence to
show that that starting box was not entirely cut out. I know
that the following evening the apparatus worked perfectly and
on several other occasions. Indeed it is working perfectly now,
or was a few days ago before the motor was changed.

Mr. Kennerry :(—Fortunately it is not a matter of any cou-
sequence, gentlemen, whether the motor was overloaded or not.
If these tubes take from 40 to 60 watts we know they will give
their regular complement of light with that amount of power.
Therefore, we can fortunately consign to oblivion the question
whether the motor was overloaded or not.

Pror. ANTHONY :—1 don’t feel so sure of that.

Mg. WerzLER :—1 would like to state that the measurements
were made with two different types of instruments and on differ-
ent days. One was a direct rea(fi)zg ammeter, and the other was
an alternating and direct reading type of Weston instrument.

Pror. ANTHONY :—] am not certain that in that interrupted
circuit any of those instruments will properly measure the
energy consumed. The sort of current that is obtained by that
interruption is something totally different from any alternating
current, and it seems to me that it may very well be that the
voltmeter and the ammeter would not measure truly.

Mgr. Pegry :—I have felt the same way that Prof. Anthony
has, that neither the direct nor the alternating current measuring
instruments would be likely to give us results which would not
be open to some question. There is another question that I
would like to ask Mr. Wetzler. I think he stated somewhere
that the total number of tubes consumed a given total amount of
energy. I think Isaw that in some editorial of his.

Mg. WerzLER :—1 do not recall the exact language.

Mgr. Perry :—I understood these tubes were each on a se
circuit. Now, were the tests of all the tubes made on instra-
ments simultaneously or under what conditions?
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Me. WerzLer :—While all the tubes were operating I tested
one of them at a time. Each tube being on a circnit of its own
I would naturally measure one at a time.

Mz. CarL HeriNg :—Perhaps a voltameter might be a much
better instrument for such currents than an ammeter; if so, a
simple Edison meter might answer the pur

BR. Moore:—Mr. Wetzler has told you that he measured
but one vibrator at a time. I measured a number all at the
same time, and found the current consumption proportion-
ately the same. With reference to Prof. Anthony, he seems to
be determined that that motor was overloaded. I may be able
to help him out in that matter. As is well known, when a
motor under those conditions has a load placed upon it of course
it will drop in its speed. Then the dynamo may drop from 450
down to less than 100 volts and of course the vibrators would
stop vibrating, and the mowment they do that, there is a rhort
circuit through the coil and immediately the ampe would
run up enormously. So that may well explain why the motor
agpeared to be overloaded. The fact of the matter 18, however.
that it never was overloaded. I wish to state once more that
this matter of efficiency is absolutely secondary. I was able to
light up a hall, the first hall in the world to be so lighted. I
have placed my work Lefore you claiming an advance in the
art, irrespective of the question of efficiency, although I have
nothing to be ashamed of in that direction, in fact the opposite.

[ComMuNICATED AFTER ADJOURNMENT BY PROF. ANTHONY.]

The doubt which I expressed in the discussion at the meeting
in regard to the truth of the indications of the Weston instru-
ment when used to measure interrupted circuits was, set at rest by
experiments I was able to make on Wednesday evening after the
meeting of the InsTiTuTE, and of which I gave an account in a
report to Mr. Moore which is printed in full below.

New York, May 27, 1896.

D. McFarLAN MooRE,

Dear Sie :—On Wednesday evening, May 20th, in company with Prof.
E. L. Nichols and Mr. Nelson W. Perry, I made a test of the power absorbed
by the vacuum tube light in your cxhibit at the Electrical Exposition, with
results as given below:

A Weston ammeter was placed in the circuit leading to the motor used for
driving the generator which furnished the current for the vacuum tubes, and a
Weston voltmeter was placed across the motor terminals. These instruments
were read at frequent intervals, while one of us in the booth below noted the
time of turning on and off the light. Comparing notes, we found that when
the tubes were all off, the motor consumed 12.5 to 18 amperes at 110 volts as a
constant load. When the tubes were all on, the motor consumed 22 amperes at
108.5 voits.
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The motor therefore comsumed, when tubes were not running . .1400 watts.
When tubes were all running ......... tecessscsncsans ceee...2880 ¢
Due to tubes........ ieees e teesteesenes cerees sessseses.. 980

There were in operation 14 tubes, 74 feet long, 14 inches diameter, 1 tube
somewhat shorter but 2¢ inches diameter, and a few tubes of special designs.

We estimated that the whole was an equivalent of 16 of the 1% inch tubes.
This gives 61 watts per tube applied to the motor terminals. Assuming that
80 per cent. of this energy was delivered to the tubes from the generator termi-
nals, the power consumed by each tube is 49 watts.

This is practically the result obtained by Mr. Wetzler by direct measurement
of the energy consumed by the tubes, and disposes of the question raised by the
writer as to the reliance to be placed upon the indications of a Weston ammeter
in circuit with a vibrating interrupter.

