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To (till tufuoi), it inctly conceiv. 
Be it known that I, CHARLES G. CURTIS, a 

citizen of the United States, residing at New 
York city, in the county and State of New 
York, have invented a certain new and useful 
Improvement in Elastic-Fluid Turbines, of 
which the following is a specification. 
My invention relates to apparatus for de 

veloping power from steam or other elastic 
fluid under pressure, wherein the energy of 
pressure is converted into energy of velocity 
Or - is vict, and is transformed into mechan 
ical power by being directed against a portion 
of the Vanes of a complete circular range of 
rotating vanes or by being directed succes 
sively against a portion of two or more sets of 
such vanes. In all elastic-fluid turbines me 
chanical power is developed by utilizing the 
vis vil'C of the fluid to impart motion to the 
blades or vanes of the turbine. The princi 
ples underlying the successful solution of the 
problem of developing mechanical power by 
means of such turbines in an efficient, prac 
tical, and commercially-satisfactory manner 
have been embodied by me in methods and 
apparatus upon which I propose to apply 
for Letters Patent, Serial Nos. 575,244 and 
575,679. In all successful mechanical com 
binations by which this result can be obtained 
with steam or other elastic fluid the size, 
form, and relative proportions of all the parts 
which unite to form the passage-way through 
which the fluid passes from the source of sup 
ply under maximum pressure to the exhaust 
are necessarily adapted to permit expansion 
of the fluid and conversion of its pressure 
into Velocity and to convert the maximum 
amount of ; is vival into rotary motion of the 
Vanes during its passage from inlet to ex 
haust. Having planned and constructed such 
an apparatus in a manner to produce the 

45 

greatest possible mechanical power when the 
maximum volume of fluid is admitted thereto, 
the problem of governing such a machine effi 
ciently presents itself, that is to say, of in 
Suring the same relatively high efficiency un 
der all variations of load. This has nothere 
tofore been accomplished. My invention has 
for its object the solution of this problem. 
For the majority of commercial purposes re 
quiring a stationary plant an elastic-fluid tur 

bine, like a steam-engine, must be made to 
maintain a practically constant speed under 
all variations of load. My new method of 
and apparatus for governing is based upon 
the principle that if the volume of the jet of 
the elastic fluid flowing through a turbine is 
made to vary, and at the same time the ve 
locity of the jet remain constant, the mechan 
ical power developed will vary as the volume 
of the jet varies, and therefore the efficiency 
of the turbine will be substantially the same 
at all loads. Furthermore, if the volume of 
the jet is made to vary substantially as the 
load varies, but the Velocity of the jet is con 
stant, the speed of rotation of the turbine will 
remain constant. On the other hand I have 
found that if both the velocity and volume of 
the jet at the point or points where it strikes 
the vanes of the turbine are varied the speed 
of rotation of the turbine will vary, or if the 
speed of rotation is under these conditions 
maintained constant a relatively larger vol 
ume of jet will be required to maintain this 
speed of rotation at light than at heavy loads, 
and in either case there will be a loss in effi 
ciency. 
In carrying out my invention I provide a 

