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THE FRENCH IRONCLAD WAR SHIP COLBERT.

The central battery ironclad Colbert is one of the ten ships of the French navy that 
constitute the group ranking next in importance to the squadron of great turret ships, of 
which the Formidable is the largest.  The group consists of six types, as follows: 

  1.  The Ocean type; three vessels; the Marengo, Ocean, and Suffren.
  2.  The Friedland type, of which no others are built.
  3.  The Richelieu type, of which no others are built.
  4.  The Colbert type, of which there are two; the Colbert and the
     Trident.
  5.  The Redoubtable type, of which no others are built.
  6.  The Devastation type, of which no others are built.

[Illustration:  The French ironclad War ship Colbert.]

The Colbert was launched at Brest in 1875, and her sister ship, the Trident, in 1876.  
Both are of iron and wood, and the following are the principal dimensions of the Colbert,
which apply very closely to the Trident:  She is 321 ft. 6 in. long, 59 ft. 6 in. beam, and 
29 ft. 6 in. draught aft.  Her displacement is 8,457 tons, her indicated horse power is 
4,652, and her speed 14.4 knots.  She has coal carrying capacity for 700 tons, and her 
crew numbers 706.  The thickness of her armor belt is 8.66 in., that protecting the 
central battery is 6.29 in. thick, which is also the thickness of the transverse armored 
bulkheads, while the deck is 0.43 in. in thickness.  The armament of the Colbert 
consists of eight 10.63 in. guns, two 9.45 in., six 5.51 in., two quick firing guns, and 
fourteen revolving and machine guns.—Engineering.

* * * * *

A compound locomotive, built by the Rhode Island Locomotive Works, has been tried on
the Union Elevated Railroad, Brooklyn, N.Y.  The engine can be run either single or 
compound.  The economy in fuel was 37.7 per cent, and in water 23.8 per cent, over a 
simple engine which was tested at the same time.  The smoothness of running and the 
stillness and comparative absence of cinders was fully demonstrated.

* * * * *

STEAM ENGINE VALVES.

[Footnote:  Lecture delivered at Wells Memorial Institute, Boston, in the Lowell Free 
Course for Engineers.  From report in the Boston Journal of Commerce.]

By Thomas Hawley.
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Riding cut-off valves—peculiarities and merits of the different
Styles.
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Page 2
In considering the slide valve in its simple form with or without lap, we find there are 
certain limitations to its use as a valve that would give the best results.  The limitation of 
most importance is that its construction will not allow of the proper cut off to obtain all 
the benefits of expansion without hindering the perfect action of the valve in other 
particulars.  At this economical cut off the opening of the steam port is very little and 
very narrow, and although this is attempted to be overcome by exceedingly wide ports, 
sixteen inches in width in many cases in locomotive work, this great width adds largely 
to the unbalanced area of the valve.  The exhausting functions of the valve are 
materially changed at the short cut off, and when much lap is added to overcome this 
defect, there usually takes place a choking of the exhaust port.  You might inquire, why 
not make the port wider, but this would increase the minimum amount of load on the 
valve, and this must not be overlooked.  Then the cut off is a fixed one, and we can 
govern only by throttling the pressure we have raised in the boiler or by using a cut off 
governor and the consequent wastes of an enormous clearance space.  You will 
observe, therefore, that the plain slide valve engine gives the most general satisfaction 
at about two-thirds cut off and a very low economic result.  The best of such engines will
require forty-five to fifty pounds of steam per horse power per hour, and to generate this,
assuming an evaporation of nine pounds of water to a pound of coal, would require 
between five and six pounds of coal per horse power per hour.  And the only feature that
the valve has specially to commend it is its extreme simplicity and the very little 
mechanism required to operate it.

Yet this is of considerable importance, and in consideration of some special features at 
its latest cut off, the attempt has been many times made to take advantage of these 
features.  For instance, at 90 deg. advance, the valve opens very rapidly indeed and 
fully satisfies our requirements of a perfect valve.  This is one good point, and in this 
position also the exhaust and compression can be regulated very closely and as desired
without much lap, and as the opening of the exhaust port comes with the eccentric at its
most rapid movement the release is very quick and as we would have it.  This is only 
possible at the most uneconomic position of the valve as regards cut off.

The aim of many engineers has been to take advantage of these matters by using the 
valve with 90 deg. angular advance of eccentric ahead of crank, for the admission, 
release, and compression of the steam, and provide another means of cutting off, 
besides the one already referred to, viz., cutting off the supply of steam to the chest, 
and overcome the objection in this one of large clearance spaces.  This is done by 
means of riding cut off valves, often called expansion valves, of which, perhaps, the 
most widely known types in this vicinity are the Kendall & Roberts engine and the 
Buckeye.  The former is used in the simplest form of riding cut off, while the Buckeye 
has many peculiar features that engineers, I find, are too prone to overlook in a casual 
examination of the engine.  In these uses of the slide valve, too, means are suggested 
and carried out of practically balancing the valve.

10
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The origin of the riding cut off is most generally attributed to Gonzenbach.  His 
arrangement had two steam chests, the lower one provided with the ordinary slide valve
of late cut off, and steam was cut off from this steam chest by the expansion valve 
covering the ports connecting with the upper steam chest.  This had the old 
disadvantage that all the steam in the lower chest expanded with that in the cylinder, at 
a consequent considerable loss.  This was further improved by causing the riding cut off
to be upon the top of the main valve, instead of its chest, and resulted in a considerable 
reduction of the clearance space.

This is the simplest form, and is shown in Fig. 1.  The steam is supplied by a passage 
through the main valve which operates exactly as an ordinary slide valve would.  That 
is, the inside edges of the steam passage are the same as the ordinary valve, the 
additional piece on each end, if I may so term it, being merely to provide a passage for 
the steam which can be closed, instead of allowing the steam to pass the edge.  The 
eccentric of the main valve is fastened to the shaft to give the proper amount of lead, 
and the desired release and compression, and the expansion valve is operated by a 
separate eccentric fastened in line with or 180 deg. ahead of the crank.  When the 
piston, therefore, commences to move from the crank end to open the port, D, the 
expansion valve is forced by its eccentric in the opposite direction, and is closing the 
steam port and would have closed it before the piston reached quarter stroke, thus 
allowing the steam then in the cylinder to do work by expansion.  The eccentric 
operating this expansion valve may be set to close this steam port at any point in the 
stroke that is desired, the closing occurring when the expansion valve has covered the 
steam port.  Continuing the movements of the valves, the two would move together until
one or the other reached its dead center, when the movements would be in opposite 
directions.

[Illustration:  Fig. 1.]

There are three ways of effecting the cut off in such engines, the main valve meanwhile 
being undisturbed, its eccentric fastened securely so as not to disturb the points of lead,
release, and compression.  All that is required is to cause the edge of the expansion 
valve to cover the steam port earlier in the stroke, and this can be done, first, by 
increasing the angular advance of the cut off eccentric; second, by adding lap to the cut 
off valve; and third by changing the throw of the eccentric.  In all these instances the 
riding valve is caused to reach the edge of the steam port earlier in the stroke.  We will 
take first, as the simplest, those methods by which the lap of the cut off valve is 
increased.

11
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It will be noted that there is but one edge of this valve that is required to do any work, 
and that is to close the valve.  The eccentrics are so placed that the passage in the 
main valve is opened long before the main valve itself is ready to admit steam to the 
cylinder, so that only the outer edges are the ones to be considered, and it will be 
readily seen that the two valves traveling in opposite directions, any lap added to the 
working edge of the cut off valve will cause it to reach the edge and therefore close the 
port earlier than it would if there was less lap.  And we might carry it to the extreme that 
we could add lap enough that the steam passage would not be opened at all.

In Fig. 2 is shown the method by which this is accomplished, in what is called Meyer’s 
valve, and such as is used in the Kendall & Roberts engine.  We have only one point to 
look after, the cut off, so we can add all the lap we wish without disturbing anything 
else.  In this engine the lap is changed by hand by means of a little hand wheel on a 
stem that extends out of the rear of the steam chest.  The valve is in two sections, and 
when it is desired to cut off earlier, the hand wheel is turned in such a direction that the 
right and left hand screws controlling the cut off valve move one valve portion back and 
the other forward, which would, if they were one valve and they should be so 
considered, have the effect of lengthening them, or adding lap to them.  The result 
would be that the riding valve would reach the edge of the steam port earlier in the 
stroke, bringing about an earlier cut off.  If the cut off is desired to be later, the hand 
wheel is so turned that the right and left hand screws will bring the valve sections nearer
together, thus practically taking off lap.  Now this may be done by hand or it may be 
done by the action of a governor.

[Illustration:  Fig. 2.]

In the latter case the governor at each change of load turns the right and left hand 
screws to add or take away lap, as the load demands an earlier or later cut off; in other 
cases the governor moves a rack in mesh with a gear by which the valve sections are 
brought closer together or are separated.  The difficulty with the case where the hand 
wheel is turned by hand is that the cut off is fixed where you leave it, and governing can 
only be at the throttle.  For this reason anywhere near full boiler pressure would not be 
obtained in the cylinder of the engine.  If the load was a constant one, and the cut off 
could be fixed at about one-third, causing the throttle to open its widest, very good 
results would be obtained, but there is no margin left for governing.

12
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If the load should increase at such a time the governor could not control it under these 
conditions, and it would lead to a decrease in speed unless the lap was again changed 
to give a later cut off.  On this account the general practice soon becomes to leave the 
cut off at the later point and give range to the throttle, and we come back once more to 
the plain slide valve cutting off at half stroke, and the only gain there is, is in a quick port
opening and quick cut off.  But these matters are more than offset by the wire drawing 
between the steam pipe and chest, through the throttle, and the fact that there is added 
to the friction of the engine the friction of this additional slide valve and a considerable 
liability to have a leaky valve.

In the case where the governor changes the position of the cut off valve a greater 
decree of economy would result.  In this engine, of which the Lambertville engine is a 
type, the main valve is a long D slide, with multiple ports at the ends through which the 
steam enters the cylinders.  It is operated from an eccentric on the crank shaft in the 
usual manner.  The cut off valve is also operated from the motion on an eccentric fixed 
upon the crank shaft.  The rod or stem of the cut off valve passes through the main 
valve rod and slide.  Upon the outer end of the cut off valve rod are tappets fastened to 
engage with tappets on the eccentric valve rod.  Connection between the cut off 
eccentric, therefore, and the cut off valve is only by means of the engagement of these 
tappets.  The eccentric rod is fastened to a rocker arm having motion swinging about a 
pin or bearing in the governor slide, which may be raised or lowered by a cam operated 
by the governor.  The cut off slide is of cylindrical shape and incloses a spring and dash 
pot with disks attached by means of which the valve is closed.  The motion for operating
the valves is relatively in the same direction, the cut off eccentric having the greatest 
throw and greater angular advance to cause it to open earlier and quickly before the 
main valve is ready to admit steam.  The cut off eccentric rod swinging the rocker arm, 
the tappets thereon engage with those upon the cut off valve rod and open the 
passages to the main valve, and in their movement compress the spring in the main 
valve.  According as the speed of the engine, the rock arm will be raised or lowered so 
that the tappets upon the eccentric rod may keep in engagement a shorter or longer 
time before they disengage, thus allowing the spring that has been compressed by the 
movement of the cut off valve to close that valve quickly and the supply of steam to the 
engine, the cut off valve traveling with the main valve for the balance of the stroke.  This
device will give a remarkably quick opening and a quick cut off, but in view of the fact 
that the governor has so much to do, its delicacy is impaired and a quick response to 
the demands of the load changing not so likely to occur.  The cut off cannot be as quick 
as in some other engines, because the valves are moving in opposite directions, and 
while this fact would help, so far as shortening the distance to be traveled before cut off,
the resistance of the valves to travel in opposite directions, or rather the tendency of the
valve to travel with the main valve, hinders its rapid action.

13
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[Illustration:  Fig. 3.]

This is one great objection to the rack and gear operated by the governor, that two flat 
valves riding upon each other and sliding in opposite directions at times require a 
considerable amount of force to move them, and as only a slight change in load is 
required by the load, the governor cannot handle the work as delicately as it should.  It 
is too much for the governor to do well.  To overcome this difficulty the Ryder cut-off, 
shown in Fig. 3, was made by the Delamater people, of New York.  The main slide valve
is hollowed in the back and the ports cut diagonally across the valve to form almost a 
letter V. The expansion valve is V-shaped, and circular to fit its circular-seat.  The valve 
rod of the expansion valve has a sector upon it and operated by a gear upon the 
governor stem, which rotates the valve rod, and the edge of the valve rod is brought 
farther over the steam port, thus practically adding lap to the valve.  Little movement is 
found necessary to make the ordinary change in cut-off, and it is found to be much 
easier to move the riding valve across the valve than in a direction directly opposite.  It 
would require considerable force to move the upper valve by the governor faster than 
the lower, or in a direction opposite to that in which it is moving, but very little force 
applied sideways at the same time it is moving forward will give it a sideways motion.  In
this device the governor has only to exert this side pressure and therefore has less to 
do than if it were called upon to move the upper valve directly against the movement of 
the lower.

Something similar is the valve of the Woodbury engine, of Rochester, N.Y.  The cut-off 
valve is cylindrical, covering diagonal ports directly opposite, and is caused to be 
rotated by the action of the governor that operates a rack in mesh with a segment.  Very
little movement will effect a considerable change in the lappage of the valve, the valve 
turning about one-quarter a revolution for the extremes of cut off.  The cut off valve rod 
works through a bracket and its end terminates in a ball in a socket on the end of the 
eccentric rod.  In this case the governor has not as much to do as in other instances.

[Illustration:  Fig. 4.]

Still another method of effecting this change in cut off, but hardly by increasing the lap of
the valve, is shown in the next drawing, Fig. 4.  The cut off valve is held upon the main 
valve by the pressure of steam upon its back and rides with it until it comes in contact 
with the cut off wedge-shaped blocks, when its motion is arrested, and the main valve 
continuing its movement the steam port is closed by the main valve passing beneath the
cut off valve.  Thus the main valve travels and carries the cut off valve upon its back 
again until the cut off valve strikes the wedge on the other end and the cut off is 
effected.  The relative positions of the blocks are determined by the governor, that will 
raise or lower them so

14
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that the cut off valve will engage with them earlier or later as desired.  This device was 
designed specially as an inexpensive method of changing the common slide valve into 
an automatic cut off.  The cut off would not be as quick as in other cases we have cited, 
depending here upon the movement of the lower valve alone, and that, too, is in its 
slowest movement; whereas in the other cases, the edges approaching each other, by 
the differing movement of the valves the cut off is very rapid, provided the distance to 
travel is not long.  In this device considerable noise must result by the cut off valve 
striking the cut off blocks, and a considerable amount of leakage is likely to occur past 
this valve.

But there is one great objection in the valve gears thus far cited, that the travel of the 
expansion valve upon the main valve is variable.  I have in mind the case of a Kendall &
Roberts engine, which had been run for a long time at no better economy than would be
obtained from a plain slide valve engine, and when it was attempted to get an earlier cut
off by separating the two cut off valves, they had worn so much in their old place on the 
valve that shoulders were found sufficient to cause a disagreeable noise and a leaky 
valve.  This is very apt to occur, not only where the valve is run for a long time on one 
seat, but in cases of variation of the travel of the expansion valve.  The result is that a 
change will bring about a leaky valve, something that every engineer abhors.

The construction of the Buckeye engine, which is also of this type, is such that the travel
of the valve on the back of the main valve is always the same, no matter what the cut off
may be.  Then this engine makes use of our second proposition as a means of effecting 
the cut off, viz., by advancing the eccentric.  You will readily observe that anything that 
will cause the cut off valve to reach a certain point earlier in the stroke will bring about 
an earlier cut off as it hastens everything all around.  This is the plan pursued in the 
Buckeye, in which the governor, of the shaft type, turns the eccentric forward or back 
according as the load demands.  Then, in addition, the valve is balanced partially, the 
attempt not being made to produce an absolutely balanced valve, on the ground that 
there should be friction enough to keep the surfaces bright and to prevent leakage.  The
most perfect valve will, of course, be entirely balanced under all conditions of pressure 
so as to move with perfect ease.  With the riding cut off valve in connection with the 
plain slide valve, this is not accomplished, and it does not matter whether it is partially 
unbalanced to prevent leakage or not, the fact that it is not entirely balanced prevents it 
reaching the ideal valve.

[Illustration:  Fig. 5]

15
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This valve, Fig. 5, differs from the others also in this particular, that the exhaust takes 
place at the end of the valve instead of under the arch.  Two eccentrics are used, the 
one for the main valve being fastened to the shaft and the other riding loosely upon it 
and connected to the fly wheel governor, by which it may be turned forward or back as 
the load requires.  The three points of lead, or admission and exhaust and compression,
are fixed and independent of the changes and cut off.  The motion of the main eccentric 
is given to a rocker arm, the pivot of which is at the bottom, and from the upper end the 
valve rod transfers the motion to the valve without reversing the motion, as is done 
sometimes in the slide valve to overcome the effects of the angularity of the connecting 
rod.  The action of the rocker arm, therefore, so far as the main valve in the Buckeye is 
concerned, is no different than that which would occur if no rocker arm intervened.  The 
motion of the cut off eccentric, through its eccentric rod, is given to a rocker rocking in a 
bearing in the center of the main rocker arm (see Fig. 6).  The motion of this eccentric is
reversed, so far as the cut off valve is concerned, and when the cut off eccentric is 
moving forward, the cut off valve is being pushed back.  The main valve rod is hollow, 
and the cut off valve rod passes through it.

[Illustration:  Fig. 6]

The cut off eccentric can be placed in any position to cause it to cut off as desired, and 
by drawing the valve forward, by increasing the angular advance of the eccentric, the 
cut off valve is caused to reach and cover the steam passage in the main valve earlier 
in the stroke.  Instead of being ahead of the crank, the main eccentric in this 
arrangement follows the crank, on account of the exhaust and steam edges being 
exactly opposite from those in the ordinary slide.  What is the steam edge of the 
common slide is in this the exhaust edge, and what is the exhaust edge in the common 
valve is the steam edge in this one.  The valve, therefore, must be moved in the 
opposite direction from what is ordinarily the case, the main eccentric being not 90 deg. 
behind the crank.  It has a rapid and full opening just the same, for it is at this point 
behind the crank, or ahead of it, that the eccentric gives to the valve its quickest 
movement, or between the eccentric dead centers.  The cut off eccentric is considerably
ahead of the main eccentric, and about even with the crank.  If it was not for the 
reversal of motion of the cut off valve through the rocker arm this eccentric would be 
about in line with the crank, but on the other end.  The movement of the cut off valve, 
therefore, at the time of port opening is very little, being about on its dead center, 
passing which, it immediately commences to close.
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The object of the peculiar construction of the rocker arm, and the pivot for the cut off 
rocker being placed thereon, is to provide equal travel on the back of the main valve, no
matter what the cut off.  I have already explained, in connection with the slide valve, that
advancing the eccentric does not change the movement of the valve on its seat, but 
simply its relation to the movement of the piston.  You will see that this is unchanged as 
using the main valve as a seat or any other seat.  If the main valve was to remain 
stationary, and only the cut off valve to be operated by its eccentric, the movement of 
this cut off valve on a certain plane would be the same for all positions of the eccentric.

Moving the main slide does not affect the matter in any way, for it moves at the same 
time the pivot of the cut off, and while the cut off seat has assumed a different position 
with reference to the engine, it is still as though stationary so far as the cut off valve is 
concerned.  This is the object of this peculiar construction, and not, as some engineers 
suppose, simply to make an odd way of doing things.  And the object of it all is to give at
all cut offs the same amount of travel, so that there might be no unequal wear to bring 
about a leak, to prevent which a perfect balancing has been sacrificed.

Referring to the valve and this engine as to how it will satisfy our requirements of a 
perfect valve gear, we find that the first requirement of a rapid and full opening is met, in
that the opening occurs when the main eccentric is moving very rapidly, yet not its 
fastest, and while this opening will be very satisfactory, it is not so rapid an opening as 
is obtained in some other forms of valves and valve gears, but this could be overcome 
very readily by increasing the lead a trifle, and in my experience with these engines I 
find that the practice is very general by engineers and by builders themselves to give 
them a considerable amount of lead.  As to the second requirement, the maintenance of
initial pressure until cut off, giving a straight steam line, cards from this engine will not 
be found to show that the engine satisfies this requirement, and for this reason, that the 
cut-off valve commences to close the port immediately after the piston commences to 
move.  The cut off eccentric you will remember is set to move with the crank or very 
nearly so, and the lighter the load, the greater will this fact appear.  For the lightest 
loads the governor places the eccentric in advance of the crank, so that the cut off valve
will commence to close the port before steam is admitted by the main valve to the 
engine.  Now, the later the cut off, the less will this wire drawing appear at first, and the 
shorter the cut off, the amount of wire drawing increases sensibly.  The operation of the 
valve, therefore, in this particular, cannot be considered as meeting our requirement that
the port shall be held open full width until ready to be closed. 
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Many men claim for this engine that the closing occurs when the cut off eccentric is 
moving its fastest.  This is a fact, and if we consider the point of cut off only to be the 
point of absolute cut off, the cut off must be instantaneous, for there is an instantaneous
point where the cut off is final only to be considered.  The reasoning applied here would 
hold good also to a less extent on the slide valve, but is not the point of absolute cut off. 
We want to note how long it is from the time the valve commences to close at all until 
finally closed, and, as I have shown you, this is considerable in this engine.

Referring to the point of cut off finally, it is determined upon by a governor of the fly 
wheel type.  The eccentric is loose about the shaft, and arms projecting therefrom are 
connected by other arms to the extremity of an arm upon which is mounted a weight, 
and which is attached to the spokes of the fly wheel, or special governor wheel in this 
case, and which is fastened to the crank shaft.  As the speed increases through 
throwing off a portion of the load the governor weights fly out, and this movement is 
transferred through the lever connections to the eccentric, causing it to be turned 
ahead, and the manner hastening the movement of the cut off valve on its seat and 
causing it to reach and cover the edge of the steam port earlier in the stroke.  This 
engine was the pioneer in governors of this character, the advantage being, in addition 
to its necessity for the work of turning the eccentric ahead or back, that the liability of 
the engine to run away, as very often happens from the breaking of the governor belt or 
a similar cause, was not possible.

The cut off valve has a travel considerably beyond the edge of the steam passage after 
the valve is closed, and this has one advantage, that the valve is less liable to leak, and 
to this must be added the loss from the friction of this moving valve, and moving too in 
opposition to the main valve.  In our perfect valve, as we outlined it, the valve does not 
move after the port is closed.  The exhausting functions of the valve are very good, 
giving a quick opening and a full opening, because this opening occurs when the 
eccentric is moving its fastest.  The engine also possesses a distinct advantage in 
having remarkably small clearance spaces.  The length of the steam passage is very 
small in comparison with any form of engine, and having but two ports instead of four, 
as in the Corliss and four valve type.

In these there must be included in the clearance, that to the exhaust port as well as the 
steam port, adding a considerable amount where the piston comes close to the head.  
As the engines leave the maker’s hand the engines are provided with a considerable 
amount of lap to give plenty of compression, but are, of course, capable of having more 
added to increase compression, or some planed off to decrease it.
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One of the peculiar things about this engine is the failure to realize anywhere near boiler
pressure, noticeable in every case that has come under my notice.  The considerable 
lead gives it for an instant, but it soon falls away, indicating the steam chest pressure 
only by a peak at the junction of the admission and steam lines.  This is probably due to 
the fact that the cut off valve commences closing the steam passage so soon after 
steam is admitted, and in this particular does not satisfy the requirements of a perfect 
valve.  There is this about the engine, that above all others of this type there has come 
under my notice fewer engines of this type with a maladjustment of valves from 
tampering by incompetent engineers.

* * * * *

FIRING POINTS OF VARIOUS EXPLOSIVES.

An apparatus, devised by Horsley, was used, which consisted of an iron stand with a 
ring support holding a hemispherical iron vessel, in which paraffin or tin was put.  Above
this was another movable support, from which a thermometer was suspended and so 
adjusted that its bulb was immersed in molten material in the iron vessel.  A thin copper 
cartridge case, 5/8 in. in diameter and 1-5/16 in. long, was suspended over the bath by 
means of a triangle, so that the end of the case was 1 in. below the surface of the 
liquid.  On beginning the experiment the material in the bath was heated to just above 
the melting point, the thermometer was inserted in it, and a minute quantity of the 
explosive was placed in the bottom of the cartridge case.  The temperature marked by 
the thermometer was noted as the initial temperature, the cartridge case containing the 
explosive was inserted in the bath, and the temperature quickly raised until the 
explosive flashed off or exploded, when the temperature marked by the thermometer 
was again noted as the firing point.  The tables given show the results of about six 
experiments with each explosive.  The initial temperatures range from 65 deg. to 280 
deg.  C. in some cases, but as the firing points remained fairly constant, only the 
extremes of the latter are quoted in the following table: 

--------------------------------+ - ---------------------
-
Desc rip tion  of Explosive.     |   Fi ring  Point  in  d e g .   C.
--------------------------------+ - ----------------------
Co m p r e s s e d  milit a ry g u n-co t ton.  |       1 8 6  — 2 0 1
Air-d ri e d  milit a ry g u n-co t ton.   |       1 7 9  — 1 8 6
"        "         "        |       1 8 6  — 1 8 9
"        "         "        |       1 3 7  — 1 3 9
"        "         "        |       1 5 4  — 1 6 1
Gun-co t ton  d rie d  a t  6 5  d e g.   C.      |       1 3 6  — 1 4 1
Air-d ri e d  collodion  g u n-co t ton.  |       1 8 6  — 1 9 1
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"        "         "        |       1 9 7  — 1 9 9
"        "         "        |       1 9 3  — 1 9 5
Air-d ri e d  g u n-co t to n.            |       1 9 2  — 1 9 7
"          "                |       1 9 4  — 1 9 9
Hyd ro-ni t roc ellulos e.            |       2 0 1  — 2 1 3
Ni t roglyce rin.                   |       2 0 3  — 2 0 5
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Kies elg h u r  dyn a mi t e.   No.  1 .      |       1 9 7  — 2 0 0
Explosive  g el a tin.               |       2 0 3  — 2 0 9
Explosive  g el a tin,  c a m p ho r a t e d.  |       1 7 4  — 1 8 2
M e rc u ry fulmin a t e.               |       1 7 5  — 1 8 1
Gun pow d er.                      |       2 7 8  — 2 8 7
Hill’s pic ric  pow d er.           |       2 7 3  — 2 8 3
"      "      "               |       2 7 3  — 2 9 0
Forci t e ,  No. 1 .                  |       1 8 4  — 2 0 0
Atlas  po w d er, 7 5  p e r  c e n t .       |       1 7 5  — 1 8 5
E m m e n sit e ,  No.  1 .                |       1 6 7  — 1 8 4
E m m e n sit e ,  No.  2 .                |       1 6 5  — 1 7 7
E m m e n sit e ,  No.  5 .                |       2 0 5  — 2 1 7
--------------------------------+ - ----------------------
_—C.E.  M u n ro e,  J. Amer.  Ch e m.   Soc._

* * * * *

STATION FOR TESTING AGRICULTURAL MACHINES.

The minister of agriculture has recently established a special laboratory for testing 
agricultural materiel.  This establishment, which is as yet but little known, is destined to 
render the greatest services to manufacturers and cultivators.

In fact, agriculture now has recourse to physics and mechanics as well as to chemistry.  
Now, although there were agricultural laboratories whose mission it was to fix the choice
of the cultivator upon such or such a seed or fertilizer, there was no official 
establishment designed to inform him as to the value of machines, the models of which 
are often very numerous. Chemical advice was to be had, but mechanical advice was 
wanting.  It is such a want that has just been supplied.  Upon the report presented by 
Mr. Tisserand, director of agriculture, a ministerial decree of the 24th of January, 1888, 
ordered the establishment of an experimental station.  Mr. Ringelmann, professor of 
rural engineering at the school of Grignon, was put in charge of the installation of it, and 
was appointed its director.  He immediately began to look around for a site, and on the 
17th of December, 1888, the Municipal Council of Paris, taking into consideration the 
value of such an establishment to the city’s industries, decided that a plot of ground of 
an area of 3,309 square meters, situated on Jenner Street, should be put at the disposal
of the minister of agriculture for fifteen years for the establishment thereon of a trial 
station.  This land, bordering on a very wide street and easy of access, opposite the 
municipal buildings, offers, through its area, its situation, and its neigborhood, 
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indisputable advantages.  A fence 70 meters in extent surrounds the station.  An iron 
gate opens upon a paved path that ends at the station.

The year 1889 was devoted to the installation, and the station is now in full operation.  
The tests that can be made here are many, and concern all kinds of apparatus, even 
those connected with the electric lighting that the agriculturist may employ to facilitate 
his exploitation.  However, the tests that are oftenest made are (1) of rotary apparatus, 
such as mills, thrashing machines, etc.; (2) of traction machines, such as wagons, carts,
plows, etc.; and (3) of lifting apparatus.  It is possible, also, to make experiments on the 
resistance of materials.
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The experimental hall contains a 7 horse power gas motor, dynamometers with 
automatic registering apparatus, counters, balances, etc.  A small machine shop 
contains a lathe, a forge, a drilling machine, etc.  The main shaft is 12 meters in length 
and is 7 centimeters in diameter.  It is supported at a distance of one meter from the 
floor by four pillow blocks, and is formed of three sections united by movable coupling 
boxes.  Out of these 12 meters, 9 are in the hall and 3 extend beyond the hall to an 
annex, 14 meters in length and 4 in width, in which tests are made of machines whose 
operation creates dust.  When the machines to be tested require more than the power 
of seven horses that the motor gives, the persons interested furnish a movable engine, 
which, placed under the annex, actuates the driving shaft.  Alongside of the main 
building there is a ring for experimenting upon machines actuated by a horse whim.  
There will soon be erected in the center of the grounds an 18 meter tower for 
experiments on pumps.  Platforms spaced 5 meters apart, a crane at the top, and some 
gauging apparatus will complete this hydraulic installation.

The equipment of the hall is very complete, and is fitted for all kinds of experiments.

[Illustration:  Station for testing agricultural machines—dynamometer
               for testing rotary machines.]

The tests of rotary machines are made by means of a dynamometer (see figure).  Two 
fast pulleys and one loose pulley are interposed between the machine to be tested and 
the motor.  The pulley connected with the motor carries along the one connected with 
the machine, through the intermedium of spring plates, whose strength varies with the 
nature of the apparatus to be tested.  The greater or less elongation of these plates 
gives the tangential stress exerted by the driving pulley to carry along the pulley that 
actuates the machine to be tested.  This elongation is registered by means of a pencil 
connected with the spring plates, and which draws a diagram upon a sheet of paper.  At 
the same time, a special totalizer gives the stress in kilogrammeters.  Besides, the 
pulley shaft actuates a revolution counter, and a clock measures the time employed in 
the experiment.  In order to obtain a simultaneous starting and stopping point for all 
these apparatus, they are connected electrically, and, through the maneuver of a 
commutator, are all controlled at once.  The electric current is furnished by two series of 
bichromate batteries.

The tests of traction machines are effected by means of a three-wheeled vehicle 
carrying a dynamometer.  The front wheel is capable of turning freely in the horizontal 
plane, and the dynamometer is mounted upon a frame provided with a screw that 
permits of regulating its position according to the slope of the ground.  The method of 
suspension of the dynamometer allows it to take automatically the inclination of the line 
of traction without any torsion of the plates.  There are two models of this vehicle, one 
designed to be drawn by a man, and the other by a horse.
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The station is provided, in addition, with registering pressure gauges, a large double 
dynamometric indicator, a counter of electricity, balances of precision, etc.

An apparatus designed for measuring the rendering of presses is now in course of 
construction.

Although the station has been in operation only from the 1st of January, twenty-five 
machines have already been presented to be tested.—Extract from Le Genie Civil.

* * * * *

WATER SOFTENING AND PURIFYING APPARATUS.

We have recently had brought under our notice a system of water and sewage 
purification which appears to possess several substantial advantages.  Chief among 
these are simplicity in construction and operation, economy in first cost and working and
efficiency in action.  This system is the invention of Messrs. Slack & Brownlow, of 
Canning Works, Upper Medlock Street, Manchester, and the apparatus adopted in 
carrying it out is here illustrated.  It consists of an iron cylindrical tank having inside a 
series of plates arranged in a spiral direction around a fixed center, and sloping 
downward at a considerable angle outward.  The water to be purified and softened flows
through the large inlet tube to the bottom, mixing on its way with the necessary 
chemicals, and entering the apparatus at the bottom, rises to the top, passing spirally 
round the whole circumference, and depositing on the plates all solids and impurities.

All that is needed in the way of attention, even when dealing with sewage, or the most 
polluted waters, is stated to be the mixing in the small tanks the necessary chemical 
reagents, at the commencement of the working day; and at the close of the day the 
opening of the mud cocks shown in our engraving, to remove the collected deposit upon
the plates.  For the past six months this system has been in operation at a dye works in 
Manchester, successfully purifying and softening the foul waters of the river Medlock.  It 
is stated that 84,000 gallons per day can be easily purified by an apparatus 7 feet in 
diameter.  The chemicals used are chiefly lime, soda, and alumina, and the cost of 
treatment is stated to vary from a farthing to twopence per 1,000 gallons, according to 
the degree of impurity of the water or sewage treated.

The results of working at Manchester show that all the visible filth is removed from the 
Medlock’s inky waters, besides which the hardness of the water is reduced to about 6 
deg. from a normal condition of about 30 deg..  The effluent is fit for all the varied uses 
of a dye works, and is stated to be perfectly capable of sustaining fish life.  With results 
such as these the system should have a promising future before it in respect of sewage 
treatment, as well as the purification and softening of water generally for industrial and 
manufacturing purposes.—Iron.

24



[Illustration:  Water softening and purifying apparatus.]
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* * * * *

THE TRISECTION OF ANY ANGLE.

By Frederic R. Honey, Ph.B., Yale University.

The following analysis shows that with the aid of an hyperbola any arc, and therefore 
any angle, may be trisected.

If the reader should not care to follow the analytical work, the construction is described 
in the last paragraph—referring to Fig.  II.

Let a b c d (Fig.  I.) be the arc subtending a given angle.  Draw the chord a d and bisect 
it at o.  Through o draw e f perpendicular to a d.

We wish to find the locus of a point c whose distance from a given straight line e f is 
one-half the distance from a given point d.

In order to write the equation of this curve, refer it to the co-ordinate axes a d (axis of X) 
and e f (axis of Y), intersecting at the origin o.

Let g c = x

Therefore, from the definition c d = 2x

Let o d = D
[Hence] h d = D-x

Let c h = y
[Hence] (2x) squared = y squared + (D-x) squared
or 4x squared = y squared + D squared-2Dx + x squared
[Hence] y squared-3x squared + D squared-2Dx = o [I.]

This is the equation of an hyperbola whose center is on the axis of abscisses.  In order 
to determine the position of the center, eliminate the x term, and find the distance from 
the origin o to a new origin o’.

Let E = distance from o to o’
[Hence] x = x’ + E

Substituting this value of x in equation I.

y squared-3(x’ + E) squared + D squared-2D(x’ + E) = o
or y squared-3x squared-6Ex’-3E squared + D squared-2Dx’-2de = o [ii.]
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In this equation the x’ terms should disappear.

[Hence] -6Ex’ — 2Dx’ = o
[Hence] -E = — D/3

That is, the distance from the origin o to the new origin or the center of the hyperbola o’ 
is equal to one-third of the distance from o to d; and the minus sign indicates that the 
measurement should be laid off to the left of the origin o.  Substituting this value of E in 
equation ii., and omitting accents—

We have

y squared — 3x squared + 2Dx — D squared/3 + D squared — 2Dx + 2D squared/3 = o
[Hence] y squared — 3x squared = — 4D squared/3

[Illustration:  Fig I]

[Illustration:  Fig ii]

This is the equation of an hyperbola referred to its center o’ as
the origin of co-ordinates.  To write it in the ordinary form, that is
in terms of the transverse and conjugate axes, multiply each term by
C, i.e.,
              __
        Let \/C = semi-transverse axis.