The only question now is, as to the intensity of the light obtained. Of this
it was impossible under the conditions to make any reliable estimate. Our re-
sults simply show that thelight of the vacuum tubes, as exhibited in your booth
at the exposition, is obtained at an expense of a little more than one horse
power.

The instruments used in making these measurements were kindly loaned for
the purpose by Mr. Pionnie in charge of the Weston Electrical Instrument
Co.’s exhibit, who gave us his assistance in making the necessary connect-
tions and in taking readings.

W. A, ANTHONY.




AMERICAN INSTITUTE OF ELECTRICAL
ENGINEERS.

ANNvaL MEETING.

New York, May 19th, 1896.

The Annual Meeting of the INsrrruTe was held at the New
York Industrial Building, corner Lexington Avenue and 43rd
Street, May 19th, 1896, and was called to order by President
Duncan at 4 P. M.

Tae PresipEnt.—The first business in order will be the
appointment of two tellers to count the ballots. I will appoint
a8 tellers Mr. Townsend Wolcott and Mr. Wm. J. Hammer.

The next thing in order is the report of the Council and the
report of the Treasurer.

he following reports were then read by the Secretary :

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.

RePorT OoF COUNCIL FOR THE YEAR ENDING APRIL 30TH, 1896.

As required by the Constitution, the Council submits for the information
of the membership a report of the work of the INsTiTuTE during the past
year.

The Council has held ten regular meetings and one special meeting, at
which the average attendance has been ten. The General Meeting of the
INsTITUTE was held at Niagara Falls, June 2sth to 28th.

In compliance with a request, by petition, of twenty members and assoc-
iate members, residing on the Pacific Coast, Prof. F. A, C. Perrine has been
appointed Local Secretary for that region. In this capacity, Prof. Perrine
has rendered efficient assistance in caring for applications for membership
received from that district.

Upon his election as a manager, last year, Mr. B, J. Arnold deemed it
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advisable to resign the office of Local Honorary Secretary at Chicago and
Prof. W. M. Stine was appointed to fill the vacancy.

In compliance with a request from twenty members and associate mem-
bers. a committee was appointed to submit a new design for a badge
which would meet the approval of members and be more generally
worn by them. A design has been prepared under the direction of this
committee and will be submitted for consideration hereafter.

The amount of time consumed in the counting of the ballots at the annual
election led to the appointment of a committee, of which Mr. James Hamblet
was Chairman, to revise the rule governing this procedure. The report of

this committee was received and referred to the Committee on Incorpora-
tions, as other amendments to the Rules were under consideration.

A Committee on Incorporation, of which Mr. W.B. Vansize is chairman, was
appointed in December, to consider the incorporation of the INsTITUTE and
any changes in the Rules that might be necessary. The whole matter was
carefully investigated and the INsTITUTE was accordingly incorporated
March 16th, 1896, under the laws of the state of New York. The new Con-
stitution, amended as was necessary in order to conform with the State law,
has been printed and distributed to the membership. This action was
taken in accordance with the following resolution adopted at the meeting
of Council January 22nd 1896 :

‘It is voted that the President be directed to call a special meeting of
“¢the INSTITUTE to consider a proposition to incorporate the INsTITUTE under
“‘the Membership Corporation Law of the State of New York., (Laws of
‘1895, Chap. 559, Section 5.)”

This meeting was called for February 26th, at which the Council was
authorized by a unanimous vote to proceed with the work of incorporation.

The Council appointed Dr. Francis B. Crocker a delegate to represent
the INsTITUTE in the National Conference on Standard Electrical Rules
which was held in New York City, March 18th and 19th. This conference
resulted in a permanent organization in which the Council subsequently
voted to continue the representation of the INsTITUTE for one year, with
Dr. Crocker as its delegate.

The National Electrical Exposition Company having extended an invita-
tion to the INSTITUTE to hold its May meetings in the Industrial Building,
the proposition was accepted by the Council, and the Secretary was in-
structed to secure the necessary facilities.

The total membership at the close of last year’s report was 944, classified
as follows :

Honorary Members...... ®6 veosacsesss sve Ssssasa o sese cavsses aissecssass 2
MEmber®. . uuiin.vreoeeancsinsssincsnsiosansorsseacersacssss see seacnsecanans 281
Associate Members.... .. ...ciiiieie oot iiiieeiaine s ciiiiieniiiieeaaa 661
44

A iate Memb lected May 1st, 18gs, to April 3oth, 1896........ .. .. .. .. 143
1087

Restored to Membership, ...o.co.uveine coe ues eetesrretentetarattebtanananas 3
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The following resignations have been received during the year, and
accepted as in good standing :

J. MURRAY MITCHELL, J. P. MAGENIS,
F. S. CALDWELL, C. E. POTTS,
R. L. SELDEN, JR,, F. G. WATERHOUSE,
M. G. STRATTON, C. GESSEAUME,
H. H. EUSTIS, G. W. MANSFIELD,
C. E. STUMP, F. W. CUSHING,
E. H. ROGERS, H. HOLLERITH,
B. W. COLLEY, J« P. MCKINSTRY.
J. A. BARRETT,
Total resignations................. es8bssse sesss sessssssans 17

There have been the following deaths during the year :

FRANKLIN LEONARD POPE, HOLBROOK CUSHMAN,
HENRY W. FRYE, W. T. M. MOTTRAM,
WILLIAM BOARDMAN TOREY.