governing mechanism which is so designed as 
to vary the volume of the jet to any desired 
extent without varying its velocity at the 
point or points where it acts upon the mov 
able element or elements of the turbine, that 
is to say, where this velocity is converted into 
mechanical power. This I do by maintain 
ing the same relative ploportions between 
the parts of the expansion passage-way while 
varying the size of the steam-inlet, i.e., the 
volume of the jet at its entrance to the appa 
ratus from the source of supply. With the 
oldest and best-known form of expansion-noz 
zle, i.e., one having diverging sides and grad 
ually-enlarging cross-sections, variation of the 
size of the smaller end only, i. e., of the vol 
ume of the jet admitted to the nozzle, will be 
attended with variation of the velocity of the 
jet at the larger end, for the velocity of the 
jet at the larger end will depend upon the 
amount of expansion that has Occurred at 
that point, and if the nozzle is designed to 
permit full expansion at the larger end when 
the smaller end is wide open full expansion 
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will occur before the jet reaches that point, if 
the smaller end is partly closed, and the con 
sequence will be that the cross-section of the 
larger end will be too large to convey the re 
duced volume of fluid at the proper velocity 
and a reduced velocity at this point will foll 
low. As the 'is viva or energy contained in 
the moving fluid varies as the square of its 
velocity, a comparatively slight loss of ve 
locity results in a very considerable loss of 
power. In order, therefore, that the degree 
of expansion and therefore the velocity of the 
jet may be constant at the larger or delivery 
end under variations in the size of the smaller 
end, it is essential that the cross-section of the 
larger end shall at all times bear the same 
proportion to the cross-section of the smaller 
end and the rate of cross-sectional increase 
between the two remain constant. Whether 
this or some other form of expansion-nozzle 
is used, or whether the expansion is allowed 
to take place partly in the stationary pas 
sages and partly in the movable or secondary 
elements of the apparatus, the essential thing 
is that variation in the fluid-inlet, i.e., in the 
volume of fluid admitted from the source of 
supply, shall be accompanied by such varia 
tion in the controlling parts of the expansion 
passage-way through which the fluid-jet 
passes to the exhaust (i.e., those parts where 
the fluid acts upon the movable elements of 
the turbine and where for that reason it is 
important to maintain the proper Velocity or 
velocities) as shall maintain at all times the 
same proportions between the various parts 
and the fluid-inlet. Under these conditions 
the volume of the jet will vary, but its effect 
ive or virtual velocity at each point where it 
acts will remain substantially constant under 
variations in volume. The apparatus con 
structed by me embodying these principles 
of governing show the marked improvement 
in efficiency, economy, and commercially-sat 
isfactory practice which is a condition prece 
dent to any extensive use of steam or elastic 
fluid turbines as prime movers. 

In carrying out my invention in connection 
with a turbine having only one set of vanes 
or buckets to which motion is imparted by 
the is vival of the fluid-jet the conversion of 
the pressure of the fluid into velocity should 
preferably precede its impact with that por 
lion of each vane which is designed to con 
vert such velocity into mechanical power. 
The means for obtaining such conversion may 
be either the old diverging nozzle or an im 
proved expansion-nozzle devised by me, in 
which the fluid issues from a contracted in 
let or nozzle into a larger passage whose cross 
section may be constant and equal to the 
volume of the jet when the desired expansion 
has taken place. Describing this part of the 
apparatus as the “expansion’ passage or noz 
zle, I make it adjustable, so that the cross 
section of the fluid-inlet may be varied and 
so that every variation thereof shall be ac 
companied by simultaneous variations in the 

other parts of the expansion-passage and the 
propolitions between them remain constant. 
The adjustable element may be moved by 
hand, but of course an automatic adjustment 
by means of a speed-governor or otherwise is 
necessary for most purposes. The adjust 
ability may be obtained in different ways. In 
the case of the diverging form of nozzle one 
side thereof may be adjustable toward and 
away from the other side, or both sides may 
be adjustable toward and away from each 
other, or the single nozzle may be divided into 
a number of separate expanding-passages, 
more or fewer of which may be closed by a 
movable gate. In case one side of the noz 
zle is made adjustable, this adjustable side 
may be a piece having a movement in a right 
line, in which case the proportion between 
the inlet and the discharging ends will be 
roughly maintained, but only within narrow 
limits of inlet variation, unless the nozzle be 
made with its movable side parallel to the one 
opposite and the other two sides diverging, 
(but so that the cross-section of the nozzle 
shall be a parallelogram,) the increase of cross 
section being thus obtained and the propor 
tions maintained regardless of the adjusted 
distance between the parallel sides; or the 
proportion may be maintained with precision 
by pivoting the adjustable element of the 
nozzle or moving it in curved guides, so that 
it will have a greater rate of motion at the 
discharging end than at the inlet end of the 
nozzle, the rate of motion being proportional 
to the respective cross-sectional areas at these 
points. 
In applying my invention to the case of an 

expansion-passage of other than the diverg 
ing form I make my expansion-passage prac 
tically of two parts, (one being a contracted 
inlet or nozzle and the other a larger dis 
charge end,) and Iconstruct these parts so that 
by means of movable walls or parts the cross 
sectional areas of both the inlet and discharge 
may be caused to vary simultaneously and 
proportionally. 
In applying my invention to a turbine hav 