[TEX:  \sqrt{C} = \text{semi-transverse axis.}]

Thus Cy squared — 3Cx squared = — 4CD squared/3. [III.]

When in this form the product of the coefficients of the x squared and y squared terms 
should be equal to the remaining term.
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That is

3C squared = — 4CD squared/3.
[Hence] C = 4D squared/9.

And equation III. becomes: 

4D s q u a r e d         4D s q u a r e d           1 6D ^ { 4 }
----- y s q u a r e d  - ----- x s q u a r e d  =  - ---------
9           3              2 7

[TEX:  \fr ac { 4D ^ 2 } { 9 }  y ^ 2  — \frac { 4D ^ 2 } { 3 }  x ^ 2  =  -\f r ac { 1 6D ^ 4 } { 2 7 }]
____
/ 4D s q u a r e d       2D
The  s e mi-t r a n sve r s e  axis  =  \/ ----- =   ----
9         3

[TEX:  \text{The semi-transverse axis} = \sqrt{\frac{4D^2}{9}}
= \frac{2D}{3}]
                               ____
                              / 4D squared 2D
  The semi-conjugate axis = \/ ----- = -----
                                 3 ___
                                        \/ 3

[TEX:  \text{The semi-conjugate axis} = \sqrt{\frac{4D^2}{3}} = \frac{2D}{\sqrt{3}}]

Since the distance from the center of the curve to either focus is equal to the square 
root of the sum of the squares of the semi-axes, the distance from o’ to either focus

____________
4D s q uar e d      4D s q uare d      4D
=  \  /----- +  ----- =  ----
\/   9        3       3

[TEX:  \sqrt{\frac{4D^2}{9} + \frac{4D^2}{3}} = \frac{4D}{3}]

We can therefore make the following construction (Fig.  II.) Draw a d the chord of the 
arc a c d.  Trisect a d at o’ and k.  Produce d a to l, making a l = a o’ = o’ k = k d.  With a 
k as a transverse axis, and l and d as foci, construct the branch of the hyperbola k c c’ 
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c”, which will intersect all arcs having the common chord a d at c, c’, c”, etc., making the
arcs c d, c’ d, c” d, etc., respectively, equal to one-third of the arcs a c d, a c’ d, a c” d, 
etc.

* * * * *

TEST CARD HINTS.

By Dr. F. Ogden stout.

I know it is the custom with a great many if not the majority of opticians to fit a customer 
without knowing whether he has presbyopia, hypermetropia, or any of the other errors 
of refraction.  Their method is first to try a convex, and if this does not improve, a 
concave, etc., until the proper one is found.  This, of course, amounts to the same thing 
if the right glass is found.  But in practice it will be found both time saving and more 
satisfactory to first decide with what error you have to deal.  It is very simple, and, where
you have no other means of diagnosing (such as the ophthalmoscope), it does away 
with the necessity of trying so many lenses before the proper one is found.  You should 
have a distance test card placed at a distance of twenty feet from the person you are 
examining, and in a good light.
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A distance test card consists of letters of various sizes which it has been found can be 
seen at certain distances by people with good vision.  Thus the largest letter is marked 
with a cc, meaning that this should be seen at two hundred feet, and another line, XX, at
twenty feet, which is the proper distance for testing vision for distance, for the reason 
that a normal eye is at rest when looking at any object twenty feet from it or beyond, and
the rays coming from it are parallel and come to a focus on the retina.  You must also 
have a near vision test card with lines that should be seen by a normal eye from ten to 
seventy-two inches, and a card of radiating lines for astigmatism.  With this preparation 
you are ready to proceed.  To illustrate, the first customer comes and tells you that up to
six months ago he had very good vision, but he finds now that, especially at night, he 
has trouble in reading or writing, and that he finds he can see better a little farther 
away.  His head aches and eyes smart.  You will of course say that this is a very simple 
case.  It must be old sight (presbyopia).  Probably it is if he is old enough (45), but you 
must prove this for yourself, without asking his age, which is embarrassing in the case 
of a lady.  If you direct him to the distance card twenty feet away, and find that he can 
see every one down to and including the one marked XX, his vision is up to the 
standard for distance, and you know that he can have no astigmatism worth correcting, 
nor any near sight, as both of these affect vision for distance, but he may have far sight 
or old sight or both combined.  You must find which it is.

If, while he is still looking at the twenty-foot line, you place in front of the eyes a weak 
convex and he tells you he sees just as well with as without, it proves the existence of 
far-sight or hypermetropia, and the strongest convex that still leaves vision as good for 
distance as without any, corrects the manifest.  But if the weak convex blurs it, it shows 
that there is some defect in focusing, if the near vision is below normal.  You therefore 
know that you have a case of old sight or presbyopia, requiring the weakest convex to 
correct it, that will enable your customer to see the finest line on the near card at the 
required distance.

The next customer that comes to be fitted with glasses can only see the line marked XL 
on the distance card at 20 feet or about one-half of what he should see, which leads you
to think that there is no far sight, for vision for distance is good except in very high 
degrees of this error.  Nor can there be old-sight, for vision for distance is good in old-
sight until after the fifty-fifth year, but it can be near sight (myopia) or astigmatism, or 
both.  We next try the near card and find that even the finest line can be seen clearly if 
held sufficiently close to the eyes.  We now know that this is a case of near sight, and 
we must fit them with glasses for distance.  The weakest concave that will enable him to
see the line that should be seen on the distance card at 20 feet is the proper one to give
him for use.—The Optician.
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* * * * *

CHARLES GOODYEAR.

Charles Goodyear was born in New Haven, December 29, 1800.  He was the son of 
Amasa Goodyear, and the eldest among six children.  His father was quite proud of 
being a descendant of Stephen Goodyear, one of the founders of the colony of New 
Haven in 1638.

Amasa Goodyear owned a little farm on the neck of land in New Haven which is now 
known as Oyster Point, and it was here that Charles spent the earliest years of his life.  
When, however, he was quite young, his father secured an interest in a patent for the 
manufacture of ivory buttons, and looking for a convenient location for a small mill, 
settled at Naugatuck, Conn., where he made use of the valuable water power that is 
there.  Aside from his manufacturing, the elder Goodyear ran a farm, and between the 
two lines of industry kept young Charles pretty busy.

In 1816, Charles left his home and went to Philadelphia to learn the hardware business. 
He worked at this very industriously until he was twenty-one years old, and then, 
returning to Connecticut, entered into partnership with his father at the old stand in 
Naugatuck, where they manufactured not only ivory and metal buttons, but a variety of 
agricultural implements, which were just beginning to be appreciated by the farmers.  In 
August of 1824 he was united in marriage with Clarissa Beecher, a woman of 
remarkable strength of character and kindness of disposition, and one who in after 
years was of the greatest assistance to the impulsive inventor.  Two years later he 
removed again to Philadelphia, and there opened a hardware store.  His specialties 
were the valuable agricultural implements that his firm had been manufacturing, and 
after the first distrust of home made goods had worn away—for all agricultural 
implements were imported from England at that time—he found himself established at 
the head of a successful business.

This continued to increase until it seemed but a question of a few years until he would 
be a very wealthy man.  Between 1829 and 1830 he suddenly broke down in health, 
being troubled with dyspepsia.  At the same time came the failure of a number of 
business houses that seriously embarrassed his firm.  They struggled on, however, for 
some time, but were finally obliged to fail.  The ten years that followed this were full of 
the bitterest struggles and trials to Goodyear.  Under the law that then existed he was 
imprisoned time after time for debts, even while he was trying to perfect inventions that 
should pay off his indebtedness.
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Between the years 1831 and 1832 he began to hear about gum elastic and very 
carefully examined every article that appeared in the newspapers relative to this new 
material.  The Roxbury Rubber Company, of Boston, had been for some time 
experimenting with the gum, and believing that they had found means for manufacturing
goods from it, had a large plant and were sending their goods all over the country.  It 
was some of their goods that first attracted his attention.  Soon after this Goodyear 
visited New York, and went at once to the store of the Roxbury Rubber Company.  While
there, he examined with considerable care some of their life preservers, and it struck 
him that the tube used for inflation was not very perfect.  He, therefore, on his return to 
Philadelphia, made some tubes and brought them down to New York and showed them 
to the manager of the Roxbury Rubber Company.

This gentlemen was so pleased with the ingenuity that Goodyear had shown in 
manufacturing these tubes, that he talked very freely with him and confessed to him that
the business was on the verge of ruin, that the goods had to be tested for a year before 
they could tell whether they were perfect or not, and to their surprise, thousands of 
dollars worth of goods that they had supposed were all right were coming back to them, 
the gum having rotted and made them so offensive that it was necessary to bury them 
in the ground to get them out of the way.

Goodyear at once made up his mind to experiment on this gum and see if he could not 
overcome its stickiness.

He, therefore, returned to Philadelphia, and, as usual, met a creditor, who had him 
arrested and thrown into prison.  While there, he tried his first experiments with India 
rubber.  The gum was very cheap then, and by heating it and working it in his hands, he 
managed to incorporate in it a certain amount of magnesia which produced a beautiful 
white compound and appeared to take away the stickiness.

He therefore thought he had discovered the secret, and through the kindness of friends 
was put in the way of further perfecting his invention at a little place in New Haven.  The
first thing that he made here was shoes, and he used his own house for grinding room, 
calender room, and vulcanizing department, and his wife and children helped to make 
up the goods.  His compound at this time was India rubber, lampblack, and magnesia, 
the whole dissolved in turpentine and spread upon the flannel cloth which served as the 
lining for the shoes.  It was not long, however, before he discovered that the gum, even 
treated this way, became sticky, and then those who had supplied the money for the 
furtherance of these experiments, completely discouraged, made up their minds that 
they could go no further, and so told the inventor.

[Illustration:  Charles Goodyear.]
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He, however, had no mind to stop here in his experiments, but, selling his furniture and 
placing his family in a quiet boarding place, he went to New York, and there, in an attic, 
helped by a friendly druggist, continued his experiments.  His next step in this line was 
to compound the rubber with magnesia and then boil it in quicklime and water.  This 
appeared to really solve the problem, and he made some beautiful goods.  At once it 
was noised abroad that India rubber had been so treated that it lost its stickiness, and 
he received medals and testimonials and seemed on the high road to success, till one 
day he noticed that a drop of weak acid, falling on the cloth, neutralized the alkali, and 
immediately the rubber was soft again.  To see this, with his knowledge of what rubber 
should do, proved to him at once that his process was not a successful one.  He 
therefore continued experimenting, and after preparing his mixtures in his attic in New 
York, would walk three miles to the mill of a Mr. Pike, at Greenwich village, and there try 
various experiments.

In the line of these, he discovered that rubber, dipped in nitric acid, formed a surface 
cure, and he made a great many goods with this acid cure which were spoken of, and 
which even received a letter of commendation from Andrew Jackson.

The constant and varied experiments that Goodyear went through with affected his 
health more or less, and at one time he came very near being suffocated by gas 
generated in his laboratory.  That he did not die then everybody knows, but he was 
thrown then into a fever by the accident and came very near losing his life.

It was there that he formed an acquaintance with Dr. Bradshaw, who was very much 
pleased with the samples of rubber goods that he saw in Goodyear’s room, and when 
the doctor went to Europe he took them with him, where they attracted a great deal of 
attention, but beyond that nothing was done about them.  Now that he appeared to have
success, he found no difficulty in obtaining a partner, and together the two gentlemen 
fitted up a factory and began to make clothing, life preservers, rubber shoes, and a 
great variety of rubber goods.  They also had a large factory, with special machinery, 
built at Staten Island, where he removed his family and again had a home of his own.  
Just about this time, when everything looked bright, the great panic of 1836-1837 came,
and swept away the entire fortune of his associate and left Goodyear without a cent, 
and no means of earning one.

His next move was to go to Boston, where he became acquainted with J. Haskins, of 
the Roxbury Rubber Company, and found in him a firm friend, who loaned him money 
and stood by him when no one would have anything to do with the visionary inventor.  
Mr. Chaffee was also exceedingly kind and ever ready to lend a listening ear to his 
plans, and to also assist him in a pecuniary way.  It was about this time that it occurred 
to Mr. Chaffee that much of the trouble that they had experienced in working India 
rubber might come from the solvent that was used.  He therefore invented a huge 
machine for doing the mixing by mechanical means.  The goods that were made in this 
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way were beautiful to look at, and it appeared, as it had before, that all difficulties were 
overcome.
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Goodyear discovered a new method for making rubber shoes and got a patent on it, 
which he sold to the Providence Company, in Rhode Island.

The secret of making the rubber so that it would stand heat and cold and acids, 
however, had not been discovered, and the goods were constantly growing sticky and 
decomposing and being returned.

In 1838 he, for the first time, met Nathaniel Hayward, who was then running a factory in 
Woburn.  Some time after this Goodyear himself moved to Woburn, all the time 
continuing his experiments.  He was very much interested in Hayward’s sulphur 
experiments for drying rubber, but it appears that neither of them at that time 
appreciated the fact that it needed heat to make the sulphur combine with the rubber 
and to vulcanize it.

The circumstances attending the discovery of his celebrated process is thus described 
by Mr. Goodyear himself in his book, “Gum Elastic.”  It will be observed that he makes 
use of the third person in all references to himself: 

“In the summer of 1838 he became acquainted with Mr. Nathaniel Hayward, of Woburn, 
Mass., who had been employed as the foreman of the Eagle Company at Woburn, 
where he had made use of sulphur by impregnating the solvent with it.  It was through 
him that the writer (Charles Goodyear, who makes use all through his book of the third 
person) received the first knowledge of the use of sulphur as a drier of gum elastic.“Mr. 
Hayward was left in possession of the factory which was abandoned by the Eagle 
Company.  Soon after this it was occupied by the writer, who employed him for the 
purpose of manufacturing life preservers and other articles by the acid gas process.  At 
this period he made many novel and useful applications of this substance.  Among other
fancy articles he had newspapers printed on the gum elastic drapery, and the 
improvement began to be highly appreciated.  He therefore now entered, as he thought,
upon a successful career for the future.  A far different result awaited him.“It was 
supposed by others as well as himself that a change was wrought through the mass of 
the goods acted upon by the acid gas, and that the whole body of the article was made 
better than the native gum.  The surface of the goods really was so, but owing to the 
eventual decomposition of the goods beneath the surface, the process was pronounced
by the public a complete failure.  Thus instead of realizing the large fortune which by all 
acquainted with his prospects was considered certain, his whole invention would not 
bring him a week’s living.“He was obliged for the want of means to discontinue 
manufacturing, and Mr. Hayward left his employment.  The inventor now applied himself
alone, with unabated ardor and diligence, to detect the cause of his misfortune and if 
possible to retrieve the lost reputation of his invention.  On one occasion he made some
experiments to ascertain
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the effect of heat upon the same compound that had decomposed in the articles 
previously manufactured, and was surprised to find that the specimen, being carelessly 
brought in contact with a hot stove, charred like leather.  He endeavored to call the 
attention of his brother as well as some other individuals who were present, and who 
were acquainted with the manufacture of gum elastic, to this effect as remarkable and 
unlike any before known, since gum elastic always melted when exposed to a high 
degree of heat.  The occurrence did not at the time appear to them to be worthy of 
notice.  It was considered as one of the frequent appeals that he was in the habit of 
making in behalf of some new experiment.  He, however, directly inferred that if the 
process of charring could be stopped at the right point, it might divest the gum of its 
native adhesiveness throughout, which would make it better than the native gum.“He 
made another trial of heating a similar fabric, before an open fire.  The same effect, that 
of charring the gum, followed, but there were further and very satisfactory indications of 
ultimate success in producing the desired result, as upon the edge of the charred 
portions of the fabric there appeared a line, or border, that was not charred, but perfectly
cured.

  “These facts have been stated precisely as they occurred in
  reference to the acid gas, as well as the vulcanizing process.

“The incidents attending the discovery of both have a strong resemblance, so much so 
they may be considered parallel cases.  It being now known that the results of the 
vulcanizing process are produced by means and in a manner which would not have 
been anticipated from any reasoning on the subject, and that they have not yet been 
satisfactorily accounted for, it has been sometimes asked, how the inventor came to 
make the discovery?  The answer has already been given.  It may be added that he was
many years seeking to accomplish this object, and that he allowed nothing to escape 
his notice that related to the subject.  Like the falling of an apple, it was suggestive of an
important fact to one whose mind was previously prepared to draw an inference from 
any occurrence which might favor the object of his research.  While the inventor admits 
that these discoveries were not the results of scientific chemical investigations, he is not
willing to admit that they were the result of what is commonly termed accident; he 
claims them to be the result of the closest application and observation.“The discoloring 
and charring of the specimens proved nothing and discovered nothing of value, but 
quite the contrary, for in the first instance, as stated in the acid gas improvement, the 
specimen acted upon was thrown away as worthless and left for some time; in the latter 
instance, the specimen that was charred was in like manner disregarded by others.“It 
may, therefore, be considered
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as one of those cases where the leading of the Creator providentially aids his creatures,
by what are termed ‘accidents,’ to attain those things which are not attainable by the 
powers of reasoning he has conferred on them.”

Now that Goodyear was sure that he had the key to the intricate puzzle that he had 
worked over for so many years, he began at once to tell his friends about it and to try to 
secure capital, but they had listened to their sorrow so many times that his efforts were 
futile.  For a number of years be struggled and experimented and worked along in a 
small way, his family suffering with himself the pangs of the extremest poverty.  At last 
he went to New York and showed some of his samples to William Ryder, who, with his 
brother Emory, at once appreciated the value of the discovery and started in to 
manufacturing.  Even here Goodyear’s bad luck seemed to follow him, for the Ryder 
Bros. failed and it was impossible to continue the business.

He had, however, started a small factory at Springfield, Mass., and his brother-in-law, 
Mr. De Forest, who was a wealthy woolen manufacturer, took Ryder’s place, and the 
work of making the invention practical was continued.  In 1844 it was so far perfected 
that Goodyear felt it safe to take out a patent.  The factory at Springfield was run by his 
brothers, Nelson and Henry.

In 1843 Henry started one in Naugatuck, and in 1844 introduced mechanical mixing in 
place of the mixture by the use of solvents.

In the year 1852 Goodyear went to Europe, a trip that he had long planned, and saw 
Hancock, then in the employ of Charles Macintosh & Co.  Hancock admitted in evidence
that the first piece of vulcanized rubber he ever saw came from America, but claimed to 
have reinvented vulcanization and secured patents in Great Britain, but it is a 
remarkable fact that Charles Goodyear’s French patent was the first publication in 
Europe of this discovery.

In 1852 a French company were licensed by Mr. Goodyear to make shoes, and a great 
deal of interest was felt in the new business.  In 1855 the French emperor gave to 
Charles Goodyear the grand medal of honor and decorated him with the cross of the 
legion of honor in recognition of his services as a public benefactor, but the French 
courts subsequently set aside his French patents on the ground of the importation of 
vulcanized goods from America by licenses under the United States patents.  He died 
July 1, 1860, at the Fifth Avenue Hotel, New York City.—India Rubber World.

* * * * *

[Continued from SUPPLEMENT, No. 786, page 12558.]
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THE ELECTROMAGNET.

[Footnote:  Lectures delivered before the Society of Arts, London, 1890.  From the 
Journal of the Society.]

BY PROFESSOR SILVANUS P. THOMPSON, D. SC., B.A., M.I.E.E.

III.
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RESEARCHES OF PROFESSOR HUGHES.

[Illustration:  FIG. 51.—HUGHES’ ELECTROMAGNET.]

His object was to find out the best form of electromagnet, the best distance between the
poles, and the best form of armature for the rapid work required in Hughes’ printing 
telegraphs.  One word about Hughes’ magnets.  This diagram (Fig. 51) shows the form 
of the well known Hughes’ electromagnet.  I feel almost ashamed to say those words 
“well known,” because on the Continent everybody knows what you mean by a Hughes’ 
electromagnet.  In England scarcely anyone knows what you mean.  Englishmen do not
even know that Professor Hughes has invented a special form of electromagnet.  
Hughes’ special form is this:  A permanent steel magnet, generally a compound one, 
having soft iron pole pieces, and a couple of coils on the pole pieces only.  As I have to 
speak of Hughes’ special contrivance among the mechanisms that will occupy our 
attention later on, I only now refer to this magnet in one particular.  If you wish a magnet
to work rapidly, you will secure the most rapid action, not when the coils are distributed 
all along, but when they are heaped up near, not necessarily entirely on, the poles.  
Hughes made a number of researches to find out what the right length and thickness of 
these pole pieces should be.  It was found an advantage not to use too thin pole pieces,
otherwise the magnetism from the permanent magnet did not pass through the iron 
without considerable reluctance, being choked by insufficiency of section:  also not to 
use too thick pieces, otherwise they presented too much surface for leakage across 
from one to the other.  Eventually a particular length was settled upon, in proportion 
about six times the diameter, or rather longer.  In the further researches that Hughes 
made he used a magnet of shorter form, not shown here, more like those employed in 
relays, and with an armature from 2 to 3 millimeters thick, 1 centimeter wide and 5 
centimeters long.  The poles were turned over at the top toward one another.  Hughes 
tried whether there was any advantage in making those poles approach one another, 
and whether there was any advantage in having as long an armature as 5 centimeters.  
He tried all the different kinds, and plotted out the results of observations in curves, 
which could be compared and studied.  His object was to ascertain the conditions which
would give the strongest pull, not with a steady current, but with such currents as were 
required for operating his printing telegraph instruments; currents which lasted but one 
to twenty hundredths of a second.  He found it was decidedly an advantage to shorten 
the length of the armature, so that it did not protrude far over the poles.  In fact, he got a
sufficient magnetic circuit to secure all the attractive power that he needed, without 
allowing as much chance of leakage as there would have been had the armature 
extended a longer distance over the poles.  He also tried various forms of armature 
having very various cross sections.
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POSITION AND FORM OF ARMATURE.

In one of Du Moncel’s papers on electromagnets[1] you will also find a discussion on 
armatures, and the best forms for working in different positions.  Among other things in 
Du Moncel you will find this paradox:  that whereas using a horseshoe magnet with fat 
poles, and a flat piece of soft iron for armature, it sticks on far tighter when put on 
edgeways; on the other hand, if you are going to work at a distance, across air, the 
attraction is far greater when it is set flatways.  I explained the advantage of narrowing 
the surfaces of contact by the law of traction, B squared, coming in.  Why should we 
have for action at a distance the greater advantage from placing the armature flatway to
the poles?  It is simply that you thereby reduce the reluctance offered by the air gap to 
the flow of the magnetic lines.  Du Moncel also tried the difference between round 
armatures and flat ones, and found that a cylindrical armature was only attracted about 
half as strongly as a prismatic armature having the same surface when at the same 
distance.  Let us examine this fact in the light of the magnetic circuit.  The poles are 
flat.  You have at a certain distance away a round armature; there is a certain distance 
between its nearest side and the polar surfaces.  If you have at the same distance away
a flat armature having the same surface, and, therefore, about the same tendency to 
leak, why do you get a greater pull in this case than in that?  I think it is clear that if they 
are at the same distance away, giving the same range of motion, there is a greater 
magnetic reluctance in the case of the round armature, although there is the same 
periphery, because, though the nearest part of the surface is at the prescribed distance, 
the rest of the under surface is farther away; so that the gain found in substituting an 
armature with a flat surface is a gain resulting from the diminution in the resistance 
offered by the air gap.

[Footnote 1:  “La Lumiere Electrique,” vol. ii.]

POLE PIECES ON HORSESHOE MAGNETS.

Another of Du Moncel’s researches[2] relates to the effect of polar projections or shoes
—movable pole pieces, if you like—upon a horseshoe electromagnet.  The core of this 
magnet was of round iron 4 centimeters in diameter, and the parallel limbs were 10 
centimeters long and 6 centimeters apart.  The shoes consisted of two flat pieces of iron
slotted out at one end, so that they could be slid along over the poles and brought 
nearer together.  The attraction exerted on a flat armature across air gaps 2 millimeters 
thick was measured by counterpoising.  Exciting this electromagnet with a certain 
battery, it was found that the attraction was greatest when the shoes were pushed to 
about 15 millimeters, or about one-quarter of the interpolar distance, apart.  The 
numbers were as follows: 
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Dist a nc e  b e t w e e n
s ho es .             Att r a c tion,
Millim e t e r s .        in  g r a m m e s.

2                   9 0 0
1 0                 1 ,01 2
1 5                 1 ,02 5
2 5                   9 6 5
4 0                   8 9 0
6 0                   5 5 0

[Footnote 2:  “La Lumiere Electrique,” vol. iv., p. 129.]

With a stronger battery the magnet without shoes had an attraction of 885 grammes, but
with the shoes 15 millimeters apart, 1,195 grammes.  When one pole only was 
employed, the attraction, which was 88 grammes without a shoe, was diminished by 
adding a shoe to 39 grammes!

CONTRAST BETWEEN ELECTROMAGNETS AND 
PERMANENT MAGNETS.

Now I want particularly to ask you to guard against the idea that all these results 
obtained from electromagnets are equally applicable to permanent magnets of steel; 
they are not, for this simple reason.  With an electromagnet, when you put the armature 
near, and make the magnetic circuit better, you not only get more magnetic lines going 
through that armature, but you get more magnetic lines going through the whole of the 
iron.  You get more magnetic lines round the bend when you put an armature on to the 
poles, because you have a magnetic circuit of less reluctance with the same external 
magnetizing power in the coils acting around it.  Therefore, in that case, you will have a 
greater magnetic flux all the way round.  The data obtained with the electromagnet (Fig. 
42), with the exploring coil, C, on the bend of the core, where the armature was in 
contact, and when it was removed are most significant.  When the armature was 
present it multiplied the total magnetic flow tenfold for weak currents and nearly 
threefold for strong currents.  But with a steel horseshoe, magnetized once for all, the 
magnetic lines that flow around the bend of the steel are a fixed quantity, and, however 
much you diminish the reluctance of the magnetic circuit, you do not create or evoke 
any more.  When the armature is away the magnetic lines arch across, not at the ends 
of the horseshoe only, but from its flanks; the whole of the magnetic lines leaking 
somehow across the space.  Where you have put the armature on, these lines, instead 
of arching out into space as freely as they did, pass for the most part along the steel 
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limbs and through the iron armature.  You may still have a considerable amount of 
leakage, but you have not made one line more go through the bent part.  You have 
absolutely the same number going through the bend with the armature off as with the 
armature on.  You do not add to the total number by reducing the magnetic reluctance, 
because you are not working under the influence of a constantly impressed magnetizing
force.  By putting the armature on to a steel horseshoe magnet you only collect the 
magnetic lines, you do not multiply them.  This is not a matter of conjecture.  A group of 
my students have been making experiments in the following way: 
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They took this large steel horseshoe magnet (Fig. 52), the length of which, from end to 
end, through the steel, is 421/2 inches.  A light, narrow frame was constructed so that it 
could be slipped on over the magnet, and on it were wound 30 turns of fine wire, to 
serve as an exploring coil.  The ends of this coil were carried to a distant part of the 
laboratory, and connected to a sensitive ballistic galvanometer.  The mode of 
experimenting is as follows: 

The coil is slipped on over the magnet (or over its armature) to any desired position.  
The armature of the magnet is placed gently upon the poles, and time enough is 
allowed to elapse for the galvanometer needle to settle to zero.  The armature is then 
suddenly detached.  The first swing measures the change, due to removing the 
armature, in the number of magnetic lines that pass through the coil in the particular 
position.

[Illustration:  FIG. 52.—EXPERIMENT WITH PERMANENT MAGNET.]

I will roughly repeat the experiment before you:  The spot of light on the screen is 
reflected from my galvanometer at the far end of the table.  I place the exploring coil just
over the pole, and slide on the armature; then close the galvanometer circuit.  Now I 
detach the armature, and you observe the large swing.  I shift the exploring coil, right up
to the bend; replace the armature; wait until the spot of light is brought to rest at the 
zero of the scale.  Now, on detaching the armature, the movement of the spot of light is 
quite imperceptible.  In our careful laboratory experiments, the effect was noticed inch 
by inch all along the magnet.  The effect when the exploring coil was over the bend was 
not as great as 1-3000th part of the effect when the coil was hard up to the pole.  We 
are, therefore, justified in saying that the number of magnetic lines in a permanently 
magnetized steel horseshoe magnet is not altered by the presence or absence of the 
armature.

You will have noticed that I always put on the armature gently.  It does not do to slam on
the armature; every time you do so, you knock some of the so-called permanent 
magnetism out of it.  But you may pull off the armature as suddenly as you like.  It does 
the magnet good rather than harm.  There is a popular superstition that you ought never
to pull off the keeper of a magnet suddenly.  On investigation, it is found that the facts 
are just the other way.  You may pull off the keeper as suddenly as you like, but you 
should never slam it on.

From these experimental results I pass to the special design of electromagnets for 
special purposes.
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ELECTROMAGNETS FOR MAXIMUM TRACTION.

These have already been dealt with in the preceding lecture; the characteristic feature 
of all the forms suitable for traction being the compact magnetic circuit.
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Several times it has been proposed to increase the power of electromagnets by 
constructing them with intermediate masses of iron between the central core and the 
outside, between the layers of windings.  All these constructions are founded on 
fallacies.  Such iron is far better placed either right inside the coils or right outside them, 
so that it may properly constitute a part of the magnetic circuit.  The constructions 
known as Camacho’s and Cance’s, and one patented by Mr. S.A.  Varley, in 1877, 
belonging to this delusive order of ideas, are now entirely obsolete.

Another construction which is periodically brought forward as a novelty is the use of iron
windings of wire or strip in place of copper winding.  The lower electric conductivity of 
iron, as compared with copper, makes such a construction wasteful of exciting power.  
To apply equal magnetizing power by means of an iron coil implies the expenditure of 
about six times as many watts as need be expended if the coil is of copper.

ELECTROMAGNETS FOR MAXIMUM RANGE OF 
ATTRACTION.

We have already laid down the principle which will enable us to design electromagnets 
to act at a distance.  We want our magnet to project, as it were, its force across the 
greatest length of air gap.  Clearly, then, such a magnet must have a very large 
magnetizing power, with many ampere turns upon it, to be able to make the required 
number of magnetic lines pass across the air resistance.  Also it is clear that the poles 
must not be too close together for its work, otherwise the magnetic lines at one pole will 
be likely to curl round and take short cuts to the other pole.  There must be a wider 
width between the poles than is desirable in electromagnets for traction.

ELECTROMAGNETS OF MINIMUM WEIGHT.

In designing an apparatus to put on board a boat or a balloon, where weight is a 
consideration of primary importance, there is again a difference.  There are three things 
that come into play—iron, copper, and electric current.  The current weighs nothing, 
therefore, if you are going to sacrifice everything else to weight, you may have 
comparatively little iron, but you must have enough copper to be able to carry the 
electric current; and under such circumstances you must not mind heating your wires 
nearly red hot to pass the biggest possible current.  Provide as little copper as you 
conveniently can, sacrificing economy in that case to the attainment of your object; but, 
of course, you must use fireproof material, such as asbestos, for insulating, instead of 
cotton or silk.

A USEFUL GUIDING PRINCIPLE.
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In all cases of design there is one leading principle which will be found of great 
assistance, namely, that a magnet always tends so to act as though it tried to diminish 
the length of its magnetic circuit.  It tries to grow more compact.  This is the reverse of 
that which holds good with an electric current.  The electric circuit always tries to 
enlarge itself, so as to inclose as much space as possible, but the magnetic circuit 
always tries to make itself as compact as possible.  Armatures are drawn in as near as 
can be, to close up the magnetic circuit.  Many two-pole electromagnets show a 
tendency to bend together when the current is turned on.  One form in particular, which 
was devised by Ruhmkorff for the purpose of repeating Faraday’s celebrated 
experiment on the magnetic rotation of polarized light, is liable to this defect.  Indeed, 
this form of electromagnet is often designed very badly, the yoke being too thin, both 
mechanically and magnetically, for the purpose which it has to fulfill.

Here is a small electric bell, constructed by Wagener, of Wiesbaden, the construction of 
which illustrates this principle.  The electromagnet, a horseshoe, lies horizontally; its 
poles are provided with protruding curved pins of brass.  Through the armature are 
drilled two holes, so that it can be hung upon the two brass pins; and when so hung up 
it touches the ends of the iron cores just at one edge, being held from more perfect 
contact by a spring.  There is no complete gap, therefore, in the magnetic circuit.  When
the current comes and applies a magnetizing power, it finds the magnetic circuit already
complete in the sense that there are no absolute gaps.  But the circuit can be bettered 
by tilting the armature to bring it flat against the polar ends, that being indeed the mode 
of motion.  This is a most reliable and sensitive pattern of bell.

[Illustration:  FIG. 53.—ELECTROMAGNETIC POP-GUN.]

Electromagnetic Pop-gun.—Here is another curious illustration of the tendency to 
complete the magnetic circuit.  Here is a tubular electromagnet (Fig. 53), consisting of a 
small bobbin, the core of which is an iron tube about two inches long.  There is nothing 
very unusual about it; it will stick on, as you see, to pieces of iron when the current is 
turned on.  It clearly is an ordinary electromagnet in that respect.  Now suppose I take a 
little round rod of iron, about an inch long, and put it into the end of the tube, what will 
happen when I turn on my current?  In this apparatus as it stands, the magnetic circuit 
consists of a short length of iron, and then all the rest is air.  The magnetic circuit will try 
to complete itself, not by shortening the iron, but by lengthening it; by pushing the piece 
of iron out so as to afford more surface for leakage.  That is exactly what happens; for, 
as you see, when I turn on the current, the little piece of iron shoots out and drops 
down.  You see that little piece of iron shoot out with considerable
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force.  It becomes a sort of magnetic popgun.  This is an experiment which has been 
twice discovered.  I found it first described by Count Du Moncel, in the pages of La 
Lumiere Electrique, under the name of the “pistolet electromagnetique;” and Mr. 
Shelford Bidwell invented it independently.  I am indebted to him for the use of this 
apparatus.  He gave an account of it to the Physical Society, in 1885, but the reporter 
missed it, I suppose, as there is no record in the society’s proceedings.

ELECTROMAGNETS FOR USE WITH ALTERNATING 
CURRENTS.