Total deaths,
Drupped as delinquents........ ....
Elections cancelled...... ..........
Elected but not qualified.. .... ......... vesenses svsesassessave
L1
5038

Leaving a total membership of 1035 on April 30th, 1896, (a net gain of gr)
classified as follows :

Honorary Members .. ............o0vvun e essenccavane sons ITTRPPPINN tesences 2
Members .......coiiiiir titiitiitietite 0 deseesssenes sees tete cenns .o 333
Associate Members...... sesereitatteieintace as sesesnesscecacss a1 o sesseses JOO

1035

A list of the members elected during the year accompanies this report.
The names are printed in the TRANSACTIONS.

The reports of the Secretary and of the Treasurer, show in detail the
financial standing of the Institute at the close of the fiscal year, together
with a detailed statement of receipts and expenses during the year.

SECRETARY’'S BALANCE SHEET.

For THEe FiscAL YEAR ENDING APRIL 30, 1896.

Dr. Cr.
To balance from 1894....... .... . .$ 15 20 By cash to Treasurer.,..ov000e0ee...$11,262 g0
Receipts for the vear................ 11,267 g0 Secretary's Balance on band......... 20 20

11,283 10 11,283 10
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ITEMIZED STATEMENT OF RECEIPTS AND EXPENSES OF
THE INSTITUTE.

For Fiscal YEar ENDING APRIL 30, 1896.

GENERAL ACCOUNT.

Receipts. Lxpenses.
Treasurer's Balance from previous year $186 28 | Repairs... ....... ccvevevninnnn. .. 8570
Secretary’'s “ ¢ 1520
Typewriting . ....... ... ... veseesne 8 25
Eotrance Fees....... ......ccoovv v oe 660 oo
Life Membership (A. E. Kennelly, J.
Bijur, R. R. Harvey, J. Stanford
Brown) ..... . .c..eeiil ceannnn
Past Dues....... ......cooiiiiiinnnnn
Current Dues... ... ....... esses oo
Advance Dues...........cccoviviinnnn
Electrotypes Sold. ......... . .... ..
Transactions Solde..vu.eveeinnaes o oo
Transactions Subscribers ....
Advertising........cco00 ceiis
Received for Binding Transactions.... 33 63 | Stenography and Typewritiog.... .... 987 75
" ‘ Badges ................. 149 o8 | Stati y and Miscell Printing. 912 s6
" ** Certificates . . .... ..... 5810 | Postage..................c. .ev oo us 679 33
i ** Congress-Book. ......... 212 13 | Messenger Service...... ......... coes 5 48
Reprints Vol 4.e....vvviniiivnnaennes 36 oo | Salary Account...... ...... ... 8,499 98
— Meeting Expenses... ........ .. 39039
i Reat of Office and Auditorium.... .. + 1,200 00
! Engraving and Electrotyping.......... 655 96
Publishing Transactions......... sevess 2,978 OF
l Binding Transactions and Periodicals.. 280 93
| Paid for Badges........... ....... vees 165 00
; Paid for Certificates............ ...... 28 13g
Congress Book.. ............cccv. ... 118 33
Secretary’s Balance to next year....... 20 90
Treasurer’'s ¢ ¢ Y e 239 99
Total, $11,469 38 Total, §11,469 38
The outstanding current bills against the Institute, April 30, amounted to ... $769 13
Due the Insti and collectible probably ........... cieee teiseseesiaceseans 674 80
Property in New York City according to inventory, May 1, 18g6.
Office furniture and fittings $187 75
Transactionson hand..... .... ..... .... 1,326 oo
Congress Books....... ...cooovviiiiinncie vivne veien Loan 819 oo
Library ... .coe ciiiiiiiiiinne v tines ciiieiiee eens 200 00
$2,432 75

Of the above, there has been purchased during the year, office fittings
amounting to $25.50. The inventory has been made at a low valuation and
does not include the Transactions of 189s.

The indebtedness of $2,511.29 brought over from last year, has been paid,
as well as all bills of the current year up to April, being all that were in
hand at the last meeting of the Finance Committee, excepting one of $30
held for cause, and another of $208.33 not due until May. The payment
of these old bills necessarily oarried over, makes an apparent increase in ex-
penses over previous years.

