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GENERAL ELECTRIC 
REVIEW
NECESSITY'S STIMULUS

“Necessity is the Mother of Invention" 
ami it is also the main spring of development; 
indeed, developments mostly consist of a 
multitude of minor inventions. 'The stimulus 
given development by necessity is well 
emphasized by the collection of articles xve 
publish in this issue showing the many sided 
progress made in searchlights during the war.

Pre-war searchlights were wonderful con­
trivances and showed a remarkable develop- 
meE when we remember that, although the 
voltaic arc xvas produced by Davy in IMO 
and the Jablochkoff candle invented in the 
earB hart of the last century, no substantial 
progress could be made in maintaining an 
electric arc until the invention of the Grove 
battery in 1836 and the Bunsen battery in 
1842. The invention of the dynamo electric 
machine led to a host of different types of are 
lamps and to the rapid extension of are light­
ing as an industry. The nexx- arc light xvas 
applied at an early date to the lighthouse to 
replace the comparatively feeble illuminant 
then in use and perhaps this might be descril >ed 
as the first form of electric searchlight.

The results achieved in searchlight develop­
ment. oxving to the xvar emergency, xvere 
accomplished by the co-ordinated efforts of 
the Army officers, the scientists, ami the 
manufacturers. Captain Lichtenberg tells of 
some of these accomplishments as folloxvs:

“One example of these points is a 60-inch 
searchlight xvhich weighs only one-tenth as 
much as the 60-in. searchlights heretofore 
considered standard. It costs only one third 
as much as the standard, is about 10 to 15 per 
cent more poxverful and consists only of about 
100 parts, as against several thousand parts 
for the old design. It is very much more 
rugged and is so arranged that it can be 
produced in less than one fourth the time 
required for producing the old model. Its 
fabrication requires only ordinary machine 
shop equipment, no special tools being 
necessary.

“Another example is a 30-in. searchlight 
weighing only 200 lb., yet more powerful than 
the 4000-lb., 36-in. seacoast searchlights here­
tofore considered the best obtainable. The 

200-11,. .earchlight ha. a cn al l>. I<1. oar- 
licularly for foreground illumination li i 
so designed that it can be readily taken anart 
and transported by men to point- hiretofon 
considered inaccessible for searchlight The 
searchlight and its power unit re piire a <r<-w 
of only three men for complete operation. 
The eosi is about one fifth that of the I915 
equivalen* ."

This reduction in the number of parts, 
xveight, and cost, and this increase in poxver 
and mobility, achieved in so short a space of 
time, bear an eloquent tribute of what can 
be accomplished by co-ordination of human 
effort when xve are spurred on by neces­
sity. It is interesting to think how many 
wonderful things there are in this age of 
machines that could be improved beyond all 
recognition if the necessity should arise. This 
thought should give a grain of comfort to 
those xvho sometimes bexvail that xve have 
reached, or are nearly reaching, our limits.

Among the articles in this issue telling of 
the development of different types of search­
lights, complete searchlight units, ami the 
elements entering into their construction, 
such as the mirrors and high intensity carbons, 
etc., is an article dealing xvith the testing of 
the finished product, and xve xvish to call 
particular attention to this contribution and 
to the illustrations of the testing range xvhich 
accompanied it. This testing range played 
an important part in the development xvork; 
and the evolution of nexx- apparatus and 
instruments for testing purposes, the building 
of the range itself, and its operation reflect 
great credit on those responsible for this 
xvork. It is seldom that we publish sue! a 
group of articles as appear in this issue, xvhile 
the developments dealt xvith ar. so new and 
hax-e been undertaken in such various places 
by different interests, so it may be xvell to call 
attention to the fact that in a few cases our 
authors are no; in entire agreement. It may 
also be xvell to state that xve cannot always 
be responsible for the opinions of our authors, 
especiallv xvhen their articles have such vari­
ous sources of origin.

,| R H.
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Metal Mirrors for Searchlights
By R. B. Hussey 

Ari Limp Engineering Department, General Electric Company, Lynn Works

The successful production of metal mirrors as large as 60 inches in diameter for searchlights was one of 
the most inTiresting of war dee elopmcnts.^Bhe author describes the process used in their production and 
tells some of the difficulties met and how these were overcome.—Editor.

R. B. Hussey

WHEN the 
question of 

developing a new 
type of searchlight 
f< ir the use of Ameri­
can Forces was put 
up to this Company 
one of the impor­
tant features that 
was brought for­
ward was that of a 
metal mirror in 
place of the usual 
silvered glass mir­
ror. Such a mirror 
had not been com­

mercially manufactured up to this time. 
There were numerous reasons why such a 
development was much needed. In the 
first place, glass mirrors of the size under 
consideration, (ill inches in diameter, were 

very expensive articles, costing approximately 
$1000 each, and were manufactured by only 
one or two concerns in this country. Further, 
a glass mirror is easily cracked and ruined 
from the heat of the arc, particularly, where 
arcs of high current, 200 amperes or over, are 
being considered, as was the case. In war 
service a single bullet would ruin a glass 
mirror, while a metal mirror could be riddled 
with bullets and still be a usable device. 
These considerations led the officers of the 
Engineer Depot to request the commercial 
development of a metal parabolic mirror 
that could be used with the large arc search­
lights.

A spun or pressed metal reflector was 
entirely out of the question as it proved to be 
impractical to make one with the necessari- 
accuracy of curvature. The grinding of a 
parabolic curve of this size is necessarily a 
difficult operation requiring considerable

Fig. 1. Applying the Cement Backing to 60-in. Metal Mirrors at the Lynn 
Works of the Genera! Electric Company
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equipment and^fpcrieiicc. so that any 
method in v< >Ixi I1J< the development of a 
paraboloidal kurface seemed to be iuadx ¡sable. 
'The idea was advanced that a ¡¿lass mirror 
might be used as a form to obtain the desired 
curvature and polish, and I he mirror could be 
removed and the form used oxer again. A 
large number of experiments were made on 
small glass reflectors depositing silver on the 
glass surface and then after backing xvith 
different materials removing the silver from 
the glass. 'This seemed to give promise of 
success and experiments xvere carried out with 
larger sizes of reflectors in this general 
manner. The limit of 150 pounds in weight 
for a 60-in. mirror set by the army engineers 
restricted the kind and amount of material 
that could be used and made the requirements 
very severe. As only the outer surface of the 
glass form was used it xvas found practical 
to obtain glass forms that were in the rough 
on the inside and only ground and polished 
on the outside. This left a piece of glass 
weighing about 200 pounds xvhich must be 
silvered and handled in the different opera­
tions and carefully treated throughout so 
that it might be used over and over again. 
After several methods of experimenting xvere 
tried, involving continuous runs of 36 to 4S 
hours in many eases, and after the building 
of special tanks and equipment lor handling, 
a process xvas finally developed at the Lynn 
Works xvhereby one mirror from each form

Fig. 2. The Lacquering Operation in the Manufacture of 
60-in. Metal Mirrors

could be turned out in finished condition 
every week.

Without going too far into details, the 
process employed is in general as follows: 
The glass is first placed on a movable table 
and carefully xvashed to remove every particle

ordinarx- mirror siberin" pro, <• W • , . i 
il 1 removed and -ccmvd on a p . ■ ■ > , ,

Fig. 3. A 60-in. Metal Mirrcr with Ribbed Sheet Steel 
Reinforced Cement Backing. Note the cement 

•'rivet heads"

silver plating solution xvhere the silver is built 
up to a thickness of several ten thousandths 
of an inch. After rinsing the form is at once 
put into a copper-plating bath and copper is 
deposited on the silver until a thickness of 
about ().U3() inch is produced. Great care xvas 
necessary during this process to obtain a 
homogeneous copper of the greatest possible 
strength and toughness. The temperatur 
of the bath, the strength and composition of 
the solution have to be carefully regulated 
through this stage of the process which 
requires from 3D to 4i I hours. The arrange­
ment of the anodes, the curren' density and 
the specific gravity of the solution are addi­
tional points that require close attention. 
After the requisite amount of coppt r is 
deposited, determined by the number f 
hour> and the current density, the mirr t is 
removed, xvashed and alloxved to dry. When 
dry the clips supporting the mirror are 
removed and the mirror plact 1 on a table for 
backing, see Fig. 1. A coat of adhesive 
material is then applied to the surface of the 
copper and alloxved to dry thoroughly. Then 
a l acking in the form of a plastic coating is 
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applied to a thickness of W in. and carefully 
smoothed and gauged on the edge to a uni­
form thickness so that xvhen mounted the 
axis of the mirror will be in the correct 
position. As soon as the backing is com­
pletely dry and hard the mirror with back is 

conditions it must be coated xvith lacquer, see 
Fig. 2. The lacquer is flowed on and allowed 
to dry in a dust-free room. The back of the 
mirror is then painted and the mirror stocked 
ready for shipment. In order to obtain a 
greater strength in the back it was thought

Fig 4. Line Photograph on 44-in. Metal Searchlight Mirror Fig. 5. Line Photograph on 60-in. Metal Mirror

Fig. 6. Line Photograph on 60-in. Glass Mirror

removed from the glass and if necessary the 
silver surface cleaned. No polishing is 
required as the silver comes from the glass 
with a high degree of polish, in fact, polished 
better than it xvould be possible to do xvith 
any ordinary polishing means. In order to 
protect the silver surface from atmospheric 

advisable to use a sheet steel support in addi­
tion to the plastic compound. This was made 
up in sections and welded together giving a 
strong reinforcement having a xveight of only 
35 lb. This steel xvas perforated xvith holes 
about Js inch in diameter, allowing the 
plastic compound to come through and 
clinch all over the surface of the mirror back, 
see Fig. 3. This form withstands very much 
more abuse than any glass or ordinary mirror 
backing xvithout injuring the surface, in fact 
this mirror seems to be so strong that it is 
now planned to mount the entire mirror and 
lamp from pivots attached to this steel 
Lacking of the mirror thereby saving a large 
amount of weight.

The method of depositing silver and copper 
so as to produce, a metallic layer that could 
be removed from ihe glass, the actual remov­
ing of the mirror from the glass and the 
handling of the heavy bulky piece throughout 
the processes xvere all problems to which 
much attention had to be paid, and many 
experiments xvere made before a satisfactory 
process xvas finally reached. The plastic 
compound used for a backing material as 
xvell as the adhesive also demanded careful 
attention. The backing required to be strong, 
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light, tough and without any shrinkage or 
expansion on setting. It was thought at one 
time that the copper should be deposited with 
a rough surface and the backing made to 
adhere to this rough copper. 'Phis could be 
done, but it was found that the roughness 
tended to show on the surface, of the silver 
mirror as very minute distortions of the 
curvature. Then, too. if the back is every- 

wlicre al isolili el \- ti--ln to tl ,- uh 'al th un­
avoidable différence in t 1ktiii.iI ■•••.i.u'i ion 
I ictween the two wi >tild cil her pull and di ’ ort 
the silver < >r crack tin-1 lacking or boi 11 I'i/
I and give some id'‘.i of tD- •icom.ii ■ of 
curvature which has already him at faimd 
in the manufacture of mirrors by tlii method 
and Fig. (> shows a similar test on a I igh grade 
class mirror.

Adaptation of the High Intensity Arc to the Open­
type 60-inch Army Searchlight

By John T. Beechlyn

Street Lighting Doevartment, General Eleciric CuMrixi, Linn Work»

After pointing out the characteristics essential to the production of a high-intensity arc and di-cribin-^ 
how these arc obtained in practice, the author successively deals with the mounting and connection», the 
ventilation system, mechanical construction, and feeding mechanism. He then discusses occultation and con­
cludes his article with an account of the arc-viewing system al^Whe way in which tlt^B.rojection cliara> ter­
istics” have been improved.—Editor.

John T. Beechlyn

rT'HE highest devel- 
* opment in light 

generation for projec­
tion purposes has been 
attained in the so- 
called high intensity 
are. This arc owes 
its characteristics to 
the extreme temi ara­
ture of the gaseous 
contents of the posi­
tive crater which can 
be produced under 
certain conditions. 
These conditions in­
clude : high current 

density by employ-ment of relatively small 
diameter electrodes of special composition, 
uniform conservation of the crater walls 
through rotation of the positive electrode, 
protective covering for the electrode near 
the arc to prevent excessive oxidization, and 
the maintenance of the arc in fixed relation 
to the crater of the positive electrode.

The chief advantage from this concentra­
tion of energy is found in the high penetration 
and small divergence of the resulting beam 
projected from a given reflector. This result 
can be obtained to a considerable extent by­
using a mirror of considerably- greater focal 
length and correspondingly increased diame­
ter with an ordinary type of arc, but on ac­
count of the lower specific brilliancy of the 
ordinary arc, a large mirror combination will 

not equaia high intensity, except by using a 
greater amount of energy and, of course, the 
large mirror would involve a great increase in 
weight and cost of the whole equipment.

The automatic lamp has been found satis­
factory for naval and coast defense applica­
tions. The simple and more rugged hand­
operated lamp is more suitable for open war­
fare field conditions.

In other respects the design of the present 
lamp unit was governed by the inherent require­
ments in regard to means of occultation, arc 
viewing system and facilities for arc control 
under all degrees of elevation that are char­
acteristic of the open-type mounting. In addi­
tion certain dimensional restrictions were im­
posed by the “breach loading" feature of 
mounting which had already- been developed 
in connection with the medium intensity­
lamp unit with which ready interchange­
ability must be maintained.

The aim has therefore been to meet these 
requirements and to obtain the greatest 
facility for efficiently operating, trimmil ig 
and handling the lamp that is consistent with 
the fundamental simplicity that has char­
acterized the. whole equipment.

This has resulted in the production of a 
lamp in which departures from existing prac­
tices have been made both as regards con­
struction and manner of operation. In certain 
respects distinct improvements in the charac­
teristics of the projected beam have been 
obtained. Ti> this reference will be made later.
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Mounting and Connections
A general view of the lamp in operating 

position in the open-type mounting is shown 
in Fig. 1. The lamp is placed in position by 
insertion from the rear through a central open­
ing in the mirror support and is retained by a 
radially operative bolt which engages a square 
thread cut into a ring-shaped member carried 
by the lamp near its base. This ring can be 
independently rotated by means of a flanged 
extension serving as a hand wheel, and the 
lamp bx this means moved axially into correct 
position xvith reference to the focus of the 
mirr< >r.

Support is lent to the central portion of the 
lamn bx a sleeve that extends fonxard from 
the breech easting to xvhich it is fastened by 
insulating means. This sleeve forms the posi­
tive terminal of the lamp mounting and estab­
lishes contact xvith the drum-like middle por­
tion of the lamp unit xvhich is directly con­
nected xvith the contacting means of die o, ri- 
tive electrode.

Connection for the negative electrode is 
establidn <1 by means of a flexible cable 

extending from the sxviteh carried on the 
mounting to a plug socket in the base of the 
lamp.

In the above respects the arrangement is 
very similar to that employed xvith the 
medium intensity lamp.

Characteristics of Draft System
The chimney is attached to the lamp after 

the latter is in position and is fastened by 
merely being pushed into a light-tight drawer­
like slide over the are chamber.

The inclined position of the chimney rela­
tive to the lamp axis assures the vertical rise 
necessary for draft under all conditions of 
elevation of the beam.

When a target is followed across the sky the 
txvo planes of rotation in the mirror mounting 
are ordinarily both brought into play, the 
azimuth movement being used principally 
xvhen the target approaches its highest eleva­
tion over the horizon. As the beam is again 
lowered the chimney xvill, under these condi­
tions, regain its upxxard position in a natural 
way.

Fig. 1. High Intensity Arc Lamp as Adapted to Open-type 60-in. Army Searchlight
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If,however, thezemth is traversed by thetar­
get, the elevation movement must be resorted 
to and during the subsequent lowering of the 
beam the lamp mid its chimney will suffer 
inversion. Provision is therefore made where­
by the lamp itself may be rotated ISO deg. 
within its mounting and if this is done 
while still under a high elevation the 
vertical draft rise will be constantly 
maintained. This turning operation 
can be effected by gripping the rim of 
the operating base of the lamp which 
for tliis purpose has been extended 
rearward to form a handwheel.

The focal relation is not disturbed 
by this operation since the aforemen­
tioned annular screw member does fi<. 2. 
not partake in the rotation, being 
retained by the spring pressure of the lock 
bolt in the breach.

Mechanical Construction
A general view of the lamp removed from 

its mounting is shown in Fig. 2. and in Fig. 3 
the lamp is shown dissected into its major 
component units, which include frame with 
operating base, are chamber, positive and 
negative feed mechanisms, occulting system, 
arc viewing system and chimney.

The frame consists of three longitudinal 
steel strips joined by spotwelding to spun 
steel members, its general form being apparent 
from the illustration. By means of a heavy

Fig. 3. Disassembled View of High Intensity Arc Lamp

1 akelite plate it is insulated from the cast 
aluminum focusing screw and the operating 
base. The latter is made from spun steel 
which is pierced on one side to allow the 
mounting of the are viewing screen. In the 
recess within the rim of the base are located 

handho for operat ing the ■ hviiIi "T a ud h ■ din • 
tin- electrodes. Tlw po nr..- i, .,| handl. 
which is in most < onst;mt u <• 1 normall • pro­
jecting beyond the base rim. Thi handl 
may, however, be snapped into a tele I 
position within I lie outline of the rim. Tl 1

View t,f High Intensity Arc Lamp Removed from Its Mounting

allows thejkmp unit, when the occulter i- 
closed, to be stood vertically on its base, a 
position that is very convenient when making 
adjustments on the lamp while it is removed 
from its mounting.

The arc chamber is made from a calorized 
casting of boron-copper, which externally is 
provided with cooling flanges for keeping the 
temperature below that of luminous heat. 
The arc chamber is mounted at one extremity 
cWhe frame rods by insulating means. These 
consist of mica washers fitted in countersunk 
holes in both sides of the end flange and per­
manently held in position by means of spun- 
over steel bushings. This construction is 

characteristic of the insula-
tion throughout the lamp, 
there being an entire ab­
sence of small li >ose insula­
tion pieces when the lamp 
is disassembled. Similar 
insulating supports are 
provided between the arc 
chamber and the base of 
the positive feed mecha­
nism. Electrical connec­
tion is made between 
this latter member and 
the lower frame rod by 
means of a copper rod 
passing through clearance 
holes in the flanges of the 
arc chamber.

Electrode Feed Mechanisms
The rotation and axial feed of the nasitive 

electrode is effected by means of sharp 
toothed double friction rollers, made from 
hardened steel that clamp the carbon from 
opposite sides. During the feeding operati in 
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these rollers are swung around the electrode 
axis, though being carried by a < ear that re­
ceives its motion from a pinion directly 
mounted on an extension from tile operating 
handle at the rear of the lamp. At the same 
lime, a slow rotation is imparted to the rollers 
by means of a planetary worm drive which is 
actuated bj a star wheel that successively 
engages a number of stationary pins mounted 
around the supporting gear. By altering the 
number of these pins the ratio of rotation to 
axial feed of the electrode may be varied.

Current is supplied the electrode by means 
of spring-actuated silver contact brushes to 
xvhich connection is made by flexible silver 
conductors of flat section. These contacts 
are situated an appreciable distance from the 
arc crater. ()ver the intervening space, to 
within a short distance of the crater, the 

15 inches for the positive electrode, the diam­
eters being iV in. and Jg in. respectively. 
With an arc potential of 80 volts and normal 
current of 150-160 amperes continuous oper­
ation for fully one hour is obtained.

Occultation
The established practice in connection with 

arc searchlights of providing means whereby 
the arc may be started and tried out without 
externally visible evidence of this taking place 
had been folloxved in the case of the open field 
light. In the closed type the practice has been 
to effect this occultation by arresting the beam 
after it leaves the mirror by means of a suit­
able shutter mechanism, xvhich obviously 
must be of large dimensions.

The necessity of employing different means 
in the case of the open type is the cause of one

Fig. 4. Diagram of Optical System Employed with High Intensity Arc Lamp 
for 60-in. Open-type Army Searchlight

electrode is protected by a calorized copper 
tube provided with cooling flanges.

A somewhat similar arrangement of con­
tacts and protection is employed for the nega­
tive electrode, but in this ease the rotational 
feature is omitted and provision is made for 
axial feed only. A large diameter, double feed 
roller is employed and this is actuated by a 
simple worm drive, the xvorm being carried 
directly by the rod extending to the handle in 
the base of the lamp. In order to strike the 
arc the negative carbon may lie rapidly ad­
vanced by exerting a pull on this handle. In 
this case the gear and worm momentarily as­
sume the functiim of a rack and pinic>n. After 
the arc has been established the handle and 
electrode are returned to their normal posi­
tion by means of a spring. The burning 
length is 8 inches for the negative electrode ami 

of the fundamental differences between the 
txvo types.

Occultation in the open type is best effected 
by means of a cylindrical shutter which in­
tercepts the light between the source and the 
mirror. The closer to the source this cut-off 
is effected the smaller will be the required 
dimensions of the shutter and the range of 
axial movement it must cover.

In the present lamp this dimensional ad­
vantage has been carried as far as provision 
for efficient ventilation will permit, the 
shutter xvhen closed serx'ing as a duct xvhich 
provides all the air entering the arc chamber 
and chimney.

Arc Viewing System
Closely associated xvith and largely condi­

tioned by this manner of occultation is the 
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special arc viewing syst»-ni that has been 
developed for this kiiiip.

To prevent the escape of light when the 
lanip is occulted and at the same time obtain 
the best possible conditions for the operator 
who is situated behind the lamp and normally 
operating the controls with his right hand, an 
image of the arc and its immediate surround­
ings is projected back through the lamp to a 
screen on the left side of the operating base. 
The disposition of the electrodes in this image 
appear exact 1WL if viewed a few feet farther 
forward abreast the arc; and the location of 
the image within a few inches of the con­
trolling handles and corelative to the move­
ments of these is a distinct advantage 
in controlling the conditions of the are and 
crater.

The optical elements employed arc shown 
in a horizontal section in Fig. 4 and consist of 
a two-lens system into which is inserted a 
small reflecting prism for turning the light at 
right, angles. The tube containing these mem­
bers is held in a ball socket clamp on the side 
of the are chamber and is readily removable. 
The image is projected back through the lamp 
outside the occulting shutter and is again 
turned through DO deg. by means of a mirror 
and brought to a focus in natural scale on a 
ground glass screen on which a fixed black 
line serves to indicate the correct position of 
the crater edge.

A distinct advantage of this arrangement is 
found in the fact that the whole system is car­
ried by the lamp unit which allows the posi­
tion of the arc to be altered with respect to the. 
mirror by axial adjustment of the lamp's posi­
tion without disturbing the location of the arc 
on the viewing screen, a point of much im­
portance when it is considered that the arc 
to obtain the best operation must be situated 
in a very definite relation to its immediate 
surroundings.

The arrangement of a lens within a few 
inches of a source of about 13 kw. of energy is 
rendered feasible by the relatively low illu- 

iiiiunlioii required in tin- iinap- ■.■.Iph • om 
pared with the inteii-ity ot the h/h' o-n ■■ 
This allows the use of a .cry mall obw> H- < 
a few millimeters in diameter. v.hiGi o-a'lil' 
endures the conditions that would ran <• ira< - 
lure or fusing with a larger pi< < <• of -.'la

Improved Projection Characteristics
An objectional feature in the beam from a 

high intensity arc searchlight is pn-a-m in 'In­
projected inverted image of the arc flame that 
surmounts the positive crater and which 
causes the appearance of a luminous mantle 
beneath the beam proper. This appended 
projection serves no useful purpote, while by 
its diffusion in the atmosphere it lowers the 
visibility of the target from points mar the 
searchlight and may cause undcsired illu­
mination of objects in the foreground. 1; 
also imparts a flickering aspect to the beam.

In the present lamp it has been found pos­
sible t<■ practically eliminate this <>bjccl ionabh■ 
feature by means of a screen which prevents 
the light from the arc tongue from reaching 
the mirror. To be effective this screen must 
be i'laced very near to the positive crater, 
while still providing egress for the arc flame. 
It must also be kept sufficiently cool to en­
dure and not itself become a source of light 
through incandescence.

To this end a calorized copper apron is pro­
vided which depends from the chimney base 
across the are chamber to within a fractional 
part of an inch above the crater, its lower edge 
being slightly in front of the crater edge. Be­
ing cast integral with the chimney base the 
heat is readily conducted up through this 
member and from there radiated by cooling 
flanges. Tests made with this arrangement 
show a very distinct improvement in the defi­
nition of the beam, the luminous mantle 
being practically eliminated, and also a marked 
increase in its apparent stability and this 
gain appears to be unaccompanied by any b ss 
of light in the beam itself or any impairment 
of operation.
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Glass Searchlight Mirrors
By Dr. Howard D. Minchin

Optical Engineer, Engineer Corps V. S. Army

This article and the one by Mr. R. B. Hussey are of especial interest in that together they cover the 
only practical searchlight reflectors, viz.: glass mirrors and metal mirrors. Dr. Minchin outlines the general 
requisites of a searchlight mirror, states.the characteristics of the glass mirror, and describes some of the 
difficulties surmounted, in producing this type. The remainder of the article he devotes to a brief statement 
of the de'ailed steps in manufacturing and testing a glass searchlight mirror.—Editor.

Dr. Howard D. Minchin

' | 'HE use of a mirror 
J- in the searchligh t 

work of the army is 
of vital importance. 
The target to be illu­
minât edis of necessity 
at a considerable dis­
tance from the source 
of light. In order that 
sufficient light be im­
pinged upon this tar­
get for observation 
purposes there is 
needed some means of 
gathering and reflect­
ing to it a large, part 

of the light emitted by the source. For this 
purpose a reflector is used. This reflector 
must possess the ability to collect as large a 
part of the emitted beam as possible and then 
to reflect it to the target. To accomplish the 
latter, the beam must be reflected as a parallel 
beam. In addition to this requirement, the 
reflector must stand up under rather severe 
strains when in operation.

1. Strain due to the great heat from the 
source of light.

2. Strain due to transportation and hand­
ling.

3. Strain due to shell fire in the field.
The shape of the reflector to give high 

gathering power and proper reflecting poxver 
is a surface in the. form of a paraboloid and is 
termed a parabolic mirror. ■

Metal mirrors were used at first. These 
stood the strain but failed in the reflecting 
power. A polished metal surface corrodes 
very readily and is easily scratched and the 
’■efleeting poxver very rapidly falls off. Glass, 
on the other hand, readily takes on a very 
high polish and a silx ered glass has high 
reflecting poxver. Glass is easily moulded 
into any desired shape and to produce a 
paraboloid is relatively easy. The glass 
mirror noxv used is a paraboloid silvered on 
the convex side and backed by a suitable 
backing. Hoxvtver, to produce a good 

parabolic glass mirror has taxed the skill of 
the manufacturer.

Practice proves that a true parabolic 
mirror xvill not produce a reflected parallel 
beam; first, because a parallel beam results 
only’ when the source of light is a point; and, 
second, the thickness of the glass results in a 
refraction that interferes xvith the parallelism 
of the beam. It has been found necessary 
to give the. convex surface a curve somewhat 
different from a parabola so that the refrac­
tion produced combined xvith the effect 
resulting from the size of the source xvill co­
operate to produce a parallel beam.

One of the principal difficulties in the 
manufacture of the glass parabolic mirror 
has been the zones xvhich result when the 
curve has once been produced.

Fig. 1 is a photograph made of a mirror 
having a good curve but showing zones in the 
surface. Fig. 2 is a photograph of a mirror 
xvith good reflecting power and free from 
zones. This mirror gives a parallel beam 
free from ghosts.

To withstand the strains, a glass has been 
produced that xvith proper annealing is very- 
tough. It is remarkably- free from stones, 
stria-, bubbles, fish-eyes, comets, etc., and has 
a good co^Band a loxv absorption coefficient. 
When the mirror is silvered and properly- 
backed it withstands all ordinary strains as 
xvell as a mirror of metal. The glass serves 
as a supporter for the silver reflecting surface 
and also serves as a protector of this surface. 
The backing protects the reflecting surface 
on the other side and serves to hold the glass 
together in case of breakage due to shell fire 
or other cause.

At present, tests are being made with a 
view of producing a backing that will possess 
good protective qualities and a higher sup­
porting property- and at the same time keep 
the weight loxv. It is also proposed that a 
thinner glass be used. A thinner glass will 
reduce the weight and make handling easier. 
It can be annealed more efficiently than the 
thick glass and thus xx-ill be tougher. It xvill 
absorb less heat from the source of light and 
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therefore will reduce the breakage dur to 
tcmperjitiH effects.