When you are designing electromagnets for use with alternating currents, it is 
necessary to make a change in one respect, namely, you must so laminate the iron that 
internal eddy currents shall not occur; indeed, for all rapid-acting electromagnetic 
apparatus it is a good rule that the iron must not be solid.  It is not usual with telegraphic
instruments to laminate them by making up the core of bundles of iron plates or wires, 
but they are often made with tubular cores, that is to say, the cylindrical iron core is 
drilled with a hole down the middle, and the tube so formed is slit with a saw cut to 
prevent the circulation of currents in the substance of the tube.  Now when 
electromagnets are to be employed with rapidly alternating currents, such as are used 
for electric lighting, the frequency of the alternations being usually about 100 periods 
per second, slitting the cores is insufficient to guard against eddy currents; nothing short
of completely laminating the cores is a satisfactory remedy.  I have here, thanks to the 
Brush Electric Engineering Company, an electromagnet of the special form that is used 
in the Brush arc lamp when required for the purpose of working in an alternating current 
circuit.  It has two bobbins that are screwed up against the top of an iron box at the 
head of the lamp.  The iron slab serves as a kind of yoke to carry the magnetism across
the top.  There are no fixed cores In the bobbins, which are entered by the ends of a 
pair of yoked plungers.  Now in the ordinary Brush lamp for use with a steady current, 
the plungers are simply two round pieces of iron tapped into a common yoke; but for 
alternate current working this construction must not be used, and instead a U-shaped 
double plunger is used, made up of laminated iron, riveted together.  Of course it is no 
novelty to use a laminated core; that device, first used by Joule, and then by Cowper, 
has been repatented rather too often during the past fifty years to be considered as a 
recent invention.
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The alternate rapid reversals of the magnetism in the magnetic field of an 
electromagnet, when excited by alternating electric currents, sets up eddy currents in 
every piece of undivided metal within range.  All frames, bobbin tubes, bobbin ends, and
the like, must be most carefully slit, otherwise they will overheat.  If a domestic flat iron 
is placed on the top of the poles of a properly laminated electromagnet, supplied with 
alternating currents, the flat iron is speedily heated up by the eddy currents that are 
generated internally within it.  The eddy currents set up by induction in neighboring 
masses of metal, especially in good conducting metals such as copper, give rise to 
many curious phenomena.  For example, a copper disk or copper ring placed over the 
pole of a straight electromagnet so excited is violently repelled.  These remarkable 
phenomena have been recently investigated by Professor Elihu Thomson, with whose 
beautiful and elaborate researches we have lately been made conversant in the pages 
of the technical journals.  He rightly attributes many of the repulsion phenomena to the 
lag in phase of the alternating currents thus induced in the conducting metal.  The 
electromagnetic inertia, or self-inductive property of the electric circuit, causes the 
currents to rise and fall later in time than the electromotive forces by which they are 
occasioned.  In all such cases the impedance which the circuit offers is made up of two 
things—resistance and inductance.  Both these causes tend to diminish the amount of 
current that flows, and the inductance also tends to delay the flow.

ELECTROMAGNETS FOR QUICKEST ACTION.

I have already mentioned Hughes’ researches on the form of electromagnet best 
adapted for rapid signaling.  I have also incidentally mentioned the fact that where 
rapidly varying currents are employed, the strength of the electric current that a given 
battery can yield is determined not so much by the resistance of the electric circuit as by
its electric inertia.  It is not a very easy task to explain precisely what happens to an 
electric circuit when the current is turned on suddenly.  The current does not suddenly 
rise to its full value, being retarded by inertia.  The ordinary law of Ohm in its simple 
form no longer applies; one needs to apply that other law which bears the name of the 
law of Helmholtz, the use of which is to give us an expression, not for the final value of 
the current, but for its value at any short time, t, after the current has been turned on.  
The strength of the current after a lapse of a short time, t, cannot be calculated by the 
simple process of taking the electromotive force and dividing it by the resistance, as you
would calculate steady currents.

In symbols, Helmholtz’s law is: 

       i_{t} = E/R ( 1 — e^{-(R/L)t} )

48



Page 32
In this formula i_{t} means the strength of the current after the lapse of a short time t; E 
is the electromotive force; R, the resistance of the whole circuit; L, its coefficient of self-
induction; and e the number 2.7183, which is the base of the Napierian logarithms.  Let 
us look at this formula; in its general form it resembles Ohm’s law, but with a new factor,
namely, the expression contained within the brackets.  The factor is necessarily a 
fractional quantity, for it consists of unity less a certain negative exponential, which we 
will presently further consider.  If the factor within brackets is a quantity less than unity, 
that signifies that i_{t} will be less than E / R. Now the exponential of negative sign, and 
with negative fractional index, is rather a troublesome thing to deal with in a popular 
lecture.  Our best way is to calculate some values, and then plot it out as a curve.  
When once you have got it into the form of a curve, you can begin to think about it, for 
the curve gives you a mental picture of the facts that the long formula expresses in the 
abstract.  Accordingly we will take the following case.  Let E = 2 volts; R = 1 ohm; and 
let us take a relatively large self-induction, so as to exaggerate the effect; say let L = 10 
quads.  This gives us the following: 

________________________________________
|              |               |          |
|   t_{(s ec.)}  |  e ^ { + (R/L)t }   |   i_{t }   |
--------------+ - -------------+ - --------|
|       0       |       1        |   0       |
|       1       |       1 . 10 5    |   0 . 95 0   |
|       2       |       1 . 22 1    |   1 . 81 0   |
|       5       |       1 . 64 9    |   3 . 93 6   |
|      1 0       |       2 .71 8    |   6 . 34 3   |
|      2 0       |       7 .38 9    |   8 . 64 6   |
|      3 0       |      2 0.08     |   9 . 50 1   |
|      6 0       |     4 0 3.4      |   9 . 97 5   |
|     1 2 0       |   1 6 2 0 0.0      |   9 .9 99   |
----------------------------------------

In this case the value of the steady current as calculated by Ohm’s law is 10 amperes, 
but Helmholtz’s law shows us that with the great self-induction which we have assumed 
to be present, the current, even at the end of 30 seconds, has only risen up to within 5 
percent. of its final value; and only at the end of two minutes has practically attained full 
strength.  These values are set out in the highest curve in Fig. 54, in which, however, 
the further supposition is made that the number of spirals, S, in the coils of the 
electromagnet is 100, so that when the current attains its full value of 10 amperes, the 
full magnetizing power will be Si = 1000.  It will be noticed that the curve rises from zero 
at first steeply and nearly in a straight line, then bends over, and then becomes nearly 
straight again, as it gradually rises to its limiting value.  The first part of the curve—that 
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relating to the strength of the current after very small interval of time—is the period 
within which the strength of the current is governed by inertia (i.e., the self-induction) 
rather than by resistance.  In reality the current is not governed either by the self-
induction or by the resistance alone, but by the ratio of the two.  This ratio is sometimes 
called the “time constant” of the circuit, for it represents the time which the current takes
in that circuit to rise to a definite fraction of its final value.
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E = 10 r = 1 R = 100 L = 10
Si
1 0 0 0  +               _..-------------------------------
|            .                        _ _---------
|          .                   .----
|         .                 .-  2  IN SERIES
|        .               .-
|       -
|      .:            - : 
|      .:          .   : 
5 0 0  |     . :      __-      -:---------------------------
|    .  :  _.- -       :          2  IN PARALLEL
|   .   :.  -         : 
|  .  / :  -           : 
|  . /  -             : 
| .  / - :              : 
| . /.   :              : 
| /_____:_____________:____________________________ t
1 0      2 0      4 0      6 0      8 0     1 0 0     1 2 0

FIG. 54.—CURVES OF RISE OF CURRENTS.

This definite fraction is the fraction (e — 1)/e; or in decimals, 0.634.  All curves of rise of 
current are alike in general shape, they differ only in scale, that is to say, they differ only 
in the height to which they will ultimately rise, and in the time they will take to attain this 
fraction of their final value.

Example (1).—Suppose E = 10; R = 200 ohms; L = 8.  The final value of the current will 
be 0.025 amp. or 25 milliamperes.  Then the time constant will be 8 / 400 = 1-50th sec.

Example (2).—The P.O.  Standard “A” relay has R = 400 ohms; L = 3.25.  It works with 
0.5 milliampere current, and therefore will work with 5 Daniell cells through a line of 
9,600 ohms.  Under these circumstances the time constant of the instrument on short 
circuit is 0.0081 sec.

It will be noted that the time constant of a circuit can be reduced either by diminishing 
the self-induction or by increasing the resistance.  In Fig. 54 the position of the time 
constant for the top curve is shown by the vertical dotted line at 10 seconds.  The 
current will take 10 seconds to rise to 0.634 of its final value.  This retardation of the rise
of current is simply due to the presence of coils and electromagnets in the circuit; the 
current as it grows being retarded because it has to create magnetic fields in these 
coils, and so sets up opposing electromotive forces that prevent it from growing all at 
once to its full strength.  Many electricians, unacquainted with Helmholtz’s law, have 
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been in the habit of accounting for this by saying that there is a lag in the iron of the 
electromagnet cores.  They tell you that an iron core cannot be magnetized suddenly, 
that it takes time to acquire its magnetism.  They think it is one of the properties of iron.  
But we know that the only true time lag in the magnetization of iron, that which is 
properly termed “viscous hysteresis,” does not amount to any great percentage of the 
whole amount of magnetization, takes comparatively a long time to show itself, and 
cannot therefore be the cause of the retardation which we are considering.  There are 
also electricians who will tell you that when magnetization is suddenly evoked in an iron 
bar, there are induction currents set up in the iron which
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oppose and delay its magnetization.  That they oppose the magnetization is perfectly 
true, but if you carefully laminate the iron so as to eliminate eddy currents, you will find, 
strangely enough, that the magnetism rises still more slowly to its final value.  For by 
laminating the iron you have virtually increased the self-inductive action, and increased 
the time constant of the circuit, so that the currents rise more slowly than before.  The 
lag is not in the iron, but in the magnetizing current, and the current being retarded, the 
magnetization is of course retarded also.

CONNECTING COILS FOR QUICKEST ACTION.

Now let us apply these most important though rather intricate considerations to the 
practical problems of the quick working of the electromagnet.  Take the case of an 
electromagnet forming some part of the receiving apparatus of a telegraph system in 
which it is desired to secure very rapid working.  Suppose the two coils that are wound 
upon the horseshoe core are connected together in series.  The coefficient of self-
induction for these two is four times as great as that of either separately; coefficients of 
self-induction being proportional to the square of the number of turns of wire that 
surround a given core.  Now if the two coils instead of being put in series are put in 
parallel, the coefficient of self-induction will be reduced to the same value as if there 
were only one coil, because half the line current (which is practically unaltered) will go 
through each coil.  Hence the time constant of the circuit when the coils are in parallel 
will be a quarter of that which it is when the coils are in series; on the other hand, for a 
given line current, the final magnetizing power of the two coils in parallel is only half 
what it would be with the coil in series.  The two lower curves in Fig. 54 illustrate this, 
from which it is at once plain that the magnetizing power for very brief currents is 
greater when the two coils are put in parallel with one another than when they are joined
in series.

Now this circumstance has been known for some time to telegraph engineers.  It has 
been patented several times over.  It has formed the theme of scientific papers, which 
have been read both in France and in England.  The explanation generally given of the 
advantage of uniting the coils in parallel is, I think, fallacious; namely that the “extra 
currents” (i.e., currents due to self-induction) set up in the two coils are induced in such 
directions as tend to help one another when the coils are in series, and to neutralize one
another when they are in parallel.  It is a fallacy, because in neither case do they 
neutralize one another.  Whichever way the current flows to make the magnetism, it is 
opposed in the coils while the current is rising, and helped in the coils while the current 
is falling, by the so-called extra currents.  If the current is rising in both coils at the same
moment, then, whether the coils are in series or in parallel, the effect of self-induction is 
to retard the rise of the current.  The advantage of parallel grouping is simply that it 
reduces the time constant.
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BATTERY GROUPING FOR QUICKEST ACTION.

One may consider the question of grouping the battery cells from the same point of 
view.  How does the need for rapid working, and the question of time constant, affect 
the best mode of grouping the battery cells?  The amateur’s rule, which tells you to so 
arrange your battery that its internal resistance should be equal to the external 
resistance, gives you a result wholly wrong for rapid working.  The supposed best 
arrangement will not give you (at the expense even of economy) the best result that 
might be got out of the given number of cells.  Let us take an example and calculate it 
out, and place the results graphically before our eyes in the form of curves.  Suppose 
the line and electromagnet have together a resistance of 6 ohms, and that we have 24 
small Daniell cells, each of electromotive force say 1 volt, and of internal resistance 4 
ohms.  Also let the coefficient of self-induction of the electromagnet and circuit be 6 
quadrants.  When all the cells are in series, the resistance of the battery will be 96 
ohms, the total resistance of the circuit 102 ohms, and the full value of the current 0.235
ampere.  When all the cells are in parallel, the resistance of the battery will be 0.133 
ohm, the total resistance 6.133 ohms, and the full value of the current 0.162 ampere.  
According to the amateur rule of grouping cells so that internal resistance equals 
external, we must arrange the cells in 4 parallels, each having 6 cells in series, so that 
the internal resistance of the battery will be 6 ohms, total resistance of circuit 12 ohms, 
full value of current 0.5 ampere.  Now the corresponding time constants of the circuit in 
the three cases (calculated by dividing the coefficient of self-induction by the total 
resistance) will be respectively—in series, 0.06 sec.; in parallel, 0.5 sec.; grouped for 
maximum steady current, 0.96 sec.  From these data we may now draw the three 
curves, as in Fig. 55, wherein the abscissae are the values of time in seconds and the 
ordinates the current.  The faint vertical dotted lines mark the time constants in the three
cases.  It will be seen that when rapid working is required the magnetizing current will 
rise, during short intervals of time, more rapidly if all the cells are put in series than it will
do if the cells are grouped according to the amateur rule.

|
5 |                                                            .
|                                                       .
|                                                  .
4 |                            MAXIMUM          .
|                           OUTPUT \    .
|                                  .
3 |                              .
|                           .  :      ALL IN SERIES
|          _-------------------:------------------------------
2 |       .-             —       : 
|     -            -           : 

54



|   -:          -               : 
1 |  / :       —                  :              ALL IN PARALLEL
| .   :   .                      :              _________--------
|-  :__      :       ----------
+ - ----------------------------:-------------------------------
0      1      2      3      4      5      6      7      8      9     1 0

FIG. 55.—CURVES OF RISE OF CURRENT WITH DIFFERENT GROUPINGS OF 
BATTERY.
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When they are all put in series, so that the battery has a much greater resistance than 
the rest of the circuit, the current rises much more rapidly, because of the smallness of 
the time constant, although it never attains the same ultimate maximum as when 
grouped in the other way.  That is to say, if there is self-induction as well as resistance in
the circuit, the amateur rule does not tell you the best way of arranging the battery.  
There is another mode of regarding the matter which is helpful.  Self-induction, while the
current is growing, acts as if there were a sort of spurious addition to the resistance of 
the circuit; and while the current is dying away it acts of course in the other way, as if 
there were a subtraction from the resistance.  Therefore you ought to arrange the 
battery so that the internal resistance is equal to the real resistance of the circuit, plus 
the spurious resistance during that time.  But how much is the spurious resistance 
during that time?  It is a resistance proportional to the time that has elapsed since the 
current was turned on.  So then it comes to a question of the length of time for which 
you want to work it.  What fraction of a second do you require your signal to be given 
in?  What is the rate of the vibrator of your electric bell?  Suppose you have settled that 
point, and that the short time during which the current is required to rise is called t; then 
the apparent resistance at time t after the current is turned on is given by the formula: 

        R_{t} = R x e^{(R/L)t} + ( e^{(R/L)t} — 1 )

TIME CONSTANTS OF ELECTROMAGNETS.

I may here refer to some determinations made by M. Vaschy,[1] respecting the 
coefficients of self-induction of the electromagnets of a number of pieces of telegraphic 
apparatus.  Of these I must only quote one result, which is very significant.  It relates to 
the electromagnet of a Morse receiver of the pattern habitually used on the French 
telegraph lines.

                                              L, in quadrants. 
    Bobbins, separately, without iron cores. 0.233 and 0.265
    Bobbins, separately, with iron cores. 1.65 and 1.71
    Bobbins, with cores joined by yoke,
       coils in series 6.37
    Bobbins, with armature resting on poles. 10.68

[Footnote 1:  “Bulletin de la Societe Internationale des Electriciens,” 1886.]

It is interesting to note how the perfecting of the magnetic circuit increases the self-
induction.
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Thanks to the kindness of Mr. Preece, I have been furnished with some most valuable 
information about the coefficients of self-induction, and the resistance of the standard 
pattern of relays, and other instruments which are used in the British postal telegraph 
service, from which data one is able to say exactly what the time constants of those 
instruments will be on a given circuit, and how long in their case the current will take to 
rise to any given fraction of its final value.  Here let me refer to a very capital paper by 
Mr. Preece in an old number of the “Journal of the Society of Telegraph Engineers,” a 
paper “On Shunts,” in which he treats this question, not as perfectly as it could now be 
treated with the fuller knowledge we have in 1890 about the coefficients of self-
induction, but in a very useful and practical way.  He showed most completely that the 
more perfect the magnetic circuit is—though of course you are getting more magnetism 
from your current—the more is that current retarded.  Mr. Preece’e mode of experiment 
was extremely simple.  He observed the throw of the galvanometer when the circuit 
which contained the battery and the electromagnet was opened by a key which at the 
same moment connected the electromagnet wires to the galvanometer.  The throw of 
the galvanometer was assumed to represent the extra current which flowed out.  Fig. 56
represents a few of the results of Mr. Preece’s paper.

+ = = = = = = = = = = +
| = |                 | = |       | = |            | = |       | = |
\ = = = = = = =            \ = = = = = = =   = = = = = = = /       = = = = = = =   = = = = = = =
|      |             |      |   |      |        |      |   |      |
|      |             |      |   |      |        |      |   |      |
|      |             |      |--|      |        |      |   |      |
= = = = = = =             = = = = = = =   = = = = = = =       / = = = = = = =   = = = = = = = \
| = |                 | = |       | = |            | = |       | = |

+ = = = = = = = = = = = +             + = = = = = = = = = = +             + = = = = =  
= = = = = = +
| = |       | = |            | = |       | = |             | = |         | = |
= = = = = = =   = = = = = = = /     B\ = = = = = = =   = = = = = = = /A    A\ = = = = = = =    
= = = = = = = /B
|      |   |      |        |      |   |      |         |      |    |      |
|      |   |      |        |      |   |      |         |      |    |      |
|      |--|      |        |      |   |      |         |      |    |      |
= = = = = = =   = = = = = = =       A = = = = = = =   = = = = = = = B        = = = = = = = B   
= = = = = = = A
| = |       | = |            | = |       | = |             | = |         | = |
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          FIG. 56.—ELECTROMAGNETS OF RELAY, AND THEIR EFFECTS.
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Take from an ordinary relay a coil, with its iron core, half the electromagnet, so to speak,
without any yoke or armature.  Connect it up as described, and observe the throw given 
to the galvanometer.  The amount of throw obtained from the single coil was taken as 
unity, and all others were compared with it.  If you join up two such coils as they are 
usually joined, in series, but without any iron yoke across the cores, the throw was 17.  
Putting the
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iron yoke across the cores, to constitute a horseshoe form, 496 was the throw; that is to 
say, the tendency of this electromagnet to retard the current was 496 times as great as 
that of the simple coil.  But when an armature was put over the top, the effect ran up to 
2,238.  By the mere device of putting the coils in parallel, instead of in series, the 2,238 
came down to 502, a little less than the quarter value which would have been expected. 
Lastly, when the armature and yoke were both of them split in the middle, as is done in 
fact in all the standard patterns of the British postal telegraph relays, the throw of the 
galvanometer was brought down from 502 to 26.  Relays so constructed will work 
excessively rapidly.  Mr. Preece states that with the old pattern of relay having so much 
self-induction as to give a galvanometer throw of 1,688, the speed of signaling was only 
from 50 to 60 words per minute, whereas, with the standard relays constructed on the 
new plan, the speed of signaling is from 400 to 450 words per minute.  It is a very 
interesting and beautiful result to arrive at from the experimental study of these 
magnetic circuits.

SHORT CORES versus LONG CORES.

In considering the forms that are best for rapid action, it ought to be mentioned that the 
effects of hysteresis in retarding changes in the magnetization of iron cores are much 
more noticeable in the case of nearly closed magnetic circuits than in short pieces.  
Electromagnets with iron armatures in contact across their poles will retain, after the 
current has been cut off, a very large part of their magnetism, even if the cores be of the
softest of iron.  But so soon as the armature is wrenched off, the magnetism 
disappears.  An air gap in a magnetic circuit always tends to hasten demagnetizing.  A 
magnetic circuit composed of a long air path and a short iron path demagnetizes itself 
much more rapidly than one composed of a short air path and a long iron path.  In long 
pieces of iron the mutual action of the various parts tends to keep in them any 
magnetization that they may possess; hence they are less readily demagnetized.  In 
short pieces, where these mutual actions are feeble or almost absent, the magnetization
is less stable, and disappears almost instantly on the cessation of the magnetizing 
force.  Short bits and small spheres of iron have no magnetic memory.  Hence the 
cause of the commonly received opinion among telegraph engineers that for rapid work 
electromagnets must have short cores.  As we have seen, the only reason for 
employing long cores is to afford the requisite length for winding the wire which is 
necessary for carrying the needful circulation of current to force the magnetism across 
the air gaps.  If, for the sake of rapidity of action, length has to be sacrificed, then the 
coils must be heaped up more thickly on the short cores.  The electromagnets in 
American patterns of telegraphic apparatus usually have shorter cores, and a relatively 
greater thickness of winding upon them, than those of European patterns.
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* * * * *

ELECTRIC ERYGMASCOPE.

The erygmascope is the name of an electric lighting apparatus designed for the 
examination of the strata of earth traversed by boring apparatus.

It consists of a very powerful incandescent lamp inclosed in a metallic cylinder.  One of 
the two semi-cylindrical sides constitutes the reflector, and the other, which is of thick 
glass, allows of the passage of the luminous rays, which thus illuminate with great 
brilliancy the strata of earth traversed by the instrument.  The base, which is inclined at 
an angle of 45 deg., is an elliptical mirror, and the top, of straight section, is open in 
order to permit the observer standing at the mouth of the well, and provided with a 
powerful spyglass, to see in the mirror the image of the earth.  The lamp is so mounted 
that its upwardly emitted rays are intercepted.

The whole apparatus is suspended from a long cable, formed of two conducting wires, 
which winds around a windlass with metallic journals which are electrically insulated.  
These journals communicate, through the intermedium of two friction springs, with the 
conductors on the one hand and, on the other, with the poles of an automatic and 
portable battery.

[Illustration:  THE TROUVE ERYGMASCOPE.]

This permits of lowering and raising the apparatus at will, without derangement, and 
without its being necessary to interrupt the light and the observation.—Revue 
Industrielle.

* * * * *

A NEW ELECTRIC BALLISTIC TARGET.

The electrical target usually employed in determining velocities of projectiles consists of 
a wooden frame on which is strung a copper wire so as to make a continuous circuit 
arranged in parallel vertical lines about one inch or one and one half inches apart.

It frequently happens that a projectile will pass through this target without breaking the 
circuit, either by squeezing between the wires or because, when last repaired, the target
was short-circuited unnoticed, so that the cutting of the wires did not break the circuit.  
The repair of this target takes considerable time.

_______________________________________________________
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Beside s  t h e s e  objec tions  to  t his  t a r g e t ,  a no t h e r  a n d
m o r e  s e rious  on e  is t h e  ir r e g ula ri ty in t h e  m a n n e r
of b r e akin g  t h e  ci rc ui t .   I t  h a s  b e e n  p rove d  t h a t
ti m es  r e q ui r e d  for  a  fla t  h e a d e d  a n d  a n  ogival h e a d e d
p rojec tile  to  r u p t u r e  t h e  c u r r e n t  a r e  ve ry diffe r e n t .

To r e m e dy t h es e  d efec t s  a  n e w  a n d  ve ry ing e nious  t a r g e t
h a s  b e e n  d evise d  a n d  u s e d  wit h  g r e a t  s ucc e s s  a t  t h e
U ni t e d  S t a t e s  Mili t a ry Acad e my a t  West  Poin t.  
The  to p  of t h e  t a r g e t  is a  wood e n  s t rip,  F, on  t h e
u p p e r  sid e  of w hich  a r e  sc r e w e d  s t rips  of cop p er, A
A, a bo u t  1/2  in. wid e,  a n d  1/8  in. t hick.  The
con n e c tion  b e t w e e n  t wo  a djoining  s t rips  is m a d e  by
a  cop p e r  c a r t ri dg e ,  C, w hich  is d ro p p e d  in a  hole  in
t h e  fra m e  bo r e d  to  r ec eive  it.  This  c a r t ri dg e
is t h e  on e  u s e d  in t h e  S p ringfield  rifle.   Insid e
t h e  c a r t ridg e  is a  s pi r al  s p rin g,  S, w hich,  a c ting
on  t h e  bo t to m  of t h e  hole  a n d  t h e  h e a d  of t h e  c a r t ri dg e,
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t e n d s  to  m a k e  t h e  la t t e r  s p rin g  u p,  a n d  so  b r e a k  t h e
ci rc ui t .

To t h e  hook, H,  w hich  is a t t a c h e d  to  t h e  c a r t rid g e ,
is s u s p e n d e d,  by  m e a n s  of a  s t ri ng,  t h e  lea d  w eig h t ,
W, t h u s  d r a win g  dow n  t h e  c a r t rid g e  a n d  m a king  t h e
ci rc ui t  b e t w e e n  A a n d  A’.  All t h e  w eig h t s
b ein g  s u s p e n d e d  t h e  cu r r e n t  co m e s  in t h ro u g h  t h e  pos t ,
P, p a s s e s  alon g  t h e  cop p e r  s t r ips  a n d  ou t  of t h e  co r r e s po n ding
pos t  on  t h e  o t h e r  e n d.

On  firing  t h e  p rojec tile  cu t s  a  s t ri ng,  a n d  t h e  s p rin g
a t  onc e  c a u s e s  t h e  c a r t ridg e  to  s p ring  u p,  t h us  b r e akin g
t h e  ci rc ui t .

I t  is no t  possible  for  t h e  p rojec tile  to  s q u e ez e  b e t w e e n
t h e  s t ri ngs  a n d  no t  b r e ak  t h e  c u r r e n t ,  for  in so  doing
t h e  c a r t ridg e  is t ipp e d  sligh tly, w hic h  is s ufficien t ,
a s  it b r e ak s  t h e  c u r r e n t  on  on e  side.

This  t a r g e t  is u s e d  in  con n e c tion  wi th  t h e  Boule n g e
c h ro nog r a p h.   Two t a r g e t s  a r e  e s t a blish e d  a t  a
know n  di s t a nc e  a p a r t ,  s ay  5 0  ft., a n d  t h e  tim e  r e q ui r e d
for  t h e  p rojec tile  to  p a s s  ove r  t his  dis t a nc e  is d e t e r min e d
by finding  t h e  diffe r e n c e  in t h e  tim e  of c u t ting  of
t h e  t wo  t a r g e t s,  by finding  t h e  diffe r e n c e  in t h e
ti m e  of falling  of t h e  t wo  ro ds,  c a u s e d  by t h e  d e m a g n e tiza tion
of t wo  el ec t ro m a g n e t s  in t h e  s a m e  ci rc ui t  wi t h  t h e
t a r g e t s.

By m e a n s  of a  di sjunc to r  bo t h  ro d s  a r e  d rop p e d  a t
t h e  s a m e  tim e,  t h e  s ho r t e r  on e  r ele a sing  a  knife bl a d e
w hich  m a k e s  a  cu t  on  t h e  long e r  on e.   N o w  bo t h
ro ds  a r e  h u n g  fro m  t h e  m a g n e t s  a g ain  a n d  t h e  g u n  is
fir e d.

The  p rojec tile  p a s s e s  t h rou g h  t h e  fir s t  t a r g e t ,  b r e aks
t h e  ci rc ui t ,  d e m a g n e tize s  t h e  m a g n e t  of t h e  long e r
ro d,  a n d  it  b e gins  to  fall.  On  p a s sing  t h ro u g h
t h e  s econ d  t a r g e t ,  t h e  p rojec tile  c a u s e s  t h e  s ho r t e r
ro d  to  fall.  This  r el e a s e s  t h e  knife  bl a d e ,  a n d
a  s eco n d  c u t  is m a d e.   The  tim e  co r r e s po n din g
to  t h e  dis t a nc e  b e t w e e n  t h e s e  c u t s  is t h e  tim e  t h e
long e r  ro d  w a s  falling  b efo r e  t h e  s e co n d  ro d  b e g a n
to  fall o r  t h e  t im e  b e t w e e n  t h e  c u t ting  of t h e  t wo
t a r g e t s  by  t h e  p rojec tile.
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The  dis t a nc e  b e t w e e n  t h e  c u t s  is m e a s u r e d ,  a n d  t h e
ti m e  co r r e s po n din g  to  i t c a n  e a sily b e  foun d.  
The n  t h e  veloci ty of t h e  p rojec tile  is e q u al  to  5 0/ t .

To r e p ai r  t his  t a r g e t ,  s t r ing s  a r e  p r e p a r e d  in a dva nc e
of s ui t a bl e  leng t h  a n d  loop e d  a t  bo t h  e n d s,  so  t h a t
by  pl acing  t h e  hook  of t h e  c a r t ri dg e  in on e  loop  a n d
t h a t  of t h e  w eig h t  in  t h e  o t h e r  t h e  r e p ai r  is q uickly
m a d e.

This  t a r g e t  h a s  b e e n  u s e d  on  t h e  West  Point  p roving
g ro u n d  to  d e t e r min e  veloci ties  ove r  dis t a n c e s  of 1 0 0
ft. in t e rval to  dis t a nc e s  of only 9  ft. in t e rval,
a n d  h a s  given  m os t  s a tisfac to ry r e s ul t s .

*       *       *       *  
    *

[Con tinu e d  fro m  SUPPLEME NT, No. 7 8 6,  p a g e  1 2 5 6 6.]

THE OUTLOOK FOR APPLIED ENTOMOLOGY.

[Footno t e:   Addr e s s  of Dr. C.V.  Riley a t
t h e  a n n u al  m e e ting  of t h e  Associa tion  of Econo mic
E n to mologis t s ,  Ch a m p aig n,  Ills., N ove m b e r  1 1  to  1 4,
1 8 9 0.]

LEGISLATION.

The  a m o u n t  of legisla tion  in diffe r e n t  cou n t ri es  t h a t
h a s  of la t e  yea r s  b e e n  d e e m e d  n ec e s s a ry  o r  s ufficien tly
impor t a n t ,  in view of inju rious  ins ec t s,  is a  s t riking
evid e nc e  of t h e  inc r e a s e d  a t t e n tion  p aid  to  a p plied
e n to mology; a n d  w hile  m o d e r n  legisla tion  of t his  kind
h a s  b e e n,  on  t h e  w hole,  fa r  m o r e  in t ellige n t  t h a n  si mila r
effo r t s  in ye a r s  gon e  by, m a ny of t h e  law s  p a s s e d
h ave  n eve r t h el es s  b e e n  u n wise,  fu tile,  a n d  imp r ac tic a ble,
a n d  eve n  u n n e c e s s a rily opp r e s sive  to  o t h e r  in t e r e s t s .  
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The  chief d a n g e r  h e r e  is t h e  in t e rve n tion  of poli tics
o r  politic al m e t ho ds.   Exp e r t  cou ns el s ho uld  g uid e
ou r  legisla to r s  a n d  t h e  s t e p s  t ak e n  s hould  b e  t ho rou g h
in o r d e r  to  b e  effec tive.   We h ave  h a d  of la t e
ye a r s  in Ger m a ny ve ry good  evide nc e  of t h e  exc elle n t
r e s ul t s  flowing  fro m  t ho ro u g h  m e t hod s,  a n d  t h e  r e c e n t
legisla tion  in  M a s s a c h u s e t t s  a g ains t  t h e  gypsy m o t h
(Ocn eria di spar ), w hich  a t  on e  tim e  t h r e a t e n e d
to  b e co m e  fa rcical, h a s ,  for t u n a t ely, p rove d  m o r e  t h a n
u s u ally s ucc e s sful; t h e  co m mission  a p poin t e d  to  d e al
wi th  t h e  s u bjec t  h aving  wo rk e d  wi th  e n e r gy a n d  followe d
co m p e t e n t  a dvice.

PUBLICATION.

On t h e  q u e s tion  of p u blica tion  of t h e  r e s ul t s  of ou r
labo r s  i t is p e r h a p s  p r e m a t u r e  to  d w ell a t  leng t h.  
E a c h  of t h e  exp e ri m e n t  s t a tions  is p u blishing  it s
ow n  b ulle tins  a n d  r e po r t s  q ui t e  ind e p e n d e n tly of t h e
o th e r s ,  b u t  af t e r  a  u nifor m  pla n  r eco m m e n d e d  by t h e
a s socia tion  wi th  w hich  w e  m e e t  h e r e ;  a n d  wi th  b u t
on e  exc e p tion  t h a t  h a s  co m e  to  my  no tice,  a no t h e r
impor t a n t  r eco m m e n d a tion  of t h e  s a m e  a s socia tion—t h a t
t h e s e  p u blica tions  s h all b e  void  of all p e r so n al  m a t t e r— h a s
b e e n  ke p t  in mi n d.   The  N a tion al Bu r e a u  of Exp e ri m e n t
S t a tions  a t  Was hin g ton  is doing  w h a t  it  c a n  wi th  t h e
m e a n s  a t  co m m a n d  to  fu r t h e r  t h e  g e n e r al  wo rk  by iss uing
t h e  Exp e ri m e n t  S t a tion  Reco r d,  d evo t e d  chiefly to
dig e s t s  of t h e  S t a t e  s t a tion  b ulle tins.   The r e
is a  s e rious  q u e s tion  in my min d  a s  to  t h e  u tili ty
of S t a t e  dige s t s  by  t h e  n a tion al  d e p a r t m e n t  of r e s ul t s
al r e a dy p u blish e d  ex te n sively by  t h e  diffe r e n t  S t a t e s
a n d  dis t ribu t e d  u n d e r  gove r n m e n t  fra nk  to  all si mila r
ins ti t u tions  a n d  to  w ho m so eve r  is in t e r e s t e d  e no u g h
to  a sk  for  t h e m.
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S uc h  dig e s t s  m ay  o r  m ay no t  b e  in t ellige n tly m a d e,
a n d,  ev e n  u n d e r  t h e  m os t  favor a ble  ci rc u m s t a nc e s ,
will h a r dly s e rve  a ny o t h e r  p u r pos e  t h a n  h elping  to
t h e  r ef e r e nc e  to  t h e  o rigin al a r ticles,  a n d  t hi s  could
u n do u b t e dly b e  do n e  m o r e  s a tisfac to rily to  t h e  s t a tions
a n d  to  t h e  p e ople  a t  la r g e  by  g e n e r al  a n d  cla s sified
indices  to  all t h e  S t a t e  doc u m e n t s ,  m a d e  a s  full a s
pos sible  a n d  issu e d  a t  s t a t e d  in t e rv als.   Only
a  s m all p ro po r tion  of t h e  b ulle tins  h ave  b e e n  so  fa r
no tic ed  by dig es t  in t his  r eco r d ,  wi t h  no  p a r ticula r
r ul e,  so  fa r  a s  I c a n  s e e ,  in t h e  s el ec tion.  
In  poin t  of fac t ,  t hos e  will b e  m o s t  a p t  to  b e  no tice d
w hos e  a u t ho r s  c a n  find  tim e  to  t h e m s elves  s e n d  o r  m a k e
for  t h e  p u r pos e  t h ei r  ow n  a b s t r a c t s .   This is,
p e r h a p s,  inevit a bl e  u n d e r  p r e s e n t  a r r a n g e m e n t s.  
Co m ple t e  a n d  s a ti sfac to ry dig e s t s  of all, if in t ellige n t
a n d  c ri tic al, imply a  fa r  g r e a t e r  force  t h a n  is a t
p r e s e n t  a t  P rof.  Atwa t e r’s co m m a n d.

U n d e r  t h e s e  ci rc u m s t a nc e s ,  it  wo uld  s e e m  wis e r  to
d evot e  all t h e  e n e r gi e s  of t h e  b u r e a u  to  dig e s t s  of
t h e  si mila r  lit e r a t u r e  of o t h e r  cou n t ri e s,  w hich  would
b e  of im m e n s e  a dv a n t a g e  to  ou r  p eo ple  a n d  to  t h e  diffe r e n t
s t a tion  work e r s .   Judgin g  fro m  t h e  r e co m m e n d a tions
a n d  r e solu tions  of t h e  g e n e r al  a s socia tion,  t hi s  is
t h e  view ve ry g e n e r ally h eld,  b u t  exc e p t  in c h e mis t ry
a n d  s p e cial ind us t ri e s  like  t h a t  of b e e t  s u g ar, ve ry
lit tle  of t h a t  kind  of wo rk  h a s  ye t  b e e n  a t t e m p t e d.