Respectfully submitted for the Council,
RALPH W. POPE,
Secretary.
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.
New York, May 19th, 18g6.

TREASURER’S REPORT.
From MAy 1, 1895, TO MAY 1, 1896.

GEORGE. A. HaMILTON, TREASURER, in account with
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS

Dr.

Balance from May, 18gs. e eees.s  $186 28

Received from Secremy, Mly 1, 1&95 to Muy 1, 1896 ......... 11,262 g0 $11,449 18
Cr.

Payments from May 1. 1895 to May 1, 1896, on warrants from

Secretary, Nos. 618 10 759, inclusive........  ....... ..e. $11,209 19
Balance to new account,...... cevervenes Ce eeesiiesess seee . 239 99 $11,449 18
Balance on hand, General Fund, May 1,1896.......c.c000 <vee ‘ 239 99

BUILDING FUND.

Balance as per last report...coceveecieene. covencsncnas .er $8s0 oo
Interest accrued o May 1, 1896, 3 per cent. to May 14, 1892
and 2 per cent thereafter,...... ... ciiievreieiioiienanens 89 48 8939 48

Cash book and warrants herewith for audit. Vouchers are in the hands
of the Secretary, to whom they are returned for filing after payment.
GEORGE A. HAMILTON,

. Treasurer.
New York, May 1gth, 1896.

It was voted that the reports be accepted and placed on file.

Tre PrEsiDENT. —Gentll:amen, the counting of the ballots will
take so long that I think it would be well to defer the report
from the tellers until to-morrow momm Therefore, I will de-
clare this meeting adjourned until 10 o’c ock to-morrow morning.

[Adjourned.]

ASSOCIATE MEMBERS ELECTED AND TRANSFERRED.

Council Meeting, May 19th, 1896.
Name. Address. Endorsed by.
Haxchert, Geo. T. Editor, with The W. J. Juhnston Townsend Wolcott.
Co.. 253 Broadway, N. Y.; W.D. Weaver.
residence, Hackensack, N. J. Edward Caldwell.

Huwy, S. P, Chiet Electncia.n ot Hudson Div. T. D. Bunce.
N. Y. C R. R. Co., J. C. Chamberlain.
Poughkeepsne N Y. A. E. Wiener.
LeNz, CHARLES Draughtsman, Brooklyn Union Jos. Wetzler.

Gas Co., 137 Nevins Street, T. C. Martin.
Brooklyn, N. Y. Max Osterberg.
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MarTIN, JAMES A. Superintendent, The E. G. Ber- E. G. Bernard.
nard Co., 43 Fourth Street, Edward Caldwell.
Troy. N. Y. W. D. Weaver.

ScEWABE, WALTER P, Electrician, Rutherford, Boiling Walter M. Petty.
gpri F and Carlstadt Electric Albert Buys.
No..'l . 0. Box, 64 Carlstadt, John E. Lloyd.

Total, 5.

APPLICATIONS FOR TRANSFER FROM ASSOCIATE TO FULL
MEMBERSHIP. FINAL ACTION.

Approved by Board of Examiners, April 15th, 1898.

RoLLER, JorN E. Lieut. U. S. Navy, in charge of Inspection and In-
stallation, U. S. Navy Yard, New York.
EpGAR, CHas. L. General Manager and Chief Engineer, Edison Elec-

tric Illuminating Co., Boston, Mass.
BrertHAUPT, E. CaRL  Electrical Engineer, Berlin, Ont.

SEVER, GEORGE F. Instructor in_Electrical Enginecring, Columbia Col-
) lege, New York City.

HarriNeTON, W. E. Electric Railway Engincer, Camden, N. J.; 1112
Sansom St., Philadelphia.

BepELL, FREDERICK Assistant Professor in Physics, Cornell University,
Ithacs, N. Y.

Total, 6.

GENERAL MEETING.-

MORNING SESSION.

New York, May 20th, 1896.

Tue Presipest.—The first business this morning is to listen
to a report of the tellers.
The tellers reported, through Mr. Townsend Wolcott, as
follows:
REPORT OoF TELLERS,
Annual Meeting at New York City, May 19th, 1896,

FOR PRESIDENT.