The method now bcm; ti cd in silvering and 
the method of attaching the backing that is 
proposed will produce a mirror which is 
held, as it were, in a solid cup that protects 
the rellceting surface against all foreign 
action.

Manufacture of the Mirror
'I'he manufacture of the searchlight mirror 

is covered briefly in the following. The 
different steps are given with a short state­
ment of each step.

Mixing the 1 ngredients for the Glass. The 
ingredients in the proper proportion and of 
the proper purit^lare very carefully mixed.

alb. from chamlx-r lu « l-.c ' • • > ' :
<a<h ( hambiT being ol a Io?. > r ' ■ nc •• 1 .C in • 
than the mu- ।>n<iding. A .'i-.in ............. .
gki.s requires about one and a liait imii -o 
]ia-- completely through flw bbr and '.......: r.
properly annealed.

< uttine. In the last i lianilH r M '1 > '• l.r. 
inspectors check the duel lor llaw , .-il'o- 
which it is passed out onto a large table and 
there cut into the largest pii-«c- ps iLL- 
without Haws. 'I’he gla-s for a -eari hlwh' 
mirror is cut circular.

Moulding. The circular disk i. placed on 
the mould in the oven and the f cmper.i; un­
is gradually raised to about 13Ô0 die IL 
When the glass becomes soft enough i* fall 
to fit the mould.

The ingredients chosen are determined by 
the kind and the quality of the glass desired.

Melting. When thoroughly mixed, the mix 
is fed into a large glass pot and placed in the 
furnace where it is melted and kept at a given 
temperature a sufficient time to assure its being 
thoroughly fluid and that all the material is 
melted.
. Pouring. When the melt is ready, the 7>ot 
is taken from the kiln by large mechanically 
operated tongs. It is skimmed and the out­
side cleaned from all dirt particles. The glass 
is then poured upon a large steel table that is 
water-cooled. The glass mass is then rolled 
out to the desired thickness by a water- 
cooled roller. The rolled sheet is trimmed and 
then pushed into the lehr. It is passed gradu-

Annea'ang. The temperature is held at 
1350 deg. I-. for about 10 hours. It is then 
cooled to 000 deg. F. at about 10 deg. per 
hour. Then it is cooled to 70(1 deg. at the 
rate of 20 deg. per hour. From 700 deg. F. 
the kiln door is opened and the cooling goes 
on until room temperature is reached. " 
, Grinding. To grind the surface to a uni­
form condition:

1. A wheel driven over the surface and 
guided by templates has been tried, the 
abrasive being fed to the wheel at the point 
of contact.

2. An abrasive wheel has been used and 
driven as above.

3. Different forms of laps vaning from 
a strap to a complete shell have been tried. 
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Different abrasives have been used such as 
carborundum, emery, and sand. The best 
form of grinder and abrasive is still in doubt.

Smoothing. For smoothing, different forms 
of laps are being tried out with a line grade 
of sand. The best form of lap, here also, is 
yet to be determined upon.

Polishing. Rouge is used for polishing but 
some doubt exists as to the best form of lap 
to be used. In polishing, the lap is driven 
at a higher rate of speed than in the other 
processes. A greater pressure is also applied 
to the lap.

Silvering. The Kurfaee to be silvered is 
thoroughly cleansed and the disk is then 
lowered into the silver bath and left about 
two and a half hours. The scheme of silvering 
is to allow the silver to deposit upwards. 
This gives a very uniform deposit and one 
free from all fish-eyes, dust particles, etc.

Copper Plciting. The. silvered mirror is 
then transferred to the copper plating tank 
and a current of SO amperes ¡it one half a 
volt is passed through the solution for one 
half hour. This gives a deposit of great 
unif< rmity and one free from fish-eyes.

It ;i thicker deposit of copper is desired, 
all that is necessary is to let the. current pass 
through the solution a longer time.

Backing. When the copper plating is com­
pleted sei eral coat s of paint are applied. Wire 
mesh is attached when the last coat of paint 
is still quite tacky. The mesh is pulled 
tightly in place and a heavy coat of a special 
paint about the consistency of putty is ap­
plied. This mixture, which is waterproof, is 
worked well into the mesh and allowed to dry 
A good coat of black paint is now applied and 
the mirror is placed in an oven at a tempera­
ture of 90 deg. C. and baked for 24 hours.

Testing of Glass Searchlight Mirrors
The testing of glass searchlight mirrors 

may be considered in two parts: First, the 
inspection and testing of the glass, and, 
second, the inspection and testing of the 
finished mirror.

As proper glass is an absolute necessity 
great earc is required in its manufacture. 
The quality and proper proportion of the 
ingredients must be carefully- adhered to. 
The temperature of the furnace and the proper 
length of time the meh is left in the furnace 
must be carefully* attended to. The pouring 
and the annealing of the plate are very 
important factors.

When taken from the lehr the. glass is 
inspected and after being polished it is again 

inspected. The glass must be clear white, 
free from stones, bubbles, striae, fish-eyes, 
comets, stars, stone-cracks, smoke, btc. In 
the finish of the glass disk the surface must 
be reasonably- free from fire eracks, blotches, 
and deep surface bubbles. The disk should 
be subjected to a very thorough test for 
toughness and a careful test for proper anneal­
ing should be given it.

Having passed all these tests satisfactorily 
the disk is ready for the mirror manufacturer

There are some fifteen Iteps in the manu- 
faeture of the mirror. First comes the bend­
ing of the disk to the required form and the 
proper annealing of this form. (When this 
step is completed the form may be tested but 
this is more in the interest of the manu­
facturer and concerns the ease of production 
chiefly.) The annealing should be thoroughly- 
tested, as upon this depends the toughness of 
the glass and its ability- to stand up under use. 
Polarized light may be used for testing the 
annealing.

The disk is then ground, smoothed and 
polished and when a surface free from sleets, 
scratches and surface flaws is produced the 
convex surface is silvered. The mirror should 
now be inspected and tested carefully for 
form of curve and for focus.

Bocal Point Test. A beam of light one 
inch in diameter is projected parallel to the 
axis of the mirror and moved across the mirror 
perpendicular to the axis. The reflected beam 
should pass through a point which remains 
fixed. When this occurs the mirror has no 
spherical aberration. In practice a tolerance 
ot about three eighths of an inch is allowed.

Line Test. The reflection from the mirror 
of a screen, consisting of a series of lines so 
ruled as to form squares, is photographed. 
A regular series of lines will indicate that the 
mirror is uniform in thickness and free from 
irregularities caused by- grinding.

Aright Illumination Test. This test con­
sists in placing at the focal point of the mirror 
a strong source of light and reflecting the 
beam. If the mirror is of the correct curve 
the reflected beam ivill be parallel and will 
show uniform intensity- in any given cross 
section. 11 ivill be free from zones and free 
from ghosts. These ghosts are cones of light 
outside the parallel beam and are caused 
by irregularities in the surface of the mirror. 
The silver surface should be of uniform 
depth of deposit.

Backing Test. The copper plating should 
be uniformly applied and of the proper 
thickness. The paint and wire mesh must 
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be evenly applied and (irmly fixed Io the 
mirror. The ¡»licking should not be affected 
when subjected to a dry heat of 9H deg. C. 
for a period of 21 hour -. The reflecting back­
ing should not show any discoloration after 
being thus heated.

In the tests of the mirror, the optical 
qualities must be looked for rather than the 
appearance of the mirror. A bubble in the 
mirror may look bad but it is of little int- 

l-ortance optically. A hglii T 1. . I in tie 
curve inav lessen Ilie optaal . Un a w ■ 1o a 
considerable extent and y< l in no v..i mi<r- 
fere with the appearan.v of th.- n irror.

I’<i< king. When the mirror lia G-.ti a. 
copied it is packed very carefnllv, ea< Ii mirror 
being placed in a separate box. The box i 
made strong so that in Iran port.itmn tin- 
mirror is not shaken or in am- wav 'lam­
age. 1

Searchlight Air Defense Operations
By William F. Tompkins

Major of Engineers, Vxhep States Armx

Major Tompkins writes wilh authority on the subject of "Searchlight Air Defence,” f>.r lie ^jicnt overa year 
with the 56th I’. S. Engineers in France amt took part in most effectively protecting advance liases against 
hostile aircraft, tn his discussion he says that: “Searchlights suitably supported by carefully located night 
pursuit squadrons or anti-aircraft guns must be placed in bands along the entire front especially guarding 
* * * the prominent routes to the important objectives in the rear.” After outlining the trend of the 
actions which led up to this situation, he describes the technique and effects of this method of defense 
against night raids by enemy aircraft.- Eiiiiok.

A T the commence- 
n ment of the Euro­
pean war, it was uni­
versally believed that 
radical advances in 
warfare xvould be 
made, especially in the 
new arm of aviation. 
This expectation be­
gan to be realized 
almost immediately, 
with the result that 
each year such great 
strides xvere made in 
the development and 
tactical use of aircraft 

that many prophesied that victory xvould come 
to the side xvhich could obtain and maintain 
the supremacy in the air.

In order to win a great war it must be 
brought home to the entire mass of the op­
posing nation that it is or is certain to be de­
feated. This may be done in several ways, or 
by a combination of ways. The defeat of the 
Spanish Armada is an example where a great 
naval victory made a formidable power real­
ize its defeat. Similar examples may be 
found in the history of the American nation 
in the Civil War, when the. certainty of defeat 
xvas made knoxvn to the Southern people, pri­
marily by the terrible losses xvhich were felt in 
every home of every city , and. secondarily, by7 
sueh expeditions as Sherman’s march to the 
sea. In the recent war the Teutonic Allies 

attempted to obtain the same result by sub­
marine warfare xvhich, through starvation, 
xvould make the Allies, especially the British 
Isles, feel the dread of impending defeat, and 
also by7 large raiding squadrons of dirigibles 
and airplanes, which threatened to destroy7 
the most important centers in England and 
France.

More than ever entire nations find them­
selves drawn into warfare. In distant and 
hardly7 accessible countries, sueh as America 
during 1917, positive attempts may not be 
serious, but for countries sueh as France, 
located comparatively near to the fighting 
line, the whole civilian population from Paris 
to the East found itself open to demoralizing 
attacks by constantly increasing numbers of 
powerful aircraft. A similar p<isitit ni was that 
of the British Islands, especially as regards the 
London area. It was soon realized that, 
unless immediate and effective measures were 
taken to counteract these attacks from the air, 
the people would soon begin to feel that the 
enemy had such strength that it was useless to 
attempt to continue the war to a successful 
conclusion.

In addition to the demoralization of the 
civilian population, there xvere. other results 
of warfare from the air which xvere of still 
greater value, especially from the military­
point of view. At the beginning of the war, 
troop units xvere withdrawn from the fighting 
lines and brought back a few kilometers where 
they could rest and recuperate in security.
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As time went on and aviation produced more 
and more bombing machines, carrying pro­
ject îles ever increasing in size, and having far 
greater cruising ranges, it became practically 
impossible to withdraw troops to billets where 
they could rest in safety unless the supremacy 

Fig. 1. Gotha Type of German Bombing Airplane

of the air, not only by day, but by night, was 
constantly maintained.

Before the outbreak of the war, search­
lights xvere designed for txvc purposes—fore­
ground illumination or field searchlights and 
water illumination or coast defense searchlights. 
On the entry of the United States into the 
struggle, it xvas immediately apparent to the 
Army that every searchlight axailable must 
be used in conjunction xvith the other arms to 
combat the night flyer. Thus lights of every 
type xvere hastily conx’erted to meet th« needs 
of aerial xvork and troops xvere trained with 
the British and French Armies according to 
the most modern tactics of air defense. There­
fore, xvhen the American Army, as a unit, 
began to take its share in the giant bloxvs 
against the common adversary, there xvere 
American searchlights available, operated by 
American troops, xvhich rendered great service 
in the offensives.

Just as xvith opposing infantry, it was soon 
f<>und that night operations gained more and 
more in importance, so it xvas found in axfla- 
tion that bombing by night xvas much more 
successful than day raiding. The day bomber 
has some advantages, no doubt. His route is 

clearly indicated and his 
objective is easily seen, but 
from the moment that he 
approaches his frontier he 
is constantly exposed to 
attacks from defending air­
craft, which xvill have much 
greater ability to maneuver 
and xvhich may be nearly 
half again as fast. The 
heavy bomber is neces­
sarily limited to a loxv ceil­
ing so that he is always 
xvithin range of anti-air­
craft guns and if he ap­
proaches too close to the 
ground is sure to be at­
tacked by machine guns 
and even rifle fire. The 
farther he penetrates into 
the opposing country, the 
greater is apt to be the 
superiority in numbers 
against him.

The night bomber also 
finds many restrictions, es­
pecially the difficulty in 
finding his way toxvards 
his objective and in accu­
rately locating it xvhen 
once near the proper area. 

Night landings are more difficult and dan­
gerous than those by day, but night landing 
for the slow flying, heavy bombers is compara­
tively simple when compared to the difficulty 
of landing the fast pursuit planes xvhich must 
combat them. The night bomber has the 
great advantage of being hidden in darkness, 
so that, unless he is artificially illuminated, 
defending airplanes or anti-aircraft artillery 
have but a slim chance indeed of bringing 
doxvn their target. In addition, night bomb­
ing has a greater demoralizing effect even 
among seasoned troops and this is still more 
apparent among civilians, particularly women 
and young children.

A study of the action of night bombers 
shoxvs that they must follow certain clearly 
defined features of the ground. These may be 
classed in importance as folloxvs: Large rix’ers 
and river x-alleys, edges of great forests, coast 
lines, railroad tracks xvhen there are trains 
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moving over them, euiuils. dearly defined 
highways and railroads. In order not to be 
lost, the hostile planes must then follow such a 
route as indicated above and consequently 
defenses are planned to obstruct these routes. 
Searchlights suitably supported by carefully 
located night pursuit squadrons or anti-air­
craft guns must be placed in bands along the 
entire front especially guarding, by additional 
depth of the lighted area, the prominent 
routes to the important objectives in the rear.

It is necessary to call attention to the need 
of co-operation, or liaison, with other branches. 
Searchlights illuminate the plane when it ap­
proaches vulnerable areas and the plane 
should then be attacked by friendly pursuit 
planes or by well placed bursts of anti-aircraft 
fire. If the hostile plane comes close to the 

I >ssvs in materiel and piT mil no l"b w. 
fn >m art illery tire, but also t Iw ear- hh di' ma . 
act as a lighthouse indicating po ition to t h-- 
tierial liver. If they tire cur< fullv h- ao-.l and 
constantly changed to new positions, tin y not 
only defend the objectives in the fear, but 
;dso aid in confusing the llyer. Th- tune 
effect of moving searchlights may sometime-, 
be obtained by care in exposing only those 
lights in actual range of the approaching 
target.

Correct air defenses would therefore find ;i 
band of searchlights stretching along the en­
tire front and forming a lighted area having ;i 
depth of at least four searchlights. In addi­
tion, more materiel will lie needed to protect 
vulnerable objectives in rear in case hostile 
planes should penetrate the primary defen-

Fig. 2. Typical Searchlight Emplacement showing Searchlight Pipe Control and Sound Locator

ground, it must be attached by machine gun 
and rifle fire in addition. In other words, 
every effort must be brought to bring down 
the bomber and this can be obtained only by 
constant and thorough liaison. This neces­
sitates many conferences leading to joint 
planning of air defenses, perfect means of com­
munication, and thorough co-operation.

The • searchlights must be most carefully 
mqved into position at night, all work of loca­
tion being done under camouflage nets. The 
final emplacement must always be well 
camouflaged in order to prevent its location 
being spotted by the enemy’s observation 
balloons or photographing planes. If care is 
not taken in locating searchlights and if the 
location is not constantly changed the 
moment that it is discovered, not only are 

sive area or circle around its flanks. Soun 1 
locators should be employed t- > give close in­
dication of the direction of the approaching 
bomber and to limit the field of search by the 
searchlight beams. The emplacements must 
be within supporting distance of adjacent 
lights and must be on high, ground with the 
best field of view in all directions and well 
above ground mists. Searchlight positions 
are from one to three miles apart depending 
upon various conditions and are placed in 
staggered order.

The uses of searchlights may be sum­
marized. Their primary use is to illuminate 
hostile planes for attack. They are so 1. -cated 
that at least three beams can be brought on 
any target over the area, which makes an 
illuminated area most difficult for a heavy,



Captured German Searchlight Truck, Unloading Lamp

Captured German Searchlight Power Plant, Unloaded
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Fig. 4. Dugout for Searchlight Stationary Power Plant and Quarters

Fig. 6. 60-in. “Dishpan” and 60-in. Sperry Searchlights in Operation
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slow Hying, low Hying bomber to escape from. 
In addition, they dazzle and mislead hostile 
aviators and, by contrast, hide objectives. B\ 
skillful location, they may be used to create 
effective camouflage of real objectives. The 
psychological effect upon an aviator when illu­
minated may easily be imagined, b'ar from his 
own airdrome, Hying al night, necessarily at a 
comparatively low altitude, in a slow machine 
most difficult to maneuver quickly and more 
<>r less unprotected in the B'ar, he realizes that 
he forms a huge target, especially to attacks 
by fast flying, easily maneuvered pursuit 
planes. When illuminated, he can see nothing 
and yet knows that he is immediately upen to 
attack by planes, anti-aircraft artillery and 
machine guns. His only idea is to get out of 
the searchlight beams into the friendly dark­
ness again. He is dazzled and becomes con­
fused in his route, frequently losing his way in 
his efforts to escape. He may attempt to fly 
high at the risk of losing his way, but he can­
not go above a certain level xvhich is xvithin the 
range of illumination and within easy range 
for attack. The higher he flies, the more diffi­
cult he finds it to folloxx- his routes of approach 
and to locate his objective and the greater is 
his inaccuracy in dropping aerial torpedoes on 
the desired spot. If he attempts to circle 
around the lighted area, he must travel a 
great distance, xvith a correspondingly greater 
chance of becoming lost, of being attacked, or 
of meeting some accident xvhich forces him 
to land in hostile territory.

Air defense is a problem which requires 
much future thought and is a subject of ab­
sorbing interest. In future wars, it is believed 
that searchlights xvill find their principal use 
in combating airplanes. Bombing attacks 
must be expected on a still greater scale, em­
ploying larger and larger planes, carrying pro­
jectiles containing thousands of pounds of ex­
plosives. There is reason to believe that fast 
pursuit planes will work in conjunction xx’ith 
the bombers so as to fight off attacks by 
friendly planes and to attack and confuse air 
defenses such as searchlights. It should be 
borne in mind that materiel objectives for air­
craft are usually large, impossible to move, 
and difficult to conceal. Also air recon­
naissance and “strafing” by night will be cor­
respondingly increased in value.

The need for development may therefore be 
seen. Searchlights must be made as cheaply 
and as simple in construction as possible.

They must be cxcccdinglx' rugged mid p , 
maximum ol mobilit v. Tlii ir rmim 1 iM a 

increased to meet future need, and tie an a 
of their beams must be greater iti order t., 
facilitate the picking up of aerial tar, > t ami 
to hold them more easily when nun' ilhm t-

Fig 7- Searchlight Power Plant Emplacement

nated. The co-operation of American manu­
facturers, who successfully improved search­
light materiel as the needs of field conditions 
required, has caused American lights to reach 
a high stage in development. By their con­
tinued patriotic aid a state of searchlight effi­
ciency. xvhich xvill be the first step toxvards 
night protection, may soon be reached and 
their industry and skill will be relied upon to 
meet future difficulties, xvhich must be over­
come. In order to be brief, this article has 
been limited to searchlights b r air defense, 
but searchlights employed for field and water 
foreground illumination have a great future 
and developments made, for one purpose are. 
nearly always, applicable to the others.
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Searchlight Testing
By F. A. Benford

Illuminating Engineering Laboratory, General Electric Company

The results which the war necessity produced in the direction of obtaining more powerful, lighter, and mobile 
searchlight units are told by the other authors in this issue. Mr. Benford tells of the testing which was such a 
factor in accomplishing these results. The large testing ground which he describes and the instruments involved 
for testing purposes reflect credit on all those responsible for this work.—Editor.

UPON the entrance 
of the United 

States into the world 
war, our military 
authorities saw the 
need of a greatly al­
tered type of search­
light to meet the 
demand for protec­
tion against bombing 
planes which at that 
time were having 
things pretty much 
their own way. The

F. A. Benford pti-aircraft gun, 
whatever it may have 

done later, was of little aid, and many a 
proud and ancient city was reduced to seeking 
a precarious safet y in darkness and the sup­
pression of visible signs of life. Every night 
saw- the blaze of bombed ammunition dumps,

Fig. 1. General Ground Plan of Searchlight Station
A—Power House
B—General Test House
C—60-in. High Intensity Drum Type Projector
D—60-in. Low Intensity Drum Type Projector
E—60-in. High Intensity Drum Type Projector
F—60-in. Medium Intensity Army Open Type Projector
G—Incandescent Projector
H—Wireless Telephone Station
I—Sectored Disc (Visibility Test)
J—6-in. Telephotometer

K—15-in. Telephotometer
L—Antenna uf Wireless Telephone.

the breaking of communication, and the in­
terruption of supplies, but above all, was the 
nervous tension of the soldiers and civilians 
waiting for the hovering Boche to drop his 
bombs or pass on. Sitting in a trench listening 
to the whistle of a descending bomb has been 
described as the most nerve-racking experience 
of the war. The man on the ground could al­
ways tell by the sound that the bomb was di­
rectly over his head, and as the force of gravity 
is a straight up and down affair, it didn’t take 
a long train of reasoning to bring him to the 
conclusion that it was his own personal bomb 
that he heard. Of all the tactics employed by 
the Germans, few came closer to success than 
night bombing, and the call for help was clear 
and insistent. The only promising aid in sight 
was a powerful, mobile searchlight that would 
reveal the enemy to the ground and air de­
fenses and, if not able to turn him back, at 
least drive him so high that accurate bomb­
ing would be impossible.

The characteristics required of an anti-air­
craft searchlight are: Mobility, durability 
under rough usage, reliability under all cir­
cumstances, ability to operate at any elevation 
of axis or even upside down, good luminous 
efficiency, and quietness of operation. When 
to this list is added the fact that the positive, 
electrode is often at a blazing w*hite heat for 
its entire length and many parts of the lamp 
are red hot during a protracted run, it is seen 
that the design of an operating projector is 
not a simple matter. Several of these require­
ments were entirely new*, and some idea of the 
radical changes in the new projector may be 
gained by a glance at the illustration of the old 
fortification-type searchlight, Fig. 3, and the 
army open-type searchlight, Fig. 4. During 
the tests that accompanied the development 
of the new* type searchlight, every part of the 
projector had to be kept under constant ob­
servation and the interested engineers kept 
posted. The scheme and scope of the testing 
w-as laid out by Mr. W. D’A. Ryan, and all 
actual test work was done by members of the 
Illuminating Engineering Laboratory of the 
General Electric Co. Following each test, 
technical reports were made to the General



searcîii.ight riisTiw;

Fig. 2. General View of Searchlight Station. From left to right, there arc shown: 1 6 in. telephotometer tube, 
t2) lens of 15-in. telephotometer on pier, (3) sectored disc housing, 4 wireless telephone house, 51 15-in. 
incandescent projector. i6* 30-in. incandescent projector. (7) 60-in. medium intensity open type projector, 
<81 60-in. high intensity projector» <9» mast of wireless telephone, >10’ 60-in. low intensity projector 
tin high intensity drum), (111 60-in. high intensity projector, > 12I test house.

Engineer Depot, U. S. Army, covering first, 
fairly complete original test data and notes 
on operation; second, a summary and com­
parison of the data; and third, a judgment 
on the thing tested.

The principal source of information xvas 
the outdoor searchlight range on the Schenec­
tady-Duanesburg road. Here xvas equipment 

Full Automatic High Intensity Lamp in Coast Fortification Type
On account of its bulk and weight, this searchlight was not

Fig. 3.
Drum.
suitable for mobile service.

for operating and testing the numerous types 
of searchlight, singly or in groups. The test 
work fell into three classes: first, a mechanical 
or operation lest of the searchlight or carbons; 
second, a test of the relatix-c revealing power 

<>f the searchlights; and third, a photometric 
analysis of the beams of light. The last class 
of testing took up the greater part of the lime, 
but the three classes xvere always more or less 
interwoven and proceeded simultaneously. 
To the uninitiated, the amount and scale of 
testing apparatus is amazing, and the labor 
involved in choosing betxveen two identically 

appearing carbons seems beyond all 
reason. The explanation is simple 
enough for sheer difficulty—searchlight 
photometry stands in a class by itself. 
There are several factors, such as < urreiit 
and voltage, that are tinder control; 
several others, such as crater formation 
and steadiness of burning, that can be 
observed but only slightly controlled; 
and finally, there is the action of the 
atmosphere, xvhich cannot be controlled, 
and until this station xvas built xvas j r< >t - 
ably never before measured as a regular 
part of the photometric testing of a 
searchlight.

The ci>untry around Schenectady xvas 
thoroughly examined before a suitable 
location xvas found on the Schenectady- 
Duanesburg road about five miles from
Schenectady. This location is entirely 
free from smoke and river fog. The 
poxver station and searchlight are located 
on a hillside having a free view across 

a wide shalloxv valley. A high point of 
ground 23(H) feet away was selected for the 
station at xvhich photometric readings were 
to be taken. A mile and a half away an air­
plane silhouette was erected, and three miles 
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across the valley was located the big “vanish­
ing” target mounted on the brow of a hill so 
that the sky formed the background. The 
searchlight station, powerhouse, and photome­
tric station were connected by a telephone 
line, while communication between the search-

Fig. 4. An early model of the 60-in. Type Medium Intensity Searchlight adopted 
for army use

lights and vanishing target depended on a 
wireless telephone outfit similar to those used 
by the airplanes spotting for the artillery.

The beam of light reflected from a parabolic 
mirror has several peculiar features, the most 
important being the great distance to the 
point where the light in the beam has as­
sumed an approximately final distribution. 
The light that strikes the center of the 
mirror has the greatest spread and forms 
the outside. of the beam, and the light 

the type of arc. These distances allow con­
siderable atmospheric interference and also 
necessitate some means of constant com­
munication between the two parts of the test­
ing squad which is composed of five active 
members, as follows:

(1) . Lamp operator, who also 
records arc voltage and 
current, at half-minute 
intervals.

(2 >. Beam trainer, who sees that 
the arc is properly focused 
and who directs the beam 
on the target and, by 
watching the arc, helps 
the operator in maintain­
ing a normal crater.

(3) . Communication man, at 
searchlight, who in addi­
tion to keeping up com­
munications, records the 
degree of flicker in the 
beam, the kind and time 
of hissing arc, and the out-
ages.

(4) . Photometer reader and communica­
tion man.

(5) . Data recorder, for photometer only.
In addition to the above, there is the en­

gineer of the power station and from one to 
six observers, depending on the type of the 
test.

The electrodes of the open-type searchlight 
are kept in the correct burning position by oc­
casionally rotating both positive and negative. 
Any slight movement of the crater on the

Fig. 5. A close-up view of the Beam Scale and Photometer House. Note the size as compared with the man stand­
ing near the middle

that strikes the rim of the mirror is most 
abundant in the center (>f the beam. Theoreti­
cally this crossing over process never ceases, 
but practically the light is in its final position 
at from one hundred to four hundred times 
the diameter of the mirror, depending upon 

positive carbon is accompanied by- a move­
ment of the beam and there is no provision on 
the searchlight itself for keeping the arc as 
sharply- in focus as is required in test work. 
For this reason, the beam scale shoxvn in Figs. 
5 a-bl 6 was used as both a guide for the beam 
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and as a means for obserx ing and clieeking Hr- 
beam width. The pholoniiU-r was placed 
with its head H a hole in the center ol I in 
large white square near the right end of the 
scale. This zero mark on the scale was rciilI>■ a 
six-foot square hut with full equipment and 
accommodations for the photometer reader 
and the data man. 'I'he trainer would direct 
the beam so that the part in which measure­
ments were required would come at the zero 
mark. The [joints of measurement were 
usually 0.2 of a degree apart, or two small 
divisions on the settle. The trainer watched 
one edge of the Iteam ns he moved it across the 
target. The edges of the beam are more 
clearly defined than the center and as only one 
edge can be seen plainly at a time, the target 
was placed near the extreme right end of the 
scale. The left edge of the beam could then 
be moved over four and a half degrees, if the 
beam were that wide. In general, the testing 
was done across the horizontal centerline of 
the beam, but a vertical scale was built so that 
occasional special tests in a vertical plane 
could be carried out.