ing two or more sets of rotating vanes in which 
the vis viva is utilized and an inlet nozzle or 
passage and One or more stationary or rotat 
ing intermediate expanding - passages the 
principle underlying correct governing is the 
same. The whole passage-Way through which 
the fluid is passing at any instant from the 
supply to the exhaust may be considered as 
made up of sections or portions in which (1) 
pressure is converted into vis viva, (2) the di 
rection of flow of the jet is changed, as re 
quired, and (3) the is viva is converted so 
far as possible into mechanical power. Any 
Section may perform only one of these func 
tions or it may combine two or more of them. 
With reference to governing in accordance 
with my invention it is necessary that all 
controlling cross-sections of the passage-Way, 
considered as a whole, should vary simulta 
neously with every change at the inlet end 
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and maintain at all times the same propor 
tions to each other. With respect to any por 
tion of the passage-way which is made up of 
Spaces between vanes or buckets, the adjust 
able element of the passage-way which im 
mediately precedes will determine the num 
ber of Vanes to which the jet is admitted at 
any instant by the cross-section of its dis 
charge end at that instant. Every portion 
of the passage-Way not made up of spaces be 
tween vanes will have an adjustable side 
whose movement, whether on a pivot or slid 
ing, &c., will effect the proportionate varia 
tion required, and simultaneity of variation 
will be obtained by connecting all the adjust 
able sides to appropriate mechanism, where 
by all will move with every movement, given to 
the adjustable side at the inlet, whether by 
an automatic speed-controlling device or oth 
erwise. Another class of turbines may be 
considered, in which the passage-way through 
which the steam or fluid passes may be re 
garded as divided into a series of passage 
Ways each in some sense complete in itself, 
the first beginning at the inlet from the main 
steam supply and ending at an exhaust-pipe 
leading from the first shell to the beginning 
of the second passage-Way, this exhaust-pipe 
Serving as a Supply-pipe to the second pas 
Sage-way, and so on, the apparatus being di 
vided up into parts, each operating under a 
lower initial pressure than the one before it. 
In this case my invention does not require any 
variation in the various exhaust-pipes thus 
described, but only that each of the series of 
passage-ways shall be varied throughout si 
multaneously and proportionally with each 
variation of its own inlet, and that all the in 
lets after the first shall vary simultaneously 
and proportionally with the one opening from 
the main steam supply. The application of 
my invention to this case is similar to that 
described above, except that what I have 
called the “exhaust-pipes' (regarding them 
now as portions or sections of the entire steam 
passage) are not varied, but remain constant, 
the Velocity of the steam or fluid being at 
such points trifling and unaffected by them 
in any Way. 
In the accompanying drawings, forming 

part hereof, Figure I is a side elevation of 
a simple or non-compounded turbine having 
my invention applied thereto. Fig. 2 is a 
sectional view of the same apparatus through 
the nozzle and exhaust-passage with the 
Vanes developed in a horizontal plane and 
showing the well-known diverging nozzle 
With my invention applied thereto. Fig. 3 is 
a diagram indicating a new construction of 
expansion-nozzle or expansion intermediate 
Stationary passage. Fig. 4 is a section simi 
lar to Fig. 2, showing a different construc 
tion of the adjustable element of the nozzle 
and illustrating the invention applied to a 
compound turbine having a divided or sec 
tional adjustable intermediate stationary 
passage. Fig. 5 is a view similar to Fig. 4 

and of the same character of apparatus, show 
ing a different method of adjusting the noz 
zle. Fig. 6 is a sectional view similar to Fig. 
5, illustrating the employment of a divided 
or sectional nozzle and a single or undivided 
adjustable intermediate stationary passage. 
Fig. 7 is a sectional view of an expansion 
nozzle or stationary passage, showing a dif 
ferent method of adjustment. Fig. 8 is a 
side elevation illustrating the construction 
of Fig. 7 applied to the nozzle and inter 
mediate passages of a compound turbine hav 
ing a series of connected movable elements 
located in separate shells; and Fig. 9 is a 
radial section of the apparatus of Fig. 8, 
taken on a line running through the center 
of the steam-passages. 