Total Number of Votes Cast........ 330
Dr. Louis Duncan............. 287 Protf. Edward L. Nichols........ 2
Dr. F. B. Crocker.... ......... P} Charles F. Brush. ....... R |
A E. Kennelly.......cc....... 4 F.J.Sprague......ocoivvuianes 1
Thomas D. Lockwood......... 8 C. P, Steinmetz................ 1
Elibu Thomson................ 3
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FOR VICE-PRESIDENTS.
Total Votes Cast..... Ceeeaereeneeaien 975
C. P. Steinmetz ............... 307 Elihu Thomson
H.J.Ryan ... ........oooen. 306 T. A. Edi
W.M. Stine.... ..oocvvvenen.. 27 E. R. Weeks.....coooevnnnnns
Elisha Gray...... . .. 10 S. Sheldon
Dr. Louis 8 A. L.
Nikola Tesla..... ... 7 0. T.
C. R. Cross. 6 E.
J.J.Carty ..occvn.... cese een 6 Ww.
E. L. Nichols................ . b A.
A.E Kennelly ................ 4 Geo. Cutter...oovevieenienne ..
C.S. Bradley..........cccueen 3 L. B. Stillwell...... sesssencns .
W.J.Jenks ..oovvne vuninnnnn. 8 H. A, Rowland............ ...
R. H. Pierce.vceeviece vuvnnn. 3 F. W. Darlington.............
W. L. R. Emmet...... creecaaes 2 H.S. Carhart.... .co.vveennnns
F.Bedell ....ccovvvivevnnnn... 23 P.Lange....c..ccvveenne sesnns :
S. D. Greene.......... ceernean 2 W.D. Weaver...... ....... ves
A. Macfarlane.... ..oeoveeana.s 2 C. 0. Mailloux..... ceeserenniaes
D. C. Jackson...eeeveeiienrnnnn 2 H. Ward Leonard..............
Jos. Wetzler....... Cieestenenes 2 A, Bchmidt..... cetesetetninnas
G. S. Dunn......... cee se e.. 2 W.J. Hammer........ .......
C.E.Emery. .....ccivenineeee 2 Henry Morton.....ccovvuuennne
C. T. Hutchinson........ ..... 2 C.D. Haskins........co0vun-. ..
Total.....covevveer vunn ... 975.

FOR MANAGERS.

Total Vote Cast .....

}; B. Stillwell...... ceerrencnes 288

................

B. Crocker ceee
m. Anthony
. T. Crosb

. C. Davi on.

MmO

F.S. Pierson.....c.cccoeveees

A, Dow......... . sesessasacas
C.R.Cross........... ceieeaions
Wi, Maver, Jr.. .... .e.....
F.W.Jones .cooovvvnnnnenenns
C.E. Emery...cccooaivvus vnnn
R.B.Owens. .....cccoveinaens

Total......

......... ceeees 1280

. R. Emmet...

: g;.?’
>

H”WFP%m?rm¢Ps

Glllllsnd.... teseescas
ut,mss .............. cecense
. S. Aldrich........ .

Q

. Reckenzaun.. .. ...... .....

.wmp?mscmespas>a;g%ozagspss

C. G. Armstrong...........

........ ...1290.
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FOR SECRETARY.
Total Votes Cast.......... 319.
Ralph W. Pope................ 819

FOR TREASURER.

Total Votes Cast.............. 829,
Geo A. Hamilton.............. 326 W. A. Anthony......c......... 1
Ralph W. Pope..........oeuune ]

Total,.ovviniieiinnennannen 329

Total number of votes for President (830) indicate total number of ballots
counted.

Rejected as not complying with Rules, 28. In all but one case this was due
to the omission of name on outer envelope, in the other case tellers could not
_ interpret marks made upon ballot.

Respectfully submitted,

TownseEnp WoLcorT,
Whu. J. HAMuER,
Committee.

Mr Worcorr.—I would state that there were 28 ballots
rejected becanse they did not comply with the rules. The envel-
opes containing 27 of these ballots were received without any
signature on the outside by which to identify them, and they had
to be rejected. The other ballot was marked in such a way that
it was impossible for the tellers to ascertain whatthe voter meant,
and that had to be rejected.

Mr. I’ope received 319 votes as Secretary, which was the total
number of votes cast. For Treasurer there were 329 votes cast,
of which Mr. Hamilton received 326. Although there were more
votes cast for Treasurer than there were for Secretary, yet the
vote for Treasurer was not wnanimous. The reason f{)r that is
that some members tore off the Council ticket from their ballots,
voting the other part, and the name of Mr. Pope was not on that

rt.
paTnn PresipenT.—The next business is the report of the Sub-
Committee on *‘8tandards of Light.”

The following report was then read by Dr. Edward L. Nichols :




A Report presensed at the 13th General Meeting of
the American Institute of Electyical Engincers,
New York, May 20th, 186.

STANDARDS OF LIGHT.

PreLiMinarRY REPORT OF THE SUuB-COMMITTEE OF THE INSTITUTE.

BY EDWARD L. NICHOLS, CLAYTON H. SHARP, AND CHARLES
P. MATTHEWS.

One of the sub-committees appointed in 1393 to investigate the
subject of a suitable standard of light for photometric purposes
has been engaged upon preliminary experiments, and upon the
collection of data concerning the existing standards, and also of
such other sources of light as might be regarded as possible sub-
stitutes for the standards now in use. Such investigation is a
necessary preparation for the consideration of recommendations
looking to the adoption of any new standard.

The committee is still at work upon these preliminary experi-
ments, but it has reached a stage when it seems desirable to make
the following report of progress.