The photometers were of the Weber port­
able type with a working range of one hun­
dred thousand to one, which is more than 
sufficient to cover the variations in intensity 
encountered. Thus, the ratio of the greatest 
intensity of the high-intensity are to the lowest 
measured intensities of some of the smaller 
arcs was about one thousand to one. The 
readings were in foot-candles at the face of

Fl-ARES 3.
Hiss—4 per cent.
Low Hiss -0 per cent.
Qi iet Opera ruts '.Hi per cent.
Steady Beam- IUD per cent.
. Gooil operating electrode, 
oxc Lt sion>....................anj |larcs ,,nly at start.

mission would be fata) to much of the testing 
orginally planned. Consequently, two in­
struments were designed and assembled at the 
Laboratory for the measurement of this trans­
mission. The smaller one, 6-in. diameter 
and IS-fJ focal length, was used during 
photometric work on the 2300-ft target; 
and the larger one, 15-in. diameter and 30-ft. 
focal length, was used during the visibility 
tests on the three-mile target. These tele-

Fig. 6. The 2300-ft. Target and Beam Scale, as viewed from the searchlight station. The long stubs are 
one degree apart. The horizontal scale is five and one half degrees long and the vertical scale is one 
and one half degrees high

the target, normal illumination, and the ap­
parent intensity of the searchlight in candles 
was found by multiplying the illumination by 
the square of the distance, or 5,290,060.

It was realized from the first that the handi­
cap of not knowing the atmospheric trans­

photometers each consisted of a simple double 
convex lens which formed an image of the tar­
get in the center of the Lummer-Brodhun cube 
of a portable photometer. To make a 15-inch 
diameter telescope lens of good figure is a 
matter of several thousand dollars and a year’s 
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time. The degree of accuracy required for 
the telephotometer lens, ven fortunately, 
may be almost anything when the size and 
distance of the target are known. With an 
achromatic lens, the losses of light may be 
calculated and the exit pupil determined 
beforehand. A simple, uncorrected lens gives 
a blurred image that wastes light at the 
ocular, and in both telephotometers the loss 
of light was determined by direct experiment, 
using an exit pupil smaller than called for by 
the calculations.

The instruments were first set up in the 
Laboratory and directed against a block of 
magnesium of such size as to give an image 
similar in size to that of the target on the 
outdo«>r range. The brightness of the magne­
sium was then measured through the tele­
scope and compared with measurements made 
directlv at a few feet distance. This ratio 
gave a figure for the relative brightness of the 
image in the photometer field. When used <>n 
the range, the zero section of the beam scale 
was illuminated by an incandescent search­
light that was carefully adjusted and main­
tained constant during the test. At a given 
signal, the man at the telephotometer would 
tak« readings and the men at the target, who 
had an extra photometer for the purpose, 
would take brightness readings on the same 
surface. A comparison of the two figures for 
brightness so obtained would give the loss of 
light in the atmosphere from the target back 
to the telephotometer, and the photometric 
data of the searchlight on test could be cor­
rected accordingly.

Telephotometer readings were usually taken 
at the beginning of each night’s work, at 11 
o'clock, and at 2 a.m. just before quitting. 
A curve of time against transmission was 
drawn for each night, and the various tests 
were then located on this curve and given the 
proper correction.

The selection of elect n>des for the open-type 
searchlight involved testing a large number of 
makes and mixtures before the final choice 
could be made. Three companies, the Speer 
Carbon Company, the National Carbon Com­
pany, and the General Electric C ompany 
were actively engaged in making experimental 
mixtures that were tested out and reported on 
so that the chemists of the three companies 
were kept posted on both their own electrodes 
and those of the other two. Frequent meet­
ings of the three chemists were held at the 
Laboratory, where the test data and carbon 
stubs were inspected and these led to an ex­
tremely rapid development in the art of mak­

ing better electrodes. It was this part of the 
work with which Mr. Ryan identified himself 
most closely, and it was his original specifica­
tions for sizes and currents that gave the de­
velopment of carbons its flying start toward 
success.

Fig. S gives the total data of the tests on 
eight carbons of the same mixture, including 
curves of the beam characteristics as de­
termined by seventeen separate traverses of 
the beam.

There are three prime requirements to be 
met by carbons for anti-aircraft searchlights. 
These, arc: High luminous efficiency, steadi­
ness and uniformity of burning, and quietness. 
The first is the easiest to meet and the last is 
the hardest. Luminous efficiency and quiet­
ness (that is, freedom from hissing) seem to 
1 >e । >pp< >site characteristics, and to obtain one 
without sacrificing the other is often difficult. 
The electrodes now made surpass the best 
pre-war carbons in all three features; and the 
development of carbons for greatly increased 
currents is still under way and holds great 
promise for the future.

The so-called disappearing target consisted 
of a strip of canvas thirteen feet wide and 
three hundred feet long. This was wound

If. D'.-l. Ryan, Illuminating Engineer

Fig. 7. These Curves show the beam intensities and flux values 
obtained with a certain group of similar electrodes

on two spools leaving exposed a section 
thirteen feet long. This thirteen-foot section 
constituted the target on which visibility tests 
were made. The canvas was held high in the 
air so that the sky formed its background, and 
to this extent at least it resembled an airplane,
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H\ LY A. Kyan, illuminating Engineer

Fig. 8. The three Curves at the left show the pre-war intensities from a 60-in. searchlight. The five Curves on the 
right show preliminary results with five of the most promising electrodes developed during the war. Later 
tests were restricted to the three best out of these five. These curves and those on the following seven sheets 
were hand-colored in the reports sent out from the laboratory. The same color was used throughout for each 
make of electrode, and this expedient was very successful in getting the information to people who had only a 
limited experience in photometry, besides being a great convenience to the more experienced. The scattering 
of the individual curves is a good index to the steadiness and uniformity of burning

and its distance from the searchlight, three 
miles, represents a common “pick up" dis­
tance for airplanes. One end section of the 
canvas was painted with a good white diffus­
ing paint having a reflection coefficient of 
0.670. The second section was white with a 
number of fine black stripes, reducing the 
average coefficient to 0.53?. The third section 

Fig. 9. A graphical study of the maximum intensities given by different 
electrodes. The scattering of the spots indicates the variation encountered 
between individual electrodes of the same mix

bail wider black stripes and a coeflicient of 
0.423. The fourth had a coeflicient of 0.33.5 
or just one half that of the first section. This 
geometric series, which reduces the coefficient 
by half every three steps, was continued until 
the last target was entirely black. The black 
and white markings were not visible at three 
miles, and to the observer the target grew 

dimmer and dimmer as it was moved 
toward the black end.

The target was used both as a dis­
appearing and as a reappearing object. 
St art ing with a xvhite target, the canvas 
xvas rolled toxvard the black end. To 
the observers the target became 
gradually dimmer and dimmer until it 
finally disappeared. The disappear­
ing point is not sharply defined, princi­
pally on account of the normal varia­
tions in the intensity of the beam. 
While the target was still fairly bright 
and distinct it xvould momentarily dis­
appear during a period of low cra*tr 
brilliancy. These periods of invisi­
bility became longer as the target 
became a darker gray, until finally the 
target could be seen only during short 
periods of high crater brilliancy, and 
then came total invisibility.
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IT. D’A. Ryan Illuminating Engineer
Fig. 10. The Rousseau Diagram is useful in studying the effect 

of the distribution of light within a searchlight beam

IT'. D'A. Ryan, Illuminating Engineer
Fig. 11. These Curves of Beam Intensities illustrate the great 

improvement realized in efficiency through using a better 
designed and manufactured electrode

MT5B

Sift 
STEADINESS

¿2%

HEM MOTH OF BEFFI

IF. D'A. Ryan, Illuminating Engineer Ryan, Illuminating Engineer
Fig. 13. Quietness of operation was an essential feature where 

the operator had to listen for shouted orders. Many elec­
trodes of good efficiency were discarded on account of hissing. 
Arc noises interfered greatly with the listening devices that 
formed a part of the searchlight division equipment

Fig. 12. Holding a Searchlight Beam on a swiftly maneuvering 
plane requires alertness and quick action. A wide, steady 
beam is a great help, and the shaded areas above are a 
measure of the beam’s holding power

TF. D'A. Ryan, Illuminating Engineer
Fig. 14. On account of the high current densities employed, the length of stub left after an hour’s run was quite important. 

A short stub might cause overheating of the lamp



SEARCHLIGHT TESTIXG

The observers, who occupied varum, po.i- 
t ions about the sea rch light and via ••,< • walche ■ 
had previously been set to agree with dial ol 
the target operator, recorded

(a) The lime of first momentary dimp- 
pearanee,

(b) The time of disappearance half die 
time,

(e) The lime of final disappearance.
The curtain was then wound in the opposite 
direction and the observers recorded

id' The time of first appearance,
(e) The time of visibility half the time,
(f) The time of permanent visibility.

Fig. 15. A General Summary Sheet in Graphic Form. As in all 
engineering, the final result is a compromise, and this form 
of chart is a great help in getting a properly balanced view 
of all the factors.

These records were then compared with the 
log of the target and the various sections 
identified. This test repeated with different 
searchlights gives a means of comparing their 
revealing power. II. is worthy of notice that 
the revealing power, or working range under 
fixed conditions, increases much less rapidly 
than the beam intensity, and the relation

bet \w<n inti'ir ii iml r.i । ■ ■
I n cv oral Lu tor । >1 v. Im Ii i ir 
of du- al uh। phere i I he mo ' in • .or c

It is । me i ii t lie nnfi nt mi.it । pi ■■ 1111. ।: i' i ■ .
larchlighl that tin- beam it ' If ofo u torn . 

most dliit ivi- com ealmiiit tor iL 'a:..' 
The beam appears as a bricht 1 .hn-u: ' ■ ■ I 
shaft of light, ami this ilhnninaied pa. '■ form 
a curt ain in fn mt of the object ■ mn h r ob er- a- 
li<m. In the vanishin.' target te '• the In am 
maintained its brightness and flu- tar/ct 'jn-.'. 
dimmer. Al the vanishing point it may ha m 
had a fair degree of brightness, but not 
enough to make il visible in the body of dn- 
beam. This condition made it highly desirable 
to have another means of controlling the di­
appearing point of the target. An obvious 
way of doing lilis would bi to decrease the 
intensity of the searchlight until the target 
was lost. 1: is not practicable to alter the 
intensity of a searchlight without aliening it 
color or beam width. The same result may 
be obtained by cutting down the light from 
target and beam as it enters the observer's eye 
This was done at the range by having the ob­
server look through the blades of a rapidly 
rotating .sectored disc. The eye slit slid along 
a scale that told the degree to which the light 
was diminished. Tims if the target was found 
to be just visible at H.2H on the transmission 
scale of the disc, it indicated that a projector 
of one fifth the intensity would show the 
target under the given conditions of test.

Among- the numerous questions that called 
for settlement early in the war was the effect 
of the blue light of the high-intensity arc and 
the relative merits of gold and silver backed 
mirrors. The blue tinted light of the Beck 
type arc was in disfavi>r in some quarters, and 
the French army was definitely committed to 
the use of the gold mirror with its brown 
tinged beam. The experiments conducted by 
the Laboratory failed to reveal 'he supposed 
superiority of yellow light. On the contrary 
the blue beam was found to have less screening 
effect and the seeing conditions were almost 
uniformly better. La'er news from Europe 
was to the effect that the French had aban­
doned the gold mirror and that the German 
aviators, after several sad experiences, had 
learned to hurriedly change their plans and 
retire when a high-^Wnsity beam swung in 
their direction.
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Distant Control of Projectors for Sea Coast Defense
By J. L. Hall

Searchlight Engineering Department, General Electric Company

The element of distance does not in itself present the only serious problem in designing a system for the 
remote control of a group of searchlights employed in seacoast defense. The speed and accuracy of directing 
the light, beam by a remote control mechanism at the lamp must involve no sacrifice over hand con>ol. The 
manner in which remote inntrol is effected and the equipment for its performance are ably described in the 
following article.—Editor.

J. L. Hall

TN any Sea Coast 
r Defense System 
■Bjectors are in­
stalled at widely 
separated points 
where, with refer­
ence to the batter­
ies. they will best 
serve their purpose. 
For the efficient and 
systematic tactical 
control of the vari­
ous beams, it is nec­
essary, where possi­
ble, t< > group the cln-
trols at one point. 

In the majority of installations the radius of 
control may be several hundred feet.

The target is normally a moving ship. At 
the different ranges and xvith x’ariations in 
speed and course it has a small and variable 
angular velocity xvhich, combined xvith the 
necessity of a more rapid movement for chang­
ing targets as xvell as for airplane defense, 
requires a wide range of speed control of the 
pr< ijector.

A ship at a range of 15,009 yards with a 
speed of 15 knots has an angular velocity of 
about two minutes of arc per second of time 
when steaming on a course normal to the axis 
of the beam. This velocity varies as the 
cosine of the angle of the course, becoming 
zero when the course coincides xvith the axis 
of the beam. This xvill illustrate the variation 
due to variation in course; the variation due 
to range and speed being apparent.

For use xvith the old type of (>0-in. coast 
defense searchlights using 2-in. carbons xvith 
a large crater, and therefore a large beam, 
minimum steps of 15 minutes of arc xvere 
considered satisfactory, but xvith the high 
intensity searchlight with a beam of small 
diameter and xvith the maximum intensity 
confined to a still smaller diameter, the Arm; 
selected 2 minutes of are as a minimum step 
and 360 deg. per minute as the maximum 
speed.

The system of control adopted is of the 
synchronous type, the angular movements of 
the beam being a function of the rotation of 
txvo handxvheels at the controller, one for each 
plane of control.

Since the control in both planes is similar, 
the detail description xvill be confined to but 
one, the horizontal. At the controller the 
horizontal control handxvheel rotates a com­
mutator xvhich commutates the direct-current 
supply to currents having three-phase relation. 
The frequency of alternations depends on the 
speed of rotation of the handxvheel. Through 
three of the wires in the controller cable the 
commutator is connected to the stationary 
armature of a pilot motor at the projector.

The pilot motor is a simple form of a three- 
phase synchronous motor having a Y-con- 
nected. six-pole, stationary armature or stator

RZ Ri

Fig. 1. Diagram of Connections of Contactors 
Controlling Power Motor

and a four-pole rotating field. All its coils are 
stationary, including those for the field ex­
citation. This design permits of the con­
nections being made directly to the coils, the 
omission of the usual slip rings, and the re­
duction of the inertia of the rotating parts.
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Each of the four pule- of the iot<>r is of th- 
same width as a slaior pole and in addition 
is slot ted, the width of tlie slut being equal to 
the space between the stator poles. By this 
.arrangement twelve eqtiallx- spaced position- 
of the rotor per revolution tire obtained, each 
being assumed with a high degree of accu­
racy.

A direct-current separately-excited power 
motor is geared to the turntable through two 
electro-magnetic clutches which provide two 
gear ratios, one being 7.5 times that of the 
other. This change in gearing is necessary for 
the wide range of speed and the small unit 
angle of motion required. With the 1'asl gear 
ratio a maximum speed of 36(1 degrees per 
minute and a minimum tingle of movement ol 
1.5 minutes of arc are obtained. With the 
slow gear ratio a minimum angle of 2 minutes 
of arc is obtained with a corresponding 
reduction in the maximum speed.

An azimuth dial with 30-minuie gradua­
tions is geared to the horizontal control hand­
wheel shaft at the controller through a similar 
arrangement of clutches. The clutches in 
both the projector and controller are operated 
together from a common clutch control 
switch at the controller to insure the synchri m­
ous rotation of the projector and dial.

The shaft of the pilot motor rotor, Fig. 2. 
has a spur pinion (/) secured to it. Loosely 
mounted upon it in addition is a cam cylinder 
(2) which operates contact fingers for the 
operation of the contactors that control the 
l>ower motor. The cam cylinder is rotatable 
both by the pilot motor and by the mechan­
ism driven by the power motor, being one 
form of a hunting controller.

t hi the cam cylinder is a stud carrying a spur 
pinion i J) xvhich meshes xvith the rotor shaft 
pinion and also xvith an internal spur gear (J) 
inside of xvhich it rotates. The internal gear 
is driven by the projector training mechanism. 
The gearing is proportioned for a movement 
of six degrees of the cam cylinder for each 
unit movement of 30 degrees of the pilot 
motor, and corresponds to a movement of 
the projector of 15 or 2 minutes of arc de­
pending on the gear ratio employe I.

To move the beam one unit step, the com­
mutator at the controller is rotated by hand 
00 degrees or 1 0 of a turn, rotating the pilot 
motor one unit step of 30 degrees. Tiie rota­
tion of the rotor and its pinion (I) causes the 
cam cylinder pinion (3) to roll around on the 
interior of the internal gear (J) thus rotating 
the cam cylinder 6 degrees, dropping one of 
the fingers into contact, and starting the
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power motor. The projector, in moving 
through the prescribed angle, rotates the 
cam cylinder back to its norn al or stop posi­
tion by the action of the internal gear (J) 
which is the reverse of the action from the 
pilot m< )t < >r.

ContimLus rotation of the projector is 
obtained by continuously rotating the con­
troller handwheel. An increase in the speed 
of rotating the handwheel increases the 
training speed. The cam cylinder remains 
stationary at any’ angle of displacement from 
the normal or stop position when the relative 
speeds of the pilot motor and projector arc 
alike, and any* change in the speed of either 
will cause the cam cylinder to assume a new 
position.

At the higher speeds the projector will be 
slightly- behind the controller dial in the ratio 
of the displacement of the cam cylinder from 
its normal or stop position. In coming to rest, 
the displacement is taken up and the pro­
jector stops on the proper azimuth.

When roughly handled, or stopped sud­
denly, the projector may over-run on account 
of inertia; in which case, the cam cylinder also 
over-runs reversing the power motor and re­
turning the projector to the proper azimuth. 
The weight of the rotating parts prohibits a 
severe braking effort.

Five contactors (three double-throw and 
two single-throw) are used for the control of 
the power motor operated by the five fingers of 
the cam cylinder. The connections of the con­
tactors are shown in Fig. 1. Two of the double­
throw contactors marked L determine the 
direction of rotation depending upon which is 
used, and also provide the first speed step. 
When both of the contactors (L) are open, i.e., 
closed on the lower contact, 'the dynamic 
brake is in operation, the armature being short 
circuited on one side of the line through the 
resistance (R-3).

Contactors (T) and (£) form the second and 
third speed steps by’ cutting out the resistance 
(R-l) and (R-2).

Fig. 3. Complete Diagram of
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Contactor (o) forms the lourth speed stco 
by opening the shunt resistance (R-(I ami 
short, circuiting the resistance (R-3f Re i » 
ance (R-3}, in addition to its speed control 
function, is adjusted to give the proper 
dynamic braking effect. Tl e shunt (R-.,) is 
of special value in retardation.

In addition to the control of the direction of 
the beam in azimuth and altitude, the control 
of the are circuit is required for occulting or 
putting the projector "in " or "out of action “ 
at will from the controller.

This may be accomplished either al the pro­
jector <>r controller where switches are located 
which control the are as follows: Upon clos­
ing either switch, the circuit to an operating 
relay is completed and the relay in turn closes 
the circuit to two main are contactors which, 
in closing, complete the are circuit and start 
the lam]). A magnet, at cither switch, in series 
with it and with the main contactor operating 
relay coil, holds the switch closed but does not 
prevent manual operation.

A e. ond or o'., tload r. :. -
<q»ratmg eiul in <rie '.'.el •1 ■ c 
in uinal 1 \ < lo < s 1 he 1 in mi ’ -, 1 ■ 
relax coil Lui upon pa a;-c d , - c ■
11] K-lls 1 he circuit to th' o|» ra' 11 •
to the magnet < of the a 11 ■ he ' ’ ■
icetor and the controller. Tl • ■ op. r., " ■
lay, in opening, disconnect th'- । oil 
main arc contactor. interrujHin; i ■ 
circuit. The switch-holding inacnet ■ d 
the controlling switch is also opine.1. all-d­
ing the switch to snap to the ‘off" po-iti"-,

II will be seen that the starling and in'irru',- 
t ion 1 if the tire, the wide range < >f speed coni r> ,1. 
and incidentally the shifting of the gear cliam - 
ing clutches, as well as the exact synchr - , u- 
movement between the ¡irojcc'or and t azi­
muth dial of I he controller,ma be accompli.shed 
by an operat< >r at the controller lw ■ miles dis­
tant from the projector. the movement of the 
beam being accomplished in two directions in 
both planes and the movement in each plane 
being entirely independent of that in the other.

Connections and Equipment
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Thirty-inch Open Type Searchlight with 
Tripod Mount

By E. J. Murphy
Engineer Schenectady Searchlight Department, General Electric Company

The need for an exceptionally light weight but powerful searchlight of moderate size resulted in the develop­
ment described in this article. As pointed out by the author the outfit fulfills its purpose admirably. A com­
plete description is given of the high-intensity lamp used, its control mechanism, and operation. The illustra­
tions are very graphic in revealing the design and construction of this searchlight unit.— Ediior.

r I 'HIS searchlight 
J- was designed for 

use in military opera­
tions under severe 
conditions, such as 
exist in tropical jun­
gles and in mountain­
ous countries. For 
this service it was 
desirable to reduce 
the size and weight 
to thedimit but to still 
retain high illumina-

e. j. Murphy tion and to make the 
construction simple 

and rugged. The complete searchlight, with 
tripod mount, weighs only 250 lb.

In its construction the question of the most 
suitable materials was of prime importance 
and the relative merits of a light steel struc­
ture and a design using aluminum sheet and 
alloys were carefully considered.

The steel structure would require the 
assembling by riveting or welding of numerous 
small pieces as it would be necessary to use. 
standard sheet» and sections; needless to say, 
steel castings could not be used to any* 
appreciable extent, and while a light steel 
structure would be sufficiently strong to stand 
rough handling, it would bv questionable if 
it would support the mirror and other parts 
in their proper relation.

The aluminum alloys were investigated and 
it was found that many competent engineers 
were preiudiced against these materials, due 
to unsatisfactory service in the past. We 
found, however, that certain of these alloys 
have been l astly’ improved in recent years 
and are now widely’ used in automobile 
engines by many’ first-class makers. Many 
other applications, where the parts are sub­
jected to very severe shocks and librations, 
might be mentioned, one of which is the 
famous Lewi» machine gun where practically’ 
all the exposed parts arc made of aluminum 
alloy. We found that the successful casting 
of these alloys was made entirely possible by’ 
special foundry’ knowledge, the lack of which 

in some foundries resulted in inferior castings 
and accounts for certain manufacturers re­
fusing to adopt these alloys or discarding 
them.

The 30-in. open-type searchlight has a high 
intensity’ 150-ampere arc writh a voltage of 75, 
and it should be noted.that the light flux in 
this 30-in. searchlight is practically equal to 
the light flux of the standard 60-in. drum type 
projectors that were used in France during the 
war. The 30-in. mirror will produce a less 
concentrated beam, on account of greater

Fig. 1. Front View of 30-in. Open Type Projector 
Mounted on Tripod
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dispersion due to its shorter focal length, and 
for this reason is inferior to a similar search­
light equipped with a (i()-in. mirror. Where 
it is desirable, however, to illuminate larger 
fields at lower intensity, this increased dis­
persion is not objectionable, and a searchlight 
with the smaller mirror will make a much 
lighter and less bulky equipment.

The complete searchlight is shoxvn in Fig. 1 
The tripod can be folded, and the mirror and 
lamp readily removed xvith the chimney 
extension. These separate parts can be easily

Fig. 2. Side View of 30-in. Open Type Projector

carried over the roughest country and after­
wards reassembled in very short order. The 
illustrations show practically all the important 
features of the searchlight, so a lengthy 
description will be unnecessary.

The searchlight is of the open type, without 
the usual drum and glass front door.

The lamp, shoxvn in Fig. 5, is hand-operated 
without any automatic control. It is of the 
high intensity type. The negative carbon is 
controlled through a control feed by a small 
knurled handxvheel xvhich projects through 

the hollow trunnion pin of tin- j ar< blight. 
The arc is struck anil tli<- arc Lngih con­
trolled by manipulating this wheel Tin­
positive carbon is rotated and ied bv means oi 
the small crank whiji projects through the 
trunnion support forward of the tumiion pm.

Fig. 3. 30-in. Open Type Projector Showing Method of 
Feeding and Rotating Carbons

Both the positive and negative carbons can be 
readily controlled by a man standing beside 
the lamp as shoxvn in Fig. 3, regardless of the 
elevation of the searchlight.

The positive feeding mechanism can be 
seen in Fig. 5. The crater end of the carbon 
projects through a head xvhich is equipped 
xvith a metal baffle or obdurator, a radiator 
and a plunger type contact. The opposite end 
of the carbon is held in a clamp which is 
carried by a rex-olxung frame and fed forxx-ard 
by means of a screw. The carbon is not 
rigidly held in line by this clamp and it is 
therefore possible to operate a very crooked 
carbon successfully. The frame carrying 
the carbon clamp and the feed screw hax-e 
bearings at both ends and revolve by means 
of the bevel gear xvhich is driven by a small 
bevel pinion, xvhich in turn is controlled by 
the hand-operated crank. A starxvheel is 
secured to the forward end of the screw and 
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is arranged to engage detent while revolving. 
It thus can be seen that when the crank is 
turned in one direction the carbon is revolved 
and also fed forward. The carbon can be 
fed backward by simply reversing the motion 
of the crank.

Fig. 4. Removing Lamp from 30-in. Open Type Projector

The viewing screen can be seen in Fig. 1 
and is located between the trunnion and the 
positive operating crank.

It is unnecessary to give a detailed de­
scription of the negative head. The current is 
fed to the carbon by means of a spring 
pressed plunger and the spring provided for 
this purpose also causes the feed rollers to 
grip the carbons.

The lamp is secured in the arc chamber by 
means of two screws attached to the large 
wooden handles shown. These screws also 
carry the line current to the lamp. Conical 
pins are provided for locating the lamps in the 
proper position. It will be noted that the lamp 
while hot can be readily removed from the 
searchlight by the operator using the wooden 
handles as shown in Fig. 4.

In order to remove the lamp from the 
searchlight, the positive and negative oper­
ating shafts can be withdrawn from the lamp 
couplings by simply tilting the negative 
operating wheel and the positive crank 
one fourth turn, thus disengaging the con­
nection of the lamp. The wooden handles 
will then unscrew and the lamp remove 
as shown in Fig. 4. In replacing the lamp 
it is only necessary to reverse the operation.

The angular chimneys projecting from the 
arc chamber as shown in the illustrations are 
provided so that the searchlight will have 
sufficient ventilation at all angles of elevation. 
With the searchlight in the position shown in 
Fig. 1, the upper chimney will draw the 
smoke from the arc chamber. When he 
searchlight is pointed directly upward, both 
chimneys will act as ventilators, and when the 
searchlight is turned so as to point in the 
opposite direction to that shown in Fig. 1, the 
lower chimney, shown in Fig. 1, will then be 
in a reverse position and act as a ventilator.

Loosely-pivoted, gravity-operated dampers 
are provided in these chimneys. The damper 
of the chimney in the lower position will be 
closed while that in the upper chimney will 
be open. When the searchlight is pointed 
towards the zenith, both dampers will be open.

Locking devices are provided for holding 
the searchlight in any angle of train or 
elevation and adjustable scales are also 
provided for each motion.

This 30-in. searchlight has been thoroughly 
tested and found to operate successfully for 
an indefinite period at all angles of elevation. 
This is due to the double chimney feature.

We are at present developing a design for a 
44-in. open type searchlight using much higher

Fig. 5. Lamp for 30-in. Open Type Projector

current, and while this searchlight will be 
substantially similar in design to the above 
described equipment, we expect to introduce 
a number of improvements, one of which will 
be to provide means of readily carrying the 
searchlight by means of two litter poles.



Searchlight Production
By Langdon ( <nw>n 
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Mr. Gibson gives li few ini erest ing notes on I be pro<bn ton ot scan bbglil - on a war I i A II" • 
2S,tHIO sq. ft. was sBRienl before the war; »q. ft. «dr r< quinil to meet the wm oni-ip o . I>
this period of int^Bc activity 2-175 searchlights of high, medium ami low mDiisitx »in m.mutai ’ io ■! ,c 
Schenectady Works representing approximately a total eamlle-power ol 175 billion. I.ixiok.