Wh a t  is t r u e  of t h e  s t a tion  p u blica tions  in g e n e r al
is e q u ally t r u e  of s p ecial p u blica tions.   As e n to mologis t
of t h e  d e p a r t m e n t ,  I h ave  b e e n  u r g e d  to  b rin g  tog e t h er,
a t  s t a t e d  in t e rvals,  dig e s t s  of t h e  e n to mological
p u blica tions  of t h e  diffe r e n t  s t a tions.   S uc h  dig e s t s
to  b e  of a ny valu e,  how ever, s ho uld  al so  b e  c ri tic al,
a n d  it  w e r e  a  t h a nkle ss  t a sk  for  a ny on e  to  b e  c ri tic
o r  c e n so r  eve n  of t h a t  w hich  n e e d s  co r r e c tion  o r  c ri ticis m.  
Mo r eover, to  do  t his  work  in t ellige n tly would  r e q ui r e
inc r e a s e  of t h e  division al force ,  w hich  a t  p r e s e n t
is m o r e  a dv a n t a g eo usly e m ploye d,  for, a s  al r e a dy in tim a t e d ,
I s hould  h ave  g r e a t  do u b t s  of t h e  u tili ty of t h e s e
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dig e s t s .

I b elieve,  ho w ever, t h a t  t h e  division  s ho uld  s t r ive
for  s uc h  inc r e a s e  of m e a n s  a s  wo uld  jus tify t h e  p e riodic
p u blica tion,  ei t h e r  ind e p e n d e n tly o r  a s  a  p a r t  of
t h e  d e p a r t m e n t  r e co r d,  of g e n e r al  a n d  cl as sified  indices
to  t h e  e n to mologic al m a t t e r  of t h e  s t a tion  b ulle tins,
a n d  s hould  wo rk  m o r e  a n d  m o r e  tow a r d  giving  r e s ul t s
fro m  o th e r  p a r t s  of t h e  wo rld.   This  could,  p e r h a p s ,
b e s t  b e  don e  by ti tl e s  of s u bjec t  a n d  of a u t ho r  so
s p ac e d  a n d  p rin t e d  on  s to u t  p a p e r  t h a t  t h ey could
b e  c u t  a n d  u s e d  in t h e  o r din a ry c a r d  c a t alog u e.  
The  r e cipie n t  could  cu t  a n d  sys t e m a tic ally pl ac e  t h e
ti tles  a s  fas t  a s  r ec eived.
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As to  t h e  c h a r a c t e r  of t h e  m a t t e r  of t h e  e n to mological
b ulle tins,  it  will inevit a bly b e  influe nc e d  by t h e
n e e d s  a n d  d e m a n d s  of t h e  p e ople  of t h e  r e s p ec tive
S t a t e s,  a n d  w hile  o rigin ality s ho uld  b e  ke p t  in  min d,
t h e r e  m u s t  n e e d s  b e  in t h e  e a rli e r  ye a r s  of t h e  wo rk
m u c h  r e s t a t e m e n t  of w h a t  is al r e a dy w ell know n.  
Tha t  so m e  r e s ul t s  h ave  b e e n  p u blish e d  of wo rk  w hich
r eflec t s  no  p a r ticul a r  c r e di t  u po n  ou r  c alling  is
a  m e r e  incid e n t  of t h e  n e w  posi tions  c r e a t e d.  
Yet w e  m ay  exp ec t  m a r k e d  imp rove m e n t  fro m  yea r  to
ye a r  in  t his  di r ec tion,  a n d  wi thou t  b ein g  invidious,
I would  ci t e  t hos e  of P rof.  Gille t t e’s on
his  s p r aying  exp e ri m e n t s  a n d  on  t h e  plu m  c u rc ulio
a n d  plu m  go u g er, a s  m o d els  of w h a t  s uc h  b ulle tins
s ho uld  b e .

Althou g h  t h e  r e solu tion  offe r e d  a t  ou r  las t  m e e tin g
by P rof.  Cook, to  t h e  effec t  t h a t  p u r ely d e s c rip tive
m a t t e r  s ho uld  b e  exclud e d  fro m  t h e  s t a tion  b ulle tins,
m e t  wi th  no  favor, b u t  w a s  laid on  t h e  t a bl e,  by  t h e
g e n e r al  a s socia tion,  I a m  in full sy m p a t hy wi t h  t his
posi tion  a n d  a m  s t ro n gly of t h e  opinion  t h a t  in t h e
o r din a ry b ulle tins  s uc h  p u r ely t e c h nic al a n d  d e s c rip tive
m a t t e r  s ho uld  b e  r e d u c e d  to  t h e  n e c e s s a ry  minim u m
con sis t e n t  wi th  cle a r n e s s  of s t a t e m e n t  a n d  a cc u r a cy,
a n d  t h a t  if it is d e si r e d,  on  t h e  p a r t  of t h e  s t a tion
e n to mologis t s ,  to  iss u e  t ec h nical a n d  d e s c rip tive
p a p e r s ,  a  s e p a r a t e  s e rie s  of b ulle tins  w e r e  b e t t e r
ins ti t u t e d  for  t his  cla s s  of m a t t er.

Fin ally, for  r e s ul t s  w hich  it is d e si r e d  to  p ro m p tly
g e t  b efo r e  t h e  p eo ple,  t h e  a g ricul tu r al p r e s s  is a t
ou r  dis pos al, a n d  so  fa r  a s  t h e  e n to mological wo rk
of t h e  d e p a r t m e n t  of a g ricul tu r e  is conc e r n e d,  t h e
p e riodic al b ulle tin,  Ins ec t  Life , w a s  e s t a blish e d
for  t his  p u r pos e .   I t s  colu m n s  a r e  op e n  to  all
s t a tion  work e r s ,  a n d  I wo uld  h e r e  a p p e al  to  t h e  m e m b e r s
of t h e  a s socia tion  to  h elp  m a k e  it, a s  fa r  a s  possible,
n a tion al, by s e n din g  b rief no t e s  a n d  dig e s t s  of t h ei r
wo rk  a s  it  p ro g r e s s e s.   Hi t h e r to  w e  h ave  b e e n
u n a ble  to  m a k e  a s  m u c h  effo r t  in t his  di r e c tion  a s

68



w e  d e si r e d,  b u t  in fut u r e  it is ou r  ho p e  to  m a k e  t h e
b ulle tin,  a s  fa r  a s  possible,  a  n a tion al  m e diu m  t h ro u g h
w hich  t h e  r e s ul t s  of wo rk  do n e  in  all p a r t s  of t h e
cou n t ry  m ay  q uickly b e  p u t  on  r e co r d  a n d  dis t ribu t e d ,
no t  only to  all p a r t s  of ou r  ow n  cou n t ry, b u t  to  all
p a r t s  of t h e  world.

The  r a pid  g ro wt h  a n d  d evelop m e n t  of t h e  n a tion al  d e p a r t m e n t
a n d  t h e  m ul tiplica tion  of i t s  divisions  h ave  n e c e s si t a t e d
s p ecial m o d e s  of p u blica tion  a n d  r e n d e r e d  t h e  a n n u al
r e po r t  al mos t  a n  a n a c h ro nis m  so  fa r  a s  it  p r e t e n d s
to  b e  w h a t  it  a t  on e  ti m e  w a s—a  p r e t ty  co m ple t e
r e po r t  of t h e  scie n tific a n d  o th e r  wo rk  of t h e  d e p a r t m e n t .  
The  a t t e m p t s  w hich  I h ave  m a d e  t h ro u g h  t h e  p ro p e r
a u t ho ri ti es  to  g e t  Con g r e s s  to  o r d e r  m o r e  p r e t e n tious
m o no g r a p hic  wo rks  in  q u a r to  volu m e  si mila r  to  t hos e
issu e d  by o t h e r  d e p a r t m e n t s  of t h e  gove r n m e n t  h ave
no t  m e t  wit h  e n cou r a g e m e n t ,  a n d  in  t his  di r ec tion  m a ny
of t h e  s t a tions  will, le t  u s  ho p e,  b e  a bl e  to  do  b e t t er.

CO-OPERATION.

69



Page 44

Eve ry o th e r  s u bjec t  t h a t  mig h t  b e  conside r e d  on  t his
occ a sion  m u s t  b e  s u bo r din a t e  to  t h e  on e  g r e a t  q u e s tion
of co-op e r a tion.   With  t h e  la r g e  inc r e a s e  of a c t u al
wo rk e r s  in ou r  favori t e  field,  dis t r ibu t e d  all ove r
t h e  cou n t ry, t h e  n e c e ssi ty for  so m e  co-op e r a tion  a n d
co-o r din a tion  m u s t  b e  a p p a r e n t  to  eve ry  on e.  
Jus t  ho w  t his  s ho uld  b e  b ro u g h t  a bo u t  o r  in w h a t  di r ec tion
w e  m ay wo rk  tow a r d  it, will b e  for  t his  a s soci a tion
in it s  d elibe r a tions  to  d ecide .   N o r  will I ven t u r e
to  a n ticipa t e  t h e  d elib e r a tions  a n d  conclu sions  of
t h e  s p e ci al co m mit t e e  a p poin t e d  to  t ak e  t h e  m a t t e r
in to  conside r a tion,  b eyon d  t h e  s t a t e m e n t  t h a t  t h e r e
a r e  m a ny  di r ec tions  in w hich  w e  c a n  a do p t  pl a n s  for
m u t u al  b e n efi t.   Take,  for  ins t a nc e,  t h e  in t rod uc tion
a n d  dis s e min a tion  of p a r a si t e s.   H ow  m u c h  g r e a t e r
will b e  t h e  c h a n c e  of s ucc e s s  in  a ny p a r ticul a r  c a s e
if w e  h ave  all t h e  diffe r e n t  s t a tion  e n to mologis t s
in t e r e s t e d  in so m e  s p e cific pl a n  to  b e  c a r ri e d  ou t
in co-op e r a tion  wi t h  t h e  n a tion al d e p a r t m e n t ,  w hich
ou g h t  to  h ave  b e t t e r  facili tie s  of in t rod ucing  s p e cim e n s
to  for eig n  cou n t rie s  o r  to  diffe r e n t  s ec tions  of ou r
ow n  cou n t ry t h a n  a ny of t h e  S t a t e  s t a tions.

Le t  u s  s u p pos e  t h a t  t h e  frui t  g ro w e r s  of on e  s ec tion
of t h e  cou n t ry, co m p rising  s eve r al  S t a t e s  in a r e a ,
n e e d  t h e  b e n efi t  in t h ei r  w a rfa r e  a g ain s t  a ny p a r ticula rly
inju rious  ins ec t  of s uc h  n a t u r al  e n e my o r  e n e mies
a s  a r e  know n  to  h elp  t h e  frui t  g ro w e r s  of so m e  ot h e r
s ec tion.   The r e  will c e r t ainly b e  m u c h  g r e a t e r
c h a n c e s  of s ucc e ss  in t h e  c a r rying  ou t  of a ny sc h e m e
of in t rod uc tion  if a ll t h e  wo rk e r s  in t h e  on e  s ec tion
m ay b e  c alled  u po n  t h ro u g h  so m e  c e n t r al  o r  n a tion al
body to  h elp  in t h e  in t rod uc tion  a n d  dis posi tion  of
t h e  d e si r e d  m a t e ri al in to  t h e  o t h e r  s ec tion.  
Or, t ak e  t h e  c a s e  of t h e  boll wo r m  inves tig a tion  al r e a dy
allud e d  to.  The  c h a n c es  of s ucc e ss  would  b e  m u c h
g r e a t e r  if t h e  e n to mologis t s  in all t h e  S t a t e s  in t e r e s t e d
w e r e  to  give  so m e  a t t e n tion  to  s uc h  lepidop t e ro us
la rva e  a s  a r e  foun d  to  b e  affec t e d  wi t h  con t a gious
dis e a s e s  a n d  to  follow ou t  so m e  s p ecific pl a n  of c ul tiva ting
a n d  t r a n s mi t ting  t h e m  to  t h e  p a r ty o r  p a r ti e s  wi t h
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w ho m  t h e  a c t u al  t r i als  a r e  in t r u s t e d.   The  a r g u m e n t
a p plies  wit h  s till g r e a t e r  forc e  to  a ny in t e r n a tion al
effo r t s .   I n e e d  h a r dly m ul tiply ins t a nc e s .  
The r e  is, i t is t r u e ,  no t hing  to  p r eve n t  a ny individu al
s t a tion  e n to mologis t  fro m  r e q u e s ting  co-op e r a tion  of
t h e  o t h e r  s t a tions,  no r  is t h e r e  a ny thing  to  p r eve n t
t h e  n a tion al  d e p a r t m e n t  fro m  doing  likewis e;  b u t  in
all o rg a niza tion  r e s ul t s  a r e  m o r e  a p t  to  flow fro m
t h e  po w e r  to  di r ec t  r a t h e r  t h a n  fro m  m e r e  libe r ty to
r e q u e s t  o r  to  ple a d.   The  s t a tion  e n to mologis t
m ay b e  e n g ross e d  in so m e  line  of r e s e a r c h  w hich  h e
d e e m s  of m o r e  impo r t a n c e  to  t h e  p eo ple  of his  S t a t e ,
a n d  m ay  r e s e n t  b ein g  c alled  u po n  to  dive r t  his  e n e r gi e s;
a n d  wi t h  no  ce n t r al  o r  n a tion al  po w e r  to  d e cid e  u po n
pla n s  of co-op e r a tion  for  t h e  co m m o n  w e al, w e  a r e
lef t  to  volun t a ry m e t ho ds,  m u t u ally d evis e d,  a n d  it
is h e r e  t h a t  t hi s  a s socia tion  c a n,  it  s e e m s  to  m e ,
m os t  fully jus tify it s  o r g a niza tion.   And t his
b rings  m e  to  t h e  q u e s tion  of
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THE DEPARTMENT AND THE STATIONS.

Im m e dia t ely con n e c t e d  wi th  t h e  q u e s tion  of co-op e r a tion
is t h e  r el a tion  of t h e  N a tion al De p a r t m e n t  of Agricul tu r e
a n d  t h e  S t a t e  exp e ri m e n t  s t a tions .   The  r el a tion,
ins t e a d  of b ein g  vit al a n d  a u t ho ri t a tive,  is, in r e ality,
a  s u bo r din a t e  on e.   M a ny p e r so ns  in t e r e s t e d  in
t h e  a dv a nc e m e n t  of a g ricul tu r e  fore s a w  t h e  a dv a n t a g e
of h aving  exp e ri m e n t  s t a tions  a t t ac h e d  to  t h e  S t a t e
a g ricul tu r al  colleg e s  foun d e d  u n d e r  t h e  Mo r rill a c t
of 1 8 6 2;  b u t  I t hink  t h a t  in t h e  mi nd s  of m os t  p e r son s
t h e  e s t a blish m e n t  of t h e s e  s t a tions  implied  so m e  s uc h
con n e c tion  wi th  t h e  n a tion al d e p a r t m e n t  a s  t h a t  ou tline d
in a n  a d d r e s s  on  Agricul tu r al  Advanc e m e n t  in t h e  U ni t e d
S t a t e s,  w hich  I h a d  t h e  ho no r  to  d elive r  in 1 8 7 9  b efor e
t h e  N a tion al Agricul tu r al  Cong r e s s ,  a t  Roch e s t er,
a n d  in w hich  t h e  following  lan g u a g e  w a s  u s e d:  
“In the light of the past history of the German experimental stations and their work, or of 
that in our own State of Connecticut, the expediency of purchasing an experimental 
farm of large dimensions in the vicinity of Washington is very questionable.  There can 
be no doubt, however, of the value of a good experimental station there that shall have 
its branches in every State of the Union.  The results to flow from such stations will not 
depend upon the number of acres at command, and it will be far wiser and more 
economical for the commissioner to make each agricultural college that accepted the 
government endowment auxiliary to the national bureau, so that the experimental farm 
that is now, or should be, connected with each of these institutions might be at its 
service and under the general management of the superintendent of the main station.  
There is reason to believe that the directors of these colleges would cheerfully have 
them constituted as experimental stations under the direction of the department, and 
thus help to make it really national—the head of a vast system that should ramify 
through all parts of the land....“With the different State agricultural colleges, and the 
State agricultural societies, or boards, we have every advantage for building up a 
national bureau of agriculture worthy of the country and its vast productive interests, 
and on a thoroughly economical basis, such as that of Prussia, for instance.”
In  s ho r t ,  t h e  view in min d  w a s  so m e t hing  in  t h e  n a t u r e
of t h a t  w hich  h a s  sinc e  b e e n  a do p t e d  by ou r  n eigh bo r s
of t h e  N o r t h ,  w h e r e  t h e r e  is a  c e n t r al  o r  n a tion al
s t a tion  o r  fa r m  a t  Ot t a w a  a n d  s u b-s t a tions  o r  b r a nc h
fa r m s  a t  N a p p a n,  Nova  Sco ti a,  Br a n do n,  M a ni tob a,  India n
H e a d,  N.W.T., a n d  Agassiz, Bri tish  Colu m bi a,  all u n d e r
t h e  a bl e  di r e c tion  of Mr. Willia m  S a u n d e r s ,  on e  of
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ou r  e s t e e m e d  fellow wo rk e r s .   I t  w a s  my p rivileg e
to  b e  a  good  d e al  wi t h  Mr. S a u n d e r s  w h e n  h e  w a s  in
E u ro p e  s t u dying  t h e  exp e rie nc e  of o t h e r  cou n t ri e s
in t his  m a t t er, a n d  t h e  policy finally a do p t e d  in
Ca n a d a  a s  a  r e s ul t  of hi s  labo r s  is a n  e min e n tly wis e
on e,  p r ev e n tin g  so m e  of t h e  difficul ties  a n d  d a n g e r s
w hich  b e s e t  ou r  pl a n,  w h e t h e r  a s  b e t w e e n  S t a t e  a n d
n a tion  o r  colleg e  a n d  s t a tion.
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U n d e r  t h e  p r e s e n t  laws  a n d  wi t h  t h e  vas t  influe nc e
w hich  t h e  Associa tion  of Agricul tu r al  Colleg es  a n d
Exp e rim e n t  S t a tions  will wield,  bo t h  in Con g r e s s  a n d
in t h e  diffe r e n t  S t a t e s ,  t h e r e  is g r e a t  d a n g e r  of
t r a n s posi tion,  in  t his  a g ricul tu r al  body poli tic, of
t hos e  p a r t s  w hich  in t h e  a ni m al body a r e  d e no min a t e d
h e a d  a n d  t ail, a n d  t h e  old  s a w  to  t h e  effec t  t h a t
“th e  dog  w a g s  t h e  t ail b e c a u s e  t h e  t ail c a n no t
w a g  t h e  dog,” will find  a no t h e r  a p plica tion.  
So  fa r  a s  t h e  law go e s,  t h e  n a tion al d e p a r t m e n t ,  w hich
s ho uld  hold  a  t r uly n a tion al posi tion  tow a r d  S t a t e
a g ricul tu r al  ins ti t u tions  d e p e n ding  on  fede r al  s u p po r t ,
c a n  do  lit tle  exc e p t  by s u g g e s tion,  w h e t h e r  in t h e
line  of di r e c ting  pl a n s  o r  in a ny w ay co-or din a tin g
o r  con t rolling  t h e  wo rk  of t h e  diffe r e n t  s t a tions
t h ro u g ho u t  t h e  cou n t ry.  The  m e n  w ho  influe nc e d
a n d  s h a p e d  t h e  legisla tion  w hich  r e s ul t e d  in t h e  H a t c h
bill w e r e  c a r eful t h a t  t h e  d e p a r t m e n t’s func tion
s ho uld  b e  to  indic a t e,  no t  to  dic t a t e;  to  a dvise  a n d
a s si s t ,  no t  to  gove r n  o r  r e g ula t e .   We h ave,  t h e r efo r e,
to  d e p e n d  on  s uc h  r el a tions hips  a n d  s uc h  pl a ns  of
co-op e r a tion  a s  will a p p e a r  a dva n t a g eo u s  to  all conc e r n e d,
a n d  t h es e  c a n  b e s t  b e  b ro u g h t  a bo u t  t h ro u g h  s uc h  a s soci a tions
a s  a r e  now  in conve n tion  h e r e .

Withou t  s uc h  pl a ns  t h e r e  is g r e a t  d a n g e r  of s uc h  w a s t e
of e n e r gy a n d  m e a n s  a n d  d u plica tion  of r e s ul t s  a s
will b ring  t h e  wo rk  in to po p ula r  disfavo r  a n d  invit e
disin t e g r a tion,  for  al r e a dy t h e r e  is a  g rowing  feeling
t h a t  a g ricul tu r al  exp e ri m e n t  is a n d  will b e  s u bo r din a t e d
to  t h e  o rdin a ry colleg e  wo rk  in t h e  di sposi tion  of
t h e  fed e r al  a p p rop ri a tions.

Wh a t  is t r u e  of t h e  n a tion al  d e p a r t m e n t  a s  a  w hole
in it s  con n ec tion  wi th  t h e  S t a t e  s t a tions  is t r u e
in a  g r e a t e r  o r  les s  d e g r e e  of t h e  diffe r e n t  divisions
of t h e  d e p a r t m e n t  in con n e c tion  wit h  t h e  diffe r e n t
s p eci alis t s  of t h e  s t a tions .   With  t h e  m ul tiplici ty
of wo rk e r s  in a ny give n  di r ec tion  in t h e  diffe r e n t
S t a t e s,  t h e  n e c e ssi ty for  n a tion al  wo rk  les s e n s.  
A favori t e  s ch e m e  of min e  in t h e  p a s t ,  for  ins t a n c e
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(a n d  on e  I a m  gla d  to  s ay fully indo r s e d  by P rof. 
Willi t s), w a s  to  e n d e avo r  to  h ave  a  p e r m a n e n t  a g e n t
loc a t e d  in  eve ry  s ec tion  of t h e  cou n t ry  t h a t  w a s  s ufficien tly
dis tinc tive  in  it s  a g ric ul tu r al  r e so u rc e s  a n d  clim a t e ,
or, a s  a  ye t  fu r t h e r  el a bo r a tion  of t h e  s a m e  pl a n,
on e  in  e a c h  of t h e  m o r e  impo r t a n t  a g ric ul tu r al  S t a t e s .  
The  n e c e s si ty for  s uc h  S t a t e  a g e n t s  h a s  b e e n  les s e n e d,
if no t  obvia t e d,  by t h e  H a tc h  bill, a n d  t h e  s u b s e q u e n t
m o difica tions  looking  to  p e r m a n e n t  a p p ro p ri a tions
to  t h e  S t a t e  s t a tions  o r  colleg e s ,  w hich  give  no  c e n t r al
pow e r  a t  Washing ton.   The  q u e s tion  t h e n  a ri s e s ,
Wh a t  func tion  s h all t h e  n a tion al d e p a r t m e n t  p e rfo r m?  
Its  influe nc e  a n d  field  for  u s efulne s s  h ave  b e e n  les s e n e d
r a t h e r  t h a n  a u g m e n t e d  in t h e  line s  of a c t u al  inves tig a tion
in ve ry m a ny  di r ec tions.   M a ny a  S t a t e  is al r e a dy
fa r  b e t t e r  e q uipp e d  bo t h  a s  to  valu a ble  s u r ro u n din g
land,  labo r a to ry a n d  lib r a ry facili tie s,  m o r e  libe r al
s al a rie s,  a n d  g r e a t e r  fr e e do m  fro m  r e d  t a p e ,  a d minis t r a tive
ro u tin e,  a n d  r e s t ric tions  a s  to  exp e n di tu r e s ,  t h a n
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w e  a r e  a t  Washing ton; a n d,  exc e p t  a s  a  di r ec tin g  a g e n t
a n d  a  u s eful s e rva n t ,  I c a n no t  s e e  w h e r e  t h e  fu tu r e
g row t h  of t h e  d e p a r t m e n t’s influe nc e  is to  b e
ou t sid e  of t hos e  fed e r al  func tions  w hich  a r e  exec u tive.  
Jus t  w h a t  t h a t  di r e c ting  influe nc e  is to  b e  is t h e
q u e s tion  of t h e  ho ur, no t  only in  t h e  b ro a d e r  b u t
in t h e  s p eci al s e n s e .   The  s a m e  q u e s tion,  in a
n a r ro w e r  s e n s e ,  h a d  a ris e n  in t h e  c a s e  of t h e  few
S t a t e s  w hich  e m ploye d  S t a t e  e n to m ologis t s .   In
t h e  eve n t ,  for  ins t a n c e ,  of a n  ou t b r e ak  of so m e  inju rious
ins ec t,  o r  in t h e  eve n t  of a ny p a r ticul a r  e co no mic
e n to mological q u e s tion  wi t hin  t h e  limit s  of t h e  S t a t e
h aving  s uc h  a n  officer, t h e  U ni t e d  S t a t e s  e n to m ologis t
wo uld  n a t u r ally feel t h a t  a ny effo r t  on  his  p a r t  wo uld
b e  u n n e c e s s a ry, o r  mig h t  eve n  b e  looke d  u po n  a s  a n
in t e rfe r e n c e.   H e  wo uld  feel t h a t  t h e r e  w a s  alw ays
d a n g e r  of m e r e  d u plica tion  of obs e rva tion  o r  exp e ri m e n t ,
exc e p t  w h e r e  a p p e ale d  to  for  aid  o r  co-op e r a tion.  
This  is, p e r h a p s ,  t r u e  only of ins ec t s  w hich  a r e  local
o r  s ec tion al, a n d  is r a t h e r  a  n a r row  view  of t h e  m a t t er,
b u t  it is on e  b ro u g h t  ho m e  fro m  exp e ri enc e,  a n d  is
c e r t ainly to  b e  co nsid e r e d  in ou r  fut u r e  pl a ns .  
The  favor  wi t h  w hich  t h e  m u s e u m  wo rk  of t h e  n a t ion al
division  w a s  view e d  by you  a t  t h e  m e e ting  las t  N ove m b e r
a n d  t h e  a m o u n t  of m a t e ri al s e n t  on  for  d e t e r min a tion
wo uld  indica t e  t h a t  t h e  b uilding  u p  of a  g r a n d  n a tion al
r efe r e n c e  collec tion  will b e  m o s t  u s eful to  t h e  s t a tion
wo rk e r s .   Bu t  to  do  t hi s  s a tisfac to rily w e  n e e d
your  co-op e r a tion,  a n d  I a p p e al  to  all e n to mologis t s
to  aid  in  t his  effo r t  by  s e n din g  d u plica t e s  of t h ei r
typ e s  to  Washing ton,  a n d  t h u s  m o r e  fully ins u rin g  a g ains t
ul tim a t e  loss  t h e r eof.

STATUS OF OUR SOCIETY.

This  t r ain  of t ho u g h t  b rin gs  u p  t h e  q u e s tion  of t h e
s t a t u s  of ou r  socie ty wi t h  t h e  s t a tion  e n to mologis t s
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a s  r e p r e s e n t e d  by  t h e  co m mit t e e  of t h e  g e n e r al  a s socia tion.  
Thos e  of u s  w ho  h a d  d e si r e d  a  n a tion al  a s soci a tion
for  t h e  va rious  p u r pos e s  for  w hich  s uc h  a s socia tions
a r e  for m e d,  fel t ,  I b elieve,  if I m ay  s p e ak  for  t h e m,
t h a t  t h e  c r e a tion  of t h e  diffe r e n t  exp e ri m e n t al  s t a tions
r e n d e r e d  s uc h  a n  o r g a niza tion  fea sible.   Your
o r g a niza tion  a t  Toron to  a n d  t h e  cons ti t u tion  a do p t e d
a n d  a m e n d e d  a t  t h e  m e e tin g  a t  Washing to n  all indica t e
t h a t  t h e  c hi ef objec t  w a s  t h e  a dva nc e m e n t  of ou r  chos e n
wo rk  a n d  t h a t  t h e  s t r e n g t h  of t h e  a s socia tion  wo uld
co m e  fro m  t h e  exp e ri m e n t  s t a tion  e n to mologis t s.  
The r e  w a s  t h e n  no  o t h e r  o rg a niza tion  of t h e  kind,  no r
a ny in tim a tion  t h a t  s uc h  a  on e  wo uld  b e  foun d e d.  
So m e  of u s  t h e r efo r e  w e r e  s u r p ris e d  to  le a r n  fro m
t h e  ci rc ula r  s e n t  ou t  by  P rof.  Forb es ,  it s  c h ai r m a n,
t h a t  t h e  co m mit t e e  a p poin t e d  by  t h e  a s socia tion  of
a g ricul tu r al  colleg e s  a n d  exp e ri m e n t  s t a tions,  a n d
t h ro u g h  w hic h  w e  h a d  ho p e d  to  co m m u nic a t e  a n d  co-op e r a t e
wi th  t h a t  a s soci a tion,  w a s  no t  in  t h e  p ro p e r  s e n s e
a  co m mit t e e,  b u t  a  s e c tion  w hich  h a s  p r e p a r e d  (a n d
in fac t  w a s  r e q ui r e d  by  t h e  ex ec u tive  co m mit t e e  a n d
t h e  r ul e s  of t h e  s u p e rio r  body to  p r e p a r e)  a  p ro g r a m m e
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of p a p e r s  a n d  di sc us sions  for  t h e  m e e tin g  to  b e  h eld
a t  t h e  s a m e  ti m e  a n d  pl ac e  wi th  ou r  ow n.   I c a n no t
b u t  feel t h a t  t his  is in so m e  r e s p e c t s  a  misfo r t u n e,
a n d  it  will d evolve  u po n  you  to  d ecide  u po n  s eve r al
q u e s tions  of impo r t a n c e  t h a t  will m a t e ri ally affec t
ou r  fu tu r e  exis t e nc e .   Tha t  t h e r e  is no t  r oo m
for  t wo  n a tion al  o rg a niza tions  h aving  t h e  s a m e  objec t s
in view a n d  m e e ting  a t  t h e  s a m e  tim e  a n d  plac e  go e s,
I t hink,  wi t ho u t  s aying;  a n d  if t h e  co m mit t e e  of t h e
g e n e r al  a s socia tion  is to  b e  a ny t hing  m o r e  t h a n  a
co m mit t e e  in t h e  p ro p e r  s e n s e  of t h e  wor d,  o r  if it
is to  a s s u m e  wit h  o r  wi thou t  for m al cons ti t u tion  t h e
func tions  of ou r  ow n  a s socia tion,  t h e n  ou r  ow n  m u s t
n ec es s a rily b e  c ripple d,  a n d  to  do  a ny good  a t  all
m u s t  m e e t  a t  a  diffe r e n t  t im e  a n d  a  diffe r e n t  pl ac e .  
A co m mit t e e  o r  s e c tion,  o r  w h a t eve r  it  m ay  b e  c alle d,
of t h e  g e n e r al  a s socia tion  wi th  w hic h  w e  m e e t ,  would
p r e clu d e  a c tive  m e m b e r s hip  of a ny b u t  t hos e  w ho  co m e
wi thin  t h e  cons ti t u tion  of t h a t  bo dy.  Ou r  Ca n a dia n
frien d s  a n d  m a ny  ot h e r s  w ho  h ave  iden tified  t h e m s elves
wi th  a p plied  e n to mology, a n d  do  no t  b elong  to  a ny
of ou r  S t a t e  o r  gove r n m e n t  ins ti t u tions,  wo uld  b e
d e b a r r e d  fro m  a c tive  r e p r e s e n t a tion,  how eve r  libe r al
t h e  a s socia tion  m ay  h ave  b e e n  in  inviting  s uc h  to
p a r t icip a t e ,  wi tho u t  po w e r  to  vot e  in it s  d elibe r a tions.  
Ou r  ow n  a s soci a tion  h a s,  o r  s hould  h ave,  no  s uc h  limit a tions.  
So m e  of u s  w ho  a r e  e n ti tl ed  to  m e m b e r s hip  in bo t h
bodie s  m ay  feel indiffe r e n t  a s  to  t h e  cou r s e  finally
d ecide d  u po n,  a n d  t h a t  it will no t  m a k e  a ny diffe r e n c e
w h e t h e r  w e  h ave  a n  ou t sid e  a n d  ind e p e n d e n t  o r g a niza tion,
a s  t h a t  of t h e  a s socia tion  of official c h e mis t s ,  o r
w h e t h e r  w e  do, a s  did  t h e  bo t a nis t s  a n d  ho r ticul t u ris t s ,
w aive  ind e p e n d e n c e  in favor  of m o r e  di r ec t  con n e c tion
wi th  t h e  g e n e r al  a s socia tion,  p rovide d  t h e r e  is so m e
w ay w h e r e by t h e  co m mit t e e s  of t h e  g e n e r al  a s socia tion
a r e  give n  s ufficie n t  la ti t u d e  a n d  tim e  to  p ro p e rly
p r e s e n t  t h ei r  p a p e r s  a n d  d elibe r a t e ;  b u t  t h e r e  a r e
o th e r s  w ho  feel m o r e  s e nsi tive  a s  to  t h ei r  a c tion
a n d  a r e  m o r e  im m e dia t ely influe nc e d  by t h e  feelings
of t h e  m ain  bo dy.  I ho p e  t h a t  w h a t eve r  a c tion
b e  t ak e n  a t  t his  m e e tin g,  t h e  g e n e r al  good  a n d  t h e
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p ro m otion  of e co no mic  e n to mology will b e  ke p t  in min d
a n d  t h a t  no  s ec tion al o r  p e r son al feeling  will b e  allow e d
to  influe nc e  ou r  d elibe r a tions.

SUGGESTION AND COMMENT.

You will, I know, p a r do n  m e  if, b efo r e  concluding
t h e s e  r e m a r ks,  I ven t u r e  to  m a k e  a  few co m m e n t s  w hich,
t hou g h  no t  al tog e t h e r  a g r e e a ble,  a r e  m a d e  in all since ri ty
a n d  in t h e  ho p e  of doing  good.   The  q u e s tion  a s
to  ho w  fa r  p u r ely t ec h nical a n d  e s p e ci ally d e s c rip tive
a n d  m o nog r a p hic  wo rk  s ho uld  b e  do n e  by t h e  diffe r e n t
s t a tions  o r  by t h e  n a tion al d e p a r t m e n t  is on e  w hich
I h ave  al r e a dy allud e d  to  a n d  u po n  w hich  w e  s h all
p ro b a bly hold  diffe ring  opinions,  a n d  w hich  will b e
s e t tl e d  a cco r ding  to  t h e  views  of t h e  a u t ho ri tie s  a t
t h e  diffe r e n t  s t a tions.   Individu ally, I h ave
eve r  fel t  t h a t  on e  os t e nsibly e n g a g e d  in a p plied  e n to mology
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a n d  p aid  by  t h e  S t a t e  o r  n a tion al  gove r n m e n t  to  t h e
e n d  t h a t  h e  m ay  b e n efi t  t h e  a g ricul tu r al  co m m u ni ty
c a n  b e  t r u e  to  hi s  t r u s t  only by  la rg ely ove rco ming
t h e  pl e a s u r e  of e n to mological wo rk  h aving  no  p r a c tic al
b e a rin g.   I wo uld,  t h e r efo r e,  d r a w  t h e  line  a t
d e sc rip tive  work  exc e p t  w h e r e  it  is incide n t al  to  t h e
e co no mic  wo rk  a n d  for  t h e  p u r pos e  of giving  a c c u r a cy
to  t h e  po p ula r  a n d  e co no mic s t a t e m e n t s .   This
wo uld  m a k e  ou r  wo rk  e s s e n ti ally biological, for  all
biologic inves tig a tion  would  b e  jus tified,  no t  only
b ec a u s e  t h e  life  h a bi t s  of a ny ins ec t ,  onc e  a sc e r t ain e d,
t h row  ligh t  on  t hos e  of s p ecie s  w hich  a r e  clos ely
r el a t e d  to  it, b u t  b e c a u s e  w e  c a n  n eve r  know w h e n
a  s p e cie s  a t  p r e s e n t  h a r ml ess  m ay  s u b s e q u e n tly p rove
h a r mful, a n d  h ave  to  b e  clas s e d  a m o n g  t h e  s p e cie s
inju rious  to  a g ricul t u r e.