I

The following sources of light have been in use in photometric
work for a safficient length of time to enable various observers
to become acquainted with their merits and likewise with their
imperfections.

(1) The Carcel Lamp.

(2) The British Standard Candle.

(3) The German Standard Candle (Vereinskerze).

(4) The Methven Screen.

(5) The Hefner-Alteneck Amyl-acetate Lamp.

(6) The Harcourt Pentane Standard.

(7) [11 (19 {3 Iﬂmp.

188

-
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In addition to these, the Violle platinum standard of light has
been before the scientific public for several years, and although
it has not gone into extensive practical use, it has been subjected
to severe tests in the laboratory of the German Imperial Institute
for Research (Reichsanstalt in Charlottenburg) and elsewhere.
Various luminous gas flames, also incandescent lamps, have been
extensively nsed as secondary standards. The following standards
have likewise been proposed, and a certain amount of work has
been done to demonstrate their good properties and to determine
the degree of accuracy with which they can be reproduced.

(1) The crater of the positive carbon in the arec.

(2) The surface of a strip of platinum heated by means of a
current to an arbitrarily defined temperature.

Finally there are a number of light sources which must be
taken into account in the selection of a standard of light, aside
from those which have been mentioned in the above list. Such
are gas flames burning within a mantle of pure oxygen (The
Bude Light), the acetylene flame, the various incandescent man-
tle burners, the light from other glowing metallic oxides, such as
the zircon light and the light of burning magnesium.

The committee proposes to present in this report a summary
of measurements which have been made upon the various sources
of light mentioned above, with a view to reaching some decision
with reference to their relative merits as light standards. It is
hoped thus to pave the way for experiments leading to the rec-
ommendation of new definitions of the standard of light, or at
least to the recommendation of greatly improved procedure in
the handling of existing standards.

In the case of many of these sources of light, the members of
the committee have made extensive measurements of their own,
either in the verification of existing statements, or in the ex-
ploration of questions hitherto not definitely attacked. It is
proposed in this report to give a brief resumé of these experi-
ments, some of the results of which have already appeared ‘else-
where, and to summarize the existing work of previous invest-
igators, so far as the committee is acquainted with the same.

1L

Tests of standards of light belong to one of two general
classes ; in the first class are included all comparisons of flames
with flames, the results of the tests being in this case affected by
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the change of the standard flame with the purity, temperature,
and hygrometric state of the atmosphere. They show in gen-
eral only the variations of the standard in question which take
place during short periods of time, and demonstrate nothing
concerning the variations which take place from day to day. In
the second class are included all comparisons of light standards
with glow lamps and also bolometer tests.

Tests oF BriTisH STANDARD CANDLES.

The British standard candles were specified by act of Parlia-
ment, in 1860, to be sperm candles weighing six to the pound,
and burning 120 grains per hour. In spite of universal con-
demnation by all who have tested this standard, it still maintains
its position in Great Britain and America.

Messrs. Harcourt, Keats and Methven, appointed by a com-
mittee of the Board of Trade to investigate the performance of
British candles, found a difference of 15 per cent. in the aver-
age illuminating power of legal candles, while two pairs showed
a maximum variation of 22.7 per cent.

Heisch and Hartley, acting for the committee on light stand-
ards of the Council of the Gas Institute, found that the differ-
ences in the illuminating power of candles ranged from 1.3 per
cent. to 16. per cent., the average difference being 7.05 per cent.
They also reached the conclusion that sperm candles developed
more light per grain of sperm consumed, than they had done
several years before.

Dibdin conducted two long series of experiments with various
standards, reporting the results of the tests to the Metropolitan
Board of Works. He compared the standards with the flame
produced by a specially stored coal-gas. His tests were very ex-
tensive, and his reports voluminous and exhaustive. For the
British candle he found in his first series of tests a maximum
variation of 14.9 per cent., which occurred twice, and a maxi-
mum total variation in a single group of 23.2 per cent. which
also occurred twice. The mean variation, disregarding signs,
was 3.6 per cent. Variations of from five to eight per cent.
were common ; 13.7 per cent. of the tests were within one per
cent. of the mean. In the second series the maximum varia-
tion was 11.7 per cent., and the maximum total for one group
19.3 per cent. The mean variation was smaller on account of
the fewer obgervations in each group. This may account for the

o
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fact that in this series 34 per cent. were within one per cent. of
the mean.

In his next report he combats the view of Heisch and Hart-
ley that candles gave more light per grain of sperm then, than
they had given several years before. Comparing determina-
tions of the candle power of the Carcel lamp made in 1870 with
others made in 1879, he found that the illuminating power of
candles had decreased rather than increased during these nine
years.