Langdon Gibson

tective purposes. As 
precedented demand. 

XA/ITU the entry 
’ ’ of our country 

into the world war, 
seaBhiight apparatus 
of till descriptions, as 
might be expected, 
came into heavy de- 
maB. The require­
ments of both the 
army and navy xvere 
urgent, while large 
industrial plants 
throughout till coun­
try found it expedient 
to install search and 
flood lights for pro­
a result of this un­

existing stocks of
manufactured searchlights were almost im-

mciliatfly exhausted. and we found our­
selves facing a manufacturing problem th' 
like of which had never before been in­
countered. The Ds.fHUi square teet of floor 
space allolte il to the manufacture of ward - 
lights, xvhich during peace tintes had been 
found ample, was on very short notice foui d 
to Lie less than one htilf of the manufa. ' uring 
space necessary to meet the requirements. 
Accordingly it became necessary to com­
mandeer additional floor space in other parts 
of the plant, which xvas done, until the total 
floor space occupied amounted to 61.5m) 
square feet, and the total hands employed 
numbered 37'J.

In addition to the difficulty of building up 
the personnel of the department in the face 
of a country-xvide shortage of help. xve found 
the situation still further complicated through 

View in One cf the Departments Manufacturing Some of the Smaller Searchlights
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the introduction of improvements in design, 
suggested as the result of experience gained 
in actual operation in the field with the 
A.E.F.

Difficulties also were encountered in secur­
ing raw material, such as carbons and mirrors. 
These problems were successfully met; work­
able schedules consistent with the manu­
facturing possibilities were laid out, the 
working organization was strengthened with 
the best men at hand; and, by a carefully 
worked out system of inspection, quantity 
production was secured without the sacrifice 
of quality. The government’s needs were 
such that we had little or no time in 
which to manufacture complete sets of jigs 
or machining fixtures, and this in itself 
developed a situation xx hich made it necessary 
to employ the highest degree of skilled 
mechanics.

During this period of intensive manufac­
ture, the Schenectady Works produced and 
shipped approximately 2475 searchlights, of 
high, medium, and low intensity, repre­
senting approximately a total candle-power of 
one hundred and seventy-five billion.

While we are dealing in large figures and 
generous ideas, it might be stated that this 
regiment of searchlights, if rolled into a 
single projector of high intensity type, xvould 
have the following dimensions:

Diameter of mirror, .870 inches.
Diameter of carbon, 15 inches.
Current, 87,500 amperes.
Watts, 10,500,000 at terminals.

The beam xvould give full sunlight at a 
distance of one and one tenth miles (over­
looking atmospheric effects and a few other 
considerations); ordinary outdoor daylight 
at about five and five tenths miles; comfort­
able illumination at thirty-five miles, and 
sufficient light for rough work at seventy­
eight miles. Should we desire only full moon­
light, xve would find good working conditions 
at three hundred and fifty miles.

These staggering figures may be of interest 
to the layman. Of how much more interest 
would they have been to the student of 
economics, a merchant of Albany, who, less 
than sixty years ago, took his grandson on 
his knee and remarked: “My boy, there is 
trouble in store for you. I see by the papers 
that they are killing off all the whales, and 
the time is coming when you xvill have to go 
to bed in the dark.”

A table showing the increased rate of output 
of searchlights from 1913 up to and including 
1918, folloxvs:

1913 produced 206 searchlights
1914 produced 609 searchlights
1915 produced 304 searchlights
1916 produced 666 searchlights 

.1917 produced 922 searchlights 
1918 produced 1747 searchlights

Such war time results could not have been 
obtained but for the indomitable energy and 
loyal co-operation of all the employees in the 
Searchlight Department. They were men of 
many nationalities, but they all worked many 
hours overtime xvith the common end in viexv.



Searchlight Electrodes
By W. H. Hardman

Rl.M.ARl II LaHORAIORY, GhSlKVI. Ell.ltRIC Company'

Of all the elements that go to make up the complete modern hlgh-intensitv searchhgl t the el.-- fr -h ao- 
perhaps the most important. The author tells of their development, stating the requirement of the ■ ■ h. I 
product, describing the raw material necessary and explaining the process of manufacture. While before tie­
war America largely confined her attention t<> quantity production, the author shows that she now po so 
both the experience and the raw material necessary for proilming any type or quality of elei trode . — Bni ior

W. H. Hardman

\ BOUT eight years 
ago the Re ■earch 

Laboratory at Sehe- 
nectady took up 
experimental work 
on moulded carbon, 
particularly on high 
grade carbon brushes 
for railway motors. 
At that time, al­
though the United 
States manufactured 
nearly ten times the 
total output of the 
European factories, 

the quality was of low grade and all the high 
grade carbons were imported from France 
and Germany.

The American moulded carbon industry 
was then in a relatively crude state. Great 
quantities of carbon for motor brushes, elec­
tric furnace electrodes, arc lamp electrodes 
etc., were manufactured and xvere of such 
quality as to meet the large quantity demand ; 
but as an art, the work had not been highly 
developed. “Tonnage” xvas the chief con­
sideration; and in many cases, mass pro­
duction was more imperative than special 
quality.

With certain electric apparatus, hoxvever, 
such as railway motor brushes and search­

light electrodes, the highest quality attainable 
is of the utmost importance, regardless of 
cost. Therefore, “Grammage” with special 
quality, had to be considered above “Ton­
nage,” and the cost of production per pound 
became greater than the previous cost per 
hundred weight.

The Research Laboratory's experimental 
work on searchlight electrodes covers both 
high anil medium intensity carbons of vari­
ous sizes, ranging from B in. to 134 in. in 
diameter and for currents from 150 to 500 
amperes.

The following specifications for the high in­
tensity positive electrodes, for the 36-in. and 
00-in. drum type projectors, give some idea of 
the necessary refinement of manufacture. This 
electrode is 1100 mm. long, 1G mm. diameter 
xvith an S-mm. diameter core of flaming salts. 
The shell and core are extruded separately; 
the one-piece core is inserted in the shell xvith 
a minimum clearance and firmly cemented. 
It must be substantially straight; any curva­
ture must be evenly distributed along entire 
length, and the maximum curvature must not 
exceed 2 mm.

In addition to being straight, good elect -odes 
should have a maximum burning life of txvi ■ and 
one half hours, with proper crater depth and 
without excessive spindling, so as to give 
the maximum beam, candle-poxver at the

Fig. 1. 200 Ampere Negative Electrodes
(a) (b) (c) (d) Electrodes of various manufacture, (e) Electrodes manufactured by the General Electric Company
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Apparatus Used in the Manufacture of Carbon Electrodes for Searchlights
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required eurrent ami are voltage. ()f course, 
the resistance affects the operation ami should 
be controlled.

One of the first essential requirements of 
successful electrode manufacture is the selec­
tion of the raw materials. The various 
allotropic forms of carbon have quite dif­
ferent characteri^Hs, ami offer quite a wide 
field from which to choose. Experiem c. 
covering the development and manufacture 
of many types of high grade carbons, such as 
brushes, special moulded carbons, etc., gave us 
an intimate knowledge of the x arious grades 
of carbon materials available for electrode 
work, and permitted the introduction into 
the manufacture of electrodes of certain 
refinements in materials not common in 
general carbon manufacture. For instance, 
good calcined lampblack, because of its 
extreme fineness and purity, lends itself 
admirably to the manufacture of high grade 
electrodes. Calcined petroleum coke, gas

Fig. 6. 200 Ampere Medium Intensity Electrodes

retort carbon and dehydrated coal-tar are 
also used extensively. Coal-tar pitch can be 
used and is easy to handle, but tar lends 
itself more readily to the extrusion process.

The manufacturing of electrodes can be 
divided, in general, into five parts, viz., mixing 

and kneading, forming, iMru ion him imi 
coring.

The carbon powder, r< i|m- il to tlw ind 
degree of fineness, is nlaeed in I lie mixer with 
I lie bonding material. The mixer i >-<piijqo] 
with blades having a progre . ivc ami n-’in-

Fig. 7. 500 Ampere Medium Intensity Electrodes

grade motion which squeezes and kneads the 
mixture and coats the carbon particles with 
the binder. After this process. additional 
kneading is effected in the chaser mill until 
the whole mass becomes a very stiff, worked 
putt)-. Fig. 1 and 2 respectively show the 
mixer and chaser-mill.

The material is then formed into pellets 
xvhich are put into the steam cylinder of the 
extrusion press and squirted out through a 
die of the desired size. Good extrusion 
depends upon the fineness of the materials, 
amount of binder, temperature of mixture, 
rate of extrusion and the pressure used. 
Fig. 3 shows a standard type of hydraulic 
extrusion press.

The next step in the process is known as 
the curing, baking or firing, and is the m< st 
important of all. The furnace used for the 
carbonization of the electrodes is of the utmost 
importance, and has caused more failures than 
anything else. Good materials are. of course, 
essential for good electrodes, but if the furnace 
for carbonization is not adapted to the require­
ments, the electrodes xvill be of loxx' grade. 
Temperature control is necessary, because 
the electrodes must be baked very slowly on 
account of their poor heat conductivity in the 
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green state. A special electric muffle type 
of kiln has been developed, which is capable 
of regulating the temperature rise to 10 deg. 
C. per hour, up to a red heat. A row of such 
muffles is shown in Fig. 4.

After the baking or firing the electrodes 
are ready to core. Too much stress cannot 
be placed upon the necessity of care in this 
operation, as the steady operation of the 
electrode depends to a great extent upon the 
manner in which the electrodes have been 
cored. Poor coring causes sputtering; this 
is due to the coring paste being too thin, 
which leads to sj ongy, fired mixture. 

electrodes, but at first with little success. It 
was their contention that it was of so special a 
type that its field of application would be 
very limited. Hence it did not warrant the 
time necessary for its development. By close 
co-operation, however, the development of an 
electrode of this type was accomplished, and 
it is believed that at least two. well-known 
American concerns are today producing high 
intensity electrodes of a quality comparable 
with the best foreign works.

For the army open-type projector, operated 
at 200 amperes, there have been developed 
electrodes 1J £ in. in diameter, which give

Fig. 8. High Intensity Electrodes
(a) 150-ampere positive and negative high intensity electrodes
(b) 150-ampere positive and shell high intensisy electrodes 
(c) 150-ampere positive and core high intensity electrodes

The chief test to which an electrode must 
be subjected is, of course, its operation in a 
lamp. However, a general knowledge of the 
characteristics can be obtained by certain 
electrical and mechanical tests. The elec­
trical resistance is measured; the tensile 
strength, density and hardness, on each 
batch of electrode is also measured, as in this 
way the uniformity of the product can be 
better assured, and the necessary information 
for future improvement may also be secured.

As a result of this research work on elec­
trodes we have been able to successfully 
manufacture on a small production basis high 
intensity- electrodes for operation at 150 to 
500 amperes. Prior to this development of 
the high intensity electrode, the best known 
electrodes were operated at a current den­
sity of 150 amperes, and these were only 
obtainable from Germany.

The war shut off this supply, so that Amer­
ican manufacturers had to be appealed to for

(d) 200-ampere positive and negative high intensity electrodes 
(e) 200-ampere positive and shell high intensity electrodes 
(f) 200-ampere positive and core high intensity electrodes

very satisfactory ooeration. Such a high elec­
trode current density as 200 amperes per sq. 
in. had never been used before. The old 
Army and Navy 60-in. drum-type projector 
operates at 175 amperes with a 2-in. diameter 
electrode. This comparatively low electrode 
current density, with its accompanying low 
efficiency, was determined on the- basis of 
steadiness, quiet operation and long carbon 
life, without any apparent reference to the 
candle-power or lumen performance. Under 
this condition, its operation in respect to 
maximum beam candle-power, quietness of 
operation and steadiness of beam, is greatly 
inferior to the 11 ,s-in. diameter electrode, 
operated at 200 amperes.

From this work it is apparent that any type 
or quality of electrode can be produced from 
American raw materials.

The author wishes to express his apprecia­
tion of the help given by- M. F. Girvin in the 
preparation of this article.

9



Searchlight Tower Units
By R. S. Hood, Jr.

First Lii-:t ienaxi of Encim-.ers, L xiied Si vri-. Army

The author gives a brief description of the several types of searchlight tower units. Some of the • o t impor­
tant dimensions relative to size and power, etc., and other interesting data are given concerning the o-b ,. opic. 
Bascule bridge and counterbalanced types of unit. The ditTercnl means of making these units mobile are also 
described,—Editor.

General

I X the design of 
1 large searchlights, 

as used by the Corps 
of Engineers, U. S. 
Army, among the first 
problems are the di­
ameter and intensity 
of the beam and the 
maximum effective 
range for the par­
ticular work to be 
accomplished. The

r. s. Hood, jr. range is. tinder ordi­
nary conditions, any­

where from 12,000 to 45,000 feet. These 
figures vary in accordance with the prevailing 
atmospheric conditions and the nature of the 
terrain over which the beam will be projected.

In the case of field operations, the search­
light may be mounted on an automobile truck 
and its position may be limited to such an ex­
tent that it is behind a hill, or that a wooded 
area stands in front of it. It then becomes 
necessary to elevate the light enough to 
clear the obstacle, since otherwise its position 
on the ground or the truck will enable it 
to be effective only at angles varying from 30 
deg. to 90 deg. and then only against air­
planes. The uses made of the light, however, 
are not entirely confined to anti-aircraft work. 
Should the searchlight be used on the sea­
coast and the beam be projected across the 
water from the ground line on the coastl the 
curvature of the earth and ocean seriously 
limits the range. This being from eight to 
nine inches per mile, it again becomes neces­
sary to elevate the light. Special study has 
been given this phase of searchlight develop­
ment and the following types of elevating 
towers have been the result:

(a) The Telescopic Tower

The telescopic tower was the first successful 
design adopted by the Engineer Corps. Many 
modifications have been made, owing to the 
fact that careful thought and workmanship 
indicated improvements during the develop­
mental stages. To elevate and lower a tele-

Fig. 1. 24-in. Sperry-Brill Caisson Tower Type 
Searchlight

Types

(a) The Telescopic Tower Unit.
(b) The Bascule Bridge Tower Unit
(c) The Counterbalanced Tower Unit. 

scopic tower with a searchlight mounted on 
the top, requires the use of well designed 
sheaves, bearing surfaces, locking devices and 
the elimination of all surplus weight.
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The 24-in. Limber-caisson Tower Unit
This is a horse-drawn field outfit consisting 

of a limber, which is the power unit; and a 
caisson which carries the semi-telescofH tower 
and a 24-in. drum type searchlight. See 
Figs. 1 and 2.

(a) The Limber Power Unit—A 5-kilowatt 
gas engine generating set and a suitable 
switchboard are mounted on springs that are 
bolted to the axle of the limber unit. It is 
only necessary to set the proper voltage of the 
generator for continuous power to the search­
light. See Fig. 1.

(b) The Caisson {Tower Unit)—A 24-in. 
drum type searchlight is mounted on an 

accommodate a 60-in. diameter searchlight 
and with the tower in its extended position 
will withstand a direct wind pressure of 100 
miles per hour, with or without the use of out­
riggers. The tower is made up of telescopic 
sections and when telescoped and mounted on 
tractor, can pass through any average railroad 
tunnel. A suitable ladder up the side of this 
tower is provided for the convenience of the 
operator, who is in position at the lamp when 
the arc is burning. A flexible cable, carrying 
the power from an electric generator on the 
vehicle up to the searchlight is suspended 
alongside the tower when in the elevated posi­
tion. When the tower is lowered, the cable is

Fig. 2. 24-in. Sperry-Brill Limber Caisson Searchlight Tower Unit Complete

18-foot semi-telescopic tower. There are 
two movements to be made before the tower 
is extended to its final and highest position. 
See Fig. 2.

A cable drum operated by two men hoists 
the telescoped tower and light to the vertical 
position. ( hie man then raises the telescoping 
section with a hand hoist to the final eighteen 
foot position.

The light is remote controlled, and the 
proper regulation is secured with a thermostat. 
Extra cable is provided so that the caisson can 
be separated from the limber, when this is 
necessary.

60-Foot Tower Caterpillar Tractor Unit
At the present time, there is in the course of 

construction a tower 60 feet high, mounted on 
an eight-wheel caterpillar tractor. This will 

wound automatically on a drum. The genera­
tor referred to receives its initial mechanical 
power directly from the gasolene engine of the 
propelling unit.

This tower can be elevated in approximately 
four minutes and lowered in approximately 
the same time, using an electric motor and 
hoist.

The versatility of this unit is evident, when 
it is known that it can be used either for sea­
coast or lield work. Metals not affected by 
salt-ladened air have been employed. A “ball 
and socket ’’ effect has been introduced to take 
care' of the position and stability of the tower 
when the nature of the ground prohibits the 
proper leveling of the supporting vehicle, and 
many other obstacles have been met and over­
come, with the result that the telescopic tower 
has been made a success.
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(b The Bascule Bridge Tower Unit
This unit employes the " jackknife ” tower 

principle and is designed h >r lichI use. \ .;■ > ii 
diameter drum-type searchlight is mounted on 
the tower, which is in turn mounted on an 
automobile truck. See Fig. 3.

The tower is raised by 
means of ropes and sheaves 
wound on a cable drum. 
The drum receives mechanical 
power from the motor truck 
engine. The electric power 
for the searchlight is obtained 
from a separate power unit, 
which is carried along for 
this purpose.

(c) Counterbalanced Tower Unit 
Where extreme stability 

desired and where remote 
control of the searchlight 
beam is considered necessary, 
the counterbalanced tower is 
most successful. Its applica­
tion is confined to seacoast 
defense work, however, for the 
reason that with the employ­
ment of counterweights, the 
weight factor presents itself 
and the result is necessarily 
a slow moving unit, which is 
undesirable for field service.

A remarkable step was 
made when the 60-in. railway 
counterbalanced tower type searchlight was 
completed. See Fig. 4.

The unit consists of one standard steel re­
inforced box car, 10 feet long, coupled to a 
standard 40-foot steel flat car.

The Flat Car Unit
On the flat car is mounted a 33-toot counter­

balanced tower with a 60-in diameter drum 

I \ pc wardilight mounted ■ piai form on I In- 
< nd of i he tower. Sec Fig • > The I ower i o 
a< euratdy balanced that one man < an dex ate 
or lower it easily in one mimilc' imp Tl i i 
done through the use ol a crank lemhir/ io a 
worm gear. Theoretically t he i owr < ouhl I•

raised orlowered by merely applying the slight­
est force, but the element of friction necessi­
tates the use of man power to overcome it.

The platform with the searchlight mounted 
thereon is kept in the horizontal position at all 
angles as the tower rises from the horizontal 
to the elevated (90 deg.) position. This is ac­
complished by a three fourth inch equalizing 
cable and gravity.

Fig. 4. 60-in. Seacoast Railway Type Searchlight. Box and Flat Car coapled together
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Fig. 5. 60-inch Seacoast Railway Tower Type Searchlight. Side View of Flat Car with Tower in 45-degree Position

The searchlight is fitted with a remote con­
trol equipment, consisting of motors in its 
base, 1000 feet of control cable and a scaled 
controller box. The operator has then com­
plete control of the light anywhere within a 
radius 1000 feet of the light itself.

The flat car unit is self propelling, being 
equipped with railway motors and control 
equipment. Powerful headlights are provided 
on the front of the car for night traveling.

The. power for the searchlight, railway 
motors and headlight is obtained through 

Fig. 6. 60-inch Seacoast Railway Tower Type Searchlight. Side View of Box Car (Power Unit) showing 
One of the 320-gallon Gasolene Tanks Suspended
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jumpers from the box car unit, which is 
described below.

The Box Car Unit
'I'he box car unit is the power unit. See 

Fig. (>. It is self propelling, employing a 
motor and control equipment which is a dupli- 
He of that on the Hat car. All of the electric 
power is obtained from two 25-kilowatt, I 15- 
volt General Electric GM-12 gas-eleetrie sets 
that are situated conveniently in the box car.

To propel the equipment, both generating 
units are put in series, giving 230 volts. Both 
units can be operated from one 25-kw. unit, 
however, obtaining a maximum speed of live 
miles per hour, while when using both sets in 
series a speed of from seven to ten miles per 
hour maximum is obtained.

A suitable switchboard is located in the 
¡lower unit. This is the control center of all 
equipment. From this board a 115-volt line is 
led to the searchlight through a permanent 
ballast resistance located on tlie flat ear, which 
cuts the. voltage to 75 when the proper 
amperage is drawn by the arc 1150 amperes’. 
Other lines run to the different motors, fans 
and control circuits.

For the comfort of the operators, suitable 
sleeping cots are placed in this ear. To pre­
vent freezing and to insure the necessary 
warmth, two coal stoves are supplied. Each 
stove is enclosed in a sheet-iron compartment 
made tight enough so that the gases from the 
engine do not come in contact with the fames 
in the stoves. Access to the stove compart- 

inciils is gaini d Iroin l lie out i-b si 'iKO-bv 
climiiiat ing ;mx- cliamc oi ;i -[..ot adiinifin/ 
inflammable gases.

Two tanks for gasolene are upplp-d. ■ a- ii 
with a capacity of 320 gallon < He- tank i 
suspended on each side of the box car Tin 
gasolene is supplied to the engine through in­
dividual pximjit;. The same ga ob-tie b--. J । 
maintained in both tanks with the u e ot an 
equalizer pipe connecting one to tie o ' -r
Suspended from the ceiling of tin- car are four 
25-gallon Witter tan’..' A pipe arrangement 
equalizes this water .also. If desired, water 
may be furnished cither engine from one 
tank or from all. The engine muffler^ arc- 
placed on the top of the car so as to get > he 
full benefit of cool, fresh air. Al! power 
delivered from the box car to the Hat car is 
transmitted through jumpers. h can there­
fore be seen that the two cars make up a 
complete, self-propelled tower type search­
light unit and that it is entirely independent 
in its operation.

Conclusion
The tower units described in this article 

have all been developed since the entrance 
of the United States into the world war; 
before that time the matter had scarcely 
been given a thought. The remarkable 
strides made and the success gained is due 
to the untiring efforts and the close, patient 
cooperation ot manufacturing companies with 
the Engineer Depart^^W of the United States 
Army.
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Mobile Searchlight Power Units for U. S. Army
By Henry S. Baldwin

Engineer Automotive Department, Lynn Works, General Electric Company

Ready mobility is a leading characteristic of the weapons which proved most effective during the war 
just com hided. Great difficulties were met and surmounted by the engineers when incorporates this 
characteristic in many of the instruments of warfare which, by reason of size or weight, had hitherto been 
considered to be stationary or at least only semi-portable. Such an instance was the development of the 
powerful light-weight army searchlight and its mobile ¡lower plant. A complete description of three units of 
different size is given below.—Editor.

Henry S. Baldwin

' I 'HE great conflict 
A of the past four 

years may well be 
termed a Motor War. 
Except for the explo­
sion engine, warfare 
of today is practically 
the same as it has 
been for centuries. 
The internal-combus­
tion motor, however, 
has given us the air­
ship, the artillery cat­
erpillar tractor, the 
tank, the motor truck, 

the portable electric power plant, and also the 
means for propelling the submarine and patrol 
boat. There has been great refinement in 

for anti-aircraft searchlights and flood-lights 
for landing fields; for signalling; wireless tele­
graphy, telephony, and many similar uses.

Not the least important of these is the 
searchlight, which until the Great War had 
been little changed since the beginning of the 
industry back in the ’90s. The conventional 
searchlight consists of a large barrel containing 
a mirror and lamp mechanism, together with a 
suitable support so that it can be trained at 
any angle. During the past two years, how­
ever, searchlights of great size and compara­
tively light weight have been developed by the 
engineers of the Lynn Works, who have co­
operated with the Engineer Corps of the U.S. 
Army. The delicate mechanism for control­
ling the carbons has been replaced bj* a simple 
hand device which passes directly through the

Fig. 1. General Electric-Cadillac, 20-kw Mobile Searchlight Power Unit showing Searchlight in Position 
for Action, Engineer Corps U. S. Army

ordnance, machine guns, and small arms but, 
generally speaking, except for the explosion 
motor, warfare has remained practically uiB 
changed since the introduction of gun powder. 
Trenches, dugouts and mines, grenades and 
gas bombs, bayonets, and the like are the 
same.

The explosion engine has opened the way 
for the use of electricity in warfare; for the 
purpose of illuminating bases and dugouts; 

center of the mirror. By this noteworthy 
improvement a searchlight having a 60-in. 
diameter mirror actually weighsrless than a 
36-in. diameter unit of the old style. The im­
portance of this development in warfare can­
not be overstated, as the use of the airship for 
bombing cities, towns, bases, and ammunition 
dumps has made it necessary to provide means 
to locate the ships at night so that they can 
be driven off or destroyed.
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Engineer officers, who have been overseas, 
state that enemy planes usually turn back 
upon encountering a searchlight barrage oi 
any magnitude; whereas, the lire from artil­
lery or machine gnus is comparatively 
ineffective, except at close range, in stopping 
air attacks.

The great anti-aircraft searchlights are 
usually located well up toward the front line 
in order to protect the important strategic 
points at the rear and endeavor to stop the 
enemy in the air before he lias an opportunity 
to bomb them.

The 60-in. searchlight requires the output 
of a 20-kxv. generator, which must be available 
in the field far distant from the usual source of 
electrical supply. In other words, a self-con­
tained and complete electric power plant, 
which can be moved rapidly from place to 
place and readily camouflaged, must be pr<>- 
vided. In the early years of the war the neces­
sity for this equipment was not so appan nt as 
air warfare had not been fully developed. As 
time passed, however, the bombing plane and 
enormous Zepplin dirigible, xvhich attack 
usually at night, made it necessary im­
mediately to prox’ide mobile poxver units to 
operate field searchlights.

It has been stated that the British used the 
gasolene-electric omnibuses taken from the 
streets of London, and that the French at­
tached generators to the front end of Renault 
and Brasier trucks. Our own army in 1017 
and I91S devised poxver units constructed of 
5-ton gasolene truck chassis. The British 
and American units xvere more or less heax-y 
and cumbersome and. therefore, could not be 
moved rapidly over rough ground to meet 
field requirements. It xvas at this point in 
June, 1918. that the engineers of the General 
Electric Company xvere requested to develop 
a mobile poxver unit which, as xvas slated in a 
message from France, should be more like a 
“jack-rabbit thana road-roller.“

An order xvas placed by the Engineer Corps, 
U. S. Army, on July *i, 1918, for a mobile 
searchlight poxver unit which should be as 
light in xveight as possible and yet comply with 
all the military conditions specified tor the 
earlier 5-ton truck unit, xvith the addition of a 
60-in. searchlight and accessories in place of 
the 3(>-in. light originally called for.

After eight xveeks of intensive designing 
and construction a complete outfit meeting 
every requirement was delivered to the Engi­
neer Depot in Washington, with 60-in. lamp 
ready to be shipped abroad. A fexx- hurried 
tests were made over the r< >ads of Virginia. It

was then driven to Xrw York uieb t ¡'

Fig. 2. Map showing Itinerary of first General Electric-Cadillac 
Mobile Searchlight Power Unit sent to France in 1918

xvas also taken to London for inspection by 
the British War Office. It is interesting to 
note that it was in actix-e service xvith the 
troops on the American front for some time 
prior to the signing of the armistice. Noe-em­
ber 11. 1!H8

The following figures xvill indicate how this 
power unit differed from those which had pre­
viously been proposed for the United States 
Army. The overall weight xvas reduced rm re 
than 10,0(10 lb., the speed increased from 15 to 
45 miles an hour; and the cost reduced nearly 
4(1 per cent. The nexvmachine weighed 9(101) 
lbs., ready for field service. Titis in hided 
motor ear and body, prime mover, an eigl t- 
cylinder gasolene engine. 2()-kw. generator, 
fuel and lubricating oil. 30(1 feet of No. (Ml 
txvin cable and reel, switchboard and 60-in. 
diameter searchlight xvith carriage, together 
xvith personnel of five men to operate the 
unit. In addition were carried a training con­
trol, spare lamp, lamp supplies and acces­
sories. all necessary tools, together will pick, 
spade, shovel, crowbar, lanterns and similar 
equipment.
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In order to produce this result a standard 
Model 57, 145-in. wheel base Cadillac chassis 
was selected. This has an eight-cy linder en­
gine having a maximum output of 80-brake 
horse-power. A General Electric automotive 
generator with hollow shaft and double-acting 

Fig. 3. General Electric-Cadillac Camouflaged on Firing Line in France

Fig. 4. General Electric-Cadillac 20-kw. Mobile Searchlight Power Unit, 
Engineer Corps, U. S. Army

clutch was attached to the chassis, requiring 
very little change in the latter. The gen­
erator, clutch, governor, and other details 
had a total weight of about 650 lb., or some­
what less than that of the engine. The en­
gine and generator were exactly in balance as 

regards capacity, and the result was a smooth­
running, quiet, gas-electric set well adapted 
for searchlight purposes. Suitable reels xvere 
provided for the 300 feet of twin cable which, 
together with an extra supply of gasolene for 
fuel, made up what xvas probably- the lightest 

unit of its capacity produced 
during the war. The Automo­
tive Department of the Gen­
eral Electric CL impany at Lynn 
built 90 of these, and txvo of 
special design were supplied 
to the Bureau of Aircraft Pro­
duction, U.S. Army,to be used 
in flood lighting landing fields. 
The latter, had the xvar con­
tinued, would have played an 
important part in air warfare, 
as the ability of our aviators to 
make a safe and sure landing 
at night, withintheir own lines, 
was a matter of vital impor­
tance. It is interesting to note 
that several of these search­
light poxver units were put to 
practical use at Roosevelt 
Field, Mineola, N.Y., when the 
British dirigible R-34 landed 
there on July 6, 1919, after 
completing the first success­
ful Transatlantic voyage of a 
lighter than air ship.