On  t h e  q u e s tion  of c r e di t  to  t h ei r  o rigin al sou rc e s
of r e s ul t s  al r e a dy on  r e co r d,  i t is h a r dly n e c e s s a ry
for  m e  to  a dvise,  b ec a u s e  good  s e n s e  a n d  t h e  cons e n s u s
of opinion  will in t h e  e n d  jus tify o r  con d e m n  a  w ri t e r
a c co r din g  a s  h e  p rove  jus t  a n d  conscie n tious  in t hi s
r e g a r d.

The r e  is on e  p rinciple  t h a t  s ho uld  g uid e  eve ry c a r eful
w ri t er, viz ., t h a t  in  a ny p u blica tions  w h a t ever,
w h e r e  fac t s  o r  opinions  a r e  p u t  for t h,  it s ho uld  alw ays
b e  m a d e  cle a r  a s  to  w hich  a r e  b a s e d  u po n  t h e  a u t ho r’s
p e r so n al  exp e rie nc e  a n d  w hich  a r e  co m piled  o r  s t a t e d
u po n  t h e  a u t ho ri ty of o th e r s .   We s hould  h av e
no  p a ti enc e  wi th  a  ve ry co m m o n  t e n d e n cy to  s e t  for t h
fac t s,  eve n  t hos e  r el a ting  to  t h e  m o s t  co m mo n  a n d
b e s t  know n  s p ecie s,  wi tho u t  t h e  indica tions  to  w hich
I h ave  r efe r r e d.   The  t e n d e ncy b eli t tl e s  ou r  c alling
a n d  is g e n e r ally misle a din g  a n d  confusing,  e s p eci ally
for  bibliog r a p hic  wo rk,  a n d  c a n no t  b e  too  s t ro n gly
d e p r e c a t e d .

On  t his  poin t  t h e r e  will h a r dly b e  a ny diffe r e nc e
of opinion, b u t  I will a llud e  to  a no t h e r  q u e s tion
of c r e di t  u po n  w hich  t h e r e  p r ev ails  a  good  d e al  of
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loos e  opinion  a n d  c us to m.   I t  is t h e  h a bi t  of u sing
illus t r a tions  of o t h e r  a u t ho r s  wi tho u t  a ny indic a tion
of t h ei r  o rigin al so u rc e.

This  is a n  e q u ally vicious  c us to m  a n d  on e  to  b e  con d e m n e d,
t hou g h  I know t h a t  so m e  h av e  fallen  in to  t h e  h a bi t ,
wi tho u t  a p p r e ci a tion  of it s  evil effec t.   I t  is,
in  my judg m e n t ,  al mos t  a s  bla m e w o r t hy a s  to  u s e  t h e
lang u a g e  o r  t h e  fac t s  of a no t h e r  wi thou t  ci ting  t h e
a u t ho ri ty.

Eve ry m e m b e r  of t his  a s socia tion  w ho  h a s  d u e  a p p r eci a tion
of t h e  tim e  a n d  labo r  a n d  s p e cial knowle d g e  r e q ui r e d
to  p ro d uc e  a  good  a n d  t r u e  illus t r a tion  of t h e  t r a n sfo r m a tions
a n d  c hief ch a r a c t e ris tics  of a n  ins ec t  will a p p r e ci a t e
t his  c ri ticis m.   H ow eve r  p a r do n a ble  in fugi tive
n e w s p a p e r  a r ticles  in r e s p e c t  of cu t s  w hich,  fro m  r e p e a t e d
u s e,  h ave  b eco m e  co m m o n  o r  w hich  h ave  no  individu ali ty,
t h e  h a bi t  inevit a bly gives  a  c e r t ain  s p u rious  c h a r a c t e r
to  m o r e  s e rious  a n d  official p u blica tions,  for  a s s u m p tion
of o rigin ality, w h e t h e r  in t e n d e d  o r  no t ,  go es  wi th
u n c r e di t e d  m a t t e r  w h e t h e r  of t ex t  o r  figu r e .   N o r
is m e r e  a cknowle d g m e n t  of loa n  o r  p u r c h a s e  to  t h e
p u blish er, ins ti t u tion  o r  individu al w ho  m ay  ow n  t h e
block o r  s ton e  w h a t  I r efe r  to.   Bu t  t h a t  a ck nowle d g m e n t
to  t h e  a u t ho r  of t h e  figu r e  o r  t h e  wo rk  in w hich  it
fir s t  a p p e a r s  w hich  is p a r t  of conscie n tious  w ri ting,
a n d  oft e n  a  valua ble  ind ex a s  to  t h e  r elia bili ty of
t h e  figu r e .
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It  w e r e  s u p e r e ro g a tion  to  poin t  ou t  to  a  bo dy of t his
kind  t h e  value  of t h e  m os t  c a r eful a n d  t ho ro u g h  work
in con n ec tion  wi th  life  his to rie s  a n d  h a bi t s ,  of t e n
involving  a s  it  do e s  m u c h  mic roscopic  s t u dy of s t r uc t u r e.  
The  office r s  of ou r  ins ti t u tions  w ho  con t rol t h e  fun ds,
a n d  m o r e  o r  les s  fully ou r  con d uc t ,  a r e  a p t  to  b e  so m e w h a t
imp a tie n t  a n d  ina p p r e ci a tive  of t h e  tim e  give n  to  a n a to mic
wo rk,  a n d  w h e r e  it  is give n  for  t h e  p u r pos e  of d e sc ribing
s p ecies  a n d  of synopsizing  o r  m o nog r a p hing  hig h e r
g ro u p s,  wi thou t  r ef e r e n c e  to  a g ricul tu r e ,  I a m  firmly
of t h e  b elief t h a t  it dive r t s  on e  fro m  e cono mic wo rk,
b u t  w h e r e  p u r s u e d  for  a  d efini t e  e co no mic  p u r pos e  it
c a n no t  b e  too  c a r eful o r  too  t ho ro u g h  a n d  I know of
no  ins t a n c e s  b e t t e r  c alcula t e d  to  a p p e al  to  a n d  m o dify
t h e  views  of t hos e  incline d  to  b elit tle  s uc h  s t r u c t u r al
s t u dy t h a n  P hylloxe r a  a n d  Ice rya.   On  t h e  c a r eful
co m p a rison  of t h e  E u ro p e a n  a n d  Ame ric a n  s p eci m e n s  of
Phyllox era  vas ta trix , involving  t h e  m o s t  min u t e
s t r uc t u r e s  a n d  d e t ails, d e p e n d e d  o rigin ally t hos e
impor t a n t  e cono mic  q u e s tions  w hich  h av e  r e s ul t e d  in
legisla tion  by  m a ny diffe r e n t  n a tions  a n d  t h e  r e g e n e r a tion
of t h e  affec t e d  vineya r ds  of E u ro p e,  of ou r  ow n  Pacific
co a s t ,  a n d  of o th e r  p a r t s  of t h e  wo rld  by t h e  u s e  of
Ame rica n  r e sis t a n t  s tocks.   In  t h e  c a s e  of Icerya
p urchasi  t h e  possibilitie s  of s ucc e s s  in c h e cking
it  by  it s  n a t u r al  e n e mies  h u n g  a t  on e  tim e  u po n  a
q u e s tion  of s p e cific diffe r e nc e  b e t w e e n  it a n d  t h e
Icerya  sacc hari  of Signo r e t—a  q u e s tion
of mi n u t e  s t r uc t u r e  w hich  t h e  d e s c rip tions  lef t  u n s e t tl e d
a n d  w hich  could  only b e  s e t tl e d  by t h e  m os t  c a r eful
s t r uc t u r al  s t u dy a n d  t h e  co m p a rison  of t h e  typ es ,  involving
a  t rip  to  E u rop e.

CONCLUSION.

I h ave  t h u s  touc h e d,  g e n tle m e n,  u po n  a  few of t h e
m a ny  s u bjec t s  t h a t  c row d  u po n  t h e  mi n d  for  conside r a tion
on  a n  occ a sion  like  t his—a  few gle a nings
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fro m  a  field  w hich  is p a s sing  rich  in  p ro mis e  a n d
pos sibili ty.  I t  is a  field  t h a t  so m e  of u s  h av e
c ul tiva t e d  for  m a ny ye a r s  a n d  ye t  h ave  only sc r a t c h e d
t h e  s u rfac e,  a n d  if I h ave  ven t u r e d  to  s u g g e s t  o r
a d m o nis h,  it is wi th  t h e  feeling  t h a t  my  ow n  labo r s
in t his  field  a r e  e r e  long  a bo u t  to  e n d  a n d  t h a t  I
m ay no t  h ave  a no t h e r  occ asion.

At no  tim e  in t h e  hi s to ry of t h e  wo rld  h a s  t h e r e ,
I t row, b e e n  g a t h e r e d  tog e t h e r  s uc h  a  bo dy of d evot e d
a n d  c a p a ble  wo rk e r s  in  a p plied  e n to mology.  I t
m a r ks  a n  e r a  in ou r  c alling  a n d,  looking  b a ck  a t  t h e
p ro g r e s s  of t h e  p a s t  fift ee n  yea r s,  w e  m ay  w ell po n d e r
t h e  possibili tie s  of t h e  n ex t  fift e e n.   They will
b e  frui tful of g r a n d  r e s ul t s  in p ro po r tion  a s  w e  p e r sis t e n tly
a n d  co m bine dly p u r s u e  t h e  ye t  u n solved  p ro ble m s  a n d
a r e  no t  t e m p t e d  to  t h e  im m e dia t e  p r e s e n t a tion  of s e p a r a t e
fac t s,  w hich  a r e  so  inn u m e r a ble  a n d  so  e a sily obs e rve d
t h a t  t h ei r  ve ry w e al th  b e co m e s  a n  el e m e n t  of w e ak n e ss .  
E poc h-m a king  discove rie s  r e s ul t  only fro m  t his  po w e r
of following  u p  u n s w e rvingly a ny give n  p ro ble m,  o r
a ny fixed  ide al.  The  ke ros e n e  e m ulsion,  t h e  Cyclon e
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nozzle,  t h e  his to ry of Phylloxera vas ta trix ,
of Phorodon  h u m uli , of Vedalia cardinalis ,
a r e  illus t r a tions  in poin t,  a n d  w hile  w e  m ay  no t  exp e c t
fre q u e n t  r e s ul t s  a s  s t riking  o r  of a s  wide  a p plica tion
a s  t h e s e ,  t h e r e  is no  e n d  of impo r t a n t  p roble m s  ye t
to  b e  solved  a n d  fro m  t h e  solu tion  of w hich  w e  m ay
look for  simila r  b e n eficial r e s ul t s .   Applied
e n to mology is oft e n  conside r e d  a  so r did  p u r s ui t,  b u t
it  only b e co m e s  so  w h e n  t h e  objec t  is so r did.  
Whe n  p u r s u e d  wi th  u n s elfish  e n t h u si a s m  bo r n  of t h e
love  of inves tig a tion  a n d  t h e  d eligh t  in  b e n efi ting
ou r  fellow m e n,  i t is ins pi ring,  a n d  t h e r e  a r e  few
p u r s ui t s  m o r e  d e s e rve dly so,  co nsid e ring  t h e  vas t  los s e s
to  ou r  fa r m e r s  fro m  ins ec t  inju ry a n d  t h e  p r e s sing
n e e d  t h a t  t h e  di s t r e s s e d  h u s b a n d m a n  h a s  for  eve ry
aid  t h a t  c a n  b e  give n  him.   Ou r  work  is el eva ting
in it s  sy m p a t hie s  for  t h e  s t r u g gles  a n d  s uffe rin g  of
o th e r s .   Ou r  s t a n d a r d  s hould  b e  hig h—t h e
p u r s ui t  of knowle d g e  for  t h e  a dva nc e m e n t  of a g ricul tu r e .  
N o  official e n to m ologis t  s ho uld  low e r  i t by  so r did
ai m s.

Du ring  t h e  r ec e n t  political c a m p aig n  t h e  fa r m e r  m u s t
h ave  b e e n  so r ely p uzzle d  to  know  w h e t h e r  his  in t e r e s t s
n e e d e d  p ro t ec tion  o r  no t .   On  t h e  a b s t r a c t  q u e s tion
of t a riff p ro t ec tion  to  his  p ro d uc t s  w e,  a s  e n to mologis t s ,
m ay no  m o r e  a g r e e  t h a n  do  t h e  poli ticia ns  o r  t h a n  do e s
t h e  fa r m e r  hi m s elf.  Bu t  ou r s  is a  c a s e  of p ro t ec tion
fro m  inju rious  ins ec t s,  a n d  u po n  t h a t  t h e r e  c a n  now h e r e
b e  division  of opinion.  I t  is ou r  d u ty  to  s e e
t h a t  h e  g e t s  it  wi th  a s  lit tle  t ax for  t h e  m e a n s  a s
pos sible.

*       *       *       *  
    *

POTASH SALTS.
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[Footno t e:   By John  B. S mi th,  e n to m ologis t .  
Pot a s h  a s  a n  ins ec ticide  is no t  e n ti r ely n ew, b u t
h a s  n eve r  b e e n  b ro u g h t  ou t  wi th  t h e  p ro min e nc e  I t hink
it  d e s e rves.—N.J.  A g.   Col. 
Ex p.   S t . ,  B ulle tin  7 5. ]

My a t t e n tion  w a s  a t t r a c t e d  to  po t a s h  s al t s  a s  a n  ins ec ticid e,
by  t h e  c a s u al  r e m a r k  of a n  in t ellige n t  fa r m er, t h a t
w a s hing  his  you n g  p e a r  t r e e s  wi th  a  m u ri a t e  of po t a s h
solu tion  cle a r e d  t h e m  of sc al e s.   The  value  of
t his  s u b s t a nc e  for  ins ec ticide  p u r pos e s,  s ho uld  its
pow e r s  b e  s ufficie n t ,  s t r u ck  m e  a t  onc e ,  a n d  I b e g a n
inves tig a tion.   I t  w a s  u nluckily too  la t e  in t h e
s e a so n  for  field  exp e ri m e n t s  of t h e  n a t u r e  d e si r e d;
b u t  it is t h e  u nifor m  t e s ti mony of fa r m e r s  w ho  h av e
u s e d  ei t h e r  t h e  m u ri a t e  o r  t h e  k aini t  in t h e  co r nfields,
t h a t  t h ey h ave  t h e r e  no  t ro u ble  wi th  g r u b s  o r  cu t
wo r m s.   Mr. E.B.  Voorh e e s,  t h e  s e nio r  ch e mis t
of t h e  s t a tion,  a s s u r e s  m e  t h a t  on  his  fa th e r’s
fa r m  t h e  fields  w e r e  b a dly infes t e d,  a n d  r e pla n tin g
co r n hills  killed  by g r u b s  o r  wi r e  wo r m s  w a s  a  r ecog nize d
p a r t  of t h e  p ro g r a m m e.   Sinc e  u sing  t h e  po t a s h
s al t s ,  how ever, t h ey  h ave  h a d  a b solu t ely no  t rou ble,
a n d  eve n  t h ei r  p r eviously wor s t-infe s t e d  fields  s how
no  fu r t h e r  t r a c e  of inju ry.  The  s a m e  t e s ti mo ny
co m e s  fro m  o th e r s ,  a n d  I feel s afe  in r e co m m e n ding
t h e s e  s al t s ,  p r efe r a bly k aini t,  to  t hos e  w ho  a r e  t ro u ble d
wi th  c u t  wo r m s  o r  wi r e  wo r m s  in co r n .
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EXPERIMENTS.

A lot  of wi r e  wo r m s  (Iulus  s p .) b ro u g h t  in
fro m  po t a to  hills  w e r e  p u t  in to  a  tin  c a n  wi t h  a bo u t
t h r e e  inch es  of soil a n d  so m e  po t a to  c u t ti ngs,  a n d
t h e  soil w a s  t ho rou g hly m ois t e n e d  wi t h  k aini t ,  on e
ou nc e  to  on e  pin t  of w a t er.  N ex t  m o r ning  all
t h e  s p e ci m e n s  w e r e  d e a d.   A ch eck  lot  in a no t h e r
c a n,  m ois t e n e d  wit h  w a t e r  only, w e r e  h e al t hy a n d  lived
for  so m e  d ays  af t e r w a r d.

A n u m b e r  of c a b b a g e  m a g go t s  plac e d  on  t h e  soil imp r e g n a t e d
wi th  t h e  solu tion  di e d  wi thin  t w elve  ho u r s.

To t e s t  it s  a c t u al killing  pow er, u s e d  t h e  solu tion,
on e  ou nc e  kaini t  to  on e  pin t  w a t er, to  s p r ay  a  ro s e
b u s h  b a dly infes t e d  wi th  pla n t  lice.   Effec t ,
all t h e  lice  d e a d  t e n  ho u r s  la t e r ;  t h e  youn g e r  for m s
w e r e  d ro p pin g  wit hin  a n  ho ur.

S p r aye d  s eve r al  h e a d s  of w h e a t  wi t h  t h e  solu tion,
a n d  wi t hin  t h r e e  ho u r s  all t h e  a p hid e s  infes ting  t h e m
w e r e  d e a d.

So m e  exp e ri m e n t s  on  h ai ry c a t e r pilla r s  r e s ul t e d  u n s a tisfac to rily,
t h e  h ai r  s e rving  a s  a  p e rfec t  p ro t ec tion  a g ains t  t h e
s p r ay, eve n  fro m  t h e  a to mizer.

To t e s t  it s  effec t  on  t h e  foliag e,  s p r aye d  so m e  t e n d e r
s hoo t s  of r o s e  a n d  g r a p e  leaves,  blosso ms,  a n d  clus t e r s
of youn g  frui t .   N o  b a d  effec t  obs e rv a ble  2 4  ho u r s
la t er.  The r e  w a s  on  so m e  of t h e  leaves  a  fine
glaze  of s al t  c rys t al s, a n d  a  d e cid e d  s al t  t a s t e  w a s
m a nife s t  on  all.

M u ri a t e  of po t a s h  of t h e  s a m e  s t r e n g t h  w a s  t e s t e d
a s  follows:  S p r aye d  on  so m e  g r e e n ho us e  c a m ellias
b a dly infes t e d  by  m e aly b u g s,  it  killed  n e a rly all
wi thin  t h r e e  ho u r s,  a n d  six ho u r s  la t e r  no t  a  living
ins ec t  w a s  foun d.   The  pl a n t s  w e r e  e n ti r ely u ninju r e d
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by t h e  a p plica tion.

Thorou g hly s p r ay e d  so m e  ro s e  b u s h e s  b a dly infes t e d
wi th  a p hid es ,  a n d  c a r ri ed  off so m e  of t h e  wor s t  b r a n c h e s.  
On  t h e s e  t h e  lice  w e r e  d e a d  n ex t  m o r nin g;  b u t  on  t h e
b u s h e s  t h e  effec t  w a s  no t  so  s a tisfac to ry, m o s t  of
t h e  win g e d  for m s  a n d  m a ny m a t u r e  wingle ss  s p e ci m e n s
w e r e  u n affec t e d,  w hile  t h e  t e r min al  s hoo t s  a n d  ve ry
youn g  le aves  w e r e  d rooping  a s  t hou g h  fros t e d.  
All, how ever, r e cove r e d  la t er.

The  s a m e  exp e ri m e n t  r e p e a t e d  on  o th er, h a r di e r  r os e s ,
r e s ul t e d  simila rly so  fa r  a s  t h e  effec t  on  t h e  a p hid es
w a s  co nc e r n e d,  b u t  t h e r e  w a s  no  inju ry to  t h e  pl a n t .

U s e d  t his  s a m e  mixtu r e  on  t h e  c a t e r pilla r s  of Orgyia
leucos tig m a  wi th  u n s a tisfac to ry effec t ,  a n d  wit h
t h e  s a m e  r e s ul ts  u s e d  it  on  a  n u m b e r  of o th e r  la rva e.  
U s e d  on  t h e  ro s e  leaf r oller, Cacaecia rosac eana ,
it  w a s  p ro m p tly effec tive.

Test e d  for  inju ry to  pl a n t s,  it  inju r e d  t h e  foliag e
a n d  flowe r s  of wis t e ri a ,  t h e  youn g e r  leaves  of m a ple
a n d  g r a p e,  a n d  t h e  fine r  kinds  of r o s e s .
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F ro m  t h e s e  few exp e ri m e n t s  kaini t  s e e m s  p r efe r a ble
to  t h e  m u ri a t e ,  a s  a c ting  m o r e  effec tively on  ins ec t s
a n d  no t  inju riously on  pl a n t s.   For  g e n e r al  u s e
on  pla n t s  i t is no t  to  b e  r e co m m e n d e d.   I t  is o th e r wise
on  u n d e r g ro u n d  s p e cie s,  w h e r e  t h e  soil will b e  p e n e t r a t e d
by t h e  s al t s  a n d  w h e r e  t h e  m ois t u r e  ev a po r a t e s  b u t
slowly, a n d  t h e  s al t  h a s  a  long e r  a n d  b e t t e r  ch a nc e
to  a c t .   The  b e s t  m e t ho d  of a p plica tion  wo uld
b e  a  b ro a dc as ting  in fe r tilizing  q u a n ti ty b efor e  o r
d u ring  a  r ain,  so  a s  to  c a r ry t h e  m a t e ri al in to  t h e
soil a t  onc e .   In  co r nfields  infes t e d  wi th  g r u b s
o r  wi r e  wo r m s,  t h e  a p plica tion  s ho uld  b e  m a d e  b efo r e
pla n tin g.   Whe r e  it is to  b e  u s e d  to  r e ac h  roo t
lice,  it s ho uld  b e  u s e d  w h e n  t h e  inju ry is b e ginning.  
Whe n  s t r a w b e r ry  b e d s  a r e  infe s t e d  by t h e  w hi t e  g r u b,
t h e  a p plica tion  s hould  b e  m a d e  w h e n  cul tiva ting  o r
b efo r e  s e t ting  ou t.

The  po t a s h  s al t s  h ave  a  hig h  value  a s  fe r tilize r s,
a n d  a ny a p plica tion  m a d e  will a c t  a s  a  s tim ula n t  a s
w ell a s  ins ec ticide,  t h u s  e n a bling  t h e  pl a n t s  to  ove rco m e
t h e  ins ec t  inju ry a s  w ell a s  d e s t roying  t h e  ins ec t .

In  s p e a king  on  t his  s u bjec t  in S al e m  cou n ty, I le a r n e d
fro m  fa r m e r s  p r e s e n t  t h a t  t hos e  u sin g  po t a s h  w e r e
no t  t rou ble d  wi th  t h e  co r n  roo t  lous e  to  a ny ex te n t ,
a n d  also  t h a t  you n g  p e a c h  t r e e s  h ave  b e e n  s ucc e s sfully
g row n  in old  lice-infes t e d  o r c h a r d s ,  w h e r e  p r eviously
all die d,  by  fir s t  t r e a tin g  t h e  soil wi th  kaini t  of
po t a s h .

*       *       *       *  
    *

A m e t eo rological s t a tion  h a s  b e e n  b uil t  on  Mo n t  Blanc,
a t  a n  el eva tion  of 1 3 ,30 0  fee t ,  u n d e r  t h e  di r ec tion
of M. Vallot.  I t  r e q ui r e d  six w e eks  to  d elive r
t h e  m a t e ri als .  The  ins t r u m e n t s  a r e  s elf-r e gis t e ring
a n d  a r e  to  b e  visit e d  in s u m m e r  eve ry fift ee n  d ays
if pos sible,  t h e  ins t r u m e n t s  b ein g  left  to  r e gis t e r
b e t w e e n  t h e  visi t s.   In  t h e  win t e r  t h e  obs e rv a to ry
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will b e  e n ti r ely inacc e s sible.   This is t h e  high e s t
scie n tific s t a tion  in E u ro p e,  b u t  is 8 4 7  fee t  lowe r
t h a n  t h e  Pike’s Pe ak  s t a tion  in  Color a do.

*       *       *       *  
    *

THE EXPENSE MARGIN IN LIFE INSURANCE.

The  p rinciple  of m u t u ality r e q ui r e s  t h a t  t h e  b u r d e n
of exp e n s e  in life  ins u r a n c e  s ho uld  b e  bo r n e  by all
t h e  m e m b e r s  e q u ally; b u t ,  eve n  wi th  t h e  m o s t  c a r eful
a djus t m e n t ,  t h e  allow a nc e  u s u ally m a d e  is conside r a bly
in exc e ss  of w h a t  is n e e d e d  in t h e  r e g ula r  co m p a nie s
doing  b u sin e ss  on  t h e  “level p r e miu m” pl a n.

It  is c u s to m a ry in t h e s e  co m p a nie s  to  a d d  to  t h e  n e t
p r e miu m  a  p e r c e n t a g e  t h e r eof to  cove r  t h e  exp e n s e
a c co u n t .   This  p r a c tic e,  t hou g h  in h a r m o ny wi th
t h e  “co m mission  sys t e m,” is so  cle a rly
d efec tive  a n d  so  fa r  r e m ove d  fro m  t h e  s pi ri t  of life
ins u r a n c e  m a t h e m a tics,  t h a t  it sc a r c ely d e s e rves  eve n
t his  p a s sin g  no tice.

It  is g e n e r ally u n d e r s tood  t h a t  t h e s e  co r po r a tions
co m bin e  t h e  func tions  of t h e  s avings  b a nk  a n d  life
ins u r a n c e  co m p a ny, a n d  it  is only by  s e p a r a t ing  t h e
t wo  in ou r  min ds  a s  fa r  a s  possible  t h a t  w e  c a n  ob t ain
a  cle a r  conc e p tion  of t h e  laws  t h a t  s ho uld  gove r n  t h e
a p po r tion m e n t  of t h e  exp e n s e s  a m o n g  t h e  g r e a t  va ri e ty
of policie s.
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While  it  is a  co m p a r a tively sim ple  m a t t e r  to  s t a t e
t h e  a m o u n t  of ei t h e r  t h e  ins u r a nc e  o r  s avings  b a nk
ele m e n t  in a  single  policy, it is by no  m e a n s  e a sy,
a s  t hings  go,  to  cla s sify t h e  co m p a ny’s a c t u al
exp e n s e s  on  t his  b a sis.

For t u n a t ely, w e  c a n  p r e t ty  a cc u r a t ely d e t e r min e  w h a t
t h e s e  a m o u n t s  s ho uld  b e  in a ny p a r ticula r  c a s e .

In  t h e  fir s t  pl ac e ,  t h e r e  a r e  ins ti t u tions  in ou r
mids t  d evot e d  solely to  r e c eiving  a n d  cons e rving  s m all
s u m s  of m o n ey; doing,  in  fac t,  exac tly w h a t  ou r  ins u r a nc e
co m p a nie s  a r e  u n d e r t akin g  to  do  wit h  t h e  r e s e rve  a n d
con t ribu tions  t h e r e to.   The s e  s avings  b a nks  a r e
r e q ui r e d  by law to  m a k e  r e t u r n s  to  t h e  S t a t e  co m mission er,
fro m  w hos e  official r e po r t  w e  c a n  g e t  a  ve ry good
ide a  of t h e  exp e n s e  a t t e n d a n t  on  doing  t his  b u sin e ss.

Confining  ou r s elves  to  t h e  ci ty b a nks,  w h e r e  t h e  con di tions
m o r e  n e a rly r e s e m ble  t hos e  of t h e  ins u r a nc e  co m p a nie s,
w e  find  in t hi r ty-eig h t  co m bin e d  ins ti t u tions  for
s aving  in  t h e  S t a t e  of M a s s ac h u s e t t s  a  d e posi t  in
1 8 8 8  of $ 1 9 2,17 4,56 6,  t ak e n  c a r e  of a t  a n  a g g r e g a t e
cos t  of $ 4 5 5,38 7,  o r  a bo u t  2 4-1 0 0  of on e  p e r  c e n t .

The  s a m e  r a tio  c a r ri ed  ou t  for  all t h e  s avings  b a nks
in M a s s ac h u s e t t s  gives  a  t rifle  ove r  2 5-1 0 0  of on e
p e r  c e n t .; w e  m ay, t h e r efo r e,  consid e r  1/4  of on e
p e r  c e n t .  a s  exp r e ssing  p r e t ty  n e a rly t h e  cos t  of
r e c eiving,  p aying  ou t ,  a n d  inves ting  t h e  s avings  of
t h e  p eo ple.

We m u s t  r e m e m b e r  in t his  con n e c tion  t h a t  in t h e  pop ula r
e s tim a tion,  t h e  s avings  b a nk  is a n  impor t a n t  fac to r
in t h e  p u blic  w elfa r e ,  a n d  in t h e  tow n s  a n d  s m alle r
ci ties  t h e r e  a r e  oft e n  foun d  p u blic s pi ri t e d  m e n  willing
to  give  t h ei r  s e rvice s  to  e n cou r a g e  t his  m o d e  of s aving;
b u t  p u blic s e n ti m e n t  h a s  no t  ye t  given  to  life  ins u r a n c e
t h e  pl ac e  w hich  it  is d e s tin e d,  soon e r  o r  la t er, to
occ u py by t h e  side  of t h e  s avings  b a nk.   H e n c e
t h e  s e rvice s  of a bl e  m a n a g e r s  c a n  only b e  ob t ain e d
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by a  libe r al  ou tlay of t h e  co r po r a t e  fun ds.   A
s a tisfac to ry a dju s t m e n t  of t h e  m a t t e r  of exp e n s e s
will, p e r h a p s ,  do  m o r e  t h a n  a ny t hin g  els e  to  b ring
a bo u t  t his  r ecog nition  on  t h e  p a r t  of t h e  p u blic.

In  t h e  c a s e  of t h e  s avings  b a nk  it is s afe  to  s ay
t h a t  for  do u ble  t h e  p r e s e n t  ou tlay a  libe r al  s ala ry
could  b e  p aid  to  all t h e  office r s .   Following
t h e  a n alogy, w e  a r e  led  to  infe r  t h a t  if t his  b e  t h e
c a s e  in s avings  b a nks,  t h e n  1/2  of on e  p e r  c e n t .  of
t h e  r e s e rve  s ho uld  b e  a n  a m pl e  allow a nc e  for  t h e  s p eci al
labo r  r e q ui r e d  in t h e  p u r ely b a nkin g  po r tion  of t h e
b u sin es s.

In  t his  w e  h av e  t h e  conc u r r e nc e  of t h e  la t e  Elizu r
Wrigh t .   In  a n  e s s ay on  t his  s u bjec t  h e  s ays: 
“The expenses of the five largest savings banks in Boston, in 1869, did not exceed 4-10
of one per cent. on $28,000,000 deposited in them.  They certainly had twice as many 
transactions, in proportion to the deposits, as any life insurance company could have 
with the same amount of reserve, so that 1/2 of one per cent. on the reserve seems to 
be ample for all working expenses save those of maintaining the agencies and 
collecting the premiums.”
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This  n e e d  h a r dly b e  looke d  u po n  a s  a n  a d mission  t h a t
it  cos t s  t wice  a s  m u c h  to  c a r e  for  t h e  fun ds  of a
life  ins u r a nc e  co m p a ny a s  for  t hos e  of a  s avings  b a nk.  
A libe r al  exp e n s e  allow a n c e  m u s t  b e  m a d e  a t  t h e  ou t s e t ,
s e ein g  t h a t  a n  e r ro r  in t his  p a r ticula r  c a n no t  e a sily
b e  r e c tified  af t e r  t h e  policy is iss u e d.   The
divide n d,  or, to  s p e a k  m o r e  co r r e c tly, t h e  a n n u al
r e t u r n  of s u r plu s,  will co r r e c t  a ny ove r p ay m e n t  on
t his  a cco u n t .

The r e  is a no t h e r  exp e n s e  w hic h  s e e m s  inevit a ble.  
This  is t h e  gove r n m e n t  t ax  on  ins u r a n c e  co m p a nie s,
a m o u n tin g  in t h e  a g g r e g a t e  to  n e a rly 1/3  of on e  p e r
c e n t .  on  t h e  r e s e rve.

Whe n  w e  consid e r  t h a t  t h e s e  ins ti t u tions  a r e  in t e n d e d
to  e nco u r a g e  t h rif t  a n d  to  r elieve  t h e  co m m u ni ty fro m
t h e  c a r e  of n u m b e rl e s s  widows  a n d  o r p h a n s,  it  s e e m s
a  cle a r  viola tion  of t h e  p rinciples  of poli tic al e co no my
to  levy a  t ax on  t his  b u sin e ss;  s till, w h a t eve r  ou r
opinion  m ay  b e  a s  to  t h e  jus tic e  o r  injus tice  of t h e
imposi tion,  t h e  t ax is m ai n t ain e d  a n d  m u s t  b e  p rovide d
for.  Cons e q u e n tly a  fu r t h e r  allow a nc e  of 1/2
of on e  p e r  c e n t .  m u s t  b e  a d d e d  to  t h e  n e t  p r e miu m  to
cove r  t h e  s a m e,  m a king  a  to t al  of 1  p e r  c e n t .  of t h e
r e s e rve  for  b a nking  exp e n s e s  a n d  t axes.   Conside rin g
t his  poin t  a s  s e t tl ed  for  t h e  tim e  b ein g,  le t  u s  p roc e e d
to  inves tig a t e  t h e  ins u r a n c e  exp e n s es .

H e r e ,  a g ain,  w e  a r e  for t u n a t e  in b ein g  a ble  to  r efe r
to  t h e  official r e po r t s  of a  clas s  of co r po r a tions
doing  n e a rly, if no t  q ui t e  p u r e  insu r a n c e .

The  a s s e s s m e n t  socie ti es,  ou t sid e  of t h e  fr a t e r n al
a n d  b e n evolen t ,  r e po r tin g  in 1 8 8 9  to  t h e  ins u r a n c e
co m mission e r  of M a s s ac h u s e t t s ,  s ho w  ou t s t a n din g  risks
a m o u n tin g  to  $ 7 3 3,5 15,3 6 6.   Loss e s  to  t h e  a m o u n t
of $ 7,27 0,23 8  w e r e  p aid  d u ring  t h e  ye a r  a t  a  cos t
for  t r a n s a c ting  t h e  b u sin es s  of $ 2 ,40 3,05 3,  w hich
includ e s  a m o n g  o th e r  i t e m s  “ag e ncy exp e ns e s
a n d  co m missions,” w hic h  a m o u n t  to  a bo u t  $ 1 ,20 3,00 0,
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or  1 7  p e r  c e n t .  of t h e  cos t  value  of t h e  ins u r a n c e
a c t u ally do n e.   I t  wo uld  s e e m  a s  if a n  allow a nc e
of 2 0  p e r  c e n t .  wo uld  b e  a  libe r al  on e  in t h e  c a s e
of t h e  r e g ula r  co m p a nie s,  w hich  s u r ely h av e  a s  good
facili tie s  for  doing  b u sin es s  a s  t h e  a s s e s s m e n t  socie ti e s.