A committee of the British Association, comprising numer-
ous distinguished members of that body, in their fourth report
rendered at the Plymouth meeting in 1888, gave the results of
extensive tests of candles. Their comparison standard was a
burner supplied with coal-gas which had been enriched with pen-
tane. Of 118 experiments, 98 gave differences of one per cent.
from the mean, 57 gave differences of two per cent., 19 of five
per cent. while differences of nine per cent. to ten per cent. were
produced only very irregularly. They concluded that candles
are not worthy to be called standards, although they conform to
the legal requirements, and that the intensity of their light is
affected by the purity of the air in the room, the shape and con-
struction of the wick, the nature of the sperm and by other
cauges.

They also pointed out that the spermaceti is not a substance
of definite chemical composition ; that improvements in the
process of manufacturing have resulted in what is known as a
“dryer ” sperm, one containing less oil ; that to prevent crystal-
lization, a variable quantity of beeswax is added. They inferred
from these considerations that it is probably true that the illu-
minating power of candles has changed since the quality of
sperm employed, the construction of the wick with respect to
the number of strands, the tightness of the twist, etc., are not
specified in the act, but are left to the option of the makers.
This committee regarded as the chief source of the oscillations
of the light:

(1) Changes in the length and shape of the wick.

(2) Difference in the height of the melted sperm in the cup
of the candle.

Photometric observations by the many other observers have
simply served to confirm the above conclusions. A recent
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Dutch commission, for example!, found, from many tests, the
mean fluctuation in the intensity of British standard candles to
be + 2.43 per cent., with a maximum of 9.70 per cent.

Methven has shown the following variations in the intensity
of a candle to take place with changes in the azimuth of the
plane of the wick. Two candles were used, their intensities be-
ing as follows:

Plane of the wicks perpendicular to bar, c. p. = 1.999.

Wicks pointing away from the photometer, c. p. =1.933.

Wicks pointing towards the photometer, c. p. = 1.957.

He found also that a candle which gave in dry air an inten-
sity of 1.104 gave in moist air an intensity of 1.196,—a varia-
tion of 8.38 per cent.?

III.

BoLoMETRIC MEASUREMENT.®

The extraordinary fluctuations of such sources as the British
candle, make photometric measurements difficult and uncertain.
The consideration of the discrepancies exhibited in the results of
previous observers suggested to the members of your committee
the substitution of the bolometer for the eye, in the study of
such sources of light. The following is a summary of the in-
vestigation which resulted from this suggestion.

DESCRIPTION OF APPARATUS.

A piece of Swedish iron wire, of No. 30 B. & S. gauge, was
passed through jeweler’s rollers until its thickness was about
0.045 mm. and its width 1.5 mm. It was then placed in dilute
sulphuric acid, in which potassium bichromate had been dis-
solved, and a current was passed through it in such a manner as
to dissolve the iron. The potassium bichromate was introduced
into the solution to dispose of the hydrogen bubbles which
would ordinarily have clung to the metallic surface, and which
would have caused it to be dissolved unevenly.

1. For an abstract by Krass,see Journal far Gas Belouchtung und Wasserver-
sorgung (1894).

2. John Methven : Dingler's Polytechnisches Journal, vol. 277, p. 276,
taken from London Gas World, 1889, p. 572. See also Sugg : Journal for
Gas Lightsng, which is reprinted in the Scientsfic American Supplem¢nt, No.
484, p. T726. .

8. For a more detailed description of these measurements, see Sharp and
Turnbull, Physical Review, vol. ii, p. 1.



188 STANDARDS OF LIGHT. [May 20,

In this way the strip was obtained which was about 0.025 mm.
in thickness and still moderately strong. From this strip were
cut two pieces, each about 6 cm. in length, to constitute two
arms of a Wheatstone bridge.

To carry the strips so obtained, a light oblong frame, #' (Fig.
1), of thin wood was made, and to it were fastened small bits of
sheet brass, 3, b, b, to which the strips and the copper wires in-
tended to connect them with the other arms of the bridge could
be soldered. The strips, S, &, were then bent and placed over
the frame, so that each strip crossed the frame twice. The free
ends of each strip were displaced laterally from each other, so
that, when viewed from the front, the portion of the strip on
one side of the frame hid only very little of the portion on the
other side of the frame.

After the two strips had been arranged on the frame sym-

Fia. 1.

metrically with respect to each other, the one which was to re-
ceive radiation was carefully smoked on both sides. To accom-
plish this sinoking without undue heating of the strip, a piece of
sheet metal, through which a small hole had been punched, was
held over a candle flame so that the flame was caused to smoke.
The smnoke passed through the hole, over which a tube was held
to direct the current. The strip was passed back and forth over
the top of the tube. In this way a very delicate strip can be
. blackened without injury. In their completed state, the strips
had a resistance of about 0.5 ohm each.