The plans of the Engineer 
Corps and the Bureau of Air­
craft Production, U. S. Army, 
contemplated the use of great 
numbers of these mobile power 
units, which, together xvith 
the 60-in. searchlight, bear 
about the same relation to 
the dreaded bombing airplane 
and Zepplin as the hydro­
phone or listening device does 
to the German submarine. 
The moral effect on the 
enemy- of great searchlight 
beams tended to keep their 
ariships axvay from the stra­
tegic points of the allies, 
thereby permitting military- 
and cix-il operations to be car­
ried on without molestation.

It might be added that one of the GE- 
Cadillac poxver units, U. S. A., No. 6051, to­
gether with searchlight, all equipment and five 
men, completed a road test of over 2200 miles 
between the West Lynn Works of the General 
Electric Company- ami Carlstrom Flying Field,
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Florida. Although this was made in Bb- 
ruary and March, at the worst time of the 
year, with mini and clay frequently up to the 
hubs, the unit withstood the test successfully. 
After a three weeks’ period of held seniie in

< »wing to t hi- sneer .I I . < d. < .idnl.i' 
power unit, the Engineer <’"i • • "I 1 
Annv Ikis placed order, with 'L < >■ -r ra’ 
Eleciric ('onipanv Hr a 5(l-kw and a nd. 
pmur unit ¡dong similar hue I

Fig. 5. General Electric-Cadillac 20-kw. Mobile Searchlight Power Unit, showing Plan View of Chassis. 
Engineer Corps, U. S. Army

Florida it was returned to West Lynn over 
the road. The total distance covered in the 
round trip was 4408 miles, during which all 
important parts functioned correctly.

A similar unit is now taking part in the 
Washington-San Francisco run. which is 
being conducted by the Gov­
ernment, to try out various 
motorized equipment devel­
oped during the war.

The great saving in weight, 
over five tons per unit, to­
gether with the marked in­
crease in speed and reduction 
in cost, render this develop­
ment most important and 
interesting from a military 
standpoint. Had the war 
continued, it is evident that 
the safety of European cities, 
and perhaps our own. to­
gether with vast supplies of 
munitions and military stores, 
would depend up<in protection 
from night bombing. With­
out power units and search­
lights such raids could never 
have been prevented.

A number of sets for special 
military applications are now­
being developed, and it is clear that a 
mobile electric power station of light weight 
can be used for many purposes both in war 
and in peace.

The 50-kw. set is mounted on a La France 
Fire engine chassis having a motor of 125 
brake horse-power. This set is now on test 
and will be completed in a short time. It will 
weigh about 17,(100 lb., and will carry a full 
complement of 12 men. together with field 

Fig. 6. General Electric-Cadillac 20-kw. Mobile Power Unit Equipped for Flood­
lighting Landing Fields, Bureau of Aircraft Production, U. S. Army

equipment consisting of stove, and complete 
kitchen outfit, machine guns, rifles and am­
munition, field telephone, reel and 300 feet of 
heavy cable, also a 00-in., 500-ampere medium 
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intensity searchlight, with necessary supplies 
and accessories.

The Automotive Department is also sup­
plying a 50-kw. generator of the same rating, 
for a (iO-foot searchlight tower, to be operated 
on a special form of caterpillar tractor.

Fig. 7. General Electric 20-kw. Generator showing Clutch 
and Governor, Engineer Corps U. S. Army

A (i-kw. mobile set is being built on the 
standard Dodge chassis, xvhich has been 
lengthened 20 inches. A (i-kw. generator, of 
quill construction, is mounted just back of the 
transmission. This will be provided with a 
clutch similar to the ones used in the machines 
already described. The 6-kw. unit will have 
a weight of about 1000 lb. fully loaded. This 
includes two men and a high intensity search­
light which has a 30-in. mirror and weighs 
about 250 lb.

It should be mentioned that the kiloxvatt 
rating in each of the foregoing cases is given 
on an intermittent basis, and on the assump­
tion that the searchlight will be operated at 
the full capacity of the generator for fifteen 
minutes xvith a no-load interval of five minutes, 
the total cycle being txvo hours and the opera-

Fig. 8. Convoy General Electric-Cadillac 20-kw. Mobile 
Searchlight Power Unit, No. 6051, from Dorr 

Field, Florida, to West Lynn, Mass.

tion at night. This complies with actual field 
experience as regards night bombing attacks.

These developments have also led to the 
placing of an order by the Signal Corps of the

Fig 9. General Electric-La France 50-kw. Mobile Searchlight Power Unit, Engineer Corps U. S. Army
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I S. Army lor 25 radio units to be built in a 
similar manner to those already described, but 
suitable for wireless telegraphy or telephony. 
White Army trucks of t wo tons capacity will 
be used in producing these units.

Fig. 10. Rear View Mobile Searchlight Power Unit in 
Mud Hole One Mile North of Gretna, Va. 

Engineer Corps U. S. Army

It is evident that the novel method of 
mounting a generator on a gasolene car, 
which was first used on the GE-Cadillac 
chassis, has opened up an interesting field of 
endeavor. Undoubtedly for war purposes it 
is of vital importance, as it is the only one 
which insures an efficient, quiet, direct drive, 
and which is free from intermediate gearing 
of any kind.

Another iulvautu^i- i. that th.- g.-m-rator 
can be wholly disconnected from I he < ar whet 
moving from place to place, alt hough the 
clutch is so made t hat tin- unit eat imuba । 
ously perforin both function under pc< ial 
conditions.

For peace purposes there is a demand for 
electric units for farm lighting. a i- Le 
indicated by the sales of 1 lie small power .if . 
of one to fixe kilowatt capa<itv, whi< h ap­
peared on the market a few years ago. Fur­
thermore, the combination of a motor car and 
a generator of useful size and capacity at once 
affords a valuable unit for municipal and 
industrial purposes. It can be used by fire 
departments for operating searchlights, for 
pipe thawing, for illumination in ease of ac­
cidents. and by farmers for the isolated suppl y 
of electricity, for operating motor-driven ap­
paratus such as pumps, electric hoists, and 
farm appliances. In industrial fields there is 
electric welding. emergency work, and many 
uses of a similar nature. Another suggested 
use is for circus and pleasure resort lighting 
xvhere a portable |wwer plant would be of 
great assistance.

It has now been demonstrated that bl the 
method herein described small generators can 
be directly applied to standard automobile 
chassis xx-ith slight changes, thus utilizing the 
engine and complete prime mover, the only 
addition being the generator. Undoubtedly, 
this idea can be carried out commercially, and 
the automobile xvill thus become available for 
a nexx- purpose.

Fig. 1!. General Electric-Dodge 6-kw. Mobile Searchlight 
Power Unit, Engineer Corps U. S. Army
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Searchlight Developments of the U. S. Army
By Chester Lichtenberg

Captain of Engineers, United States Army

Captain Lichtenberg in outlining the development of the searchlight shows how the weight and number 
of parts have been reduced, the power and efficiency increased and the mobility vastly improved. He cites 
specific improvements in the power units, the mirrors and carbons, and concludes his article by showing that 
293 searchlight problems were investigated during the period of 1918-1919.—Editor.

Chester Lichtenberg

Foreword
* I 'HE practice of 
J- successful com­

mercial organiza- 
ti( >ns shows that 
competitionis stimu­
lated, cost reduced 
and a better product 
obtained where a 
selected force is as­
signed to the devel­
opment and testing 
of the materiel. 
These facts were 
appreciated early in 
the war period just 

closing, and were demonstrated with remark­
able clarity in the wonderful improvements 
made in searchlight equipment by the Gorps 
of Engineers, U. S. Army.
1914

The start of the great war of 1914-1918 
found practically all searchlights in the United 
States Army installed in coast defense posi­
tions. A few searchlights on horse-drawn 
vehicles were ordered in 1907 for coast de­
fense commands, and some experimental work 
was done between 1909 and 1914 on portable 
towers with 24-in. searchlights. These were 
drawn by horses or gasolene tractors and 
supplied with electric current by portable 
gasolene electric power units similarly drawn. 
1914 1917

In June, 1916, a new start was made toward 
obtaining improved searchlights for seacoast 
defenses and suitable searchlights and power 
units for field armies. The efforts were di­
rected toward purchasing modified or im­
proved equipment, suggested by observations 
made in Germany and in Mexico. No funds, 
however, were available for experimental work 
and the equipment ordered was developed 
by the manufacturers without material aid 
from the United States.
1917-1918

The desirability of modifying searchlight 
designs to make them specially adaptable for 
the warfare conditions encountered in France 

was indicated by the Expeditionary Forces. 
Reports showed the important part taken by 
searchlights in combating hostile airplanes 
and the need for large numbers of more pow­
erful types.

Active steps were taken to obtain scientific 
aid in this matter, when on November 19, 
1917, General William M. Black, Chief of 
Engineers, U. S. Army, requested the 
National Research Council to undertake the 
development of a searchlight beam of suitable 
color and maximum intensity for field army 
service. This work was extended in December, 
1917, by Colonel R. S. A. Dougherty, of the 
General Engineer Depot, U. S. Army, who 
assigned an Engineer Reserve Officer to 
inquire into all existing searchlight investi­
gations and to start such new investigations 
as seemed desirable.
Searchlights

Intensive searchlight investigation work 
was started December 5, 1917. The assistance 
of eminent scientists, large manufacturing 
companies, noted engineers and experienced 
army officers was obtained. As a result, 
twenty different kinds of searchlights have 
been wholly or partially developed and new 
and previously undreamed of types con­
templated. All of the designs tend towards 
weight reduction, simplicity, ease of opera­
tion, and diminution in cost. They are so 
arranged that a large production may be ex­
pected in a relatively short time with ordi­
nary shop facilities.

One example of these points is a 60-in. 
searchlight which weighs only one tenth as 
much as the 60-in. searchlights heretofore 
considered standard. It costs only one third 
as much as the standard, is about 10 to 15 
per cent more powerful and consists only of 
about 100 parts, as against several thousand 
parts for the old design. It is very much more 
rugged and is so arranged that it can be 
produced in less than one fourth the time 
required for producing the old model. Its 
fabrication requires only ordinary machine 
shop equipment, no special tools being 
necessary.
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1917 Mode!. 60-inch Size. Mobile Searchlight Equipment

1918 Model. 60-inch Size. Mobile Searchlight Equipment
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Another example is a 30-in. searchlight 
weighing only 200 lb., yet more powerful 
than the 4000-lb. 36-in. seacoast searchlights 
heretofore considered the best obtainable. 
The 200-lb. searchlight lias a great field, 
particularly for foreground illumination. It is 
so designed that it can be readily taken apart 
and transported by men to points usually 
considered inaccessible for searchlights. The 
searchlight and its power unit require a crew 
of only three men for its operation. The cost 
is about one fifth that of the 1915 equivalent.
Power Units

A great deal of attention has been paid to 
the development of suitable mobile searchlight 
power units. Four designs have been pre­
pared. These range in capacity from 6 to 50 
kw. and from three fourths of a ton to 10 tons. 

it has provided a mobile searchlight equip­
ment which weighs and costs about one half 
as much as the fixed seacoast equipment, is 
equally efficient, yet extremely mobile.

Power units now being developed include a 
50-kw., 500-ampere, three and one half ton 
mobile unit, weighing complete with search­
light and men about 1.8,000 lb., and a 50-kw., 
500-ampere, 7-ton unit with a 60-ft. extensible 
tower, weighing, complete with all equipment, 
about 25,000 lb. and fitted to go over any kind 
of ground at speeds up io 15 miles per hour.
Mirrors

In 1917 there was only one concern in the 
United States making large glass searchlight 
mirrors. This organization had an output of 
three 60-in. glass mirrors per week. Each 
mirror cost about $1000. Immediately

1919 Model, 60-inch Size, Mobile Searchlight Equipment

The three fourths ton, 6-kw. equipment 
consists essentially of it standard Dodge 
chassis with a 6-kw. generator mounted on 
the propeller shaft, a 30-in. open type search­
light mounted in a suitable body on the 
chassis, and a crew of three men on the front 
seat. Present designs indicate that the com­
plete equipment will weigh about 4000 lb.

Another development used in connection 
with the 2nd Field Army in France was the 
one and one half ton, 20-kw. Cadillac outfit. 
This uses a standard Cadillac ambulance 
chassis with a 20-kxv. generator mounted on 
the propeller shaft, a 60-in. open type search­
light mounted in a suitable body on the 
chassis and a crew of live men. The total 
weight is 9000 lb. The cost, including the 
si archlight and repair parts, is about $8500. 
^is development is indeed remarkable, since 

following the declaration of war, negotiations 
were opened with three other manufacturers 
who had facilities which might be developed 
for glass mirror manufacturing. As a result 
of the encouragement given these manu­
facturers, the production of 60-in. glass 
mirrors was raised to 15 per week in 1918 and 
the price reduced to about $900 per mirror, 
even with war-time conditions concerning 
labor and material prevailing. This is 
equivalent to about $700 per mirror under 
peace-time conditions, thus resulting in a 
saving of over 30 per cent in the cost and an 
increase in production of over 400 per cent 
without any impairment in quality.

Metal mirrors xvere subjected to extensive 
investigation during the xvar period. A 
preliminary survey indicated that a successful 
metal mirror might be produced xvhich xvould 



SEARCHLIGHT I )EVEL< »I’M EXTS (»F THE I S ARM'.

weigh about the same as the standard glass 
mirror, but which would be very much less 
fragile and cost very nmch less than tin 
standard glass mirror. Extensive researches, 
which are still progressing, indicate that 
successful GO-iti. searchlight metal mirrors 
can be produced. These will cost about SUMI 
apiece, will have a reflectivity equal to that of 
glass mirrors, be pr.-ietieally indestructible 
and can be fabricated in less than one fifth of 
the time required to produce standard (>()-in. 
glass mirrors.

Carbons
Great strides have been made in the 

development of suitable searchlight carbons. 
The size for the 2()(»-ampere medium intensity 
lamp has been reduced from two inches in 
diameter to one and one eighth inches in 
diameter, the cost halved and the amount of 
light given forth tripled. Developments now 
in progress promise carbons costing less than 
those previously eons^Bed standard and 
capable of giving more light than the best 
heretofore produced.

Control Systems
Distant electrical training controls for 

searchlights proved to be a fruitful field for 
experimental work prior to 1917. I'he 
systems produced, however, were complicated 
and not til all suitable for field service condi­
tions. nor were they entirely satisfactory for 
seacoast defense requirements. Investigations 
now in progress indicate that an accurate and 
relatively simple system of distant electrical 
control which can be readily applied to field and 
seacoast searchlights will soon be produced.

Finders
Preliminary studies made in 1918 indicated 

that the effective range of practically all 
searchlights could be extended without any 
modifications of the lights themselves, if they 
were provided with suitable optical devices. 
Further research showed that the ordinary 
telescope or night glass is not suited for 
searehlight target finding. The aid of a num­
ber of eminent scientists was enlisted, and as 
a result of their suggestions, there are now in 
development several kinds of searchlight 
target finders which give promise of wonderful 
results. Their cost will be relatively low, but 
their application will at least double, the range 
of any searehlight.

Organization
The study of these problems, the means 

devised for solving them, and the tests 

required in connect ion with ihc,.. led ■ ■ 
building ol an ellici. nt "ipam/aiio’ |. 
Searchlight Investigation It .on . off . 
oHiccr» and enli ted men ol tin > merp-m 
army with a few civilian clerk ai d v.an up n 
Thcx’ had a headquar’ its near the othi i ot tie 
('hief of Engineers. I’. S Arm and ;de;.hd 
searchlight testing station» at Tcnb ' 
I) ('., Schenectady. X. Y . Erooklvm X Y 
and West Lynn. Mass. They establi»h'd and 
maintained very cordial relations with ovi r 
one hundred scientific, engineering, man i 
facttiring and commercial organizatim ;. and 
through the development contracts, xx'hich 
they initialed and placed on a linn foundation, 
they enlisted the active support and assistance 
of a large number of private developini.nl and 
invcstigatii >n gn nips.

I'he large manufacturers especially aided in 
searchlight development. Through the 
patriotism of Mr. Francis ('. Pratt. Vice­
President of the General Electric Company, 
and the foresight of Mr. Elmer Sperry. 
President of the Sperry Gyroscope Company, 
large, well organized and exceptionally good 
designing, manufacturing and testing facilities 
xvere made immediately available for search­
light work and contributed in a large measure 
to the success attained.

Summary
The period from January 1. 191s. to June 1. 

1919. has seen an undreamed advance in the 
art of searchlights. Many new types hax’e 
been developed, nexx’ uses found, and a 
xvonderful future indicated. The organization 
charged xvith searchlight investigations during 
this period covered the field as indicated in 
the summary which follows:

SUMMARY OF SEARCHLIGHT 
INVESTIGATIONS 1918-1919
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The Lynn 60-inch Open Type Army Searchlight 
Development

By Cromwell A. B. Halvorson, Jr.
Designing Engineer, Street Lighting Department, General Electric Company

The most impressive features in the development of the 60-inch open-type searchlight are the radical de­
parture from conventional design, the rapidity of carrying out the experimental work, the speed with which the 
difficulties were overcome and the first unit completed. The. object sought was to produce a powerful light­
weight searchlight that would be so mobile and yet so rugged that it could withstand the severe conditions of 
battle service at the firing line. How this was accomplished, the author tells in the following article.— Editor.

Cromwell A- B. Halvorson, Jr.

During t h-e 
spring of 191S 

the engineers of the 
General Electric Com­
pany were requested 
to confer with the 
Engineer Corps, U. S. 
Army, at Washington 
with regard to certain 
searchlight require­
ments occasioned by 
modern warfare as 
initiated by the Hun. 
The practice of bomb­
ing at night from 

aerial machines of war, causing great loss 
of life as well as tending to a shaken morale, 
had to be checked; and so far as our ob­
servers with the American Expeditionary 
Forces could predict, large numbers of search­
lights to create glare screens or to use in 
conjunction with pursuit planes would be 
eventually the most satisfactory method of 
combat. However, the searchlights available 
and those in use by the Allies at the time of 
our entry into the war were not particularly 
well adapted to the requirements of the new 
art of aircraft spotting. They were heavy and 
cumbersome, each requiring a large force of 
men to move and operate and a correspond­
ing heavy auto truck unit for transportation 
and poxver purposes. The automatic lamp 
mechanisms in general use were far too 
delicate for field conditions and skill of a 
high order xvas required to maintain them 
in good operating condition. They were 
limited in beam intensity due, in part, 
to the relatively small mirrors used and 
available (4S-in.) and also to the loxv current 
densities in the carbons. Very few 60-in. 
searchlights xvere in use, partly because each 
weighed nearly 6600 lb. Such searchlights 
were primarily designed for purposes of coast 
defence, and consequently being immobile 
xvere unsuited to field conditions. As their 
cost xvas great and labor and materials were 

scarce, their immediate production was 
limited. The light beams were more or less 
unsteady in the case of the medium-intensity 
lamps, that is, mechanisms using plain carbons, 
due to the relatively large diameter of the car­
bons used as well as to their inferior quality; 
and, everything considered, there was much 
need for improvement in searchlights for anti­
aircraft purposes.

At a general conference in Washington, 
May 1, 1918, the army engineers outlined the 
possibilities of searchlight developments along 
radical lines to meet the nexv conditions. 
They suggested, among other things, that the 
arc might be maintained in the open without 
a surrounding barrel of the conventional 
design, that the front glass might be discarded, 
that the lamp mechanism might be greatly 
simplified (in fact, a rugged hand-feed device 
was preferred as it was always necessary to 
have an attendant stand by an automatic 
mechanism while in operation) and, last but 
not least, that a strong metal mirror having 
correct optical properties might be used in­
stead of a glass one. In short, what xvas 
wanted xvas something radically nexv and bet­
ter in every respect and it was wanted without 
delay as many lives could be saved if an 
adequate searchlight defence could be im­
mediately assembled at the front. Finally, 
after a thorough discussion of modern search­
light requirements for army purposes, the fol­
lowing quite general specifications were 
evolved:

First--That the nexv unit xvas to mount at 
least a 60-in. mirror and was to xveigh not 
more than 1000 lb. complete.

Second—That it was to have a hand-feed 
mechanism that xvould endure at least sixteen 
hours of intermittent operation. The life of a 
single trim of carbons need not be more than 
one hour, since bombing attacks were com­
monly of short duration.

Third—That higher beam intensities xvere 
to be obtained if possible; but due to the 
limitations of portable power plants, 200 
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amperes a1 about I 1.5 whs was eon;idcrcil the 
maximum available eurrent from one power 
unit. It was suggested also that a beam hav­
ing a divergence of t hree to live degrees would 
be desirable as the greater width of beam 
would be more useful in aircraft searching, 
provided that at the same time intensities at 
least equal to those in use t ould be maintained.

Fourth -That it was considered necessary 
to develop a process for manufacturing metal 
mirrors in quantities for use with the new type 
of searchlight as the existing 60-in. glass mir­
rors were necessarily fragile and very expen­
sive and their production was limited, for the 
skilled labor available for their manufacture 
was inadequate to meet the demands of both 
the Army and Navy and the latter obviously 
had to be supplied.

The general specifications as framed by the 
army engineers while indicating problems did 
not at the outset, when considered in their 
broader aspects, appear so formidable or im­
possible of fulfilment. The detail require­
ments. however, presented many extremely 
difficult problems. (Iperating an arc practi­
cally in the open and at the mercy of the ele­
ments did not appear to be impracticable, as 
in all probability methods of sheltering it 
from the most severe conditions could be 
developed. It appeared, therefore, that one 
of the first things to be done was to determine 
which type of arc seemed to offer the greatest 
promise. After hasty experiments along these 
lines, reinforced by some theory, it was de­
cided that the medium-intensity arc using 
plain carbons, in which the light is emitted 
largely by the crater of the positive carbon, 
offered the best chance of immediate success. 
The wind certainly could not greatly disturb 
the crater, if the are stream were reasonably 
well controlled or maintained within certain 
bounds, either magnetically or by other 
means. Just the opposite condition exists, 
however, in arcs of the vapor or flame 
types, as the Beek, for instance, in which the 
luminosity is largely affected by the char­
acteristics and control of the arc which is 
easily affected by air currents and therefore 
increases many fold the problem of adapting 
this arc for burning in the open. Accordingly 
the greatest efforts at the start were directed 
to the development of means to control and 
to improve the medium-intensity are. partly 
by increasing the current densities in the car­
bons and partly by centering the arc and stabi­
lizing it by magnetic and mechanical means.

The lamp mechanism had to be simple, ac­
cording to the specifications of the army, and 

yet tli<- requirements of Hi<- ar< li:id m l,< m, 
bv a nn-chaiiism which would jo t net of tic 
utmost accuracy of adhr.i m<ui of tlw crater 
and arc relative to the mirror 1' mu x- 
capable of being quickly u. < 1 I >1 or 
retrinuned if necessary, and ii op<ra'io 
must be such that it could be qui< kb. a im- 
ilatcd by the enlisted man. It imr-f al obeof 
a construction rugged enough to wi'lrtand 
rough usage. Moreover, one of the most 
rigid detail requirements was that tin- arc lx- 
enclosed or occulted for indefinite period­
while locating the "bird” by sound, with the 
consequence that the mechanical parts in the 
are chamber had to be made to endure extreme 
temperatures. In fact, in order not to ob­
struct the output of light rays from the mirror 
to any appreciable extent when non-occulted. 
a ventilaM device capable of bottling up 
13 to 15 kw. of energy in an absolutely light­
tight compartment was necessary and practi­
cal considerations appeared to limit it to a 
construction of light weight telescopic cylin­
ders approximately 12 inches in diameter and 
forming a chamber 30 inches overall.

In order to feed the carbons properly, to 
align the are and control it with relation to the 
focus of the mirror, it would be necessary to 
provide an arc finder screen in such a position 
that an image of the arc could be observed 
constantly by the operator, and this promised 
to be one of the most troublesome features of 
the open-type searchlight design.

Furthermore, compared to former search­
lights, the dee-ice to be built was to be no less 
accurate or less easily manipulated in regard 
to such essential features as training of the 
beam, exact coordination of the beam with 
azimuth and altitude scales, and accurate 
mounting of the mirror, either glass < r metal.

In pondering over these requirements and 
problems, it appeared that the older and more 
conventional type of searchlight had been 
built to prevent these very problems from ever 
arising. The large glass covered barrel 
furnished an ample compartment for the easy 
dissipation of heat. Obviously problems of 
windage did not exist, occulting the beam was 
easily taken care of by the iris shutter, an 
automatic mechanism maintained the arc at 
the focus of the mirror, and the arc could be 
conveniently viewed through an eye-piece in 
the barrel. The price of doing these things 
easily was excessive weight, high cost, and 
limited production.

Having these various matters in mind it 
seemed that the logical thing to do was to fol­
low the methods of rifle or gun designers to a
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certain extent. They had started with a 
“muzzle loader” and had come to the breech­
loading type. Why not follow this method of 
operation in a searchlight ? Why not make the 
mechanism in the form of a cartridge with all 
the controls at the rear away from the heat of

Fig. 2. Lynn No. 1 Design

the arc, provide an opening in the mirror for 
the insertion of the cartridge, and devise a 
breech holder in the hub of the mirror sup­
porting frame to receive the lamp and to carry 
the guides and occulter mechanism? All prob­
lems of perfect carbon alignment xvith the 
mirror axis, arc control, arc feeds, rapid inter­
change of mechanisms, and ease of trimming 
promised to be solved by this scheme, includ­
ing that ever present and most important 
problem of speedy manufacture and quantity 
production. Accordingly a design was made 

and in a short time the experimental mechan­
ism shown in Fig. 1 was in operation. This 
mechanism and a proposed design of mounting 
and carriage was exhibited to the army en­
gineers at Lynn, on May 31, 1918, and ap­
proval was obtained with only slight modifica­

tions. The work of commercializ­
ing this design was vigorously 
prosecuted with the result that on 
June l()th, exactly one month hav­
ing elapsed since the work was 
started, the anti-aircraft search­
light, as shown in Fig. 2, was suc­
cessfully tested at Lynn. A week 
of tuning up followed and this 
searchlight, Fig. 3, complete with 
a 36-in. metal mirror, temporarily 
mounted, was formally presented 
to the Engineer Depot, represented 
by Captain Lewis and Lieut. Lich­
tenberg, officers in charge of Search­
light Investigations, at Schenec­
tady on the evening of June 17th. 
The test was successful, the search­
light met the specifications in every 
particular and gave a pure white, 
steady and full beam of light hav­
ing three to five degrees divergence.