As fa r  a s  ins u r a nc e  is conc e r n e d,  t h e r e  is les s  diffe r e nc e
b e t w e e n  r e g ula r  a n d  co-op e r a tive  co m p a nie s  t h a n  is
g e n e r ally s u p pos e d.   Reg ula r  co m p a nie s  a s s e s s
e a c h  policy in a dva nc e  for  a  yea r’s insu r a nc e
a t  a  ti m e,  w hile  co-op e r a tive  socie ti es  fu r nis h  ins u r a n c e
only fro m  on e  a s s e s s m e n t  to  a no t h er.  The  difficul ty
in t h e  w ay of collec ting  t h e  a s s e ss m e n t  in  t h e  la t t e r
c a s e  wo uld  s e e m  to  b e  g r e a t e r  t h a n  in t h e  for m er,
owing  to  t h e  m o r e  p e r m a n e n t  n a t u r e  of t h e  r e g ul a r  insu r a nc e
con t r ac t .

In  co m p e n s a tin g  a g e n t s  t h e  a s s e ss m e n t  co m p a nie s  n a t u r ally
p ay in p ro po r tion  to  t h e  insu r a n c e  ob t ain e d,  ina s m u c h
a s  t h e r e  is no  o t h e r  b a sis  to  go  u po n,  b u t  r e g ula r
co m p a nie s  u s u ally p ay t h e  a g e n t  a  p e r c e n t a g e  of t h e
p r e miu m  w hic h  includ es  a consid erable  t r u s t  f un d
ove r  a n d  a bove  t h e  a s s e ss m e n t  for  a c t u al  ins u r a n c e.  
I t  is e a sily s e e n  t h a t  by t h e  las t  m e t ho d  t h e  a g e n t’s
co m p e n s a tion  inc r e a s e s  in p ro po r tion  to  t h e  a m o u n t
of s avings  b a nk  b u sin e ss  forc e d  u po n  t h e  co m p a ny.
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To r e alize  ho w  fa r  w e  a r e  fro m  a ny t hin g  like  a  scie n tific,
no t  to  s ay  co m m o n  s e n s e  b a sis  for  ins u r a nc e  exp e n s es ,
w e  h ave  b u t  to  exa min e  t h e  following  lis t ,  w hic h  gives
t h e  r a tios  b e t w e e n  t h e  exp e n di t u r e s  for  g e n e r al  exp e n s e s
in 1 8 8 9,  a n d  t hos e  for  t h e  ext e n sion  of t h e  b u sin es s.  
For  eve ry  $ 1 0 0  u s e d  in a  g e n e r al  w ay, t h e  diffe r e n t
co m p a nie s  s p e n d  for  co m missions  a n d  a g e n cy exp e n s e s:  
$ 3 7,  $ 6 6,  $ 6 7,  $ 7 8,  $ 9 1,  $ 1 0 6,  $ 1 1 0,  $ 1 1 3,  $ 1 2 0,  $ 1 4 0,
$ 1 5 7,  $ 1 6 1,  $ 1 7 3,  $ 1 7 5,  $ 1 8 6,  $ 1 8 9,  $ 2 0 0,  $ 2 0 2,  $ 2 2 2,
$ 2 6 4,  $ 3 1 1,  $ 3 4 6.

It  will do u b tl e s s  b e  s aid  t h a t  I a m  t aking  a  ve ry
a dva nc e d  posi tion  w h e n  I s ay  t h a t  in t h e  ide al life
ins u r a n c e  s ch e m e  t h e r e  is no  pl ac e  for  t h e  co m mission
sys t e m.   Solicito r s  will b e  a  n e c e s si ty only so
long  a s  t h ey  a r e  in t h e  field,  b u t  fifty yea r s  of
life  ins u r a nc e  h a s  t a u g h t  ou r  co m m u ni ty it s  t r u e  valu e
a n d,  t h a nks  to  t h e  m o d e r n  p r e s s ,  t h e  ins ti t u tion  it
is no  m o r e  likely to  fall in to d e s u e t u d e  t h a n  is Ch ris ti a ni ty
o r  t h e  m o r al  law.

For  t h e  conve nie nc e  of b rin gin g  t h e  co m p a ny to  t h e
individu al, t h e  la t t e r  s ho uld  b e  willing  to  p ay a
fee.   The  m a n  w ho  r e n d e r s  a no t h e r  a  s e rvice  o r
p u t s  his  s u p e rio r  knowle d g e  a t  a no t h e r’s  dis pos al
s ho uld  look to  t h e  p a r ty b e n efit e d  for  his  r e m u n e r a tion.  
Any co m p e n s a tion  give n  for  s uc h  s e rvice  to  a  go-b e t w e e n
by a  m u t u al  co m p a ny is p aid  by all, a n d  t h e  q u e s tion
a ris e s,  Is  t h e  a dv a n t a g e  to  t h e  co m p a ny of s ufficie n t
impor t a nc e  to  w a r r a n t  t h e  imposi tion  of t his  t ax u po n
all it s  m e m b e r s  p ro misc uously?  The  following,
fro m  t h e  M a s s a c h u s e t t s  Ins u r a nc e  Co m mission e r’s
Re por t  for  1 8 8 5,  le aves  no  do u b t  a s  to  t h e  convic tions
of t h e  w ri t e r  on  t his  impor t a n t  m a t t e r :  
“The expensiveness of the life insurance policy is not because the level net premium is 
too high, for the premium is absolutely just, and the policy holder gets full value; but the 
complaint justly applies to the excessive expense charge.  A person who wants 
insurance, life or fire or other, should be able to buy it at first cost without paying tribute 
of profits to middlemen.  To that complexion the matter will finally be brought by the 
force of intelligent opinion, whatever resistance may be opposed by persons whose 
thrift lies in the perpetuation of the expensive system now in fashion.”
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It  r e q ui r e s  b u t  a  sligh t  d e g r e e  of p rop h e tic  vision
to  p r e dic t  t h a t  in a  ve ry few ye a r s  t h e  co m p a nie s
in s elf d efe n s e  will b e  oblige d  to  ch a n g e  t h ei r  m e t ho d
of co m p e n s a tin g  a g e n t s .

S eve r al  co m p a nie s  h ave  al r e a dy b e g u n  t h e  r efo r m  by
g r a din g  co m missions;  g r a n ting  a  p e r c e n t a g e  p ropo r tion al
to  t h e  a m o u n t  of ins u r a n c e  likely to  b e  do n e  on  t h e
policy.  Ot h e r  co m p a nie s  h ave  sim ply r e d u c e d  t h e
a m o u n t  of t h e  co m mission  r a t e ,  t h u s  vir tu ally wi t h d r a wing
fro m  a c tive  co m p e ti tion.

This  will, in  a  c e r t ain  d e g r e e ,  explain  t h e  wid e  va ria tion
in t h e  figu r e s  given  a bove,  w h e r e  it is no tice d  t h a t ,
in  five  co m p a nie s  ou t  of tw e n ty-two, t h e  to t al  a g e n cy
exp e n di tu r e s  a m o u n t  to  les s  t h a n  t h e  g e n e r al  exp e n s e s,
w hile  in six c a s e s  t h e  co m p a nie s  s p e n d  m o r e  t h a n  do u ble
a s  m u c h  on  t h e  for m e r  a s  on  t h e  la t t er.  In  ei t h e r
cla s s  w e  find  r e p r e s e n t a tives  of t h e  five la r g es t
co m p a nie s  in t h e  cou n t ry.
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On a p plying  t h e  for e going  r a tios  to  t h e  b usin es s  of
t h e  exis ting  co m p a nie s  w e  find  t h a t ,  c alling  t h e  t h eo r e tical
exp e n s e s  $ 1 0 0,  t h e  a c t u al  exp e n di tu r e s  for  1 8 8 9  w e r e
a s  follows:  $ 1 1 2.67,  $ 1 1 8.3 4,  $ 1 5 0.40,  $ 1 9 4.4 8,
$ 2 0 8.16,  $ 2 0 8.53,  $ 2 2 8.66,  $ 2 3 5.89,  $ 2 4 8.44,  $ 2 5 0.79,
$ 2 5 8.33,  $ 2 5 8.57,  $ 2 6 5.14,  $ 2 6 7.19,  $ 2 6 7.92,  $ 2 7 4.47,
$ 2 9 4.17,  $ 3 1 4.96,  $ 3 3 5.70,  $ 3 7 7.94,  $ 6 1 6.70.

In  t his  discou r a gin g  exhibi t  t h e r e  is on e  r ay  of co mfo r t.  
The  co m bin e d  a s s e t s  of t h e  t wo  co m p a nie s  h e a ding  t h e
lis t  a m o u n t  to  ove r  $ 1 0 0,0 00,0 0 0.   The r e  is no
q u e s tion  a s  to  t h ei r  fina ncial s t a n din g,  a n d  bo t h
s how  a  la rg e  inc r e a s e  in  m e m b e r s hip  ove r  t h e  p r evious
ye ar.  I m ay  al so  s ay h e r e  t h a t  it is a  difficul t
m a t t e r  to  g e t  a t  t h e  a c t u al “cos t  of ins u r a n c e”
in t h e  va rious  co m p a nies .   M a ny of t h e m,  on  t h ei r
ow n  a cknowle d g m e n t,  do  no t  co m p u t e  t h e  a dv a nc e  cos t
of c a r rying  t h ei r  “a mo u n t  a t  r i sk,” a n d
o th e r s ,  for  r e a son s  of t h ei r  ow n,  do  no t  c a r e  to  s t a t e
t h e  figu r e s .   In  c a s e s  w h e r e  t h e  co r r ec t  figu r e s
w e r e  no t  ob t ain a ble,  I h av e  a s s u m e d  t h e  cos t  to  h ave
b e e n  1-1/3  p e r  c e n t .  of t h e  m e a n  a m o u n t  a t  r i sk.

If w e  s ho uld,  in ou r  co m p a rison,  o mit  t h e  a c t u al a g e ncy
exp e n s e s  a n d  co m missions,  t h e  r a tios  wo uld  s t a n d  a s
follows: 

Whe r e  I wo uld  allow $ 1 0 0  t h e  co m p a nie s  a c t u ally u s e d:  
$ 4 3.1 7,  $ 5 5.9 0,  $ 6 5.21,  $ 7 7.21,  $ 8 2.39,  $ 8 8.34,  $ 9 1.9 9.
$ 9 1.9 8.  $ 9 2.1 9,  $ 9 4.65,  $ 9 7.15.  $ 9 9.55.  $ 9 9.11.  $ 1 0 2.86,
$ 1 0 9.35,  $ 1 2 5.05,  $ 1 3 3.03,  $ 1 4 1.92,  $ 1 9 5.90,  $ 2 0 7.06,
$ 2 8 7.72.

As mig h t  b e  s u p pos e d,  t h e  fi r s t  t wo  r a tios  a r e  t hos e
co m p a nie s  b efor e  allud e d  to.  Thes e  co m p a nie s
mig h t  h ave  do u bled  t h ei r  a dv e r tising  a c co u n t  a n d  exp e n d e d
$ 3 0 0,00 0  b e t w e e n  t h e m  on  a g e n t s’ s al a rie s,  a n d
s till h ave  k e p t  wi t hin  my allow a nc e.

Admit ting,  for  t h e  p r e s e n t  a t  le a s t ,  t h e  r e a s on a ble n e s s
of t h e  p ro pos e d  allow a nc e  for  t h e  exp e n s e s  of t h e
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b a nkin g  a n d  insu r a n c e  d e p a r t m e n t s  of t h e  b usine s s,
w e  h ave  b efor e  u s  t h e  p ro ble m  how  to  e q ui t a bly a djus t
t h e  b u r d e n  a m o n g  t h e  g r e a t  va rie ty of policies.

In  t h e  fir s t  pl ac e ,  t h e r e  s ho uld  b e  no  policy  in
t h e  co m pa n y  t ha t  do es  no t  con tribu t e  i ts  propor tiona t e
s har e  of  t h e  e x p e n s e  allo wa nc e  d uring  e v ery  y ear  of
it s  life .  I m a k e  a  s p e cial poin t  of t his,
for  a t  p r e s e n t  t h e  policies  w hich  h av e  b e co m e  p aid
u p,  ei t h e r  by  t h e  p ay m e n t  of a  single  p r e miu m  a t  t h e
ou t s e t  o r  by t h e  co m ple tion  of a  s tipula t e d  n u m b e r
of p ay m e n t s,  con t rib u t e  p r a c tic ally no t hin g  to  t h e
exp e n s e  a ccou n t  af t e r  t h e  p r e miu m  p ay m e n t s  c e as e .

The  following  pl a n,  I t hink,  co m plie s  wi th  all t h e
r e q ui r e m e n t s  of t h e  p ro ble m.   By t h e  p ro pos e d
m e t ho d  eve ry  policy, a t  a ll s t a g e s  of it s  exis t e nc e,
con t ribu t e s  it s  ex ac t  s h a r e  to  t h e  exp e n s e  fund,  w h a t eve r
its  pl a n  of p ay m e n t  m ay  b e .

Le t  u s ,  a s  a n  illus t r a tion,  exa min e  t h e  c a s e  of a
t e n  yea r  e n dow m e n t  policy, t ak e n  ou t  a t  a g e  3 0 ,  a n d
con sid e r  it  u n d e r  t h r e e  a s p e c t s,  fir s t ,  a s  p aid  for
in a dva nc e  by a  single  p ay m e n t,  s e con d,  a s  p aid  by
five  a n n u al  p ay m e n t s ,  a n d  t hi rd,  a s  p aid  for  a n n u ally
t h ro u g ho u t  t h e  t e r m.   I h av e  u s e d  t his  s ho r t  t e r m
e n dow m e n t  policy sim ply for  conve nienc e,  t h e  r ul e
a p plying  e q u ally to  policies  of long e r  t e r m  o r  to
t h e  o rdin a ry  life  policy, w hich  is, in fac t,  a n  e n dow m e n t
policy p aya ble  a t  d e a t h  o r  a g e  1 0 0.[1]
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[Footno t e  1:   The  exp e n s e  allow a nc e  on  a  pl ain
life  policy for  $ 1,00 0,  t ak e n  a t  a g e  3 3,  wo uld  b e
a bo u t  $ 5.2 9;  n e t  p r e miu m  (com. ex.  4  p e r  c e n t .), $ 1 8.04;
to t al  office  p r e miu m,  $ 2 3.33;  p r e s e n t  r a t e  $ 2 4.10.]

Taking  t h e  c a s e  of t h e  single  p r e miu m  e n do w m e n t  policy
for  $ 1,00 0,  w e  find  t h a t  t h e  following  s u m s  a r e  r e q ui r e d,
e a c h  ye a r  to  p rovide  for  t h e  c a r e  of t h e  r e s e rve  a n d
to  p ay t h e  gove r n m e n t  fee s  (1 p e r  c e n t .  of r e s e rve): 
1st year $6.9982 | 6th year $8.4136 2d " 7.2560 | 7th " 8.7381 3d " 7.5258 | 8th " 9.0781
4th " 7.8082 | 9th " 9.4346 5th " 8.1039 | 10th " 9.8086
The  ins u r a nc e  exp e n s e s  s ho uld  b e  cove r e d  by t h e  2 0
p e r  c e n t .  allow a n c e  give n  b elow: 
1st year $ .4422 | 6th year $ .2566 2d " .4100 | 7th " .2076 3d " .3762 | 8th " .1556 4th " .
3402 | 9th " .0988 5th " .2996 | 10th " .0344
Cons e q u e n tly t h e  to t al  con t rib u tion  r e q ui r e d  fro m
t his  policy e ac h  ye a r  is: 
1st year $7.4404 | 6th year $8.6702 2d " 7.6660 | 7th " 8.9457 3d " 7.9020 | 8th " 9.2337
4th " 8.1484 | 9th " 9.5334 5th " 8.4034 | 10th " 9.8430
The  p r e s e n t  value  of all t h e s e  con t ribu tions  is foun d
to  b e ,  a t  4  p e r  c e n t .  in t e r e s t ,  $ 7 1.6 3 9 4;  in o t h e r
wo r d s,  t his  s u m  p aid  a t  t h e  ou t s e t ,  p rovides  a  fund
fro m  w hich  w e  m ay d e d uc t  t h e  cu r r e n t  exp e n s e s  of e a c h
ye a r  in  a dv a nc e,  a n d  by a cc u m ula tin g  t h e  b al a nc e  a t
t h e  a s s u m e d  r a t e  of in t e r e s t  fro m  ye a r  to  ye ar, w e
s h all h ave  e no u g h  to  p ay t h e  a n ticip a t e d  exp e ns e s ,
leaving  no t hin g  over.

In  t h e  a bove  c a s e  t h e  s u m s  in h a n d  a t  t h e  b e ginning
of t h e  yea r  a r e  a s  follows: 
1st year $71.3694 | 6th year $42.6981 2d " 66.7669 | 7th " 35.3890 3d " 61.4650 | 8th " 
27.5009 4th " 55.7055 | 9th " 18.9979 5th " 49.4594 | 10th " 9.8430
We find  a  so m e w h a t  diffe r e n t  con di tion  exis ting  d u ring
t h e  fir s t  ye a r s  of a  5-ye a r  e n do w m e n t  policy. 
As t h e r e  is m o r e  insu r a nc e  a n d  les s  b a nking,  t h e  r e q ui r e m e n t s
a r e  a s  follows: 

------------+ - ---------+ - ----------+ - -------+ - --------+
|  1  P. Ct.  |  2 0  P. Ct.  |         |          |
|    on      |     on      |  Total. |  Ini ti al |
|  Res e rve.  |    Cos t .    |         |   F u n d.   |
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------------+ - ---------+ - ----------+ - -------+ - --------+
1 s t  ye a r     |  $ 1.5 03 8   |   $ 1.25 7 2   | $ 2.7 6 1 0  | $ 1 2.97 6 9  |
2 d    "      |   3 .0 40 6   |    1 .0 21 6   |  4 .06 2 2  |  2 3 .60 1 5  |
3 d    "      |   4 .6 50 3   |     .78 5 2   |  5 .43 5 5  |  3 3.29 7 9  |
4 t h   "      |   6 . 33 6 7   |     .537 8   |  6 .8 7 4 5  |  4 1.9 53 8  |
5 t h   "      |   8 . 10 3 9   |     .299 6   |  8 .4 0 3 5  |  4 9.4 59 4  |
6 t h   "      |   8 . 41 3 6   |     .256 6   |  8 .6 7 0 2  |  4 2.6 98 1  |
7 t h   "      |   8 . 73 8 1   |     .207 6   |  8 .9 2 5 7  |  3 5.3 89 0  |
8 t h   "      |   9 . 07 8 1   |     .155 6   |  9 .2 3 3 7  |  2 7.5 00 9  |
9 t h   "      |   9 . 43 4 6   |     .098 8   |  9 .5 3 3 4  |  1 8.9 97 9  |
1 0 t h  "      |   9 .80 8 6   |     .034 4   |  9 . 84 3 0  |   9 .8 43 0  |
------------+ - ---------+ - ----------+ - -------+ - --------+

As t h e  p r e miu m  p ay m e n t s  ex t e n d  ove r  only five ye a r s ,
t h e  exp e n s e  co n t ribu tions  m u s t  all b e  p aid  d u rin g
t h a t  tim e  a n d  a r e  m os t  conve nie n tly m a d e  by a  u nifo r m
a d di tion  to  t h e  n e t  p r e miu m.
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The  p r e s e n t  value  of t h e  a m o u n t s  in  colu m n  3  is $ 6 0.08 1 9,
a n d  t h e  e q uivale n t  a n n ui ty for  five  ye a r s  is $ 1 2.9 7 6 9.  
This  a m o u n t,  r e c eived  for  five  cons e c u tive  ye a r s ,
will p u t  t h e  co m p a ny in funds  to  p ay c u r r e n t  exp e n s e s
a n d  leave  a  r e s e rve  of $ 4 2.69 8 1  a t  t h e  b e gin nin g  of
t h e  sixth  ye ar, w hich,  a s  w e  h av e  s e e n  in t h e  a n alysis
of t h e  single-p r e miu m  policy, is t h e  s u m  r e q ui r e d
for  fu tu r e  exp e n s e s  on  t h e  p aid  u p  b a sis.

In  like  m a n n e r  w e  find  t h a t  t h e  1 0-ye a r  a n n ui ty e q uivale n t
to  t h e  p r e s e n t  value  of t h e  a n n u al  con t ribu tions  in
t h e  c a s e  of a n  a n n u al-p ay m e n t  policy is $ 5.53 4,  t h u s:  

------------+ - ---------+ - ----------+ - -------+ - --------+
|  1  P. Ct.  |  2 0  P. Ct.  |         |          |
|    on      |     on      |  Total. |  Ini ti al |
|  Res e rve.  |    Cos t .    |         |   F u n d.   |
------------+ - ---------+ - ----------+ - -------+ - --------+
1 s t  ye a r    |   $ .82 3 4   |   $ 1.3 51 4   | $ 2.17 4 8  | $  5.53 4 0  |
2 d    "     |   1 .64 7 3   |    1 .24 7 8   |  2 .89 5 1  |   9 . 02 7 5  |
3 d    "     |   2 .50 9 6   |    1 .13 8 8   |  3 .64 8 4  |  1 1.91 1 6  |
4 t h   "     |   3 . 41 2 4   |    1 . 02 1 0   |  4 .4 3 3 4  |  1 4.1 27 7  |
5 t h   "     |   4 . 35 7 2   |     .891 6   |  5 .2 48 8  |  1 5.61 6 1  |
6 t h   "     |   5 . 34 7 9   |     .753 4   |  6 .1 01 3  |  1 6.31 6 0  |
7 t h   "     |   6 . 38 5 3   |     .596 6   |  6 .9 81 9  |  1 6.15 7 2  |
8 t h   "     |   7 . 47 2 6   |     .427 0   |  7 .8 99 6  |  1 5.07 6 3  |
9 t h   "     |   8 . 61 2 7   |     .241 8   |  8 .8 54 5  |  1 2.99 7 7  |
1 0 t h   "     |   9 .80 8 6   |     .034 4   |  9 . 84 3 0  |   9 .8 43 0  |
------------+ - ---------+ - ----------+ - -------+ - --------+

>

The  p r e s e n t  value  of t h e  t e n  ye a rly exp e n s e  ite m s
give n  in t h e  “to t al” colu m n  a bove  is $ 4 6.68 1 2,
w hich  is e q u al  to  a  t e n-ye a r  a n n ui ty of $ 5.53 4.  
The  s eve r al p r e miu m s  s t a n d  now  a s  follows: 

    E NDOWME NT:  $ 1,00 0,  AGE
3 0,  PAYABLE AT DEATH OR 4 0

N e t  P r e m.[2] M a r gin.  
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   Total.

At single  p r e miu m.    $ 6 8 7.2 28    $ 7 1.63 9 4    $ 7 5 8.8 67 4
At five  p r e miu m s.      1 5 0.61 5     1 2.97 6 9     1 6 3.59 3 9
At a n n u al  p r e miu m s.     8 4.1 72      5 . 53 4 0      8 9.70 6 0

[Footno t e  2:   Thi r ty Ame rica n  office s.   Discou n t
fro m  mid dle  of ye ar, Vx-1/2  o r  (M x 1.0 19 6 1) / Dx.]

By t h e  a c t u a ri es’ r a t e  w e  h ave,  wi th  t h e  c us to m a ry
loa ding  for  exp e n s e:  

  Sin gle  p r e miu m:  $ 7 2 1.6 6  (loa d e d,
$ 3 4.3 6).  Five  p r e miu m s,  $ 1 8 8.70
  (loa d e d  $ 3 7.78).  Annu al p r e miu m,
$ 1 0 5.65  (loa d e d  $ 2 1.11).

Admit ting  t h e  co r r e c t n e s s  of t h e  n e w  m e t ho d,  w e  m u s t
conclud e  t h a t  t h e  p r e s e n t  single  p r e miu m  is no t  s ufficien tly
loa d e d  to  cove r  it s  ow n  exp e n s e s ,  w hile  t h e  a n n u al
p ay m e n t  policy p ays  m o r e  t h a n  it s  jus t  s h a r e .  
A p ro min e n t  a n d  t ho rou g hly infor m e d  life insu r a nc e
p r e sid e n t  s ays  in t hi s  con n ec tion:   “Ma ny
of t h e  policies,  p a r t icul a rly t h e  s ho r t  t e r m  e n do w m e n t s ,
a r e  c h a r g e d  wi th  too  hig h  a  p e r c e n t a g e  of exp e n s es
to  p rove  a  good  inves t m e n t  a t  m a t u ri ty o r  p rofi t a bl e
to  t h e  ins u r e d  in c a s e  of s u r r e n d er.”  This
is no t  to  b e  won d e r e d  a t  w h e n  t h e  a p plica n t  for  a
1 0-ye a r  e n dow m e n t  policy s e e s  a t  a  gl a nc e  t h a t  h e  m u s t
p ay, in  t h e  g ross ,  m o r e  t h a n  is r e t u r n e d  u nles s  h e
s ho uld  die  in t h e  in t e ri m,  in w hich  c a s e  a  pl ain  “life”
o r  “t e r m” policy wo uld  h ave  a n s w e r e d  t h e
p u r pos e.   U n d e r  t h e  n e w  sys t e m  of a s s e s sing  exp e ns e s
on e  for m  is a s  d e si r a ble  a s  a no t h er, fro m  t h e  s t a n d poin t
of t h e  ins u r e d  o r  t h e  co m p a ny.

101



Page 60

The  n e w  p r e miu m  for  t h e  1 0-ye a r  e n dow m e n t  policy,
$ 8 9.7 1,  co m m e n d s  it s elf a t  onc e  to  t h e  a p plica n t ,
w ho  c a n  e a sily s e e  t h a t  hi s  to t al  ou tl ay m u s t  fall
s ho r t  of t h e  a m o u n t  ul tim a t ely to  b e  r e alize d,  of
cou r s e ,  dis r e g a r din g  in t e r e s t  a n d  p ro b a ble  divide n ds
in bo t h  c a s e s .

In  discou n ting  t h e  fu tu r e  exp e n s e  con t rib u tions  I
h ave  no t  t ak e n  t h e  c h a nc e s  of dying  in to  a ccou n t .  
H e n c e  t h e  exp e n s e  r e s e rve  in  a ny ins t a nc e  a p plies
only to  t h a t  individu al c a s e ,  a n d,  in t h e  eve n t  of
d e a t h  o r  s u r r e n d e r  b efo r e  t h e  m a t u ri ty of t h e  policy,
t h e  a m o u n t  of t h e  exp e n s e  fun d  no t  u s e d  would  n a t u r ally
r eve r t  to  t h e  ins u r e d .

The  sc h e m e  of exp e n s e  a s s e s s m e n t  ou tline d  a bove  will
do u b tl e s s  b e  p ro no u n c e d  imp r a c tic a ble  by  t h e  m ajo ri ty
of ins u r a n c e  m e n.

S uc h  a  fa r  r e a c hin g  r efo r m  is too  m u c h  to  hop e  for,
a t  le a s t  in  t h e  im m e dia t e  fut u r e .

N o  w ell infor m e d  life  insu r a n c e  exp e r t  will d e ny t h a t
t h e r e  a r e  oppo r t u ni ti es  for  imp rove m e n t  in t h e  b u sin es s ,
b u t  to  g r af t  n e w  m e t ho ds  on  old  co m p a nie s  is a  ho p ele ss
u n d e r t akin g.

It  is w ell, how ever, to  h ave  n e w  m e t ho ds  w ell m a t u r e d
in a dva nc e  of t h e  p u blic  d e m a n d,  a n d  I feel convinc e d
t h a t  t h e  ide a s  h e r e  s e t  for th  a r e  in t h e  line  of t h e
r efo r m  w hich,  b efo r e  long,  m u s t  b e  ins ti t u t e d  by t h e
co m p a nie s  if t h ey  wo uld  r e t ain  t h e  confide nc e  a n d  p a t ro n a g e
of t h e  co m m u ni ty.

Doub tle s s  m a ny insu r a nc e  p r e sid e n t s  could  t ell of
s u g g e s tions  w hich  h ave  imp r e s s e d  t h e m  favor a bly a n d
w hich  t h ey  would  gl a dly h av e  a do p t e d  w e r e  it  no t  for
t h e  injus tice  do n e  t h e r e by to  olde r  m e m b e r s  a n d  t h e
c h a n g e s  n ec es s a ry to  b ring  exis ting  con t r a c t s  in to
confor mity wi t h  t h e  n e w  sys t e m.   Si mila r  objec tions
m ay b e  u r g e d  a g ain s t  t h e  ide a s  h e r e  a dv a nc e d,  a n d
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I m u s t  confes s  I h a r dly s e e  a  w ay by w hich  t h e  p r e s e n t
s u g g e s tions  c a n  b e  u tilized  by exis ting  co m p a nie s.  
We c a n  only hop e  t h a t  soon e r  o r  la t e r  so m e  of t h e
n e w  t h eo rie s  m ay  b e  p r a c tically t e s t e d .   M e a n w hile
t h e  co m p a nie s  a t  p r e s e n t  in t h e  field  a r e  doing  a
g r e a t  wo rk  for  t h e  good  of h u m a ni ty, eve n  t ho u g h  t h ei r
m e t ho ds  m ay  b e ,  in  so m e  p a r ticula r s,  m o r e  p r a c tical
t h a n  scie n tific.

Winch e s t er, M a s s .                      FRANK J.
WILLS.

*       *       *       *  
    *

THE FLOOD AT KARLSBAD.

Du ring  t h e  flood  w hic h  occ u r r e d  in Ge r m a ny a n d  Boh e mi a,
t h e  las t  w e ek  of N ove m b er, Karlsb a d  w a s  e s p e ci ally
u nfo r t u n a t e;  it  s uffe r e d  s uc h  a n  inun d a tion  a s  h a d
n eve r  b efo r e  b e e n  know n  in t h e  “Sp r u d els t a d t .” 
On  t h e  eve nin g  of N ove m b e r  2 3,  t h e  Tepl w a s  ve ry m u c h
s wollen  by  t h e  r ain,  w hich  h a d  co n tin u e d  for  s eve r al
d ays,  b u t  it  w a s  s u p pos e d  t h a t  t h e r e  w a s  no  d a n g e r
of a  flood, a s  t h e  b e d  of t h e  rive r  h a d  b e e n  p u t  in
p ro p e r  con di tion.   During  t h e  for e noon  of N ove m b e r
2 4,  t h e  w a t e r  s u d d e nly b e g a n  to  ris e  wi t h  s uc h  a s tonishing
r a pidi ty t h a t  wi t hin  h alf a n  ho u r  all t h e  low e r  s t r e e t s
w e r e  like  t u r b ule n t  r ive r s  a n d  t h e  Alte  a n d  N e u e  Wies e
w e r e  t r a n sfo r m e d  in to  a  lake.   The  s to r e s  on  t h e
Alte  Wies e  w e r e  u n d e r  w a t e r  to  t h e  roofs, a n d  t h e
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p ro p rie to r s,  w ho  w e r e  t rying  to  s ave  t h ei r  goods,
w e r e  s u r p ris e d  by  t h e  w a t e r  a n d  h a d  to  t ak e  r efu g e
in t h e  t r e e s .   They w e r e  r e sc u e d  by h aving  ro p e s
t h row n  to  t h e m,  a n d  d u rin g  t his  wo rk  a  c a t a s t rop h e
occ u r r e d  w hic h  w a s  a  g r e a t  misfo r t u n e  to  all cla s s e s
of ci tizens .   The  b elove d  b u r g e r m eis t e r  of Karlsb a d,
Dr. Rudolf Knoll, w ho  h a d  jus t  r e cove r e d  fro m  a  s eve r e
illnes s,  w a s,  wi th  o t h e r s ,  di r e c ting  t h e  wo rk  fro m
t h e  b alcony of on e  of t h e  ho us es ,  w h e n  a  ro p e  by w hich
a  m a n  w a s  b eing  d r a w n  t h ro u g h  t h e  w a t e r  b roke,  a n d
t h e  m a n  w a s  c a r ri e d  off by  t h e  w aves.   The  frigh t
a n d  exci t e m e n t  of t h e  sc e n e  g ave  t h e  b u r g e r m eis t e r
a  s hock w hich  c a u s e d  his  ins t a n t  d e a t h,  b u t  t h e  m a n
w ho  w a s  in d a n g e r  w a s  b ro u g h t  s afely ou t  of t h e  w a t er.

The  w a t e r  w a s  9  ft. in M a ri e n b a d e r s t r a s s e ,  t h e  M a rk t pl a tz,
M u hlb a d g a s s e ,  t h e  S p r u d elg as s e ,  Kre uzg a s s e,  Kaise r s t r a s s e,
a n d  E g e r s t r a s s e ,  a n d  flood e d  t h e  q u ay, c a u sing  g r e a t
d e s t r uc tion.   All pl ac es  of b usin es s  w e r e  flood e d,
t h e  doo r s  a n d  iron  s h u t t e r s  w e r e  p us h e d  in by  t h e
forc e  of t h e  w a t e r  a n d  t h e  goods  w e r e  c a r ri e d  a w ay
or  r uin e d.

The  ho u s e  c alle d  “Zu m  Kaffe e b a u m” w a s
u n d e r min e d  a n d  p a r t  of it  fell to  t h e  g ro u n d;  t h e
s a m e  fa t e  w a s  fea r e d  for  o t h e r  b uildings .   The
Sop hien  a n d  Cu r h a u s  b ridg e s  w e r e  c a r ri e d  a w ay. 
Ot h e r  b ridg e s  w e r e  g r e a tly d a m a g e d,  a n d  t h e  m a so n ry
alon g  t h e  b a nks  of t h e  rive r  w a s  p a r t i ally d e s t roye d.  
The  S p r u d elg a s s e  w a s  co m ple t ely w a s h e d  ou t ,  a n d  t h e
con di tion  of t h e  M u hlb a d g a s s e  w a s  al mos t  a s  b a d .  
The  fir e  d e p a r t m e n t  wi th  it s  a p p a r a t u s  h a d  g r e a t  difficul ty
in s aving  t h e  inh a bi t a n t s  a n d  g u e s t s ,  a s  t h e r e  w e r e
ve ry few bo a t s  o r  po n toons  a t  t h ei r  co m m a n d,  a n d  t h e
soldie r s  (Pion nie r e)  fro m  P r a g u e  a n d  t h e  fir e m e n  fro m
t h e  n eig h bo ring  tow n s  did  no t  a r rive  u n til eve nin g.  
For t u n a t ely t h e  w a t e r  b e g a n  to  fall in t h e  nigh t ,  a n d
t h e  n ex t  d ay  it h a d  go n e  do w n  so  t h a t  it left  it s
t e r rible  work  visible.   The  S p r u d el  a n d  t h e  min e r al
s p rin gs  w e r e  no t  inju r e d,  b u t ,  on  t h e  o th e r  h a n d,  t h e
w a t e r  pip e s  of t h e  b a t hing  e s t a blish m e n t s  a n d  t h e  g a s
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pip e s  w e r e  co m ple t ely d e s t royed.—Illus trirt e
Z ei tu n g.
*       *       *       *  
    *

THEATRICAL WATER PLAYS.

In  on e  of t h e  pl ays  a t  H e n gle r’s Circ us  in  London
a  w a t e r  sc e n e  is in t rod uc e d,  for  w hich  p u r pos e  t h e
m ain  ring  is flood e d  wi th  w a t e r  in a  m a n n e r  w hich
is bo t h  s t r iking  a n d  int e r e s ting.

[Illus t r a tion:  FLOODING A CIRCUS RING.]

The  rin g  is e n ti r ely line d  wi th  s tou t  m a cin tos h  s h e e ting,
a n d  in to t his,  fro m  t wo  la r g e  con d ui t s .  2 3 ,00 0  g allons
of w a t e r  a r e  po u r e d ,  t h e  t a nk  b eing  filled  to  a  d e p t h
of so m e  2  ft. in t h e  r e m a rk a bly s ho r t  ti m e  of 3 5  s econ d s.  
A s t e a m bo a t  a n d  o th e r  s m all c r af t  a r e  t h e n  lau nc h e d
a n d  t h e  a dv e n t u r e s  of t h e  h e roine  t h e n  p roc e e d.  
S h e  falls  ove r bo a r d,  w e  b elieve,  b u t  is s ave d  af t e r
d e s p e r a t e  a n d  a m u sin g  s t r u g gle s.   Ou r  e n g r avings ,
w hich  a r e  fro m  t h e  Grap hic , illus t r a t e  t h e
m o d e  of filling  t h e  ri ng  wit h  w a t er, a n d  t h e  s t e a m bo a t
lau nc h.
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[Illus t r a tion:  A THEATRICAL STEAMBOAT.]