The frame holding the strips was mounted in a wooden box
about 20 cm. long and 5 cm. X 6 cm. in cross-section. A num-
ber of suitable cardboard screens were placed in the front por-
tion of the box to shield one of the strips from radiation and to
protect both of them from draughts. To close the box at its
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other end, a piece of bright tin was cut equal in size to the cross-
section of the box. This was soldered fast to a heavy block of
brass, to the other end of which was soldered another piece of
tin which covered the end of the box. When this arrangement
was placed in the box, the first piece of tin came close behind
the bolometer strips, and its bright surface acted as a mirror in
reflecting upon the back of the exposed strips many rays which
would otherwise have been lost.

By this means the efficiency of the bolometer was nearly
doubled. The tinned surface did not tarnish perceptibly during
the course of the investigation. It was not smooth enough to
reflect a distinct image, and the light reflected from it was to a
large extent scattered. The use of a plane-surfaced mirror in
such a position would not be allowable, since any slight change
in the angle of incidence would cause a different amount of light
to be reflected upon the bolometer strip. The use of the irregu-
lar-surfaced plate, since it diffuses the light, can scarcely affect
the accuracy of the results to an appreciable degree in such work
as has been done with this bolometer. Nevertheless, this ar-
rangement is to be recommended only where great sensitiveness
is desired rather than the most exact comparison of results.

The galvanometer employed was of the four-coil type. It was
construcled by Professor W. 8. Franklin, after the same general
plan as has been followed by Snow,' Paschen,® and others. When
the two front coils were in multiple with each other and the two
rear coils similarly connected, and the two pairs were connected
in series, the resistance was found to be 190 ohms. The moving
parts consisted of four little magnets of piano wire, each about
5 mm. long, and a mirror of thin cover glass, 4 mm. wide by 7
mm. long, all mounted on a slender rod of glass and suspended
by a very fine quartz fiber. Any oscillations of the needles were
very strongly and effectively damped by the air resistance to the
light-moving parts—a very essential condition to the correct
operation of the instrument when used to get the variations of a
rapidly fluctuating source of radiant energy.

The scale was divided into 100 half-inch divisions, each of

1. B. W. Snow, *‘Wied. Ann.,” Vol. 47, p. 218 ; Phys. Review, Vol. 1, p. 2.

2. F. Paschem, “Wied. Aun.,” Vol. 48, p. 272 ; Zestachr. far Instrumenten-
kunde, Vol. 18, 1893, p. 18.

3. Angstrbm, *‘Oefvers. af kongl. Vetenskaps-Akad. Forbandl.,” 1888, Vol. 6,
p- 879.



140 STANDARDS OF LIGHT. [May 20,

which was, in turn, divided into tenths. The distance of the
scale from the galvanometer was 100 scale divisions, <. e. 50
inches. With the telescope used, fifths of the smallest divisions
could be estimated. In speaking of scale divisions, the half-inch
divisions will always be meant.

To test the sensitiveness of the apparatus, the galvanometer
was adjusted until the period of the needles was six seconds for
a complete vibration. A deflection of one scale division corre-
sponded to a current of 68 X 10~ amperes.

This deflection of one scale-division corresponded to a tem-
perature rise in the bolometer strips of 0°.00657 C. If we re-
duce this to millimeter divisions on a scale placed at a distance
of 1 m. from the mirror, we see that one millimeter deflection
corresponded to a current of 68 X 107! amperes, and the corre-
sponding rise in temperature of the strip was 0°.00066 C.

This temperature sensitiveness is much smaller than has usu-
ally been employed in bolometer work, but it was amply
sufticient for the purpose. That the bolometer itself was one of
high sensitiveness is evident from the fact that this degree of
sensitiveness was attained with galvanometer needles swinging
in a strengthened field and with a galvanometer of 190 ohms re-
sistance. The conditions for maximum sensitiveness of the bridge
would have required a galvanometer resistance of only 0.5 ohm.

The reason for the great sensitiveness lay in the nature of the
strips employed. Their area was considerable, the temperature
coetlicient of the iron was high, and the current through it was
large, ranging from 0.15 to 0.20 ampere, the size of the strips
permitting the use of a large current without undue heating.
As a result of the strong field in which the galvanometer needles
swung, the drift due to magnetic changes was usually imper-
ceptible. , A

The bolometer, compensating resistance, and battery were all
placed in an interior room, with thick brick walls, and having
communication with the outer room only by a door, D, Fig. 2.

The temperature of this room changed very slowly, and it
was quite free from drafts. The bolometer box, B, was placed
upon a shelf fastened to the door of the room, and looked out
through a hole in the door upon the outer room. A double
screen, S, of tin, arranged to slide up and down on the outeide
of this door, covered up the bolometer strips when desired. The
box B’, containing the compensating resistance, was also fastened
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to the inside of the door. The end of the box through which
the screw projected, fitted into a hole in the door, so that the
screw would be turned and the bridge balanced from the outer
room.

In getting the variations of candles, a special device was re-
quired to keep the top of the burning candle at constant height
in front of the bolometer strip. A suggestion of Mr. C. H.