Although no beam intensity meas­
urements were made on this par­
ticular combination, visual tests 
xvere made comparing it to the 
standard 69-in. medium-intensity 
searchlight operated at both 175 
and 20(1 amperes and it was obvi­
ous to all that in spite, of the fact 
that the newlamp was equipped with 
only a 36-in. mirror, and therefore 
produced a beam of nearly twice 
the divergence, much higher in­
tensities were attained. An excel­
lent shoxving xvas also made as 
compared with the 60-in. high-in­
tensity Beck searchlight operated 
at 150 amperes, xvhich heretofore 
xvas considered far outside of the 

medium-intensity searchlight class. However, 
it was seen that while the extremely concen­
trated beam of the Beck lamp (about one 
half a degree) resulted in a much higher 
intensity, and therefore greater pickup dis­
tance, there xvas some question as to its re­
vealing poxver being correspondingly greater; 
and when the areas illuminated xvere compared, 
indicating a ratio of 1 to 36, it was plain to see 
that the new medium-intensity lamp was pro­
ducing a remarkably large flux of light xvhich if 
utilized with a 60-in. mirror would rapidly cut 
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down the difference in maximum beam intensi­
ties and it was considered that the pure white 
light would jilace the medium-intensity lamp 
on at least an equal footing with the more in­
tense Beck lamp so far as n sealing power was 
concerned. There was a possibility, too, that 
continued research on carbons 
would further improve the new 
lamp as up to that time little had 
been done except to test various 
sizes for operation, and good results 
had been obtained with positives 
as small as one inch and negatives 
of 1 O-inch in diameter. Exhaustive 
photometer tests made later ju .’i 
lied these conclusions as eventually 
the 1 1 s-inch positive and •’s-ineii 
negative carbons were standard­
ized. This combination operating 
at 200 amperes and with a 60-incli 
mirror gave I.'>0.000,(1(10 a^Brent 
beam candle-power as against 
45,000,000 for the old medium-in­
tensity. using a 2-inch positive at 
175 amperes.

As a result of the good showing 
made with the Lynn No. I design, 
the Company was authorized by 
the army engineers to produce 
another model incorporating any 
improvements it might be able to 
suggest and to continue the devel­
opment of the 60-inch metal mir­
ror. Accordingly an improved de­
sign was laid out, and on June 
2.8th, but eleven days having 
elapsed, the Lynn No. 2 design, 
Fig. 4, complete with 60-inch metal 
mirror was presented to the armv 
engineers for their approval at 
Schenectady.

The original of design No. 2 was 
later shipped to Washington and 
exhaustively tested with the result 
that the Lynn design, at least in its 
essential features, was adopted by 
the army as the standard field 
searchlight.

The actual device standardized 
on army drawings and manufac­
tured in quantities is shown in 
Fig. 5. It will be observed that the 
principal variation from the Lynn design is 
in the carriage, turntable details, and mirror 
support. These changes in design were made 
l>y the production engineers of the army who 
felt, that standardization of these details 
could be effected to good advantage with 

similar details of a sound-ian, mg appmatn 
which was being deseloped Im th' d' p> ' 
l’< »r ttsi; in c< mjimct ion with (Ie , ar< h 
light. The function of (lie "iind tan, mg 
desire was to locate the ho lib p . h 
sound, alter which the ■ eareldigh' ■•■a io

Fig. 3. Lynn No. 1 Design with 36-in. Metal Mirror Temporarily Mounted

Fig. 4. Lynn No. 2 Design

be trained on the spot indicated, the oc­
culter suddenly opened, and the ‘'bird” 
revealed in the beam for target prac­
tice by anti-aircraft batteries or pursuit 
by swifter planes equipped with machine 
guns.
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From the outset it was seen that the search­
light problems could be classified under the 
following general heads:

1. Metal Mirrors
a—Electre t-Dept isitit tn 
b- —Backs
c—Lacquering

Fig. 5. Standardized Design 200-ampere Medium Intensity Lamp

2. Lamp Mechanisms and Arcs
a—Medium Intensity
b—High-Intensity Beck Adaptation 
c—Carbons

3. Mechanical Design
4. Production; experimental

inch metal mirror some twenty years previous 
by electro-chemical deposition and this indi­
cated a ] lossible line of development. Several 
references have since been found in the Patent
Office to mirrors made in this way, and 
Sherard Cowper-CowDs of England evidently 
covered an enormous field of experimentation.

However, it is sufficient to say that, 
independently of what other inves­
tigators may have accomplished, 
the Lynn Searchlight Department, 
with the advantage of Professor 
Thomson’s advice, produced a 60- 
inch mirror having fair optical 
properties within five weeks after 
starting the initial study of the 
problem; and 60-inch metal mirrors 
were being regularly produced at 
the time of the signing of the armis­
tice, while resources were practi­
cally developed capable of produc­
ing such mirrors at the rate of one 
hundred a week.

In addition to the problems of 
deposition and removal from the 
master form, the backing up of the 
deposited paraboloid so that it 
would hold its shape proved to be 
no mean problem. After making 
exhaustive tests on all promising 
cements something suitable for the 
purpose was found. However, this 

particular problem is still engaging some atten­
tion, and the most useful metal mirrors so far 
developed are those employing a reinforcing 
ribbed metal back imbedded in the cement. 
Such mirrors have been found to be strong 
enough to withstand the greatest abuse and 

The working force was accordingly divided 
in such a way that these problems were at­
tacked by engineers peculiarly fitted to cope 
with matters coming up under these headings.

From the start, it xvas obvious that the 
metal mirror xvas to be the major problem of 
the Lynn organization. Metal mirrors xvere 
not unknown, the French having used, in the 
present war, cast bronze mirrors xvith ground 
and polished surfaces plated xvith gold. Hoxv- 
ever, such mirrors had no particular ad­
vantage over glass mirrors other than that of 
mechanical strength, as the process of manu­
facturing is equally laborious and production 
thus limited. The design of a metal searchlight 
mirror having suitable optical properties and 
capable of being manufactured in quantity 
had, so far as we knew, never been developed, 
although Professor Thomson made a four-

Fig. 6. 60-in. Searchlight, Lightest Weight, 303 lb.. 
Design No. 7
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a searchlight was constriuacd, Fig. Ii, iisinv 
such a mirror as the nucleus of design, in 
which the weight of a complete lill-meli 
searchlight unit is but 300 lb. In the case 
of this lesign the weight has been so re­
duced that even wheels arc unnecessary. 
The details of metal mirror construction are 
covered in an article by Mr. Hussey else­
where in this issue.

As stated at the outset of this article, 
there were several types of tires to be con­
sidered in the new development and a brief 
description of each may be of interest us in­
dicating their influence on subsequent design 
problems. The so-called medium-intensity 
tire is an arc of moderate luminous output but 
capable of wide development. It consists 
simply of a pair of carbon electrodes arranged 
with their axes in substantiallv the same

;m arc ilepcnds vetw laryl. u]".!i ’G- ■ .e 
act er ol I he 1 legal i\ e < I eel loi b and. in < I al 
;i rckitix <Iy small cored ne/ati .
high conductivity appear, to mi. L • 
A combination of electrode, of the |< .11. u _• 
dimensions was al length tandardiz<d lor .< 
normal 200-ampere current.

< )xidation reduces the diameter of the po i- 
live to about J ,5 inches. The medium-inlet - 
sity arc possibly has an advantage in color. 
Its spectrum is more like daylight than other 
artificial light sources developed for scare] - 
light work. The^Sidiness of the Lynn an i 
largely due to the peculiar distribution of the

Fig. 7. Diagram of Arcs and Light Flux Distribution

straight line, Fig. 7-A. In this type of arc the 
light useful for projection is emitted alto­
gether from the positive crater and the bril­
liancy of this crater should be as uniform as 
possible as the quality of the beam from the 
mirror depends largely on this condition. It 
follows, therefore, that the positive carbon 
should be operated at the maximum current 
density consistent with good operation, that 
is, quiet operation, fair depth of crater, 
minimum of oxidation (which affects the size 
of the carbons, life etc.). In other words, 
there should be an even distribution of tem­
perature over the face of the crater so far as 
possible. There appears to be a fairly con­
stant relation between the diameter of the car­
bon and the current density; and it xvas 
found that good results could be obtained 
xvith current densities as great as 4011 amperes 

current through the positix*e head and arms. 
Fig. 7, xvhich have a remarkable stabilizing 
effect.

While the Lynn medium-intensity mech­
anism appeared to be capable of > >perating all 
grades of carbons, its operation is best xvith 
the carbons specially developed tor the pur­
pose by the Research Laboratory. Sche­
nectady, xvhich xvas early called into con­
sultation xvith the result that excellent car­
bons xvere being manufactured at the Sche­
nectady plant before the signing of the 
armistice.

Another type of arc available at the time 
the Lynn development xvas undertaken xvas 
the Beck flame carbon arc, Fig. 7-B. This 
consists of a positive carbon of very small 
diameter i5s ¡nch for 150 amperes) heaxily 
loaded xvith light-giving salts which are heat 
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ewporated into the are stream and concen­
trated at the positive crater. Due partly to an 
angular setting of the axis of the negative 
electrode, relative to the axis of the positive 
electrode, an extremely deep crater is pro­
duced which is in effect a cup«which contains

Fig. 8. High Intensity Mechanism in Place on Standard Design

the gas, so long as all of the necessary require­
ments are observed. Such an arc possesses 
very valuable characteristics where extreme 
intensities and maximum concen­
tration of beam are concenud, as 
in marine work for instance, but its 
flexibility so far as current range 
and spread of beam are concerned 
had not yet been tested. Be that 
as it. may, the lack of definite 
information as to the relate 
value of these ares for anti-air­
craft searching indicated the ne- 
cessitv of developing both types 
and accordingly the Lynn organ­
ization carried both develop­
ments along in parallel but with 
the productive pressure applied 
to the medium intensity lamp. 
Adapting the Beek arc to the 
breech-loading design searchlight 
was difficult but this also lias 
been successfully accompliBed 
and in some features there are 
noteworthy improvements. This 
development is covered in an
article by Mr. Beechlyn elsewhere in this 
issue. Fig. 8 shows the searchlight com­
plete and indicates how standardization of 

searchlight design has been maintained. 
'Phis mechanism differs from the medium­
intensity mechanism in appearance, mainly 
in the chimney required to carry away the 
products of combustion which are given off 
very profusely from the high-int^Kty type 

of arc. However, in this respect 
the arc is similar to those in com­
mon use in street lighting, as the 
magnetite, and since the lamps 
designed for use with these ares 
employ chimneys, it was obvious 
that similar methods would proba­
bly apply in this case and such 
proved to be the case (refer to 
General Electric Review, Dec. 
1911, page 57S).

Another arc considered as a pos­
sibility and partially developed was 
the titanium and its modified varie­
ties on account of their high lumi­
nous efficiency in lumens per watt. 
The appearance of such an arc is 
>liown in Fig. 7-C. By comparing 
the diagrams of the arcs and their 
light flux distribution, it will be 
seen that the light in this case is 
all given by the arc stream and 
that if such an arc is employed

a much deeper parabolic mirror must be used. 
The mechanical design of the mountings, 

turntables, trunnion arm supports, carriage, 

Fig. 9. Lynn Design No. 4-A

etc., was highly developed. No less than six 
designs were approved and. built on develop­
mental orders. Design No. 4, one of the 
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earliest but not adopted by the army pro­
duction engineers, is shown in Fig. 13

Design No. 1 A xxas (iiially- standardized for 
future deliveries and is shown in Figs. 9 and 
10. This searchlight, unlike the earlier de­
signs. hits been fitted with collector rings. 
Fig. 11, are finder at the breech, improved oe- 
culter system, and other modifications :tn«i 
improvements, suggested in part by the 
criticisms of returning army searchlight ex­
perts. In fact, thi' development is now con­
sidered complete and represents the best 
knowledge on the subject of anti-aircraft 
searchlights up to the present time. One of 
these has been sent to the British Gov­
ernment xvhose searchlight commission to 
this country recently inspected the device on 
test. It xvas pronounced far superior to any­
thing thus far developed for field use by our 
Allies. One of its several modified forms, the 
"litter type,” is shown in Fig. 12. Figs. 1 1 
and 15 art' other views showing the liigh- 
intensity mechanism in place. Figs. I Gand 17 
show how compact and easy of access are the 
hand-wheels and various controls for operat­
ing the arc mechanism.

Fig. 10. Lynn Design No. 4-A on Feet Without Wheels

The arc is "struck" by pushing the band­
wheel .4, attached to the arc striker and nega­
tive carbon rod, forward against a spring until 
contact is made between positive and nega- 
tix-e carbons, xvhen the negative element is re­

leased sloxx 1\- I Ims di awm/ th«- an 'I In- in-; - 
tix'e carbon is offset a ■■mall amotml ainl < - « i 
burning of the positixe u a und hi rot,aim, 
the eccentric negative Jowli or l> loppn . 
its rotation and impinging the m-ga'ixi- l>la ' 
on irregularities <>n the positive la< <• T1 i o'

Fig. 11 Lynn Design No. 4-A View of Under-side 
showing Collector Rings

setting may be augmented by flexing the 
negative arc striker rod xvhich is flattened for a 
distance along its length.

The negatix-e feed is accomplished by the 
screw- thread B which carries the negative 
structure. The positive feed is accomplished 
by the screw thread C which is engaged by a 
detent in the breech easting; the entire lamp 
is moved in this case and the focusing of the 
are accomplished by the same operation.

The positix-e head and carbon can be rotated 
when desired by turning the hand-wheel P. 
Even burning of the positive may be facili­
tated to some extent by this operation as the 
convection currents can be employed to work 
in conjunction with the eccentric negative 
blast to wear away evenly a carbon xvhich max­
lack uniformity in texture.

To protect the positive head supporting 
arms, arc shields E are provided; thesl are 
easily renewable and assure long life of the 
positive head.

The occulter is operated' by the handle F. 
The arc finder screen G, on xvhich is throxvn a 
correct image of the arc. is c<inveniently placed 
for observation purposes, as the successful 
operation of the lamp depends on this detail 
of the design.

Another important phase of the Lynn 
searehlight development is to be found in the



Fig. 14. High Intensity Lamp Mechanism in Ph 
Lynn No. 4-A Design
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showing Lamp Mechanism and Controls



'JjME LYNN C.iflNCII OPEN I X PIC ARM Y SEARCHLIGHT DEVELOPMENT

Automotive Department of the Lynn Works. 
At the same time that the light-weight open­
type searchlight was being developed three 
types of correspondingly light-weight mobile 
power units, capable of speedy movement, 
were designed. A complete descript ion of 
these remarkably efficient and smooth-run­
ning machines is given in an article by Mr. 
11. S. Baldwin elsewhere in this issue, "riic 
largest of these machines, equipped with ti .‘>11- 
kw. generator, is designed to operate the .">0t>- 
ampere normal rating medium-intensity 
searchlight shown in Fig. 13. Standardiza­
tion has been maintained also in this case for 
all three lamps—the 200-ampere medium-in­
tensity, the 150-amperb high-intensity, and 
the 500-ampere medium-intensity are in­
terchangeable in the breech.

It is interesting to note that the character­
istics of these mobile generators are such that 
no stabilizing resistance for the ares is re­
quired other than the copper cables employed 
to connect the searchlight with the power­
plant, the cable reels making possible the 
operation of the searchlight either on the 
power-plant or .‘JOO feet distant.

Thus in a brief period of time and under 
the pressure of war-time exigencies, there was 
developed a new art, the possibilities of which 
in peace times can only be surmised; but it 
seems safe to predict that much useful 
knowledge has been gained which can be put 
into effect in. the course of time. The metal 
mirror certainly should have, a broad field of 
application; every “man-of-war “ should carry 

“spares” to be used inter« liangi abb. ’.'.ill, ' G 
more expensive glass mirrors a in p> rlonnan« ■ 
thev are about equal, the Ia< quer nn «• ,u . 
to protect I he silver surfaced intrioi dillu i 
about the same amount ol light a He gla 
alisoA. However, there is prad i< alb. io

Fig. 16. Medium Intensity Lamp Controls and 
Breech Details of Lynn No. 4-A Design

heat absorption as in the case of glass and 
consequently the metal mirror runs cold, 
whereas the glass runs hot and therefore its 
liability to crack is great.

The more efficient arcs and new mi 'th ds of 
arc control should also have a wide field of 
usefulness wherever highly concentrated 
sources of light are employed as in various pro­
jection devices.

Fig. 17. Medium Intensity Lamp Mechanism
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Light Weight Barrel Searchlights
By Preston R. Bassett

Research Department, Sperry Gyroscope Company

The methods of attack and defense employed in the stupendous field and air operations of the past war 
necessitated that the engineers design their equipment for maximum performance with minimum weight. The 
airplane motor is a splendid example. Another, as described in this article, is the development of the light­
weight barrel-type searchlight which is only one fifth as heavy as its predecessor. The author also describes 
the construction of this type of unit and briefly outlines its possible future uses.—Editor.

Preston R. Bassett

PERHAPS the 
•T most notice­
able and universal 
effect that the four 
years of warfare 
have had on the 
development of 
military weapons 
and war apparatus 
of all sorts has 
been the obtaining 
of greater service 
from lighter appa­
ratus. “Perform­
ance per pound’ ’ 
has been the by­
word of the engi­

neer in this war, and as much emphasis has 
been placed on the pounds as on the perform­
ance. L’p to the past few years there have 
always been two classes of military apparatus 
—the mobile or field apparatus and the 
permanent or fortification apparatus.

The fortification apparatus has consisted 
of units too large or too heavy to be portable 
and thejr have therefore been used only in 
permanent locations, such as coast defense 
fortresses. The intensity of this war, how­
ever, has been sueh that the demand for the 
superior performance of the large forti­
fication apparatus has been imperative in 
the field. Permanent fortifications played so 
small a part in this war that all apparatus 
which was to take an active part had to be 
made portable and dragged to the shifting 
scenes of operation on wheels.

For_ many years one of the permanent 
residents of all forts has been the 60-in. 
searchlight. Although this searchlight has 
always been considered indispensable on 
permanent locations, it had never been t hought 
of as a possible recruit to the field army. 
But the army found that the need for a 
searchlight of its power in Hie field was so 
urgent that it, in turn, was subjected to the 
process of redesign and emerged from the 
war a very different piece of apparatus from 
its pre-war predecessor.

This evolution was caused largely by the 
new use which searchlights found when night 

bombing from airplanes was instituted as an 
important method of warfare. Anti-aircraft 
searchlight service demanded primarily a 
most powerful beam. An airplane is none too 
good a target even under the most ideal 
conditions, and it was very quickly discovered 
that the small portable units with which the 
armies started the war were useless for this 
new and important service. Therefore, the 
call was issued for a light-weight searchlight 
of maximum power.

The development of the 60-in. light to fill 
this need has been accomplished by a series 
of steps and improvements which are worthy 
of recording. The 60-in. searchlight of 20

Fig. 1. 60-inch Heavy Type Searchlight, which was about the 
only type available at the begining of the war

years ago was practically the same piece of 
apparatus as the 60-in. searchlight at the 
start of the war. No remarkable changes had 
taken place during that period. The appara­
tus with which this xvar started xvas a cumber­
some affair, xveighing anywhere from 6000 to 
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9(100 lb. Most of tlie structural parts were 
eastings; Ilie base, trunnion arms, end rings, 
door an<l mirror frames were all heavy iron 
or steel eastings. 'I'he light was built for 
permanent locations and no special pains had 
been taken in keeping the weight down to 
a minimum.

Figs. I and 2 show typical examples of the 
heavy searchlights which were available at 
the start of the war. 'I'he equipment shown 
in Fig. 1 weighs approximately 9000 lb. This 
outfit is mounted on a small carriage with ear 
wheels, but this does not make it, by any 
means, portable; the carriage and wheels were 
used only for pushing the searchlight in and 
out of its shelter over about 20 feet of track. 
The light shown in Fig. 2 is one of the standard 
60-in. equipments with which all of the coast 
defenses of the United States are supplied. It 
weighs about 6000 lb. and has always been per­
manently installed on high ground or towers.

When the night raiding by aircraft became 
a serious menace, the immediate need for 
searchlights of great power was so urgent that 
at first even it great many of these heavy old 
type searchlights were dragged to new loca­
tions near the front, where they could be of 
considerable service in the emergency until 
thet' could be supplanted by portable equip­
ments of at least equivalent power.

The problem which the engineers faced in 
designing a lighter equipment was difficult 
since there had never before been a demand 
for the 60-in. searchlight in the field and con­
sequently the usual methods of light con­
struction had never before been applied to 
the construction of the larger size search­
lights. The construction of two light weight 
60-in. searchlights was started at about the 
same time by different manufacturers. One 
attempt at extremely light construction was 
made by using aluminum wherever possible. 
The drum was built of sheet aluminum with 
east aluminum end rings and with aluminum 
mirror frame and front door ring. The search­
light was mounted in light trunnion arms of 
structural iron, which were carried on a light 
carriage with rubber-tired wheels. The outfit 
weighed 18001b. complete, which immediately 
placed it well within the class of portables. 
The other attempt at light construction was 
made by the use of light structural iron. The 
drum was constructed of thin galvanized 
sheet iron with end rings bent from Xo. 8 
gauge iron plate. The plate was first cut 
and bent into a channel section and then the 
channel section was rolled to make the rings 
of the proper diameter. 'I’his construction 
was found to give the greatest strength and 

rigidity to the cylinder with (lie l< a t w iglif 
The mirror ring and the front door lram<' wcu 
also formed from thin boiler plaic and tli< n 
bent to the proper radius. Tin- trunnion 
arms and base were made cntin-Jv of light, 
angle iron trussed to make a very rigid

Fig. 2. Side View of Heavy Type 60-inch Searchlight. 
This searchlight weighs approximately 9000 pounds

support for the drum. The base was m<muted 
on a light carriage having standard F ird 
automobile wheels. This outfit weighed 
about 201)0 lb. complete with the carriage.

The performance and the weight of these 
two light equipments was very nearly the 
same, but when further development along 
these lines was considered it seemed that the 
latter scheme hail man}- advantages. First, 
it was by far the cheaper method of con­
struction, and was better suited for emergency 
production. Moreover, 'he structural iron 
method produced a searchlight which would 
stand much rougher treatment than the 
aluminum eastings could withstand. The 
light iron drum was quite flexible and would 
spring or bend slightly to take up jars and 
jolts in rough handling, whereas large alu­
minum eastings of small section have proved 
themselves vert' unreliable when subjected 
to blows or hard treatment, since instead of 
springing or bending they fracture and break.
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The next logical step was to reduce still 
further the weight of the structural iron 
design. The first model proved to be so 
strong and rigid that it was considered safe 
to use lighter gauge throughout in the second 
model of this type. The limitation of decreas­

Fig. 3. Light Weight 60-inch Searchlight

ing the weight of the apparatus by using 
lighter material was that the drum reached a 
degree of flexibility which endangered the 
mirror, and which also made it difficult to 
hold the arc at the focus of the mirror. It 
was found that when the construction was 
too light, the mirror was very easily warped, 
giving a distorted beam and running the risk 
of breaking due to temperature changes on 
the mirror while in this distorted condition. 
It was also found to be very difficult to hold 
the arc in the proper location, since warping 
of the drum would throw the lamp mechanism 
out of the center line of the mirror.

These two disadvantages were remedied by 
inserting within the drum tie rods which held 
an inner frame rigidly at the center of the 
drum by three tension members. This 
device, somewhat similar to a bicycle wheel 
with three spokes, both located the central 
frame rigidly and at the same time prevented 
the drum from warping out of shape. The 
lamp was designed so that it could be inserted 
within the inner frame at the center of the 
drum. The lamp mechanism was divided 
into two units, one, the carbon holders which 
could be inserted in the inner frame, and the 
other unit, the controlling mechanism, which 
was attached to the drum. The positive 

and negative columns, which in all standard 
searchlight designs connected the carbon 
holders to the lamp mechanism, were elim­
inated. The only connection between the 
carbon holders and the control mechanism 
were the feed rods which transmitted the 

power for feeding and rotating the 
carbons.

With these new features in mount­
ing the carbon holders and strengthen­
ing the drum it was possible to con­
struct an extremely light outfit. The 
base on which the drum was mounted 
was also simplified and its weight 
reduced. The base consisted of two 
rings of channel iron, one stationary 
and one movable. The rings were 
attached by cross braces to a center 
pin. Between the two rings there was 
mounted a spider carrying four small 
steel wheels on which the upper ring 
carrying the trunnion arms and drum 
rotated. A ball thrust bearing was also 
inserted on the center pin under the 
rotating section of the base. This 
arrangement reduced the turning 
friction to a much lower figure than 
had been reached by previous types 
of 60-in. searchlights. This is an 
important feature in that it allows 

much easier and more accurate training of the 
light, either with electric or hand control. 
This equipment mounted on a light carriage 
with Ford automobile wheels weighed, com­

Fig. 4. 60-inch Open-type Searchlight

plete, less than 1400 lb. or about one fifth of 
the weight of its predecessors. The apparatus 
met all service tests very satisfactorily and 
xvas considered a very important new member 
to the fast groxving family of 60-in. search­
lights. There xvere, however, at the time of 
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this (^■lopment, other considerations of 
importance. It was necessary to have the 
equipments take tip a minimum amount ot 
shipping space, which was the most important 
consideration in the days when shipping space 
was so precious. Furthermore, a hand­
operated apparatus was desired, which 
could be operated by an untrained 
personnel. Therefore the wave of 
development, passed over this type of 
light and strove to reach a design 
which would better comply with all 
the requisi tes. The final result, was the 
open-type, light shown in Fig. 3 which 
met ideally the peculiar set of condi­
tions which the emergency demanded. 
The story of the open-type light is, 
however, told in another article.

Now that, the war is over, and we 
can take account of the tremendous 
variety of war material which has been 
developed during the past few years, 
it xvill be found that a great many of 
the developments, which were never 
used extensively in this war, will be 
of great value in equipping our army 
for a peace-time basis of prepared­
ness. The light weight barrel search­
lights, which on account of their 
bulk never got to France, have many 
advantages over the open-type searchlight 
for regular service both in the field and in 
the forts. They are automatic and are capable 
of running unattended for periods of two hours 
or more. This is a decided advantage for 
all coast defense work where long watches 
and searches are required. Another advan­
tage of the drum type for coast defense work 
is that the arc is enclosed and can operate 
steadily in a gale which would cause the open­
type searchlight to flicker. In the field both 
the open-type and light weight drum will have 
their uses. The difference in weight and 
portability of the two outfits is very slight, 
even though this does not appear so in the 
photographs. The light weight drum, how­
ever, uses the barrel and the braces to obtain 
rigidity for mirror and lamp, and can, there­
fore, have a very light mirror ring and metal 
dome behind the mirror. The open-type 
light, lacking the barrel, has to be strength­
ened by a much heavier mirror ring and a 
heavy metal dome to prevent warping. The 
two methods of strengthening the mirror 
ring about offset each other as regards weight, 
so that the only additional weight in the light 

weight drum is the front door wlm h oi/ks 
about IDO lb.

Another important inr of )-ar< kh/M•; 
which has developed during Hh: v.ar i Hh- 
illumination of aviation tnkl Tin- ’ 
are used both as beacons to locati- tin- tn I ,

Fig. 5. Light Weight 30-inch Barrel Type Searchlight

and as floods for illuminating the fields for 
the landing of the planes. A 36-in. light 
weight barrel searchlight has been developed 
especially for this use. It is built along the 
same lines as the 60-in. light weight already 
described. It weighs, complete with its 
carriage, ODD lb. and can easily be pulled 
around the field and operated by one man. 
As the are is automatically controlled, it can 
be used very e(mveniently as an aircraft beacon 
burning in the vertical position for several 
hours without attention. Fig. 4 shows one of 
these equipments mounted on its carriage.

The future army searchlights will probably 
be open types and light weight barrel equip­
ments. The old coast defense searchlights 
are becoming obsolete, as they are being out­
classed by their portable success, rs, which 
are easier to move, easier to manipulate and 
easier to operate. The development may be 
summed up by referring to the “performance 
per pound.” The new portable searchlights 
are capable of giving 3D times the car lie­
power per pound that could be obtained from 
the searchlights which the army had available 
at the beginning of the war.
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Distant Electrical Controls for Military­
Searchlights
By Theodore Hall

Sperry Gyroscope Company*

Remote control for searchlights is essential in some of their military and naval applications. The author 
describes some of the different forms of control in use and discusses their relative merits. --Editor.