*       *       *       *  
    *

SCIENCE IN THE THEATER.

In  t h e  p r e t ty  li t tle  h all of t h e  Bouleva r d  d e s  It alien s,
a t  Pa ris,  a  s t r iking  exhibi tion  of sim ula t e d  hyp no tis m
is give n  eve ry eve ning.

This  e n t e r t ain m e n t ,  w hich  h a s  m e t  wit h  m u c h  s ucc e s s,
w a s  d evis e d  by  Mr. M elies,  di r ec to r  of t h e  e s t a blish m e n t ,
w hich  w a s  foun d e d  m a ny  ye a r s  a go  by t h e  c el e b r a t e d
p r e s tidigi t a to r  w hos e  pop ula r  n a m e  (Robe r t  H o u din)
it  s t ill b e a r s .   This p e rfo r m a n c e  c a r ri es  ins t r uc tion
wi th  it, for  it  s how s  ho w  e a sily t h e  m o s t  s u r p rising
p h e no m e n a  of t h e  p a t hologic s t a t e  c a n  b e  imit a t e d .  
To t his  effec t ,  s eve r al  exhibi tions  a r e  give n  eve ry
eve ning.

Mr. H a r mi ng ton,  a  convince d  disciple  of M e s m er, a s ks
for  a  s u bjec t ,  a n d  finds  on e  in  t h e  h all.  A youn g
a r t is t  n a m e d  M a riu s  p r e s e n t s  hi ms elf.  Mr. H a r min g to n
m a k e s  hi m  p e rfo r m  all so r t s  of ex t r av a g a n t  a c t s ,  a cco m p a nie d
wi th  a  con tinuou s  ro u n d  of p a n to mi m e s  t h a t  a r e  r e n d e r e d
t h e  m o r e  s t r iking  by t h e  s u p pos e d  s t a t e  of so m nip a t hy
of t h e  s u bjec t .   At t h e  m o m e n t  a t  w hich  M a rius
is finishing  hi s  m o s t  ext r ao r din a ry  exe rcis e s ,  a  police m a n
s u d d e nly b r e aks  in u po n  t h e  s t a g e  in o r d e r  to  exe c u t e
t h e  r e c e n t  o r d e r s  r el a tive  to  hyp no tis m.   But  h e
hi m s elf is s u bjug a t e d  by  Mr. H a r min g ton  a n d  t h ro w n
dow n  by t h e  vib r a tions  of w hic h  t h e  e nc e p h alus  of
t his  t e r ribl e  m a g n e tize r  is t h e  c e n t er.  Whe n
t h e  cu r t ain  falls, t h e  r e p r e s e n t a t ive  of a u t ho ri ty
is s t r u g gling  a g ains t  t h e  c a t ale psy t h a t  is ove rco min g
hi m.
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All t h e  p h e no m e n a  of ind uc e d  sl ee p  a r e  s ucc e s sively
si m ula t e d  wi th  m u c h  n a t u r aln e s s  by  Mr. Jules  David,
w ho  pl ays  t h e  p a r t  of M a rius  in  t his  pl e a sing  lit tl e
p e rfo r m a n c e.

At a  c e r t ain  m o m e n t ,  af t e r  skillfully sim ula t e d  p a s s e s
m a d e  by t h e  m a g n e tizer, Mr. David s u d d e nly b e co m e s
a s  rigid  a s  a  s tick  of wood,  a n d  falls  in pivoting
on  his  h e els  (Fig. 1).  Did  no t  Mr. H a r min g to n
r u n  to  his  a s sis t a n c e ,  h e  would  inevit a bly c r a ck  his
skull u po n  t h e  floor, b u t  t h e  m a g n e tize r  s t a n d s  jus t
b e hind  hi m  in o r d e r  to  r e c eive  hi m  in hi s  a r m s.  
The n  h e  lifts  hi m,  a n d  pl ac es  hi m  u po n  t wo  ch ai r s
jus t  a s  h e  wo uld  do  wi t h  a  si m ple  bo a r d.   H e  pl ac e s
t h e  h e a d  of t h e  s u bjec t  u po n  t h e  s e a t  of on e  of t h e
c h ai r s  a n d  t h e  h e els  u po n  t h a t  of t h e  o t h er. 
Mr. David  t h e n  r e m ains  in a  s t a t e  of p e rfec t  im mobility. 
N o t  a  m u scle  is s e e n  to  r el ax, a n d  no t  a  m o tion  b e t r ays
t h e  p e r sis t e nc e  of life  in hi m.   The  sim ula tion
is p e rfec t .

[Illus t r a tion:  FIG. 1.—CATALEPTIC
RIGIDITY.]

In  o r d e r  to  co m ple t e  t h e  a s tonish m e n t  of t h e  s p e c t a to r s,
Mr. H a r mi ng ton  s e a t s  hi m s elf t r iu m p h a n tly u po n  t h e
a b do m e n  of t h e  s u bjec t  a n d  slowly r ais e s  his  fee t
a n d  holds  t h e m  s us p e n d e d  in t h e  ai r  to  s how  t h a t  it
is t h e  s u bjec t  only t h a t  s u p po r t s  hi m,  wi thou t  t h e
n e e d  of a ny o th e r  poin t  of s u p po r t  t h a n  t h e  t wo  ch ai r s
(Fig.  2).

[Illus t r a tion:  FIG. 2.—EXPERIME NT
O N  THE SAME S UBJECT.]

U s u ally, t h e r e  a r e  pl e n ty of p e r so ns  ing e n uo us  e no u g h
to  t hink  t h a t  Mr. David  is a c t u ally in a  c a t al ep tic
sle e p,  on e  of t h e  c h a r ac t e r s  of w hic h  is c a d ave ric
rigidi ty.
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As Mr. David’s n e ck  is e n ti r ely b a r e ,  it  is
no t  pos sible  to  s u p pos e  t h a t  t h e  sim ula to r  of c a t ale p sy
w e a r s  a n  iron  co r s e t  conc e al e d  b e n e a t h  his  clo t hin g.  
H e  h a s  p e rfo r m e d  a  fea t  of s t r e n g t h  a n d  skill r e n d e r e d
e a sy by t h e  exe rcise  t h a t  h e  h a s  given  to  t h e  m u scle s
occ u pying  t h e  colliciae  of hi s  ve r t e b r al colu m n.  
This  p a r t  of t h e  m u s c ula r  sys t e m  is g r e a tly d evelop e d
in t h e  w e ak es t  a n d  lea s t  h a r dy p e r so ns.   In  fac t,
in  o r d e r  t h a t  m a n  m ay ke e p  a  ve r tical posi tion  a n d
exec u t e  a n  infini t e  m ul ti t u d e  of m o tions  in w hich
s t a bili ty is involved, n a t u r e  h a s  h a d  to  give  hi m
a  la rg e  n u m b e r  of diffe r e n t  o r g a n s.   The  m u scle s
of t h e  b a ck  a r e  a r r a n g e d  u po n  s eve r al  s u p e r pos e d  laye r s ,
t h e  ve r t e b r al  colu m n  is dou bly r e c u rve d  in o r d e r  t h a t
it  m ay  h av e  m o r e  s t r e n g t h,  a n d,  finally, r a c hidion
n e rves  issu e  fro m  e a c h  ve r t e b r a  in  o r d e r  to  r e g ula t e
t h e  con t r a c tion  of e a c h  m u s c ula r  fasciculus  a cco r ding
to  t h e  r e q ui r e m e n t s  of e q uilib riu m.   The  t rick
is so  e a sy t h a t  w e  h ave  s e e n  you t hs  b elon ging  to  t h e
Ligu e  d’Ed uc a tion  P hysiqu e  im m e dia t ely imit a t e
Mr. David  af t e r  s e ein g  hi m  op e r a t e  b u t  onc e .

For  t h e  s ak e  of t hos e  w ho  wo uld  like  to  p e rfo r m  it,
w e  s h all a d d  t h a t  Mr. David  t ak e s  c a r e  to  b e n d  hi s
body in t h e  for m  of a n  a r c h  in  s uc h  a  w ay t h a t  t h e
convexity s h all b e  b e n e a t h.   As Mr. H a r min g to n
n eve r  fails  to  pl ac e  hi ms elf in t h e  c e n t e r  of t h e
line  t h a t  joins  Mr. David’s h e a d  a n d  h e el s,
his  w eigh t  is divide d  in to  t wo  p a r t s ,  t h a t  is to  s ay,
8 8  pou n d s  on  e a c h  sid e  of t h e  poin t  of s u p po r t .  
The  r e s ul t  is t h a t  t h e  s t r e s s  n e c e s s a ry  is les s  t h a n
t h a t  of a  s t ro n g  m a n  of t h e  H alle  lifting  a  b a g  of
w h e a t  to  his  s ho uld e r  o r  of a n  a t hl e t e  s u p po r ting  a
h u m a n  py r a mid.  The  force  of con t r a c tion  of t h e
m u s c ula r  fibe r s  b ro u g h t  in to  pl ay in  t his  exp e ri m e n t
is m u c h  g r e a t e r  t h a n  is co m m o nly b elieve d.   In
his  lec t u r e s  on  p hysiology, Milne-E d w a r ds  ci t e s  so m e
fac t s  t h a t  p rove  t h a t  it  m ay  exc e e d  6 0 0  pou n d s  p e r
s q u a r e  inch  of s ec tion.

[Illus t r a tion:  FIG. 3.—THE PERFORATE
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ARM.]

The  exp e rim e n t  on  c a d ave ric  r i gidi ty is followe d  by
o th e r s  in ins e nsibili ty.  Mr. David,  wi thou t  wincing,
allows  a  poign a r d  to  b e  t h r u s t  in to  his  a r m,  w hich
Mr. H a r mi ng ton  h a s  p r eviously “ca t al ep tize d”
(Fig.  3).  This  t rick  is p e rfo r m e d  by m e a n s  of
a  bl a d e  divide d  in to  t wo  p a r t s  t h a t  a r e  con n ec t e d
by a  s e mici rcle.   This  p roc e s s  is w ell know n  to
p r e s tidigi t a to r s ,  b u t  it  mig h t  b e  exec u t e d  in a  g e n uin e
m a n n er.  In  fac t,  on  r e pl acing  t h e  poign a r d  by
on e  of t h e  gold  n e e dles  u s e d  by p hysicia ns  for  a c u p u n c t u r e ,
it  would  b e  possible  to  di sp e n s e  wi th  p r e s tidigi t a tion.  
U n d e r  s uc h  con di tions  it  is pos sible  to  t r a n s pie rc e
a  p e r son’s a r m.   The  p ain  is s u p po r t a ble,
a n d  consis t s  in t h e  s e n s a tion  of a  p rick  p ro d uc e d
in t h e  p a s s a g e  of t h e  n e e dle  t h ro u g h  t h e  skin.  
As for  t h e  m u sc ula r  fles h,  t h a t  is of it s elf p e rfec tly
ins e n sible.   The  n e e dle,  u po n  t h e  n e c e ss a ry  a n tis e p tic
p r e c a u tions  b ein g  t ak e n,  m ay  t r ave r s e  t h e  veins  a n d
a r t e ri e s  wi th  im p u ni ty, p rovide d  t h a t  it  is no t  allow e d
to  r e m ain  long  e no u g h  to  b rin g  a bo u t  t h e  for m a tion
of a  clot  of coa g ula t e d  blood  (Fig.  4).
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[Illus t r a tion:  FIG. 4.—AN ARM TRANSPIERCED
BY A N E EDLE.]

We t hink  it  of in t e r e s t  to  a d d  t h a t  it is n e c e s s a ry
t h a t  t h e  exp e ri m e n t  b e  p e rfo r m e d  by a  p r a c ti tion e r
if on e  d e si r e s  to  d e m o n s t r a t e  u po n  hi ms elf a  ve ry
c u rious  p hysiological fac t  t h a t  h a s  b e e n  know n  fro m
t h e  r e m o t es t  a n tiqui ty.  I t  h a s  b e e n  e m ploye d  for
s eve r al  t hou s a n d  ye a r s  in Chin es e  m e dicin e,  for  op e ning
a  p a s s a g e  for  t h e  b a d  s pi ri t s  t h a t  p ro d u c e  di se as e s .  
For  so m e  ye a r s  p a s t  a  m u c h  m o r e  s e rious  u s e  h a s  b e e n
m a d e  of i t in  E u ro p e a n  m e dicine  for  in t rod ucing  el ec t ric
c u r r e n t s  in to  t h e  in t e rio r  of t h e  o r g a nis m.   In
t his  c a s e  t h e  p e ri m e t e r  of t h e  n e e dle  is ins ul a t e d,
a n d  t h e  el ec t rici ty flows  in to  t h e  o r g a nis m  t h ro u g h
t h e  poin t .   We h ave  s eve r al  ti m e s  h a d  t h e s e  op e r a tions
p e rfo r m e d  u po n  ou r s elves,  a n d  t his  p e r mi t s  u s  to  a s s e r t
t h a t  t h e  a bove  m e n tion e d  fac t s  a r e  a b solu t ely t r u e .—La
N a t ur e.
*       *       *       *  
    *

NEWER PHYSIOLOGY AND PATHOLOGY.

By P rof.  SAMUEL BELL, M.D.

P hysiology h a s  for  m a ny d ec a d e s  b e e n  a  sci enc e  foun d e d
on  exp e rim e n t ,  a n d  p a t hology h a s  b e e n  r a pidly p r e s sing
forw a r d  in  t h e  s a m e  di r ec tion.   To r e a d  t h e  a ccou n t s
of how  ce r t ain  conclu sions  h av e  b e e n  a r r ived  a t  in
t h e  labo r a to ry, by  ing e nious  d evice s  a n d  by skillful
m a nipula tions,  is a s  fascin a ting  a s  a ny t ale  of a dve n t u r e .

Whe n  t h e  mic roscop e  b e g a n  it s  wo rk,  how  discou r a gin g
w a s  t h e  vas t n es s  a n d  co m plexity of t h e  discove rie s
w hich  it  b ro u g h t  to  ligh t;  ho w  m a ny  ye a r s  h a s  it b e e n
dilige n tly u s e d,  a n d  ho w  u n c e r t ain  a r e  w e  s till a bo u t
m a ny  of its  r evela tions!  Bu t  w h a t  a  h a p py conjec t u r e
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of m a n,  a n d  a s  p rop e r  e nviron m e n t  t ak e s  pl ac e  w e  m ay
r e a c h  b e t t e r  r e s ul t s!   Le t  m e  give  a n  illus t r a tion:  

So m e  t hi r ty  ye a r s  a go, Virchow b e g a n  hi s  s t u die s  a n d
lec t u r e s  u po n  c ellula r  p a t hology.  The  e n t h u sia s m
w hich  h e  a w a k e n e d  s p r e a d  ove r  t h e  w hole  m e dic al wo rld.  
The  wo n d e rful a t t e n tion  to  d e t ail, t h e  b ro a d  p hilosop hy
w hich  sign alized  hi s  obs e rva tions,  w e r e  alike  r e m a r k a ble.  
His  cla s s  roo m  w a s  p a ck e d  wi th  s t u d e n t s  fro m  eve ry
cou n t ry, w ho  t hou g h t  it  no  h a r d s hip  to  s t r u g gle  for
a  s e a t  a t  eigh t  o’clock in  t h e  m o r nin g.  
With  his  bl ackbo a r d  b e hin d  hi m  a n d  s p e ci m e n s  of p a t hology
b efo r e  hi m,  a n d  mic roscop e s  cou r sing  u po n  r ailway t r a cks
a ro u n d  t h e  t a bl e s  w hich  filled  t h e  roo m,  h e  w a s  t h e
e m bo di m e n t  of t h e  t e a c h e r ;  hi s  hig h e s t  ho no r  w a s  a s
discove r er.  The  life a n d  impor t a n c e  of t h e  cell,
bo t h  in h e al th  a n d  di se a s e,  it  h a s  b e e n  his  work  to
discove r  a n d  to  t e a c h.   The  poin t  of view fro m
w hich  h e  h a s  cla s sified  t u mo r s  is foun d e d  on  t his
b a sis , a n d  r e m ains  t h e  a cc e p t e d  m e t ho d.   The  ligh t
w hich  h e  c a s t  u po n  t h e  n a t u r e  of infla m m a tion  h a s  no t
ye t  b e e n  obsc u r e d,  a n d  w hile  o th e r  p h e no m e n a  a p p e ar,
t h e  m ul tiplica tion  of cells  a n d  n u clei a n d  t h e  for m a tion
of con n e c tive  ti s s u e  in t h e  p roc e ss  of infla m m a tion
will a lw ays  c all to  mi n d  hi s  labo rs .

To on e  of Virchow’s p u pils, P rof.  Reckling h a u s e n,
w e  c hiefly ow e  ou r  knowle d g e  of t h e  p h e no m e n a  of di a p e d e si s
a s  a  p a r t  of t h e  infla m m a to ry a c tivity.  H ow  inc r e dible
it  s e e m s  t h a t  m a s s e s  of living  m a t t e r  c a n  m a k e  t h ei r
w ay t h ro u g h  t h e  w alls  of blood  vess el s  w hich  do  no t
r u p t u r e  a n d  w hich  h ave  no  visible  a p e r t u r e s !
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Virchow fixed  his  a t t e n tion  u po n  t h e  for m s  a n d  a c tivitie s
of t h e  cells, t h ei r  m ul tiplica tion  a n d  d e g r a d a tion,
a n d  how  t h ey b uild  u p  ti s s u e s ,  bo t h  h e al thy a n d  m o r bid.

To a no t h e r  m a t t e r  wi th  w hich,  bo t h  lit e r ally a n d  m e t a p ho rically,
t h e  ai r  is filled,  w e  m u s t  al so  m a k e  allusion.  
The  exis t e n c e  of mic ro-o rg a nis m s  in cou n tle s s  n u m b e r s
is no  n e w  fac t ,  b u t  t h e  influe nc e  t h ey  m ay  exe r t  ove r
living  ti s s u es  h a s  only la t ely b eco m e  t h e  s u bjec t
of e a r n e s t  a t t e n tion.   So  long  a s  t h ey w e r e  no t
know n  to  h ave  a ny p r a c tical b e a ring  u po n  h u m a n  w elfa r e,
t h ey  in t e r e s t e d  al mos t  no bo dy, b u t  w h e n,  ho w ever,
it  w a s  s how n  t h a t  p u t r ef ac tion  of m e a t  is d u e  to  t h e
a g e n cy of t h e  bac t eriu m  t er m o , a n d  t h e  d e co m position
of albu m e n  to  t h e  bacillus  s u b tilis ; w h e n  a n t h r ax
in c a t tl e  a n d  s h e e p  w a s  foun d  to  d e p e n d  on  t h e  bacillus
an t hracis , a n d  t h a t  in h u m a n  b eings  it c a u s e d
m align a n t  p u s t ule s;  w h e n  s u p p u r a tion  of wo u n d s  w a s
foun d  to  b e  a s socia t e d  wi th  mic rococci; a n d  w h e n  it
w a s  a n no u nc e d  t h a t  by  a  p roc e s s  of inocula tion  c a t tl e
could  b e  p ro t e c t e d  a g ain s t  a n t h r ax, a n d  t h a t  by c a r bolic
s p r ay  a n d  o t h e r  w ell know n  p r e c a u tions  t h e  s u p p u r a tion
of wo u n d s  could  b e  p r eve n t e d—all t h e  world
len t  it s  e a r s  a n d  inves tig a tion  a t  onc e  b e g a n.

Bec a us e  labo r s  in b a c t e riology p ro mis e d  to  b e  frui tful
in  p r a c tical r e s ul t s,  t h e  wo rk e r s  s p e e dily b e c a m e
innu m e r a ble,  a n d  w e  a r e  a cc u m ul a ting  a  wo n d ro u s  s to r e
of fac t s .   Ho w  long  now  is t h e  lis t  of di se a s e s
in w hich  g e r m s  m a k e  t h ei r  a p p e a r a n c e—in
p n e u m o nia,  in e n doc a r di tis, in e rysipela s,  in pya e mia,
in  t u b e rc ulosis,  a n d  so  on  a n d  so  on.   On e  of
t h e  m o s t  s t r iking  illus t r a tions  is t h e  go nococc us  of
go no r r ho e a,  w hos e  p r e s e n c e  in a n d  a ro u n d  gives  to  t h e
p u s  c ells  t h ei r  virule n t  p rop e r ti e s,  a n d  w h e n  t r a n sfe r r e d
to  t h e  eye  wo rks  s uc h  la m e n t a ble  misc hief.  Witho u t
t h ei r  exis t e nc e  t h e  inoc ula tion  of p u s  in t h e  h e al t hy
eye  is h a r ml es s; p u s  b e a rin g  t h e  go nococci exci t e s
t h e  m o s t  in t e ns e  infla m m a tion.   Si mila r  s u p p u r a tive
a c tion  in t h e  co r n e a  is of te n  c a u s e d  by infec tion
of cocci.  The  p roof of c a u s a tion  m ay  b e  foun d
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in  t h e  fac t  t h a t  t h e  m o s t  effec tive  c u r e  now  p r a c tice d
for  s uc h  s u p p u r a tion  is to  s t e rilize  t h e m  by t h e  a c t u al
c a u t e ry.  Ros e n b a c h  s ays  t h a t  h e  knows  six dis tinc t
mic ro b e s  w hic h  a r e  c a p a ble  of exci ting  s u p p u r a t ion
in m a n.   Thei r  a c tivi ty m ay b e  p ro d uc tive  of a
poison,  o r  p u t r ef ac tive  alkaloid,  w hich  is a b so r b e d.

The r e  a r e  a t  p r e s e n t  two  p ro min e n t  t h eo rie s  in r e g a r d
to  t h e  infec tions  w hic h  p ro d uc e  dis e a s e .   The
firs t  is b a s e d  u po n  c h e mic al p roc e s s e s ,  t h e  s e con d
u po n  t h e  m ul tiplica tion  of living  o r g a nis m s.   The
c h e mic al t h eo ry m ain t ains  t h a t  af t e r  t h e  infec tious
el e m e n t  h a s  b e e n  r e c eived  in to  t h e  bo dy it a c t s  a s
a  fe r m e n t,  a n d  gives  ris e  to  c e r t ain  m o r bid  p roc e s s e s,
u po n  t h e  p rinciple  of c a t alysis.  The  t h eo ry of
o r g a nis m s,  o r  t h e  g e r m  t h eo ry, m ain t ain s  t h a t  t h e  infec tious
el e m e n t s  a r e  living  o r g a nis m s,  w hich,  b ein g  r e c eive d
into  t h e  sys t e m,  a r e  r e p ro d uc e d  ind efini t ely, a n d
excit e  m o r bid  p roc e ss e s  w hich  a r e  c h a r a c t e ris tic  of
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c e r t ain  typ e s  of dis e a s e.   This  la t t e r  t h eo ry so
r e a dily explain s  m a ny of t h e  fac t s  con n e c t e d  wit h  t h e
d evelop m e n t  a n d  r e p ro d uc tion  of infec tious  dis e a s e s ,
t h a t  it h a s  b e e n  u n q u alifiedly a do p t e d  by  a  la rg e
n u m b e r  of inves tig a to r s.   The  p roofs  of t hi s  t h eo ry
h a d  no t ,  how ever, a dv a nc e d  b eyon d  t h e  d e m o n s t r a tions
of t h e  p r e s e n c e  of c e r t ain  for m s  of b a c t e ri a  in t h e
p a t hologic al c h a n g e s  of a  ve ry limit ed  n u m b e r  of infec tious
dis e a s e s ,  u n til Feb r u a ry, 1 8 8 2,  w h e n  Koch  a n no u n c e d
his  discove ry of t h e  t u b e rcle  b a cillus,  sinc e  w hich
ti m e  n e a rly ev e ry di se a s e  h a s  i t s  s u p pos e d  mic rob e,
a n d  t h e  r a c e  is, ind e e d,  s wift  in w hich  t h e  wo uld-b e
discove r e r s  p r e s s  forw a r d  wi th  n e w  g e r m s  for  p u blic
favor.

The  t e r m  b ac t e ri a  o r  mic ro b e  r efe r s  to  p a r ticles  of
m a t t er, mic roscopic  in size,  w hich  b elong  to  t h e  veg e t a ble
king do m,  w h e r e  t h ey  a r e  know n  a s  fun gi.  If w e
exa min e  a  d ro p  of s t a g n a n t  w a t e r  u n d e r  t h e  mic roscop e,
a m plifying  s ay fou r  h u n d r e d  di a m e t e r s,  w e  s e e  it  load e d
wi th  mi n u t e  bodie s,  so m e  m e r e  poin t s ,  o t h e r s  sligh tly
elon g a t e d  in to  ro ds,  all a c tively in m o tion  a n d  in
va rious  posi tions,  a  cou n tl es s  confusion.   If
ev a po r a tion  now  t ak e s  pl ac e,  all is s till.  If
w e  now  a p ply m ois t u r e ,  t h e  d ri e d-u p  g r a n ule s  will
s how  a c tivity, a s  t ho u g h  t h ey h a d  no t  b e e n  dis t u r b e d.

All t h e s e  diffe r e n t  o r g a nis m s  h ave  b e co m e  familia r
to  u s  u n d e r  t h e  g e n e ric  t e r m  b ac t e ri a ,  w hich  is a
ve ry u nfor t u n a t e  a p plica tion,  a s  i t r e ally a p plies
to  only a  single  cla s s  of fun gi.  Coh n  c alls  t h e m
sc hizo myc e t e s ,  a n d  m a k e s  t h e  following  cl as sifica tions: 
1. Sphero-bacteria, or microbes. 2. Micro-bacteria, or bacteria. 3. Desmo-bacteria, or 
bacilli. 4. Spiroteria, or spirillae.
The  s piro-bac t eria , o r  mic rococci, a r e  t h e
si m ple s t  of t h e  fun gi, a n d  a p p e a r  a s  mi n u t e  o r g a nis m s
of s p h e ric al for m.   They m ul tiply by fission,
a  single  cocc us  for ming  two, t h e s e  t wo  p rod ucin g  four,
a n d  so  on.   They p r e s e n t  a  va rie ty of a p p e a r a n c e s
u n d e r  t h e  mic roscop e.   F ro m  single  isola t e d  s p e ci m e n s
(w hich  u n d e r  t h e  high e s t  m a g nifying  pow e r  p r e s e n t
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no t hing  b eyon d  min u t e  poin t s)  you  will obs e rve  t h e m
in p ai r s ,  a g ain  in  fou r s,  o r  in clus t e r s  of h u n d r e d s
(for min g  zooe gle a)  a n d  s till a d h e rin g  tog e t h er, for min g
c h ain s.   Whe n  a  give n  s p e ci m e n  is a bo u t  to  divide,
it  is s e e n  to  elon g a t e  sligh tly, t h e n  a  cons t ric tion
is for m e d,  w hich  d e e p e n s  u n til co m ple t e  fission  e n s u e s .

Mic rococci poss e s s  no  visible  s t r uc t u r e .   They
con sis t  of a  mi n u t e  d ro ple t  of p ro toplas m  (mycrop ro t ein)
s u r ro u n d e d  by a  d elica t e  c ell m e m b r a n e.   Ce r t ain
for m s  a r e  e m b e d d e d  in a  c a ps ule  (dia m e t e r  0 .0 00 8  to
0.00 0 1  millim e t e r).

The s e  li t tle  o r g a nis m s,  w h e n  obs e rve d  in a  fluid  like
blood, s p u t u m,  e t c ., a r e  foun d  to  p r e s e n t  ve ry
a c tive  m ove m e n t s,  a l t ho u g h  p rovide d  wit h  no  o rg a n s
of loco motion.
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This  Brow nia n  m o tion  is poss e s s e d  by al mos t  eve ry
min u t e  p a r ticle  of m a t t er, o r g a nic  a n d  inor g a nic,
a n d  is no t  d u e  to  a ny inh e r e n t  po w e r  of t h e  individu al. 
They a r e  al mos t  o m nip r e s e n t ,  a bo u n din g  in t h e  air,
t h e  e a r t h ,  t h e  w a t er, a r e  alw ays  foun d  in millions
w h e r e  m ois t  o r g a nic  m a t t e r  is u n d e r going  d e co m posi tion,
a n d  a r e  a s socia t e d  wi th  t h e  p roc e s s e s  of fe r m e n t a tion—in
fac t,  t h ey a r e  e s s e n ti al  to  it.  The  so u rin g  of
milk s ucc e e ds  t h e  m ul tiplica tion  of t h e s e  g e r m s.  
Ce r t ain  va rie tie s  a r e  pig m e n t e d,  a n d  w e  obs e rve  colonie s
of c h ro mo g e nic  cocci m ul tiplying  u po n  slice s  of boiled
po t a to,  e g g s ,  e t c ., p r e s e n ting  all t h e  colo r s
of t h e  r ainbow.  All of t h e s e  g e r m s  a r e  no t  t h e
c a u s e  of dis e a s e .   Ce r t ain  s p ecie s,  how eve r  (t e r m e d
p a t hog e nic), a r e  alw ays  a s socia t e d  wi th  c e r t ain  di s e a s e d
con di tions .

The  bac t eria-t er m o —mic ro-b a c t e ria—a r e
sligh tly elong a t e d,  a n d  inas m u c h  a s  t h ey m ul tiply
by division,  fr eq u e n tly a p p e a r  cou ple d  tog e t h er, linked
in p ai r s ,  a n d  in c h ain s.   They a r e  g e n e r ally foun d
in p u t r efying  liquids,  e s p ecially infusions  of veg e t a ble
m a t t er.  They poss es s  m o bili ty to  a  r e m a rk a ble
d e g r e e .   Obs e rving  a  field  of b a c t e ri a-t e r m o  u n d e r
t h e  mic roscop e,  t h ey m ay  b e  s e e n  a c tively e n g a g e d
in t wining  a n d  t wis ting.   A flag ellu m  h a s  b e e n
d e m o ns t r a t e d  a s  a t t ac h e d  to  on e  o r  bo t h  ex t r e mities.  
This  is too  min u t e  to  b e  g e n e r ally r e solved,  eve n
if it  is a  co m mo n  a p p e n d a g e.

Des m o-bac t eria  (o r  b a cilli) a r e  ro d-like  o r g a nis ms,
occ u r ring  of va rious  leng t h s  a n d  diffe r e n t  t hickn es s e s.  
In  a  slide  of t h e  b a cillus  of t u b e rc ulosis  a n d  a n t h r ax,
w e  no tice  a t  in t e rvals  do ts  w hich  r e p r e s e n t  t h e  s po r e s
fro m  w hich,  a s  t h e  ro ds  b r e a k  u p,  fu t u r e  b a cilli a r e
d evelop e d.

The n  w e  h ave  s piro-bac t eria,  t h e  s pi rilla  a n d
t h e  s pi roch e t a e;  t h e  for m e r  h aving  s ho r t  op e n  s pi r als,
t h e  la t t e r  long  a n d  clos ely wo u n d  s pi r als.   The
s pirillu m,  volu tans  is of te n  foun d  in d rinking
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w a t er, a n d  in co m m o n  with  so m e  o th e r  s p eci m e n s  of
t his  clas s  is p rovid e d  wi t h  flag ella e,  so m e ti m e s  a t
bo t h  ex t r e mi ties,  w hich  fu rnish  t h e  m e a n s  of r a pid
loco motion.   The  s pi ro-b a c t e ri a  m ul tiply by  s po r e s,
al t ho u g h  lit tle  is a t  p r e s e n t  know n  of t h ei r  life
his to ry.  They fre q u e n tly a r e  a t t a c h e d  to g e t h e r
a t  t h ei r  ex t r e mities,  for ming  zigza g  c h ains.

We h ave  s e e n  t h a t  b a c t e ria  diffe r  g r e a t ly in a p p e a r a nc e
fro m  t h e  elon g a t e d  do t  of t h e  b a c t e riu m  p rop er, to
t h e  elon g a t e d  ro d  o r  cylind e r  of t h e  b a cillus,  a n d
t h e  long  s pi r als  of s pi ro-b a c t e ri a .   I t  is u nfor t u n a t e
t h a t  t h ey a r e  no t  s ufficien tly cons t a n t  in h a bi t  to
alw ays  a t t a c h  t h e m s elves  to  on e  o r  t h e  o th e r  of t h e s e
g e n e r a .   The  mic rococc u s  h a s  a  h a bi t  of elong a ting
a t  t im e s  u n til i t is impossible  to  r e cog nize  hi m  exc e p t
a s  a  b a c t e riu m; w hile  b a cilli, a g ain,  b r e a k  u p  u n til
t h ei r  p a r ticles  ex ac tly r e s e m ble  mic rococci.

Bac t e ri a  c a n no t  exis t  wi thou t  w a t e r ;  c e r t ain  for m s
r e q ui r e  oxyge n,  w hile  o t h e r s  t h rive  e q u ally w ell wit ho u t
it; so m e  t h rive  in solu tion  of sim ple  s al t s ,  w hile
o th e r s  r e q ui r e  alb u minoid  m a t e ri al.
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Bac t e riology, wit h  it s  r el a tion  to  t h e  sci enc e  of
m e dicine,  is of impor t a nc e  to  eve ry inves tig a tin g
p hysician;  it  cove r s  ou r  knowled g e  of t h e  r el a tion
of t h e s e  mi n u t e  o r g a nis m s  to  t h e  a e tiology of di se as e .  
Wh a t  h a s  b e e n  g ain e d  a s  to  p r ac tic al a p plic a tion  in
t h e  t r e a t m e n t  of di se a s e?   This  q u e s tion  is no t
inf r e q u e n tly a s k e d  in a  s n e e ring  m a n n er.  We c a n,
in  r e ply, s ay  t h a t  t h e  r e s ul t s  a r e  no t  all in t h e  fut u r e .  
I t  is e n cou r a gin g  t h a t  r e s ul t s  h av e  b e e n  a t t ain e d
w hich  h ave  h a d  a  ve ry impo r t a n t  p r a c tical b e a ring,
a n d  t h a t  t h e s e  co m plain t s  co m e  g e n e r ally fro m  individu als
lea s t  a c q u ain t e d  wi th  scie n tific inves tig a tions  in
b ac t e riology.

In  t h e  s t u dy of t h e  r el a tion  of a  give n  b a c t e riu m
to  a  ce r t ain  dis e a s e ,  i t b e co m e s  n e c e s s a ry  to  a t t e n d
c a r efully to  t h r e e  diffe r e n t  op e r a tions:   Fi r s t ,
t h e  o rg a nis m  s u p pos e d  to  c a u s e  t h e  di se a s e  m u s t  b e
foun d  a n d  isola t e d.   S e con d,  it  m u s t  b e  c ul tiva t e d
t h ro u g h  s eve r al  g e n e r a tions  in o r d e r  t h a t  a b solu t e
p u ri ty m ay  b e  s e c u r e d.   Las tly, t h e  g e r m  m u s t
b e  a g ain  in t rod uc e d  in to  a  h e al t hy living  b ein g.  
If t h e  p r e c e ding  s t e p s  b e  c a r ri e d  ou t,  a n d  t h e  o rigin al
dis e a s e  b e  co m m u nic a t e d  by  inocula tion,  a n d  t h e  g e r m s
b e  a g ain  foun d  in t h e  dis e a s e d  bo dy, w e  h ave  no  al t e r n a tive;
w e  m u s t  conclud e  t h a t  w e  h ave  a sc e r t ain e d  t h e  c a us e
of t h e  dis e a s e .   The  impo r t a n c e  of b eing  familia r
wi th  t h e  a e tiology of t h e  di se as e  b efo r e  w e  c a n  exp ec t
to  co m b a t  it  wi th  a ny w ell-g ro u n d e d  ho p e  of s ucc e s s
is evide n t .