Referring to Figs. 1 and 2, A is a steam 
tight shell, within which is mounted, upon a 
shaft B, a disk C, carrying on its periphery a 
complete circular range of curved vanes a. 
Entering one side of the shell A is the de 
livery-nozzle D, and from the other side of 
the shell leads the exhaust-opening E, which 
may open into the air or be connected with a 
condenser or other means for producing less 
than atmospheric pressure. Leading to the 
nozzle D is the pipe F from the steam-boiler or 
other source of elastic fluid under pressure. 
The nozzle Dis of the well-known type having 
diverging sides and gradually-enlarging cross 
sections between its throat or receiving end 
b and its discharging end c. The purpose of 
this nozzle is to convert the energy of pressure 
into energy of velocity or vis viva. The rela 
tion between the discharging end c and the 
receiving end b is determined by the condi 
tions of velocity which it is desired to obtain 
at the delivery end of the nozzle. It is highly 
important that the velocity at which the 
steam is designed to be delivered to or to act 
upon the vanes should be maintained practi 
cally the same, whatever volume of steam is 
passing, because it is by means of the Veloc 
ity that the machine does its work, and to do 
this it is necessary that the proportions be 
tween the two ends of the nozzle, whatever 
they are in the particular design of the ma 
chine, should be maintained substantially 
constant, and it is this which my invention 
is designed to accomplish. In order to di 
minish the volume or quantity of steam flow 
ing, and at the same time obtain approxi 
mately the same efficiency in the operation 
of the apparatus, one of the diverging sides 
of the nozzle D is formed by a plate G, which 
slides in suitable ways d within the auxiliary 
shelle, an opening e' being made from the 
steam-pipe F into the space within the shell 
e to more nearly balance the pressure on the 
plate G. The sliding movement of the plate 
G is secured by means of a rod f, passing 
through a stuffing-box. g. This rod may be 
connected by a link h, with a bell-crank lever 
H, which lever is connected at its other end 
with the sliding collar i of a centrifugal 
governor located within the wheel I, so that 
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the adjustment of the plate G will be pro 
duced automatically by a small percentage 
of variation in the speed of the turbine. It 
will be understood that by making one of the 
diverging sides of the nozzle adjustable from 
end to end of the nozzle the relations be 
tween the points b and C will be roughly 
maintained within narrow limits of inlet va 
riation and the velocity of the steam as it is 
discharged from the nozzle will be approxi 
mately the same for all volumes of the steam 
jet within a limited range of adjustment of 
the nozzle. If, however, the adjustable side 
be made parallel with the opposite side of 
the nozzle and the expansion is obtained by 
the divergence of the other two sides, (the 
form in cross-section being a parallelogram,) 
any degree of adjustment can be obtained 
without changing the desired relations. The 
nozzle, instead of having regularly-diverging 
walls and gradually-increasing cross-sections, 
as illustrated in Fig. 2, may be made in a dif 
ferent form, such as, for example, the con 
struction illustrated diagrammatically in Fig. 
3, in which there is a contracted inlet or noz 
zle b of proper size and a larger discharging 
end c of proper size to give the desired ex 
pansion, the walls between these points be 
ing parallel; and it should be understood 
that I consider such construction to be an 
“expansion’ nozzle or an “expansion' in 
termediate passage within the meaning of 
that word as applied to such nozzles and pas 

This special form 
of expansion-nozzle or intermediate station 
ary passage I propose to make the subject of 
a separate application for patent. 
Instead of adjusting the nozzle by means of 

a plate moving in a right line, as in Figs 1 
and 2, the end of this sliding plate may be 
a pivoted piece IK, having a curved tailpiece 
k, held to its curved seat by a spring l, and 
balanced by a steam-opening e', so that as the 
piece IK is pushed forward it will be turned 
on its pivot sufficiently to preserve with pre 
cision the relations between the receiving and 
discharging ends of the nozzle by giving it a 
greater rate of movement toward the other 
side of the nozzle at the discharging end c 
than at the receiving end b, these different 
rates of movement being proportional to the 
different cross-sectional areas at those points; 
or, as illustrated in Fig. 5, the adjustable 
piece K may be pivoted at a point sufficiently 
removed from the nozzle to preserve the 
proper relation by a pivotal movement of the 
piece. The somewhat different construction 
shown in Fig. 7 I consider an excellent form. 
In this the movable piece K slides on a curved 
seat and is moved forward and backward by 
means of a rack in, With which engages a pin 
ion in on a spindle O, extending through the 
side of the nozzle, or it may be moved by a 
sliding rod, as in other constructions shown. 
In Fig. 6 a construction of adjustable nozzle 
is shown wherein the nozzle is divided into a 

number of diverging sections by partitions 2), 
more or less of the sections of the nozzle being 
closed by a sliding gate L. 