Theodore Hall

A NYONE who has 
had occasion to 

be near one of the 
powerful army or 
navy searchlights 
when in action is 
aware of the fact that 
the closer to the 
source of light an ob­
server stands the less 
can he see of the field 
illuminated 1 >y the 
beam. An operator 
stationed at the light, 
training it by means 
of the h and wheels 

or levers, finds it very difficult to direct the 
comparatively narrow pencil of light to a 
distant object Could he add an extension to 
his handwheel shafts so as to get away from 
the light, say a distance of ten feet or so, he 
would find it very much to his advantage. It 
has been found, by actual trials, that an ob­
server stationed 500 feet to one side of the 
searchlight, can see a target at three times the 
range that an observer stationed at the search­
light can discern a similiar target. The reason 
for this is that the observer at the light is 
handicapped by the dazzling effect of the 
bright beam on the eye. He is looking at the 
target through a bright curtain of light, 
when as, xvhen stationed at a distance his eyes 
receive very much less light from the beam., 
and are, therefore, more sensitive to the light 
reflected from, the target. The longer the 
range and the more intense the light the more 
difficult it is to “pick ui;’’ or follow a target. 
Long ago it xvas found necessary to devise 
some means of controlling searchlights from a 
distance. It xvas needed for the pre-war loxx* 
intensity lights, but xvith the modern high in­
tensity flaming tire searchlight, of twice the 
range, it is absolutely* essential; for the ad­
vantage of the higher intensity* light xvould be 
offset by its greater dazzling effect if controlled 
by handwheels located on t he light Training 
handwheels and levers have noxv come to be 
regarded as emergency devices only.

Distant mechanical controls of various 
types have been used to some extent by the 
army, but these, with few exceptions, have 
been replaced by the more compact and con­
venient electric controls. When the bulk and 
weight of the shafts, cables and pulleys, or 
chains, necessary* to manipulate the search­
light from a distance of a few hundred feet, by* 
purely* mechanical means, are considered, it 
will at once become obx’ious why* this sy*stem 
has fallen into disuse.

A number of distant electrical control sys­
tems have been used during the past ten or 
twelve years by* both the Army and Navy* 
with varied success. The earlier controllers 
xvere for the most part of the relay type, much 
on the order of the simpler forms of street car 
controls. Another form used a sensitive relay* 
located on the searchlight and was operated 
by push-buttons from the distant or controller 
end of a cable. The relay* in turn operated a 
plunger and solenoid contactor which in its 
turn closed, opened and cut in or out re­
sistance in the training motor circuits. A 
number of other similar schemes could be 
mentioned, but a history of this subject can 
not be included within the limited space of 
this article. Great advances have been made 
during the past four years, but until recently* 
the synchronous control made by the General 
Electric Company and supplied to both the 
Anny and Navy, has been the only* system 
which has successfully* met the service re­
quirements. This control xvas for many years 
the standard means of training the large 
military searchlights.

A recent distant electrical control system, 
xvhich has made an excellent shoxving both in 
rigid laboratory tests and in the field, is one 
called the Potentiometer control, so named on 
account of the manner in which the potential 
across the armature of the training motor is 
varied. This system promises to fill the long 
felt xvant of a simple, rugged, and flexible con­
troller for long and short distance work, both 
at coast fortifications and xvith portable 
searchlights in the field. This controller 
scheme, or at least the applicatiA of the 
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scheme,being new and not very widely known, 
I shall try to describe it somewhat in detail. 
The description will be better underst.... 1 
by the aid of wiring diagrams. Figs. 1, 2 and 
3, which have been made as simple as pos­
sible for the sake of clarity. < Inly one motor 
has been shown where Iwo are used in prac­
tice, one for training in azimuth and one for 
elevation. Only two speeds in each direction 
are shown, whereas at least four .arc actually 
used.

Referring to Fig. 1, .1 is a rheostat located 
in a convenient place on the searchlight base. 

rheostat, that i . in aulì iii.unu i the on 1 
Coil the llliiotat will be join.d loth' <ili 
ter contact of and if point | i ioni« d to 
the first contact to the hit ol the < mt « r oi 
1!. I1 must be connected to the fir 1 ’< p to 
the right, etc. Power is trail nutted from tin 
motor Al to the searchlight through a irmi 
of gear . A suit able handle i pro' idi I oi e 
contactor arm on I! so that it can bi- mo d 
over the dilTerent contacts at will A <■ i- 
tralizing spring causes the handle and arm to 
always take up a neutral position when re­
leased by the operator.

Figs. 1 and 2. Simplified Wiring Diagrams of Control Systems

it is connected directly across a line delivering 
direct current at a pressure of 90 to 110 volts. 
The fields of the training motor 3/ arc con­
nected across any portion of the rheostat that 
will give the proper difference of potential for 
the excitation desired. One armature lead, of 
motor All is connected to the center point 
of the rheostat; the other armature lead 
passes through the controller cable, C, and 
is connected to the movable contactor arm of 
the transmitter, B, at the distant end. At a 
number of points on the rheostat, A, con­
ductors are connected and pass through cable 
C to B, where they are connected to con­
tacts in the same consecutive order as on the

From the diagram it will be seen that as the 
contactor arm on B is moved to the right, 
or the left, of the center point to the adjacent 
contacts a potential, equal to the drop across 
the portions 1-C or l‘-C. is impressed on the 
armature circuit of the training motor, and 
the first speed in one direction or the other 
is thus obtained, the direction of the current 
in the armature being dependent on which side 
of the neutral point the arm is moved. Mov­
ing to the next adjacent point in either di­
rection gives us the second speeds, and so on.

The armature resistance of the training 
motor is made as low as possible, so that when 
the motor is connected across 1-1 or 1‘-C of 
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the rheostat the greater Bart of the current 
from the line may pass through he armature. 
This gives the necessary high starting torque 
so desirable, and makes it possible to run the 
motor at very low speeds without stalling, 
because of slight variations in the load.

Fig. 3. Wiring Diagram of a System of Control 
for Both Long and Short Range Work

The first step is usually so proportioned as 
to give the motor a speed of GO r.p.m. when 
training the searchlight and no trouble is ex­
perienced from stalling in turning the light 
continuouH through a complete revolu­
tion.

The main advantage claimed for the 
potentiometer system is that it does away 
with the starting resistances, usually con­
nected directly in series with the armature. 
The series resistance tends to keep the current 
constant for all loads and thus seriously re­
duces the starting torque and makes the 
motor uncertain on low speeds. It is true that 
this tendency is present to some extent in the 
potentiometer system also, but here the ill 
effects are hardly noticeable.

The control in Fig. 1 is used with portable 
field lights and is good for distances up to 800 
feet when the standard No. 16 B & S Gauge 
copper conductor is used in the cable (\

Fig. 2 shows the same system of control so 
arranged as to use a minimum number of con­
ductors in the cable. For obvious reasons this 
isof great importance, and the designingof con­
trollers has become a problem of getting a relia­
ble system with as great a number of speeds 
as possible and at the same time employing a 
minimum size and number of conductors. In 
this diagram the rheostat A is located at the 
distant end of the cable C1 instead of on the 
searchlight. The points C, 1, 2, I1, and 21 
are here connected to the contactor by means 
of short “jumper ” wires. The 110 volt supply

Fig. 4. Photograph showing Controller Mounted on Tripod 
with Transmitter and Indicator (cover removed)

line is brought in to the rheostat through 
cable P. In Fig. 2 a double contactor is 
used, which makes it possible to impress full 
line voltage across the terminals of the motor 
in place of one half the drop across A, as was 
the ease in Fig. 1. The movable contacts are 
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insulated from each ot her and f r« >tu the handle 
and shaft til D. Il xx ill l>e seen that when 
the arm is moved to contacts a and it1 il gives 
first sjiced in one direction, and when moved 
to contacts 6 and/’1 first speed in the opposite 
direction is obtained, etc. Regenerative brak­
ing. which is of importance, is obtained ;.s the 
contactor is moved from a higher to a lower 
speed contact andon the neutral or center con­
tacts. This feature applies to Fig. 1 as well.

The control as connected in b'ig. 2 requires 
four conductors in the cable ('l for the control 
of one motor and two additional conductors 
for each additional motor controlled, as well as 
one contactor arm for each motor.

Fig. 3 shows a system well adapted for both 
short and long range work. This control has 
been used on ranges up to 12<XX) y-iirds with 
excellent results. At these long ranges six 
speeds in each direction are generally used 
with a speed variation of from 5 degrees to 
lOSt) degrees per minute of the searchlight. 
'I'he late war, where air craft has played such 
an important part, has shown the necessity 
of a wide range of speeds and uniformity of 
each speed from the very slow, which is used 
for following a target or searching at extreme 
ranges, to the high speed used for following a 
plane passing directly overhead at low alti­
tude or for rapidly swinging the beam from 
one portion of the sky to another when it is de­
sired to search for a new target.

The description of the short distance con­
trols of Figs. 1 and 2 applies to the long dis- 

laucc ,v .tain <>f Fig 3 it h t !ii • . rp--on 

ot the method ot niaiiipiil.it in,' o.uiai'o: 

arm /•’, winch m Fig > I and J : opr: 
alrd manually bv im an . ot a b ■ • i In 
Fig. I) contarlor 1-. t upna'ol ii.inu.ill-. 
'■aiming a polarized nlav to < b. <■ one ot 
two Contact //. Tim rllrr.'izr . motor / 
whirli iii turn moves the ron'ar'or arm 
on l> through a tram of gear-. Con'a, 'or l> 
is pinned to the .amr : haft with /.' an I :hc 
two move in uni .on. Two high re i.'atiie 
rheostats, /\ and Afi, arc connected ¡k pi - the 
same line of supply, R at the searchlight an 1 
Ah at the dist ant <>r m mt roller cud । if ('able ( 1. 
Two resistances, d and d'. limit the curren n 
R so thill the drop of potential per -tqi will be 
the same as that in corre ponding step- in R,. 
Tile motor / is reversible l>v mcam of the two 
contacts at 11. The armature G of the polar­
ized relax- is pivoted. I', is evident that if 
the contactor arm at E is moved to a contact 
to the right or left of the center point, the 
arm at 1) being on the center point, a differ­
ence of potential is impressed across each of 
the coils /-’and F' of the relay. The relay now 
tilts in a definite direction and makes con­
nection with the proper contact al H. causing 
the motor to bring contactor arm D to the 
same relative position as E xvhen the potential 
across the relay becomes zero and the relay 
¡innature returns to neutral position. For 
any position of the contactor arm E, con­
tactor arm D will take up a corresponding 
relative position.

niaiiipiil.it
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Searchlight Development
By Prof. Elihu Thomson

Lynn Works, General Electric Company

Prof. Thomson in his always interesting style traces the development of the searchlight. He cites the 
lantern, candle flame, and concave mirror as the simplest example, and then traces the development of the 
light source and lens or mirror through their successive stages—Editor.

T ENSES and mir- 
J—/ rors have been 
employ ed tor a long 
period in more or less 
perfect forms to give 
direction to light 
beams from such 
sources as flames 
and incandescent 
solids. The lantern 
with its lamp or 
candle flame, back 
of which is mounted 
a concave reflector 
of polished metal or 
of silvered or mirrof 

glass, is the simplest example. So far as 
the use of lenses for a like purpose is con­
cerned, the familiar bull’s-eye lantern and 
the later electric battery flashlight are crude 
examples. The more refined and complete 
forms have undergone gradual development 
and find their most perfect embodiments in 
the modern searchlight and in the elaborate 
Fresnel lens lanterns of the great lighthouses 
along <>ur coasts. The degree of optical per-' 
fection required in the best of these is not gen­
erally realizec^B those who have given little 
attention to the subject.

Confining our attention to the case of re­
flection by mirrors of proper construction, 
such as are to be found in the searchlight of 
today, it is purposed herein to emphasize the 
requirement of accuracy in the mirror con­
struction, so that a projected beam may be 
held together so to speak, for its long traverse, 
perhaps for miles after leaving the mirror sur­
face. In the earlier applications of concave 
mirrors the light source itself, being a more or 
less spreadout flame covering a considerable 
area, it was not to be expected that even with 
the most perfect reflectors the beam could be 
held to a ^Hight course without great diver­
gence. The intrinsic illumination at the source 
being also low, the useful range was again 
limited to very small distances.

The invention of the Drummond light, the 
so-called calcium light so much used in the 

past for lantern projection, rendered possible 
the establishment of searchlight conditions to 
a degree comparable somewhat with the use 
of the electric carbon arc as the source. In 
the calcium light the concentrated flame of 
oxygen and hydrogen from an oxy-hydrogen 
jet, driven against one side of a small cylinder 
of lime, gave a small hot area the light from 
which might measure three hundred candles 
or more in intensity. The area itself heated 
by the flame might be about a quarter of an 
inch in diameter, more or less, thus fulfilling 
one of the conditions of accurate projection, 
which is that the surface or area from which 
the light emanates should be as small as pos­
sible and as near in character to a point source 
as practicable. It is interesting to note in 
passing that the lime light or calcium light 
was the first example of the employment of a 
solid with selective radiation heated by a 
mixed gas jet. The Welsbach mantle lights of 
today are the modern examples of illuminat­
ing agencies embodying the same principle of 
light production.

The mirrors used with the calcium light 
were, as a rule, of sheet metal spun into form, 
silvered, and polished. In the nature of 
things, such mirrors cannot possess the per­
fection of form or figure and the refinement 
of surface demanded in real searchlight work.

The calcium light projector found its 
application in concentrating light on scenes 
or objects needing a more or less spread 
beam or general illumination, directed it 
is true, but covering a considerable area 
at no very great distance from the re­
flector. It was, therefore, applied extensively 
to stage lighting in theatres. It has the great 
merit of absolute steadiness. “The gases used 
were generally oxygen and illuminating gas, 
though hydrogen sometimes replaced the lat­
ter. Drummond employed the gases mixed 
and compressed and invented his “safety jet’’ 
to obiiate the passage of flame back into his 
reservoir of mixed gases, with the conse­
quent violent explosion that xvould have re­
sulted. In the middle, of the last century it 
was general to employ two collapsibft rubber
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bags for the gases, ,'11111 to put a moderate pres­
sure on them in use by what wen1 called 
“pressboards.” Each user luid then to make 
his own oxygen and till thi* gas bags, for 
neither oxygen nor hydrogen were at that 
time articles of commerce. Later the practice 
of compressing the gases in cylinders was be­
gun and Inch cylinders Wre sold or kept in 
store for future use.

It was early seen that the electric tire, the 
carbon are, would on account of its approxima­
tion to a point source tind its ver}- high in­
trinsic brilliancy lend itself admirably to pro­
jection of powerful beams, if used with proper 
reflectors or lenses. When it is remembered, 
however, that before the early eighties of the 
last century dynamos for obtaining electric 
energy from pou^Rvere ver}- rare machines, 
and that previous to that period the}- were, ns 
we may say, conspicuous by their absence, tind 
that to run an electric tire meant the setting 
up of from forty to sixty large, cells of a Grove 
or Bunsen battery, using sulphuric acid and 
concentrated nitric acid, it can easily be un­
derstood that electric are lights were almost 
as rare as dynamos. Such batteries them­
selves were only to be found in a few labora­
tories and they took days to set up in action, 
could only be used for a couple of hours, and 
then had to be taken down, cleaned of acid 
and stored for perhaps months before being 
set up again. Only an abundant youthful 
scientific enthusiasm, a certain unmindfulness 
of the highly corrosive character of the acids 
used, and a xvillingness to be “gassed" by the 
inevitable fumes could rob the enterprise of 
its terrors. The advent of the dynamo, how­
ever, changed all this. It may be interesting 
to note in this connection that the earliest are 
dynamos xvere, as a rule, made to run a single 
are and this are xvas, as a rule, intended to be 
used in a projector. The first are dynamos of 
the Gramme type xvere designed for sueh use.

Probably the first drum armature in the 
United States xvas in the Siemens dynamo im­
ported by the U S. Navy and installed at the 
Torpedo Station at Newport, R. I., to run an 
arc light for projection.

The early searchlights for naval use xvere of 
but moderate capacity, as compared with 
those of today. Outside the source of 
light, the electric carbon are, the important 
feature xvas and is the mirror, the reflecting 
surface of xvhich should be a close approxima­
tion to a paraboloid surface. The difficulties 
at first experienced in grinding and polishing 
such deep concave mirrors to a nearly true 
parabolic curve led to the endeavor to obtain

a like Hioct in diivoimg th,. t„ .011 1. . ..m
I >inal ion iif rclraolion ami r< tI<-< 11> ,ri loan a 
mirior fiat mg only splu-rha! - m . - < Muri
Man-in in l-’ranii- ili-agiH'd ih. u.,.x ||-
known Mangin rdli-clor. wlm h. like man 
ol her ]>rodn<-t ■ of sciimt flic in v o 
in rcci-m years l>i <-n prodine,] in . 1 
1><ts lor aut^Hobili- lICTlIight-. ol ortai-i 

1 vpes.
'1'1 ic Mangin re 11 eel or is in roali t v a ioii<a x '­

convex lens silvered on the bark or emivex 
surface. Tin surfaces are spherical ami ilr- 
light undergoes refraction on entering, ami 
again after reflection, which so bends the rar 
as to cause them to emerge in ;i nearly parallel 
beam. When, however, the diann-lcr of the 
mirror is increased, the Mangin type becomes 
impracticable, not alone because of the great 
weight due to the thickness of the glass at the 
edge, but also on account of the risk of crack­
ing of the mirror by unequal heating, as the 
thick edge absorbs much heat anil also dimin­
ishes the light by its absorption. The larger 
mirrors for searchlights are, therefore, when 
of glass, made as thin as is consistent with 
strength and are worked by grinding and 
polishing machines to a near approxima­
tion to parabolic form. The rays from the 
source of light placed at the focus of sueh a 
mirror arc reflected xvithout aberration and 
leave all parts of its surface parallel: or if de­
sired, can be made to converge <>r diverge regu­
larly by slightly shifting the light source back 
of or in front of the true focus of the mirrors.

It is very important in searchlight work of 
high type that the mirror shall have a consist­
ent curve, by which is meant that it shall at 
no part of its surface depart perceptibly from 
what the optical conditions require. When 
it is remembered that the light source at the 
focus is only a moderate distance, a fexv inches, 
from the mirror, while the reach of the light 
beam project ed may be miles away, it is 
readily seen that we are, as it xvere, working 
on a very short arm of an extremely long lever, 
regarding the mirror surface as the fulcrum. 
The relation of distance from focus to mirror 
and from mirror to distant object may be say 
1 to 5000 or more. It follows from this that 
in sueh eases, if the light source be one half 
inch in diameter only, the least possible 
spread of the rays xvith perfect accuracy of 
mirror surface will be not less than 200 feet. 
It follows also that any rays which are inac­
curately reflected will either diverge from the 
main path, or converge, cross, and then 
diverge, a small error in the optical character 
of the surface leading to a highy magnified 
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error at the distant point. Emphasis is here 
laid upon these conditions of accuracy to show- 
why it is that the processes of spinning, press­
ing, or casting of metal mirrors, often pro­
posed, must be neglected in the production of 
large searchlight mirrors. However, con­
siderable results of promise are obtained by 
methods which were practiced on a small 
scale by the writer several years ago and in­
dependently by Sherard Cowper Cowles in 
England. By the use of a glass mould or 
matrix, which by optical methods of grinding, 
polishing, and figuring has been given the cor­
rect form, we may* chemically* deposit on it a 
film of silver from a solution. All mirrors are 
now so made, where formerly they were coated 
on the back with tin amalgam. This silver 
coating, very thin at best, is next reinforced 
by the deposition of more silver from an 
electrolytic bath. This is again followed by* a 
heavy* copper layer, or other strong metal coat­
ing. We now have what is virtually a metallic 

mirror with a glass front. Methods are now 
applied to remove this glass front or matrix, so 
as to use it for forming other like mirrors.

The copper-silver deposited mirror is, of 
course, thin and flexible, and must be given a 
rigid backing and framing so that it will permit 
of being mounted and used instead of the glass 
mirror. It is, of course, much less fragile and 
far less costly* in time and labor to produce. 
Moreover, it will bear much more intense 
radiation, as it cannot crack as glass will do if 
subjected to too intense radiation. The silver 
surface is automatically* obtained in the high­
est degree of polish and accuracy. It can be 
coated xvith a thin flowing of proper lacquer to 
prevent corrosion by the sulphur gases in the 
atmosphere. The progress recently made in 
lightening the equipment and increasing the 
facility with xvhich it can be transported and 
handled will in itself form a most interesting 
chapter in the development of the modern 
high-duty searchlight apparatus.

The Development and Testing of Arc and 
Incandescent Searchlights

By W. D’A. Ryan

Engineer Illuminating Engineering Laboratory, General Electric Company

Mr. W. D’A. Ryan, Engineer of the Illuminating Engineering Laboratory, was requested to contribute 
an article to our Searchlight Issue, but Mr. Ryan let Mr. Benford prepare the article descriptive of the tests 
carried out by this laboratory, and therefore we are able to publish only the following short memorandum from 
Mr. Ryan; but at the same time w< wish to state that he was responsible for the tests described.—Editor.

A I 'HE active war 
J- work of the Illu­

minating Engineering 
Labortory dates from 
January, 1915, at 
xvhich time consider­
able attention xvas 
given to the develop­
ment and testing of 
searchlights for both 
the Army and the 
Navy. From this time 
until the U nited States

w. d'a. Ryan entered the war, a 
great amount of xvork 

had been accomplished, especially on high 
power searchlights. In addition to this, the 
Laboratory xvas called upon to make lighting 
recommendations covering an extremely* wide 
range of war applications, not only in the United 
States and Canada, but at the seat of xvar.

In May, 1918, arrangements were made for 
closer co-operation between the United States 
Army and the General Electric laboratories 
in the matter of searchlight development and 

testing, the actual developmental work being 
assigned to the respective engineers at Sche­
nectady and Lynn in collaboration with army 
engineers and others interested. This re­
sulted in a working arrangement and co-opera­
tion which could not have been secured by any 
other means. While the Illuminating En­
gineering Laboratory acted as a clearing house 
on reports and general information pertaining 
to the development, its primary work was in 
connection with the testing of the various 
units and electrodes as developed.

As this number of the Review is devoted 
to this general subject, under various headings 
and by different authors, I shall not attempt 
to go into detail as to the range and scope of 
the work.

The technical features of the testing were 
under the direction of Mr. F. A. Benford, who 
has been associated with the Laboratory for a 
number of y*ears. Mr. Benford describes in 
this issue the testing equipment of the outdoor 
searchlight range and explains the uses to 
xvhich the various apparatus was put and the 
nature of the different types of tests.



IN MEMORIAM
FREDERICK CHARLES TODD

Frederick Charles Todd, for many years 
connected with the General Electric Com­
pany, left a host of friends and warm admirers 
when he died on November 1(1, 1918, just 
one day before the armistice was signed.

During his long period of l-rvice with the 
Company the positions he occupied were 
many and varied. In November, 1888, he 
entered the Expert Course at Lynn and a year 
later he was an expert on “outside work.” 
The year 1899 was one of rapid promotions 
for Air. Todd; he successively beetime travel­
ing inspector for the Railway Department, 
salesman for the Railway Department at the 
Home Office, and then was made Manager 
of the Railway Department of the North­
western Thomson-Houston Company at St. 
Paul.

In March, 1892, he. was appointed assist­
ant to the First Vice-President and had his 
office in New York, and two years later, in 
1894, he. was made Alanager of the Aliddle 
Atlantic District and moved his office first 
to Washington and afterwards to Baltimore. 
He held this latter position for 19 years and 
in 1913 he resigned as Alanager and was 
detailed to special duty.

Air. Todd did not enjoy robust health and 
in 191(> he was invalided from duty for a year 
by the doctor’s orders.

In 1917 he was in the saddle again, but 
this time he was serving his country, in the 
Office of the Naval Intelligence, where, al­
though we have no record, we know he did 
meritorious work. These activities took him 
as far afield as Canada and the Hawaiian 
Islands where he carried out valuable investi­
gations for the Government.

The above cold record of facts tells that 
Air. Todd led an active business life and that 
he held many positions of responsibility.

What I1Í-, friends love to calk abou < oi. 
cerning the subject of our immoriam i 
however, the man himself, a . a lox abb- and 
faithful friend, as the charming ami altabb- 
host, and as a companion nevo to be or 
gotten, ami, above all, as an inten e low r 
of nature.

Yes; Air. Todd loved nature, revelled in 
it, an<l while lie was a busy man, 1 v tren- 
uously refused to let business be the m oler 
of his destinies. He mastered bis share of 
business, made a success of it, but, at the 
same time, he learned of “better things” 
through an intimate contact with nature 
herself. He loved ¡lowers better than ma­
chines and congenial companionship, in his 
wonderful cabin home, better than dollars.

Air. Olivier, in the Baltimore News. while 
Air. Todd was still alive, wrote a beautiful 
editorial tribute to him. We might write 
much about Air. Todd, but will refrain as we 
cannot do better in friendship's name than 
just quote the concluding paragraph of Air. 
Olivier's article, and then leave the memory 
of Air. Todd in the safekeeping of his friends’ 
happy recollections of those hours spent with 
him in the presence of nature.

Air. Olivier said: “In the workaday world 
we are very prone to lose our sense of pro­
portion, and it is men like “ Fred. " Todd who 
steady us when we are about to fall and help 
us keep our poise. They point out the glory 
of the hills and valleys, the romance and the 
joy of the great outdoors, the hollowness and 
dullness and opj ressive stupidity of downtown. 
While just as keen and just as aggressive in 
business as any of us, down in their hearts 
they laugh at all the struggle and turmoil 
and hot pursuit of unimaginative wealth. 
Dollars, after all. are such ugly things beside 
the first Arbutus."—J.R.H.
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The General Electric Company in the 
Great World War

PART III. SHIP PROPULSION, ELECTRIC HEATING DEVICES 
AND SEARCHLIGHTS

By John R. Hewett

Editor Generxl Electric Review

Part I of this story appeared in our July issue and told of some of the Company’s war activities other 
than research and manufacture. Part II appeared in the August number and dealt with the Company’s 
research activities, including submarine detection, X-ray work, the many-sided radio developments, electric 
welding, and notes on other research work. In the present issue we outline the enormous amount of work the 
Company did to help the Government with ship propulsion equipments for cargo boats, destroyers, and other 
naval vessels. Among the electric heating devices that comprise part of the Company’s war work we deal 
with the gun shrinking and heat treating furnaces as well as the electric rivet heaters. The section on search­
lights is short and unillustrated, because so much attention is paid to this subject in the other articles appear­
ing in this issue. Editor.

When America entered the war the whole 
world realized that shipping was one of the 
most vital factors. With the serious inroads 
that the unrestricted submarine warfare had 
made in the mercantile tonnage of both allied 
and neutral nations, where were the ships to 
come from to carry the American army, its 
equipment and stores, as well as to serve the 
enormous requirements of the allied nations?

The government’s gigantic shipbuilding 
program, a truly American answer to the 
challenge of the enemy, is a matter of history 
and the part that the General Electric Com­
pany played to make this program effective is 
well worthy of permanent record.

To fulfill such gigantic orders as the Com­
pany took would have been a tremendous un­

View of Complete 2500-horse power Marine-geared Turbine Unit

dertaking in normal times of peace, but to as­
sume work of such proportions in times of 
war, when machine tools were almost unpro­
curable, when labor was scarce, and all 
materials hard to obtain involved more diffi­
culties than can be described. The story of 
how old buildings were remodeled and fitted 
out as machine shops, how new buildings were 
erected under the most trying of war condi­
tions, how new machine tools were built on 
the spot when they could not be procured 
from the outside and the host of special prob­
lems that war work involved will in all prob­
ability never he told. No one individual 
knows it all, and those who know the special 
phases of this work are too busy in restoring 
the industry from a war to a peace basis.
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Cargo Boat Equipment*
'I'he reason for lhe Company assuming the 

enormous orders that they did for propelling 
machinery for cargo boats is interesting. The 
number of ships and the total tonnage of the 
government’s shipbuilding program was ab­
solutely fabulous, especially so when it is com­
pared with the previous shipbuilding capacity 
of American yards. 'I'he amount of con­
struction in every phase of the work was ap­
palling to those responsible for its completion, 
and all this production had to be arranged to 
meet the emergency. Under these conditions 
those responsible for the shipping program 
judged that the propelling equipments would 
be the limiting feature and that it would be 
impossible for the country to produce the re­
quired horsepower in reciprocating engines.

equipments for the Emcig< m I'b-.J < -
poralion ill the earnest -oh, nation of tip 
(b wermnenl.

Bef<>rc I he war the < ’ompaiiv’ । ;q>a< H af 
the outside was lour 2590-hor‘ epower unit 
per month. When the armistice «a igned 
they were delivering these equipmeiii al th, 
rate of (went)-nine per month. That i to av, 
that during this period they had incnaM'l tl 
monthly production seven times.