In applying my invention to a compoundled 
turbine, the stationary intermediate passage 
(or each of them, if the compound turbine 
has more than two movable elements) is di 
vided into a number of sections by curved 
Vanes q, as shown in Figs. 4 and 5. This con 
struction secures an adjustment of the sta 
tionary passage simultaneously and propor 
tionally with the adjustment of the nozzle, 
because the number of the Sections of the sta 
tionary passage occupied by the steam-jet in 
passing from one set of movable vanes to 
another will depend upon the number of mov 
able vanes from which the jet is discharged, 
and that numberis in turn dependent upon the 
adjustment of the nozzle. I prefer, however, 
to provide a single or non-sectional interme 
diate passage M, and have one of its sides N. 
adjustable toward and away from the other 
side throughout the length of the passage, as 
shown in Fig. 6, or only at the discharging 
end of the passage, as shown in Fig. 8. In 
Fig. 6 the adjustable side N of the stationary 
passage Mis a separate piece, closing one side 
of the passage and moving between the par 
allel side walls toward and away from the 
other side of the passage, the movement being 
secured by a sliding rod which is preferably 
adjusted simultaneously with the adjustment 
of the nozzle. The construction illustrated 
in Figs. 8 and 9 is a compound turbine com 
posed of three movable elements O O' O, con 
tained in separate shells and connected to re 
ceive the flowing jet in succession by means 
of intermediate stationary passages P P', 
which are provided with adjustable discharg 
ing-nozzles of the character illustrated by 
Fig. 7. 
Q is the inlet-pipe from the steam-boiler, 

and Q is the exhaust - opening discharging 
into the air or connected with a condensel. 
The steam passes from the inlet Q to the vanes 
of the first turbine through a nozzle having 
an adjustable element like that illustrated 
in Fig. 7. The nozzle and the discharging 
ends of the intermediate passages are adapted 
to successively convert different portions of 
the pressure into velocity. The spindles O, 
whose inner ends carry the pinions for ad 
justing the movable pieces IK, as illustrated 
in Fig. 7, have on their outer ends pinions r, 
engaging with rack-bars R, which in turn 
engage with pinions S, connected together in 
any suitable Way, as by a single rack-bar S, 
whereby the adjustable elements of the ex 
pansion-mozzle and the expansion intermedi 
ate stationary passages may all be moved si 
multaneously and to the same extent. 
What I claim is 
1. In an elastic-fluid turbine, a governing 

or regulating mechanism causing variations 
in the volume of the fluid jet unaccompanied 
by Substantial variations in its velocity at the 
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point or points where it acts upon the moving 
parts to develop mechanical power, substan 
tially as set forth. - 

2. In an elastic-fluid turbine, the combina 
tion. With one or more sets of moving vanes, 
and a passage delivering a fluid jet to such 
Vanes, of means for varying the volume of 
the fluid jet without substantial variation of 
its velocity at the point or points where it 
acts on the vanes, substantially as set forth. 

3. In an elastic-fluid turbine, the combina 
tion with one or more sets of moving vanes, 
and an eXpansion-passage converting pres 
sure into velocity and delivering a fluid jet 
to such vanes, of means for varying the Vol 
ume of the fluid jet without substantial Val 
riation of its velocity at the point or points 
where it acts on the vanes, substantially as 
Set forth. 

4. In an elastic-fluid turbine, the combina 
tion with a set of rotating vanes, of an ex 
pansion-nozzle or stationary passage deliver 
ing a fluid jet to a part of the vanes and act 
ing to convert pressure into velocity, such 
nozzle or passage being adjustable to vary 
the volume of the fluid jet while maintain 
ing approximately the relations between its 
receiving and discharging ends, substantially 
as set forth. 

5. In an elastic-fluid turbine, the combina 
tion with a set of rotating vanes, of an ex 
pansion nozzle or passage delivering a fluid 
jet to a part of the vanes and acting to con 
vert pressure into velocity, and an adjustable 
part forming one of the sides of the expan 
sion-nozzle at both its receiving and discharg 
ing ends, whereby the cross-sectional areas of 
the nozzle at its receiving and discharging 
ends may be varied while maintaining ap 
proximately the relation between such cross 
sectional areas, substantially as set forth. 