During the years 1917 and 1918 the Com­
pany furnished the Government approxi­
mately 21)1) glared turbines for the propulsion 
of cargo boats. The majority of these were tur­
bines of 2599-horsepower with the neceassary 
reduction gears. They xvere installed mostly 
in ships of 7599 to ■’.909-tons capacity which 
operated at a speed of about 19.5 to 12 knots.

View of same unit shown in Fig. 1 with upper casings removed. During the war over 200 of these sets were 
produced at the Schenectady Works for the various shipyards throughout the country. Three of the 
largest buildings in the Plant were devoted to this work

They therefore turned to those firms that had 
been producing other forms of prime movers.

The turbine was already established as a 
marine drive, but to secure efficient operation 
from a turbine with the slow propeller speeds 
of the boats that the Government proposed 
building and at the same time to secure the in­
herent efficiency of the turbine at high speed 
it xvas necessary to adopt a gear reduction.

The gear dri\-e was not ntw, the Company 
having furnished a limited number of geared 
turbines for a matter of about two years, but 
they felt that the experience gained' with this 
class of equipment was too small to warrant 
assuming such immense orders if commercial 
consideration alone were to govern their de­
cision. Commercial considerations did not 
govern their decision in war time and the 
Company assumed the heavy responsibility 
of building a great number of geared turbine

This work was all done on special rush or­
ders and necessitated very extensive additions 
to plant. Buildings, tools and additional 
materials of all kinds were required which were 
difficult to obtain. The old foundry at 
Schenectady xvas remodeled, enlarged, and 
equipped with machine tools, a new foundry 
was built and other buildings taken over to 
fill these contracts, which the Government 
placed in a class ahead of practically all the 
other war work the Company had on hand. 
In addition to these increases in plant a large 
new shop was built for the manufacture of 
gears.

Gear cutting for marine purposes presents a 
peculiarly difficult engineering problem, and 
the Company being unable to purchase the 
necessary machine u >ols in the time required 
undertook to build these themselves. It is 
hard to give the reader any idea of what this 
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work involved, but it may be interesting to 
state that the gears as used in these equip­
ments have to be cut accurately to one-thou­
sandth of an meh, and that the Company pro­
duced the huge precision machines to perform 
this difficult work. They also designed and 
built some huge horizontal boring mills to 
machine the cast-iron bases for the gears. 
Like so much of the war work, whole volumes 
might be easily written on the enormous 
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délit cred in France as the Company’s contri­
bution during the great shipping crisis. This 
was in addition to the multitude of other ways 
they were contributing to the upbuilding of 
the Country’s shipbuilding industry.

Some of the orders for the ship propulsion 
sets were cancelled after the armistice was 
signed, in conformity with the government’s 
general policy on all war material, but it is 
interesting to know that the General Electric

View of the interior of Building No. 49 at the Schenectady Plant. Before the war this was an iron foundry. 
To meet the war emergency for producing turbines and gears for ship propulsion, this building was enlarged 
and equipped with machine tools, etc.

amount of new work they did in this direction 
alone.

At the. time the armistice was signed the 
Company had manufactured over 200 geared 
turbine equipments for cargo vessels, 105 of 
which were in service; and they had a total of 
579 sets on order. The vessels actually in 
service equipped with the Company’s turbine 
drive at the time the armistice was signed had 
steamed over .■>,■100,000 miles, equal to about 
550 round trips to France, which, allowing an 
average of S000 dead weight tons of cargo 
capacity, represents 4,400,000 tons of supplies

Company had assumed the responsibility for 
building and had provided the necessary or­
ganization, equipment and manufacturing 
laeilities to deliver no less than 1,770,000 
horsepower of turbines for cargo vessels alone.

It has been stated that the Government 
considered the propelling machinery as the 
limiting feature of their shipbuilding program. 
It is therefore interesting to record that the 
Company never hindered the completion of a 
boat by non-delivery of its equipment during 
the entire war—with one single exception— 
anJ in that particular case the boat was one
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Battery of S4-m. Gear H ^bbin^ Machines

Closer view of 84-in. gear hobbing machines, as installed in Building No 85 at the Schenecta dy Plant 
This large building was erected specially fur this work during the war
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The S.S. Schenectady, one of the fabricated ships built by Hog Island. This ship was equipped with one of the
2500-horsepower ship propulsion units shown in other views

month ahead of its schedule. At the time The 
armistice was signed the Company had 
propelling equipment awaiting boats in every 
yard they were supplying.

The need for ship propulsion equipments 
was so ii^Hrative that even after placing

enormous orders with, practically speaking, 
every Company who could produce equip­
ments, the Government was looking for yet. 
more facilities for production and approached 
the General Electric Company on the subject 
of electric propulsion. The Company had 

The Company undertook a great deal of educational work during the war. This view shows a class of officers at the 
Schenectady Works from the U. S. Naval School of Turbine Engineering, who were given intensive training relative 
to the design, care, and operation of turbines, gears, and electric apparatus as used aboard ships. Four hundred 
and ten engineers have graduated from the classes at these Works
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already had certain experience in this w<a k ami 
at first were .asked if they could deliver Kill 
equipments. 'I'he ( nmpany was actttallv 
asked to build all electric ship propulsion 
equipments. This number, however, xvas re- 
dueed xvhen the armistice was signed. Each 
of these vessels was to have a single screw 
drix-en by a 3(100-horsepower motor. The 
operation of these electric equipments xvill be 
xvatched xvith keen interest by the shipping 
xvorld, as there are many who look for a 
brilliant future for the electrically propelled 
ship.

Oxving to the tremendous number of nexx- 
x-essels placed in service during the war it xvas 
impossible to obtain a sufficient number of 
trained marine engineers xvho had had any 
experience xvith turbines to operate these 
boats. 'Phis, of course, often led to the equip­
ments being operated by inexperienced men 
and the ('ompany was called upon to do much 
xvork in the xvay <»f small repairs and in­
spections xvhich. in normal times, might have 
been performed by the engineers of the boats 
or by the ship oxvncrs themselves. In order 
to deal xvith this phase of the xvork effectively 
and to prevent interruption in serxhee, the 
Company organized and maintained a very 
thorough system of inspection xvhere all ves­
sels equipped xx’ith the Company’s machinery 
xvere inspected at regular intervals.

Tlii-. mgi iit m < d for Iraiw d n> n a k A 
t li<- (’ompanx to comlm t liv. ii;m r .
for I raining marine engineer n r I b- ej » • .11 b ' 
ol lheir machinerv < »ne ot I L< . <-air . .'.a
of ;i month's duration and v.a r o ink d !■ >t 
the chief engineers of the Emer;'. m l lei' 
These men wi re given a course ol .< ■ no ai d 
ins'ructions siillicicm to make then mail it 
with .all «Jctuils of the operation ami n atn 
icnance of the turbine equipment Th. 
second of these courses was ol two week­
duration and was for nax-al officer^ front tin 
V. S. Naxal School of Turbine En ma erii . 
Pittsburgh. (»theers came from this school to 
Schenectady at the rate <>f 21» a week and wire 
given one week of intensive engineering ami 
one xveek xvas devoted to electrical subjcU- 
having particular reference to the electric 
propulsion of ships.

Ship Propulsion Equipment for Naval Vessels
Over and above the 1.776,001) horsepoxver 

of ship propulsion machinery that the Com­
pany was providing for cargo vessels thex- 
xvere either building or had built no less than 
2,300,1 )0()-horsepoxver of ship propulsion ap­
paratus for naval x-essels. These included 
equipments for propelling battleships, battle 
cruisers, and destroyers.

Literally volumes might be xvritten on this 
xvork, but xve can only mention the nr st

Ninety-four of these propulsion units for the 35-knot torpedo boat destroyers were built by the General Electric Crm- 
pany after the United States entered the war. Each unit consists of a cruising and a main turbine of the Curtis 
type and a speed reduction gear of the flexible disk. Alquist type
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Exterior View of Building No. 5 at Erie

important xvork here very briefly. The April 
issue of the General Electric Reviexv- xvas 
devoted to a description of the battleship 
New Mexico and her equipment.

Destroyer Equipments
One of the most important contracts that 

the Company undertook during the xvar xvas 
the propelling equipments for -10 destroyers. 
They had already a contract for six such 
equipments, making a total of 46 in all. This 
contract xvas let in October, 1917, and the first 
equipment was delivered in August, 1918.

Each equipment consisted of two geared 
turbines of 13,500 horsepower each and one 
cruising turbine of 800 horsepower, giving a 
total ship horsepower of 27,800. These 
destroyers are approximately 300 ft. long and 
are of 1200 tons displacement. Their speed 
is 35 knots.

The building of these equipments was an­
other rush xvar order on which the Govern­
ment asked the Company to give first pref­
erence. The turbines were designed, new 
buildings xvere erected and equipped with 
tools, jigs, and dies; patterns and gauges 

Interior View of Building No. 5 at Erie, showing the Testing Stands for the Torpedo Boat Destroyer Equipments
The Erie Plant was very busy on war work. At the time America entered the war the above building was only half built; it had 

no floors or equipment. It was completed in record time for the purpose of building equipments for torpedo boat destroyers and other 
ship propulsion sets
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were made, labor provided and housed ;ill in 
record time. This work was done at Erie 
where no turbines had previously been built.

Other Ship Propulsion for tlie Navy
Of the large naval vessels that the Company 

was building equipments for we shall hope to 
write more at a later date, but it is interesting 
to know that each of the four battle cruisers 
that the Company was building electric drive 
for required electric motors with a total 
capacity of ISO,IKK) horsepower and turbo 
generators with a total capacity of 142,400 
kilowatts, and that each of the four battleship 
equipments called for electric motors of 
30,000 horsepower and that the cruisers each 
required IK),000 horsepower geared turbines. 
Some of these equipments had been ordered 
before America entered the war.

There seems to be a brilliant future for elec­
tric propulsion for war ships. 'I'he Company 
designed and built the entire electrical equip­
ment for the A’cw Mexico, the most successful 
battleship afloat. A complete description 
has appeared in the Review, so we shall con­
fine our remarks here to quoting Secretary 
Daniels’ remarks before the House of Naval 
Affairs Committee.

The Secretary read the following statement 
in connection with his discussion of electrically 
driven ships:

"I recently paid a visit to the battleship 
New Mexico, which is the latest dreadnought 
to join the fleet and the first and only one of 
any nation to have electrically operated pro­
pelling machinery. ()n this account she has 
been an object of surpassing interest to the 
officers of our own navy and to those of 
foreign navies as well, and to electrical en­
gineers in general.

‘‘When we decided to equip the capital ships 
of the 1916 programme with electric drive it 
was represented that we were making a great 
mistake. I did not regard it as an experiment 
for we were in the fortunate position of being 
the only nation that had had any experience 
xvith this system of propulsion, and that ex­
perience xvas of such a satisfactory character 
that it would have been unpardonable if we 
had not profited by it to the fullest extent 
possible.

"The machinery xvas designed to develop 
26,500 horsepoxver at full speed, xvhich it xvas 
expected would give the ship a speed of 21 
knots. She actually developed more than 
31,660 horsepower and maintained for four 
hours a speed of 21 Li knots, and this when 
running at a displacement 1000 tons greater 

than lu i- design mllcd f. ,r If 1,.- LaH I-• • 
tried at her designed displ.M em. m . a . i . u 
I<unary with all new ships, she w ,ub| Laven ad- 
21.5 knots without any trouble, and wha: i 
still better, she could have kept up tin w • I 
as long as her fuel lasted.

"When we entered into contrail for il • 
machinery of the .Wie Mixko, wc stipulat'd 
that, in addition to being capable of dc-.elou- 
ing the maximum power, it should al .o go. e 
an economy at cruising speed very ii 
superior to that obtainable with the turbi'i' 
installations that we 1ki<1 previously used, a: I 
I am happy to say that this stringent require­
ment was also met As a matter of tact, the 
.Vete Mexico will steam at 10 knots on about 
25 per cent less fuel than the best turbine sliiu 
that preceded her.

“On the whole, I think the country ha- 
cause to be proud of this achiexement in en­
gineering, not alone because of the pronounced 
success in this particular instance, but be­
cause of the assurance it gives us of the 
superiority of our capital ships to those of 
foreign nations."

Electric Heating Devices
Among the numerous electric heating de­

vices which the Company developed and 
xvhich played their part in helping to win the 
war, some were really spectacular. They 
reached all the way from the gigantic electric 
furnaces for gun shrinking to such n velties 
as electrically heated suits io keep aviators 
warm miles up in the air; they include the 
electric rivet heater to help the shij builder 
and the heating units for submarines when 
travelling in the depths of the sea; cooking 
ranges for naval puposes and a host of every­
day devices were produced in large quantities. 
Like many of the Company’s xvar activities, 
we can only touch on some of the most inter­
esting if we are to confine our remarks to rea­
sonable limits.

Electric Furnaces for Gun Shrinking
Early in 1917 the Company sold its first 

large gun shrinking furnace to a munition 
manufacturer and was thus helping the allied 
cause. When America entered the war this 
type of furnace was endorsed by the G vern- 
ment and a furnace seven feet in diameti i and 
no less than 90 feet in depth was made by the 
Company for the Washington Navy Yard. 
During the period of the war about 30 of 
these furnaces have been built in Si heneetady 
and bold Jo the American and French Govern­
ments
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Two very important operations in Imihling 
guns tire the proper heat treatment of the forg 
ings and the proper shrinkage of the iliffcreiil 
layers that composl the built-up gun, an<l 
should this work be done improperly it leads 
to a considerable loss of time, labor and 
material. Formerly the furnaces used for 
these purposes were heated by gas or oil and 
it was hard to secure anything like an even 
distribution of heat and a constant tempera­
ture. Also it was hard to prevent the oxida­
tion or scaling of the gun forging.

The development of the electrical healed 
furnace has done away with these difficulties 
and has dominated the rejection of many 
^Biled parts.

The gun shrinking furnaces developed by 
the Bmpany vary in size from a 37 kw. unit 
which is 42 in.in diameter and six feet in depth, 
used for heating breech blocks, to the great 
I (100 kw. furnaces which are seven feet in diame­
ter and are 90 feet in depth. These monsters 
are used for assembling the huge modern 
rilles which have been so aptly termed the 
teeth of the navy.

The largest of these great furnaces weigh 
about 220 tons and its transportation is just 
one of those items that has helped to make 
some of the Company's war developn^nts 
difficult, if interesting.

The transportation of a single furnace re­
quired nine flat cars and it was necessary to 
use a special routing for the shipment and to 
obtain guarantees from the railroad com­
panies, as the size of some of the individual 
parts were greater than all the standard rail­
road clearances.

One of these large electric furnaces consists 
of 1728 heating units, and no less than 6)2 
miles of metallic resistance ribbon are used in 
its construction. The material used as heat 
insulation was shipped from California to 
Schenectady in carload lots.

The work that these furnaces performed 
played sueh an important part in speeding up 
war production, and there is so much interest 
in the fact that such work is now done on the. 
largest scale electrically rather than by the 
older methods, that a few further facts about 
these giant furnaces and their work should 
interest the reader.

As is quite commonly known modern field 
guns and naval guns are built up by shrinking 
together accurately machined tubes or hoops 
to give the required strength and the special 
initial tension characteristics necessary to 
withstand the enormous force of the explosive 
charge and drive the projectile. To do this 

work siuws .fnllv ami luMemi tH* .cm 
suit manv smoossi vi- t mil- Il................. .... ' ■
have the tcmpcralure tmd' r p rl--. > .
It is usual in this work to hold a imilorm o n 
peralme of about SOD degr<<' I'ahr o- . r H . 
entire length of the flirmui- -,o a Io h' a' am1 
expand the hoops ami ja< l.mt 1:
these conditions are not obtained the e par­
will not shrink properly over the tube ami u 
may become necessary to ent them ol' m a 
lathe because thex have stuck in the run 
place. This wastes time and labor ami hinder . 
production.

Electrically heated furnaces, with H«-ir 
simple direct means of temperature control, 
oiler the best known means of obtaining uni­
form distribution of lie,-it over long surfaces, a- 
the heating elements are disl ributed c a n! 
over the entire inner surface. As these 
furnaces are built up in a cylindrical form, 
the tube can be placed concentrically in the 
furnace and hetited evenly till over by direct 
radiation.

The efficiency of the electric furnace is 
astonishingly high, as there are no waste 
gases to be got rid of and to carry a large part 
of the heat away with them. Th< re is no ten­
dency to oxidation in an electric furnace and 
¡■baffles are needed.

All of these electric furnaces of one given 
diameter tire built up of interchangeable parts 
each complete in itself so that a furnace of any 
depth can be made by joining the desire 1 num- 
ber^Hstandard units.

Each section consists of a steel frame which 
houses the heating elements and each of these 
elements is made- up of a flat ribbon of a 
metallic resistor material wound on its in­
sulated support. The temperature control is 
affected by txvo thermo couples, the leads 
from these going to the solenoid operated re­
mote control sxvitches.

Tin- operator sits comfortably at his cen­
tral control desk with his voltmeter heat 
measuring instruments and switches, etc., in 
front of him and can control the heat in any 
part of his furnace without moving.

Electric Heat Treating Furnaces
The making of large guns, as may well be 

imagined, is a highly specialized art and the 
correct heat treatment of tin forgings is a 
science in itself. These different processes 
are now performed electrically. the Company 
having developed electrically heated furnaces 
f<H this purpose. Some of these furnaces will 
handle as many as twelve gun tubes or jackets 
at one time.
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Typical Installation of Four Furnaces with Quenching Tank

Automatic Control Board for Installation Shown Above
Resistance furnaces for heat-treating gun forgings. Some of the advantages of this type of furnace are 

the sensitive and accurate temperature control, assuring a uniform product, cleanliness, the absence 
of products of combustion and noise and the small amount of labor required for operation. Only one 
man is required to operate the installation of four furnaces shown above
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As has so often been the case in other fields 
of industry when once the job has been done 
electrically, the new method has proved itself 
superior io all older methods, and this fact can 
practically always be traced to the perfect con­
trol under which electrical energy can be held.

Oil burners which were so exten­
sively used in these processes have a 
very high fuel value, but the use of 
electrically heated furnaces had in­
troduced refinements in manufacture 
which were impossible with oil or gas.

Oil furnaces can have al best only 
relatively few burners, while the inside 
of the electric furnace is covered uni­
formly with the heating elements all 
giving out an equal number of heal 
units and therefore assuring the uni­
form distribution of heat so essential 
in getting constant results in the fin­
ished products.

An important w«r-time considera­
tion is that the labor costs for opera­
ting electric furnaces is very small, 
owing to the perfection of the auto­
matic control, and the maintenance 
cost is practically nil as the materials 
used do not suffer from abrasion or 
deterioration.

These furnaces operate at a thermal 
efficiency of from 72 to 82 per cent, 
depending on conditions. Such an 
efficiency is extraordinarily high for 
a furnace of this nature. Furnaces 
of this type, can be used for a variety 
of both war-time and peace-time pur­
poses, the annealing of steel, brass or 
copper strip or tubing, the baking of 
porcelain and enamel and the anneal­
ing of glass all coming within their 
field of usefulness.

Electrically Heated Furnaces for Shells
The number of shells of all calibres 

made during the war is prodigious and 
the difficultiis met in their production are 
legion. Early in the war many manufacturers 
assumed contracts for their production, only 
to learn later that a shell is by no means an 
easy thing to make or a good manufacturing 
proposition unless the art of making them is 
thoroughly understood. A1 any were surj >rised 
to learn that a shell to fulfill the conditions of 
accurate flight must be made as accurately as 
the parts of a watch; that the fuse, which had 
been developed to explode at the exact in­
stant was a most complicated, but highly de­
veloped mechanism, and that the tempering 

of a shell demands i xtiai.nlmai '. < are and 
skill.

The Company developed pc< ia)l eb < 
tricalIy heated furnaces f<>r I he In ai I n af mo i 
or hardening, of shells and a lb«- '.'.ar po - 
grossed llie need for these betaine mere in,

View showing gun being quenched after removal from electric furnace

perative to the shell manufacturer, if he was 
to eliminate the great number of rejected 
shells at the proving ground and avoid the 
consequent waste of time, labor and material 
which was seriously affecting production.

How important the proper heat treatment 
of shells is is hard to emphasize, but it should 
be noted that a shell does not strike its target 
straight, but at an angle, and that there is a 
tendency for one of txvo things to happen: 
either the nose xvill flatten and the shell slide 
off. or if the nose is hard enough to pierce the 
object, the shell xx-ill shear off in the middle. 
It has been found that to make a shell more 
effective it should not have the same degree of 
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hardness throughout its length, but that the 
nose should be more elastic. These conditions 
were hard to obtain, as each part of the shell 
had to be treated at a different temperature, 
ranging from 1300 degrees F. to 1650 degrees 
F., and not only must each section be treated

Outline of Resistance Furnace for the heat-treating of gun forg­
ings, showing gun in position. A number of guns can be ' 
treated simultaneously in this manner

at a different temperature, but each tempera­
ture must be controlled to within a few de­
grees very accurately.

The Company, in connection with shell 
manufacturer.'-, developed an electrical furnace 
to meet these exacting conditions; it is 
divided into Zones by metal diaphragms and 

the shell is placed in the furnace nose down, 
being secured by a shaft and special clamp at 
the butt. The diaphragms are one inch thick 
with a hole in the center just large enough to 
take the shell and to prevent the flow of heat 
from one zone to another. It is possible in 
this way to obtain a difference of temperature 
between adjacent zones of about 300 degrees 
F. Each zone has its own heat unit and auto­
matic temperature control. The Company 
developed several different types of heat 
treating furnaces for shells, such as one zone, 
two zone, and three zone furnaces, and it is a 
satisfaction to think that this materially 
helped the country in the efficient production 
of this all-important war material.

Electric Rivet Heaters
The imperative necessity of speeding the 

production of ships was well recognized and 
the present means of heating rivets by coke, 
oil or gas was known to be far from satisfac­
tory, so the Company developed electric rivet 
heaters which were more economical, easy to 
handle and more portable than the old devices. 
The electric heater heats the rivet uniformly 
which is conducive to a better upsetting of 
the rivet. It is interesting to note that among 
the electric rivet heaters supplied by the Com­
pany during the war a number were furnished 
to Mr. Henry Ford to be used in building the 
Eagle Boats.
Searchlights

Since its invention the searchlight has 
played an important part in every war, both 
for naval and military purposes. The radical 
difference between this and all previous wars, 
not only in the changed methods of field opera­
tion, but those introduced by the introduction 
of the submarine and the air service, have 
given the searchlight an importance very 
much greater than ever before.

The searchlight played a most important 
part in aerial defence. This service called for 
equipments designed to permit the elevation 
of the beam through the zenith; and the num­
ber and efficiency of the searchlights employed 
proved to be a direct measure of the immunity 
of towns from aerial bombardment.

During some of the great offensives it was 
f< iund that light weight and mobility were most 
important factors. Many searchlights were lost 
owing to their immobility and the consequences 
were heavy casualties due to night bombing be­
hind the lines, including hospitals.

The naval requirements were more severe 
in this war than ever before. Searchlights on 
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destroyers and ebasers for combating sub­
marines must operate satisfactorily under all 
conditions of weather and for this service 
extreir^B accurate im-uhanieal control was 
also found necessary.

Early in 1‘J 15 the Company had begun the 
development of the High Intensity Search­
light which was about live times as powerful 
as the old style light. It will surely astonish 
some readers to learn that the old style (¡0- 
inch searehlight gave almost 75,tltt(l,(l(l() beam 
candle-power, but does it really convey much 
to his mind to be told that the new GO-inch 
searehlight gives 125<l.t)t)(l.tMH) beam eandle- 
^Bv|r? It would be uninteresting to cite a 
list of all the searchlights that the Company 
produced for war purposes, but the following 
notes on some of the most important may be 
of some interest to the reader:

One hundred anil sixty high intensity 
searchlights were made with parabolic glass 
mirrors five feet in diameter. One hundred 
and seventy ¡iti-inch high intensity search­
lights were made for mounting on four- 
wheel, rubber-tired trucks. The current for 
these lamps is furnished by a generator 
mounted on a large platformed auto truck on 
which the searchlight with its own small truck 
is transported. These portable equipments 
proved very effective in anti-aircraft work.

Three hundred searchlights of the 2 l-inch 
type were made for naval service, being 
designed especially to meet the new war 
conditions. Practically all these searchlights 
were used on destroyers.

For the Emergency Fleet Corporation the 
Company made 50(i low intensity. Is^Bh 
searchlights and 500 running light telltale 
boards, as well as 500 blinker light signal 
controllers, and in addition to these a large 
number of incandescent signalling search­
lights were manufactured for naval use.

The development work done in searchlights 
alone was enormous and the promptness with 
which radically new equipments were pro­
duced reflects great credit on those responsible 
for this work. To cite one example of this de­
velopment work:

The first 00-ineh searchlight sent abroad 
with the American Expeditionary F. rce 
weighed nearly (¡00(1 pounds, and the com­
bined power plant and truck made a total 
weight of about 1 1 tons, and a large squad (If 
men were required to handle a single search­
light equipment. It should be noted that 
these searchlights were originally designed and 
built for sea coast defense, ami therefore, were 
intended for installation in heavy permanent 

emplacements. For t hi» jt u i D <;u* on 
ol weight was pract icall v ot no import.'im • . 
and the use of these light' for portable <hil 
xvas simply a makeshift ; it xsa ab ohtid ■ 
necessary to supply portable ■ ran hhglii m 
the : hortest possible time.

Outline of Resistance Furnace for heat treating shells 
showing diaphragm dividing furnaces into zones so 
different hardnesses can be obtained on different 
parts of the shell

boon after A^aca becanw actively en­
gaged in the war. certain searchlight observers 
were sent to this country to present the facts
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and obtain searchlights which would meet 
modern warfare requirements. It was de­
termined that a large number of extremely 
light, high power, mobile units would effec­
tively check the enemy’s bombing operations.

A Simple Form of Induction Device for Heating Rivets

Soon after the above requirements were 
known, the Company’s engineers suggested 
that the special light weight, high power, 60- 
inch light be designed, using aluminum to re­
duce weight. _ It will be noted that an en­
tirely successful 60-inch drum-type search­
light of this type was later supplied to the 
army, using the rather heavy four-wheel 
truck, originally designed for the heavy units, 
and this complete equipment weighed less than 
1800 pounds. Severe tests proved that tills 
design would meet all conditions of service.

After a general conference at Washington 
between the Engineers of the General En­
gineer Depot of the U. S. Armv and the En­

gineers of the General Electric Company, 
when the army engineers thought that the 
barrel, front-door glass and many other parts 
could be eliminated, it was decided to de­
velop a searchlight with a 60-inch metal 
mirror which would not weigh more than 
1000 pounds with a very much simplified 
hand-feed mechanism. This development 
work was done at Lynn, and the work was 
pushed so actively that in a little over a month 
a complete'equipment was ready for exhibi­
tion. A much smaller 30-inch, high power 
searchlight with a tripod mount was con­
sidered necessary by the army engineers, 
where extreme portability was required, and a 
searchlight of this type was designed and 
built at Schenectady, with a very simple and 
rugged feeding mechanism. It might be in­
teresting to note this entire unit weighed only 
225 pounds.

The difficulties encountered in development 
work of this nature under war conditions are 
hard to appreciate. The silvered glass para­
bolic mirror is one of the essential features of a 
searchlight. Such mirrors must be made of 
low absorption, heat resisting glass, ground 
with extreme accuracy and carefully silvered. 
The successful development of metal mirrors 
as large as 60 inches in diameter is not only 
an interesting and notable accomplishment in 
itself, but should lead to a distinct advance in 
the searchlight arts.

The Lynn factory also developed, in con­
junction with the U. S. Army Engineers and 
the Cadillac Motor Car Company, a unit for 
carrying these portable searchlights. These 
equipments were so arranged that the same 
engine was used for driving both the truck and 
the generator, which was of 15-kw. capacity. 
Ninety such equipments were on order when 
the armistice was signed and have since been 
delivered. The Company had also undertaken 
to develop a 50-kw. equipment suitable for an 
American-La France chassis.

To test the mobility and strength of the 
newly built Cadillac unit a 6000-mile test 
was run between Lynn and the west coast of 
Florida and back. There was a good deal of 
road between Washington and Florida that 
was almost impassible and on some days less 
than 25 miles were covered, but no serious diffi­
culties were encountered with any parts of 
the machine, and the lamp was carried over 
ground, which it is felt could not have been 
traversed by the earlier heavy weight units.

(To be Continued}