6. In an elastic-fluid turbine, an expansion 
delivery nozzle or passage, adjustable simul 
taneously at its receiving and discharging 
ends, substantially as Set forth. 

7. In an elastic-fluid turbine, an expansion 
delivery nozzle or passage, adjustable simul 
taneously at its receiving and discharging 
ends with a rate of variation proportional to 
the cross-sectional areas at Such ends, Sub 
stantially as set forth. 

S. In an elastic-fluid turbine, the combina 
tion with a set of rotating vanes, of an ex 
pansion-nozzle or stationary passage deliver 
ing a fluid-jet to a part of the vanes and act 
ing to convert pressure into velocity, such 
expansion nozzle or passage being simultane 
ously adjustable at its receiving and dis 
charging ends with a rate of variation pro 
portional to the cross-sectional areas of such 
ends, substantially as and for the purpose set 
forth. 

9. In an elastic-fluid turbine, the combina 
tion with a set of rotating Vanes and an ex 
pansion nozzle or passage delivering a fluid 
jet to a portion of the vanes and acting to 
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convert pressure into velocity, of an adjust 
able part for varying the cross-sectional areas 
of the expansion nozzle or passage simultane 
ously at the receiving and discharging ends 
thereof, which adjustable part has a different 
rate of variation at the two ends toward and 
away from the other side of the nozzle, such 
different rates of variation being proportional 
to the Cross-sectional areas at the two ends of 
the expansion nozzle or passage, substantially 
as Set forth. 

10. In a compound elastic-fluid turbine, the 
Combination. With movable Vanes and means 
for delivering the elastic fluid to the vanes 
tWO or more times in succession, of a govern 
ing or regulating mechanism causing varia 
tions in the volume of the elastic fluid unac 
companied by substantial variations in its 
Velocity throughout the fluid-passage of the 
turbine, substantially as set forth. 

ll. In a compound elastic-fluid turbine, the 
combination With two or more sets of rotat 
ing Vanes, of a nozzle and one or more inter 
mediate stationary passages, whereby a fluid 
jet is presented to a part only of the vanes of 
the sets in succession, said nozzle and inter 
mediate passage or passages being simultane 
Ously and proportionately adjustable in their 
cross-sectional areas, substantially as set 
forth. 

12. In a compound elastic-fluid turbine, the 
combination with two or more sets of rotat 
ing vanes, of an expansion-nozzle delivering 
a fluid-jet to a part of the vanes of the first 
Set, and One or more stationary intermediate 
passages conveying the fluid-jet from one set 
of rotating vanes to another, the area of the 
expansion-nozzle and of the intermediate pas 
sage or passages being simultaneously and 
proportionately adjustable, substantially as 
set forth. 

13. In a compound elastic-fluid turbine, the 
combination of a series (two or more) of ad 
justable expansion nozzles Ol' passages, re 
ceiving the fluid-jet successively and con 
verting pressure into Velocity, and two or 
more sets of rotating vanes to which the fluid 
jet is delivered successively by such nozzles 
or passages, substantially as set forth. . 

14. In a compound elastic-fluid turbine, the 
combination with two or more sets of rotat 
ing vanes, of an adjustable expansion-nozzle, 
one or more intermediate stationary passages 
having adjustable expansion discharging 
ends, and a connection between the adjust 
ing devices of the nozzle and intermediate pas 
sages whereby the adjustment of the nozzle 
and of the one or more intermediate passages 
will be effected simultaneously and propor 
tionately, substantially as set forth. 
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15. In an elastic-fluid turbine, a governing 
or regulating mechanism acting to vary auto 
Imatically according to changes in load or 
speed the volume of the fluid unaccompanied 
by substantial variations in its Velocity at the 
point or points where it acts upon the mov 
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ing parts to develop mechanical power, Sub 
stantially as set forth. 

16. In an elastic-fluid turbine, an expansion 
delivery nozzle or passage adjustable simul 
taneously at its receiving and discharging 
ends, in combination with speed-governing 
mechanism controlling the adjustable ele 
ment of such nozzle or passage and effecting 

such adjustment automatically, substantially 
as set forth. 
This specification signed and witnessed 

this 31st day of December, 1895. 
CHARLES G. CURTIS. 

Witnesses: - 

EUGENE CONRAN, 
JOHN R. TAYLOR. 
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