If t h e  s p u t u m  of a  p h t hisical p a tie n t  b e  s u b mi t t e d
to  t h e  skilled  mic roscopis t ,  h e  is n e a rly alw ays  a ble
to  d e m o ns t r a t e  b a cilli, b u t  t his  go es  for  ve ry li t tl e.  
Bec a us e  b a cilli a r e  foun d  in p h t hisis, it is no  m o r e
c e r t ain  t h a t  t h ey a r e  t h e  c a u s e  of p h t hi sis  t h a n  it
is c e r t ain  t h a t  c h e e s e  mi t e s  a r e  t h e  c a u s e  of ch e e s e.  
Well, s u p pos e  w e  w e r e  to  injec t  s p u t u m  fro m  a  p h t hi sical
p e r so n  in to  t h e  low e r  a ni m al a n d  t u b e rc ulosis  follows,
a n d  t h e n  a n no u nc e  to  t h e  p rofes sion  t h a t  w e  h ave  d e m o n s t r a t e d
t h e  r el a tion  of t h e  c a u s e  a n d  effec t  b e t w e e n  b acilli
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a n d  p h t hisis?  Why w e  wo uld  s t a r t  s uc h  a n  u p ro a r
of objec tions  a s  wo uld  s p e e dily convinc e  u s  t h a t  t h e r e
w a s  m u c h  wo rk  ye t  in t h e  do m ain  of b a c t e riology.

The  scie n tific inves tig a to r s  wo uld  s ay you  h ave  injec t e d
wi th  t h e  s p u t u m  in to  t h e  blood  of you r  u nfor t u n a t e
p a ti e n t ,  p u s ,  m o r p hologic al el e m e n t s,  a n d  p e r h a p s
h alf a  doz e n  o t h e r  for m s  of b a c t e ri a ,  a ny on e  of w hich
is jus t  a s  likely to  p ro d uc e  t h e  di se as e  a s  t h e  b a cillus
you  h ave  s elec t e d .

The  firs t  impo r t a n t  s t e p  is, fir s t  isola t e  you r  b a cillus.  
If I w e r e  to  t ak e  a  gl a s s  pl a t e ,  on e  side  of w hich
is co a t e d  wi th  a  t hick  solu tion  of p e p tonized  g el a tin,
a n d  allow t h e  w a t e r  to  collec t,  t h e  g el a tinous  m a t t e r
will b e co m e  solid.  If now, wi th  a  wi r e  dip p e d
in so m e  t u b e r c ulous  m a t t er, I d r a w  a  line  alon g  t h e
g ela tin,  I h ave  d e posi t e d  a t  in t e rvals  alon g  t his
line,  s p eci m e n s  of t u b e rcle  b a cilli.  If t his
pl a t e  b e  no w  ke p t  a t  a  p ro p e r  t e m p e r a t u r e ,  af t e r  a
few d ays,  w h e r eve r  t h e  b a cilli h av e  b e e n  c a u g h t ,  a
g r ayish  s po t  will a p p e ar, w hic h,  e a sily s e e n  wi t h
t h e  n ak e d  eye ,  g r a d u ally s p r e a d s  a n d  b e co m e s  la r g er. 
The s e  s po t s  a r e  colonies  con t aining  t hou s a n d s  of b a cilli. 
Le t  u s  r e t u r n  to  ou r  g el a tin  pl a t e .
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We find  a  s po t  w hich  a n s w e r s  to  t h e  d e sc rip tion  of
a  colony of t u b e rcl e  b a cilli.  We now  t ak e  a  min u t e
p a r t icle  fro m  t his  colony on  a  wi r e  a n d  convey it
to  t h e  s u rf ac e  of so m e  h a r d e n e d  blood  s e r u m  in a  t e s t
t u b e .   We plu g  t h e  t u b e  so  t h a t  no  ai r  g e r m s  m ay
d ro p  in, a n d  plac e  it in a n  incu b a to r  a t  t h e  p ro p e r
t e m p e r a t u r e .   Afte r  s eve r al  d ays,  if no  con t a min a tion
b e  p r e s e n t ,  a  colony of b a cilli will a p p e a r  a ro u n d
t h e  s po t  w h e r e  w e  sow e d  t h e  s po r e s .   Le t  u s  r e p e a t
t h e  p roc e ss .

Take  a  p a r ticle  fro m  t his  colony, a n d  t r a n sfe r  it
to  a no t h e r  t u b e .   This is ou r  s e co n d  c ul tu r e .  
This  m u s t  b e  r e p e a t e d  u n til w e  a r e  s a tisfied  t h a t
w e  h ave  s ec u r e d  a  p ur e  cul tu r e .   If t his
b e  c a r ri e d  to  t h e  t w e n ty-fifth  g e n e r a tion,  w e  m ay
b e  a s s u r e d  t h a t  t h e r e  r e m ains  no  p u s ,  no  p to m ain e s,
no t hing  b u t  t h e  d e si r e d  b a cilli.

I t  is a  p rop e r  m a t e r ial now  for  inocula tion,  a n d  if
w e  inocula t e  so m e  of t h e  lowe r  a ni m als,  for  ins t a nc e
t h e  m o nk ey, w e  p rod uc e  a  dis e a s e  ide n tical wi t h  p h t hisis
p ul m p n alis.  Bac t e ria  also  affo rd  p e c ulia r  c h e mical
r e a c tions.   For  ex a m ple,  ni t ric  a cid  will disc h a r g e
all t h e  colo r  fro m  all b a cilli a r t ificially dye d  wi t h
a nilin,  exc e p t  t hos e  of t u b e rcle  a n d  a n t h r ax.  
On e  s p eci es  is s t ain e d  r e a dily wi th  a  dye  t h a t  leaves
a no t h e r  u n al t e r e d.   Thus  w e  a r e  e n a ble d  in  t h e
labo r a to ry to  d e t e r min e  w h e t h e r  t h e  b a cilli foun d
in s p u t u m,  for  ex a m ple,  a r e  fro m  t u b e r cl e  o r  a r e  t h e
b ac t e ri a  of d e co m posi tion.

F ro m  w h a t  I h av e  s aid  of t h e  t u b e rcle  b a cillus,  it
wo uld  s e e m  t ho rou g hly d e m o n s t r a t e d  t h a t  it  is t h e
c a u s e  of t u b e r cl e  in  t h e s e  a ni m als.   Bu t  w e  m u s t
w alk c a u tiously h e r e .   Thes e  a r e  no t  h u m a n  b ein gs ,
w ho  know  t h a t  like  r e s ul t s  wo uld  follow t h ei r  inoc ula tion.  
The  a ni m als  u s e d  by Koch  a r e  a ni m als  ve ry s u bjec t
to  t u b e rcl e.

We m u s t ,  fro m  t h e  ve ry n a t u r e  of ou r  e nviron m e n t ,
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b e  cons t a n tly inh aling  t h e s e  g e r m s  a s  w e  p a s s  t h ro u g h
t h e  w a r d s  of ou r  hos pi t als;  yes,  t h ey  a r e  floa ting
in t h e  ai r  of ou r  s t r e e t s  a n d  d w ellings.   I t  b e co m e s
n ec es s a ry  t h e n  for  u s  to  inqui r e:  If b a c t e ri a
c a u s e  dis e a s e ,  in w h a t  m a n n e r  do  t h ey p ro d uc e  it? 
The  h e al thy o r g a nis m  is alw ays  b e s e t  wi th  a  m ul ti t u d e
of no n-p a t hog e nic  b a c t e ri a.   They occ u py t h e  n a t u r al
c avities,  e s p ecially t h e  alim e n t a ry c a n al.  They
fee d  on  t h e  s u b s t a n c e s  lying  in  t h ei r  n eigh bo r hood,
w h e t h e r  b ro u g h t  in to  t h e  body o r  s ec r e t e d  by t h e  ti s s u e s .  
In  so  doing  t h ey s e t  u p  c h e mic al ch a n g e s  in t h ei r
s u b s t a n c e s.   Whe r e  t h e  o r g a n s  a r e  a c tin g  no r m ally
t h e s e  fun gi work  no  misc hief.  The  p ro d uc t s  of
d eco m position  t h u s  s e t  u p  a r e  h a r ml ess ,  o r  a r e  conveyed
ou t  of t h e  bo dy b efo r e  t h ey  b e gin  to  b e  a c tive.

If b a c t e ri a  d evelop  to  a n  inor din a t e  d e g r e e ,  if t h e
con t e n t s  of o r g a n s  a r e  no t  fr eq u e n tly disc h a r g e d,
fe r m e n t a tive  p roc e ss e s  m ay  b e  s e t  u p ,  w hich  r e s ul t
in  dis e a s e .   Bac t e ri a  m u s t  alw ays  m ul tiply a n d
exis t  a t  t h e  exp e n s e  of t h e  body w hich  t h ey infe s t ,
a n d  t h e  m o r e  w e a k e n e d  t h e  vit al  forc e s  b e co m e,  t h e
m o r e  favor a ble  is t h e  soil for  t h ei r  d evelop m e n t .
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S e p tic a e mi a  is c a u s e d  by t h e  a b so r p tion  of t h e  p rod uc t s
of p u t r ef ac tion,  induc e d  b efor e  b ac t e ri a  c a n  m ul tiply
insid e  o r  ou t side  t h e  body.  Bac t e ri a  m u s t  find
a  con g e ni al soil.  The  so-c alle d  chole r a  b acillus
m u s t  g ain  a cc e ss  to  t h e  in t e s tin al t r a c t  b efo r e  i t
finds  con di tions  s ui t a bl e  to  coloniza tion.   I t
do es  no t  s e e m  to  m ul tiply in t h e  s to m a c h  o r  in t h e
blood, b u t  onc e  injec t e d  in to  t h e  d uo d e n u m  d evelops
wi th  a s tonishing  r a pidi ty, a n d  t h e  d elica t e  e pi t h elial
c ells  of t h e  villi b eco m e  s wollen,  sof t e n  a n d  b r e a k
dow n,  exposing  t h e  m u cos a .

It  h a s  b e e n  s how n  t h a t  bo uillon  in  w hic h  Loeffle r’s
dip h t h e ri a  b a cillus  h a s  g row n,  a n d  w hich  h a s  b e e n
p a s s e d  t h ro u g h  u n gl az e d  po rc el ain  filt e r s ,  s how s  t h e
p r e s e n c e  of a  poison  w hich  is c a p a ble  of p ro d ucing
t h e  s a m e  r e s ul ts  u po n  inocula tion  a s  t h e  p u r e  c ul tu r e
of t h e  b a cillus  it s elf.  Za r niko, wo rking  u po n
t h e  s a m e  o rg a nis m, ob t aine d  a  n u m b e r  of posi tive  r e s ul t s
t h a t  led  hi m  to  d e cl a r e  t his  b a cillus  is t h e  c a u s e
of e pid e mic  diph t h e ri a,  in s pi t e  of m a ny  a s s e r tions
to  t h e  con t r a ry.  Ch a n t m e s s e  a n d  Widal r e co r d
t h e  r e s ul t s  of t h ei r  wo rk  a s  to  w h a t  will m os t  e a sily
a n d  effec tively d e s t roy t h e  b a cillus  of diph t h e ria .

The  only t h r e e  s u bs t a nc e s  t h a t  a c t u ally c h e ck e d  a n d
d e s t roye d  it s  vit ali ty w e r e  p h e nic  a cid  (5 p e r  c e n t .),
c a m p ho r  (20  p e r  ce n t .), olive  oil (25  p e r  c e n t .),
in  co m bin a tion.   For  t h e  las t  I s u bs ti t u t e  glyce rin e,
b ec a u s e  t his  allows  t h e  mixt u r e  to  p e n e t r a t e  fa r t h e r
in to  t h e  m u co us  m e m b r a n e  t h a n  oil, t h e  la t t e r  favoring
a  t e n d e n cy to  p a s s  ove r  t h e  s u rfac e.   This  mixtu r e
w h e n  h e a t e d  s e p a r a t e s  in to  t wo  laye r s,  t h e  u p p e r  on e
viscid  a n d  for ming  a  so r t  of “glyce rol,”
t h e  low e r  cle ar.  The  la t t e r  will co m ple t ely s t e rilize
a  t h r e a d  dipp e d  in a  p u r e  cul t u r e  of t h e  diph t h e ri a
b acillus.   Co r ro sive  s u blim a t e  w a s  no t  exa min e d
b ec a u s e  in  s t ron g  e no u g h  dos es  it wo uld  b e  d a n g e ro u s
a n d  in w e a k e r  on es  it wo uld  b e  u s el e s s.

The  fac t s  ob t ain e d  in r e g a r d s  to  t h e  s t r e p tococcus
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of e rysipela s  a r e  r e po r t e d  a s  follows:  Tha t  bo t h
c h e mic al a n d  exp e ri m e n t al  evide nc e  t e ac h  t h e  ex t r e m e
e a s e  of a  r e n e w e d  a t t ack  of t h e  dis e a s e;  t h a t  it  is
pos sible  to  kill g uin e a  pigs  by a n  in toxica tion  w h e n
t h ey a r e  im m u n e  to  a n  inocula tion  of t h e  c ul t u r e  in
o r din a ry q u a n ti ti es.   And t hi s  la t t e r  fac t  s ho uld
w a r n  exp e ri m e n t e r s  t rying  to  ob t ain  im m u ni ty in m a n
by t h e  inocula tion  of no n-p a t ho g e nic  b a c t e ri a,  b e c a u s e
t h e  s a m e  r e s ul ts  m ay  b e  r e a c h e d.

A n e w  t h eo ry in r e g a r d  to  feve r s  a n d  t h e  r el a tion
of mic ro-or g a nis m s  is s u g g e s t e d  by  Roussy, viz .: 
Tha t  it is a  fe r m e n t a tion  p rod uc e d  by a  di a s t a s e  o r
soluble  fe r m e n t  foun d  in all mic ro-o r g a nis m s  a n d  c ells,
a n d  w hich  t h ey u s e  in a t t acking  a n d  t r a n sfo r min g  m a t t er,
ei t h e r  insid e  t h ei r  s u b s t a nc e  o r  wit ho u t  it.
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The  r e s e m bla nc e  of t h e  m ala ri a  p a r a si t e  to  t h a t  of
r e c u r r e n t  feve r  is no t e d  in t h e  wo rk  of S a c h a roff. 
H e  s t a t e s  t h a t  t h e r e  exis t s  in t h e  blood  of t hos e
s uffe ring  fro m  r e c u r r e n t  feve r  a  h a e m a tozoon, w hich
is m os t  p ro min e n t  af t e r  t h e  feve r  h a s  b e g u n  to  fall,
w h e n  it is of e no r m o u s  p ro po r tions,  t w e n ty o r  m o r e
dia m e t e r s  of a  r e d  blood  co r p u scle,  a l t hou g h  s m alle r
on e s  m ay  s till b e  foun d.   The  p a r a si t e  consis t s
of a  d elica t e  a m o e boid  bo dy con t aining  a  m ul ti t u d e
of d a rk,  r o u n d,  u nifo r m,  s h a r ply ou tline d,  m ova ble
g r a n ule s.   Beside s  t h e s e,  t h e  p ro topla s m  con t ains
a  g e n e r ally g r ayis h  ho mo g e n e o us  n ucle u s  a s  la rg e  a s
on e  o r  t wo  r e d  blood  co r p u scle s.   The  p ro toplas m
s e n d s  ou t  p s e u dopo dia  (wi th  g r a n ule s), w hich  so m e ti m es
s e p a r a t e  a n d  a p p e a r  a s  s m all d elica t e  piec e s  of p ro topla s m.  
They va ry in size,  a n d  a r e  of te n  s w allow e d  by t h e
r e d  blood  co r p u s cles  in  w hich  t h ey g row, a n d  finally
d evelop  in to  t h e  a bove  m e n tion e d  a m o e boid  bo die s.

P rof.  J. Lewis  S mi th  h a s  m a d e  a  g r e a t  m a ny a u to psie s
of c hild r e n  d e a d  fro m  c hole r a  infan t u m,  a n d  al mos t
inva ri a bly foun d  t h e  s to m a c h  a n d  live r  in a  co m p a r a t ively
h e al t hy con di tion.   Ga n g h e n,  w ho  h a s  give n  t his
s u bjec t  conside r a ble  s t u dy, d e nie s  t h e  exis t e nc e  of
a ny s p e cific g e r m  in t h e  s u m m e r  di a r r h e a  of infan t s,
b u t  cl ai ms  to  h ave  foun d  t h r e e  diffe r e n t  g e r m s  in
t h e  in t e s tin e s  of c hild r e n  s uffe rin g  fro m  c hole r a
infa n t u m,  e a c h  p ro d ucin g  a  c h e mic al poison  w hic h  is
c a p a ble  of p ro d ucing  vomiting,  p u r ging,  a n d  eve n  d e a t h .  
A g r e a t  va rie ty of g e r m s  a r e  foun d  in d rinking  w a t er,
a n d  no  do u b t  co u n tle s s  n u m b e r s  a r e  t ak e n  in to  t h e
dig e s tive  t r a c t ,  a n d  t h e  p rincipal r e a son  w hy p a t hological
con di tions  do  no t  occ u r  m o r e  fre q u e n tly is on  a cco u n t
of t h e  g e r micidal q u ali ties  of t h e  g a s t ric  juice.

The  co m m a  b a cillus  of Koch, a n d  t h e  typ hoid  feve r
g e r m  of E b e r t h ,  a r e  e s p e cially d e s t royed  in no r m al
g a s t ric  juice.   Whe n  t h e  g e r m s  a r e  ve ry n u m e ro u s,
t h ey  r u n  t h e  g a u n tle t  of t h e  s to m a c h  (as  t h e  g a s t ric
juice  is s ec r e t e d  only d u rin g  dig e s tion); a n d  onc e
in t h e  alk aline  in t e s tin al c a n al  t h ey a r e  c a p a ble
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of s e t ting  u p  dis e a s e ,  o th e r  con di tions  con t rib u tin g—ill
h e al t h,  d e r a n g e d  dig e s tion,  e t c .

Mi t t n a m  h a s  m a d e  a  s t u dy of b ac t e ri a  b e n e a t h  t h e  n ails,
a n d  r e po r t s ,  af t e r  exa mining  p e r sons  following  diffe r e n t
occ u p a tions,  h aving  foun d  n u m e ro us  va ri e ti e s  of mic ro-or g a nis m s;
w hich  a r e  in t e r e s ting  fro m  a  scie n tific s t a n d poin t
r el a tive  to  t h e  impo r t a n c e  of t ho rou g hly cle a n sin g
t h e  h a n d s  b efo r e  u n d e r t aking  a ny s u r gic al p roc e d u r e .  
H e  foun d,  ou t  of t w e n ty-five  exp e ri m e n t s,  7 8  va rie ti es
of b a c t e ri a ,  of w hich  3 6  w e r e  cla s s e d  a s  mic rococci,
2 1  diplococci, 1 8  ro ds,  3  s a r cin a e ,  a n d  1  ye a s t .  
Cooks,  b a r b e r s,  w ai t e r s,  e t c ., w e r e  ex a min e d.

The  blood, d efib rin a t e d  a n d  fre s hly d r a w n,  h a s  m a rk e d
g e r micid al a c tion; for  b a c t e ri a  it s  a c tion  is d e cid e dly
d e a dly, ev e n  ho u r s  af t e r  it  h a s  b e e n  d r a w n  fro m  t h e
body.  Es p ecially w e r e  a n ti-g e r mic  q u ali ties  no tice d
u po n  p a t ho g e nic  b ac t e ri a .   Buc h n e r  p u t  t h e  b a cilli
of a n t h r ax  in a  q u a n ti ty of blood, a n d  in t wo  ho u r s
t h e  n u m b e r  w a s  r e d uc e d  fro m  4,8 0 0  to  5 6,  a n d  in  t h r e e
ho u r s  only 3  living  b a c t e ri a  r e m ain e d.   Oth e r
b ac t e ri a  w e r e  exp e ri m e n t e d  u po n  in blood  wi th  si mila r
r e s ul t s ,  b u t  t h e  d e s t r u c tion  of t h e  o r g a nis m  fro m
p u t r ef ac tion  w a s  m u c h  les s  m a r k e d,  a n d  on  so m e  va rie ti es
t h e  blood  h a d  lit tl e  o r  no  a c tion.
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It  is no t  t h e  objec t  of t h e s e  r e m a rks  to  eve n  give
a  re s u m e  of t h e  s ta t u s  prae s e n s  of b a c t e riology,
b u t  sim ply to  s tim ula t e  t ho u g h t  in t h a t  di r e c tion.  
The  claim s  of so m e  of t h e  ul t r a-b a c t e riologis t s  m ay
n eve r  b e  r e alized,  b u t  e no u g h  h a s  b e e n  a cco m plish e d
to  r evolu tionize  t h e  t r e a t m e n t  of c e r t ain  dis e a s e s,
a n d  t h e  obs e rving  s t u d e n t  will do  w ell to  ke e p  hi s
eye  on  t h e  mic rob e,  a s  it  s e e m s  fro m  t h e  la t e s t  inves tig a tions
t h a t  it s  s t a r  is in t h e  a s c e n d a n t .   And w ho  c a n
p ro g nos tic a t e  b u t  t h a t  in t h e  n ex t  d ec a d e  a n  e n ti r e
r evolu tion  in t h e  a e tiology a n d  t r e a t m e n t  of m a ny
dis e a s e s  m ay  t ak e  pl ac e?

Det roi t,  Mich.

*       *       *       *  
    *

THE COMPOSITION OF KOCH’S LYMPH.

WHAT PROFES SOR KOCH SAYS IT IS, AND WHAT IT CAN DO.

(By Ca ble  to  t h e  M e dical R ecord .)

BERLIN, Jan u a ry  1 5 ,  1 8 9 1.

The  cu riosi ty to  know  t h e  co m position  of t h e  fa mous
lym p h  h a s  b e e n  g r a tified  by t h e  p u blica tion  to-d ay
of a n  a r ticle  by P rofe sso r  Koch  on  t h e  s u bjec t.  
In  t h e  following,  a s  will b e  s e e n ,  h e  r e affi r ms  his
o rigin al convic tions  a n d  a ck nowle d g e s  t h e  valu a ble
a s si s t a nc e  h e  h a s  r ec eive d  fro m  t hos e  w ho  h ave  u s e d
his  fluid, a n d  t h u s  h elp e d  hi m  in t h e  a c c u m ula tion
of exp e rie nc e.

P rofes so r  Koch  s ays:  Two m o n t h s  a go  I p u blish e d
t h e  r e s ul t s  of my  exp e ri m e n t s  wi t h  t h e  n e w  r e m e dy
for  t u b e rc ulosis,  sinc e  w hic h  tim e  m a ny  p hysicia ns
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w ho  r e c eive d  t h e  p r e p a r a tion  h ave  b e e n  e n a ble d  to
b eco m e  a c q u ain t e d  wi th  it s  p rop e r ti e s  t h rou g h  t h ei r
ow n  exp e ri m e n t s.   So  fa r  a s  I h ave  b e e n  a ble  to
r eview  t h e  s t a t e m e n t s  p u blish e d  a n d  t h e  co m m u nic a tions
r e c eived  by le t t er, my  p r e dic tions  h ave  b e e n  fully
a n d  co m ple t ely confi r m e d.   The  g e n e r al  cons e n s us
of opinion  is t h a t  t h e  r e m e dy h a s  a  s p ecific a c tion
u po n  t u b e r c ula r  ti s s u es ,  a n d  is, t h e r efo r e,  a p plica ble
a s  a  ve ry d elica t e  a n d  s u r e  r e a g e n t  for  discove rin g
la t e n t  a n d  di a g nosing  do u b tful t u b e r c ulous  p roc e ss e s .  
Re g a r din g  t h e  cu r a tive  effec t s  of t h e  r e m e dy, m os t
r e po r t s  a g r e e  t h a t ,  d e s pi t e  t h e  co m p a r a tively s ho r t
d u r a tion  of i t s  a p plica tion,  m a ny  p a ti e n t s  h ave  s how n
m o r e  o r  less  p ro nou nc e d  imp rove m e n t.   I t  h a s  b e e n
affir m e d  t h a t  in no t  a  few c a s e s  eve n  a  cu r e  h a s  b e e n
e s t a blis h e d.   S t a n din g  q ui t e  by  it s elf is t h e
a s s e r tion  t h a t  t h e  r e m e dy m ay  no t  only b e  d a n g e ro u s
in c a s e s  w hich  h ave  a dv a nc e d  too  fa r—a  fact
w hich  m ay for t h wit h  b e  conc e d e d—b u t  also
t h a t  it a c t u ally p ro mot e s  t h e  t u b e rc ulous  p roc e s s,
b ein g  t h e r efo r e  inju rious.

Du ring  t h e  p a s t  six w e e ks  I mys elf h ave  h a d  oppo r t u ni ty
to  b rin g  tog e t h e r  fu r t h e r  exp e rie nc e s  touc hin g  t h e
c u r a tive  effec t s  a n d  di a g nos tic  a p plic a tion  of t h e
r e m e dy in t h e  c a s e s  of a bo u t  on e  h u n d r e d  a n d  fifty
s uffe r e r s  fro m  t u b e r c ulosis  of t h e  m os t  va rie d  typ e s
in t his  ci ty a n d  in t h e  Mo a bi t  H os pi t al.
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I c a n  only s ay  t h a t  eve ry t hing  I h ave  la t t e rly s e e n
a c co r d s  wit h  my p r evious  obs e rva tions.   The r e
h a s  b e e n  no t hing  to  m o dify in w h a t  I b efo r e  r e po r t e d .  
As long  a s  it  w a s  only a  q u e s tion  of p roving  t h e  a cc u r a cy
of my indica tions,  it w a s  n e e dle s s  for  a ny on e  to  know
w h a t  t h e  r e m e dy con t ain e d  o r  w h e nc e  it w a s  d e rive d.  
On  t h e  con t r a ry, s u b s e q u e n t  t e s ting  would  n e c e s s a rily
b e  m o r e  u n bia s e d,  t h e  less  p eo ple  kn e w  of t h e  r e m e dy
its elf.  Now, af t e r  s ufficien t  confi r m a to ry t e s ting,
t h e  impo r t a n c e  of t h e  r e m e dy is p rove d,  my  n ext  t a sk
is to  ex t e n d  my s t u dy of t h e  r e m e dy b eyond  t h e  field
w h e r e  it h a s  hi th e r to  b e e n  a p plie d,  a n d  if possible
to  a p ply t h e  p rinciple  u n d e rlying  t h e  di scove ry to
o th e r  dis e a s e s.

This  t a sk  n a t u r ally d e m a n d s  a  full knowle d g e  of t h e
r e m e dy.  I t h e r efo r e  consid e r  t h a t  t h e  ti m e  h a s
a r rived  w h e n  t h e  r e q uisi t e  indica tions  in t his  di r ec tion
s h all b e  m a d e.   This  is do n e  in w h a t  follows.

Befor e  going  in to  t h e  r e m e dy it s elf, I d e e m  it n e c e s s a ry
for  t h e  b e t t e r  u n d e r s t a n din g  of its  m o d e  of op e r a t ion
to  s t a t e  b ri efly t h e  w ay by w hich  I a r rived  a t  t h e
discove ry.  If a  h e al thy g uin e a  pig  b e  inocula t e d
wi th  t h e  p u r e  c ul tiva tion  of Ge r m a n  Kultu r  of t u b e rcl e
b acilli, t h e  wo u n d  c a u s e d  by t h e  inocula tion  m o s tly
clos es  ove r  wi th  a  s ticky m a t t er, a n d  a p p e a r s  in  it s
e a r ly d ays  to  h e al.  Only af t e r  t e n  to  fou r t e e n
d ays  a  h a r d  no d ule  p r e s e n t s  i t s elf, w hich,  soon  b r e akin g,
for m s  a n  ulce r a tin g  so r e ,  w hich  con tinu e s  u n til t h e
a ni m al di e s.   Quit e  a  diffe r e n t  con di tion  of t hin gs
occ u r s  w h e n  a  g uin e a  pig  al r e a dy s uffe ring  fro m  t u b e rc ulosis
is inoc ula t e d .   An a ni m al s ucc e s sfully inocula t e d
fro m  fou r  to  six w e eks  b efo r e  is b e s t  a d a p t e d  for  t his
p u r pos e.   In  s uc h  a n  a ni m al t h e  s m all ind e n t a tion
a s s u m e s  t h e  s a m e  s ticky cove ring  a t  t h e  b e gin ning,
b u t  no  no d ule s  for m.   O n  t h e  con t r a ry, on  t h e
d ay following,  o r  t h e  s e co n d  d ay af t e r  t h e  inoc ula tion,
t h e  pl ac e  w h e r e  t h e  lymp h  is injec t e d  s hows  a  s t r a n g e
c h a n g e.   I t  b e co m e s  h a r d  a n d  a s s u m e s  a  d a rk e r  colo ring,
w hich  is no t  co nfine d  to  t h e  inoc ula tion  s po t ,  b u t
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s p r e a d s  to  t h e  n eigh bo rin g  p a r t s  u n til it  a t t ains
a  di a m e t e r  of fro m  0.0 5  to  1  c m.

In  a  few d ays  it  b e co m e s  m o r e  a n d  m o r e  m a nifes t  t h a t
t h e  skin  t h u s  c h a n g e d  is n e c ro tic, finally falling
off, le aving  a  fla t  ulc e r a tion  w hich  u s u ally h e al s
r a pidly a n d  p e r m a n e n tly wi tho u t  a ny involve m e n t  of
t h e  a dj ac e n t  lymp h a tic  gl a n d s.   Thus  t h e  injec t e d
t u b e r c ula r  b a cilli q ui t e  diffe r e n tly affec t  t h e  skin
of a  h e al thy g uin e a  pig  fro m  on e  affec t e d  wi th  t u b e rc ulosis. 
This  effec t  is no t  exclusively p ro d uc e d  wi th  living
t u b e r c ula r  b a cilli, b u t  is al so  obs e rve d  wi th  t h e  d e a d
b acilli, t h e  r e s ul t  b eing  t h e  s a m e  w h e t h er, a s  I discove r e d
by exp e ri m e n t s  a t  t h e  ou t s e t ,  t h e  b a cilli a r e  killed
by a  so m e w h a t  p rolon g e d  a p plica tion  of a  low t e m p e r a t u r e
o r  boiling  h e a t  o r  by m e a n s  of c e r t ain  ch e mic als. 
This  p e c ulia r  fac t  I follow e d  u p  in all di r ec tions,
a n d  t his  fu r t h e r  r e s ul t  w a s  ob t ain e d—t h a t
killed  p u r e  cul tiva tions  of t u b e rc ula r  b acilli, af t e r
rinsing  in w a t er, mig h t  b e  injec t e d  in g r e a t  q u a n ti ti es
u n d e r  h e al thy g uin e a  pig’s skin  wi thou t  a ny t hing
occ u r ring  b eyond  loc al s u p p u r a tion.   S uc h  injec tions
b elon g  to  t h e  sim ple s t  a n d  s u r e s t  m e a n s  of p ro d ucing
s u p p u r a tions  fre e  fro m  living  b ac t e ri a .
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Tub e rc ulous  g uin e a  pig s,  on  t h e  o t h e r  h a n d,  a r e  killed
by t h e  injec tion  of ve ry s m all q u a n ti ti es  of s uc h
dilu t e d  c ul tiva tions.   In  fac t ,  wi t hin  six to
for ty-eigh t  ho u r s,  a cco r ding  to  t h e  s t r e n g t h  of t h e
dos e ,  a n  injec tion  w hich  is no t  s ufficien t  to  p ro d uc e
t h e  d e a t h  of t h e  a ni m al m ay  c a u s e  ext e n d e d  n e c rosis
to  t h e  skin  in t h e  vicini ty of t h e  pl ac e  of injec tion.  
If t h e  dilu tion  is s till fu r t h e r  dilu t e d  u n til it
is s c a r c ely visibly clou d e d,  t h e  a ni m als  inocula t e d
r e m ain  alive  a n d  a  no tice a ble  imp rove m e n t  in  t h ei r
con di tion  soon  s u p e rve n e s .   If t h e  injec tions
a r e  co n tin u e d  a t  in t e rvals  of fro m  on e  to  t wo  d ays,
t h e  ulce r a ting  inoc ula tion  wo u n d  b e co m e s  s m alle r  a n d
finally sc a r s  over, w hic h  o t h e r wis e  it n eve r  do es;
t h e  size  of t h e  s wolle n  lymp h a tic  gl a n ds  is r e d u c e d,
t h e  bo dy b e co m e s  b e t t e r  no u ri sh e d,  a n d  t h e  m o r bid
p roc e s s  c e a s e s,  u nle s s  it h a s  gon e  too  far, in w hic h
c a s e  t h e  a ni m al p e r is h e s  fro m  exh a u s tion.   By
t his  m e a n s  t h e  b a sis  of a  c u r a tive  p roc es s  a g ains t
t u b e r c ulosis  w a s  e s t a blish e d.

Agains t  t h e  p r a c tical a p plica tion  of s uc h  dilu tions
of d e a d  t u b e rcle  b a cilli t h e r e  p r e s e n t e d  its elf t h e
fac t  t h a t  t h e  t u b e r cl e  b a cilli a r e  no t  a b so r b e d  a t
t h e  inocula tion  poin t s,  no r  do  t h ey di s a p p e a r  in a no t h e r
w ay, b u t  for  a  long  ti m e  r e m ain  u n c h a n g e d,  a n d  e n g e n d e r
g r e a t e r  o r  s m alle r  s u p p u r a tive  foci.  Anything,
t h e r efo r e ,  in t e n d e d  to  exe rcis e  a  h e aling  effec t  on
t h e  t u b e r c ulous  p roc e ss  m u s t  b e  a  soluble  s u b s t a n c e
w hich  wo uld  b e  libe r a t e d  to  a  c e r t ain  ex t e n t  by  t h e
fluids  of t h e  bo dy floa ting  a ro u n d  t h e  t u b e rcle  b acilli,
a n d  b e  t r a n sfe r r e d  in a  fai rly r a pid  m a n n e r  to  t h e
juices  of t h e  bo dy; w hile  t h e  s u bs t a nc e  p rod ucing
s u p p u r a tion  a p p a r e n tly r e m ains  b e hind  in t h e  t u b e rc ula r
b acilli, o r  dis solves  b u t  ve ry slowly.  The  only
impor t a n t  poin t  w as,  t h e r efo r e,  to  ind uc e  ou t side
t h e  bo dy t h e  p roc es s  goin g  on  inside ,  if possible,
a n d  to  ex t r a c t  fro m  t h e  t u b e r c ula r  b acilli alon e  t h e
c u r a tive  s u b s t a n c e .   This  d e m a n d e d  tim e  a n d  toil,
u n til I finally s ucc e e d e d,  wit h  t h e  aid  of a  for ty
to  fifty p e r  c e n t .  solu tion  of glyce rin e,  in ob t aining
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a n  effec tive  s u b s t a n c e  fro m  t h e  t u b e r c ula r  b a cilli. 
With  t h e  fluid  so  ob t ain e d  I m a d e  fu r t h e r  exp e ri m e n t s
on  a ni m als,  a n d  finally on  h u m a n  b ein gs.   Thes e
fluids  w e r e  given  to  o t h e r  p hysicia ns  to  e n a ble  t h e m
to  r e p e a t  t h e  exp e ri m e n t s.

The  r e m e dy w hich  is u s e d  in t h e  n e w  t r e a t m e n t  consis t s
of a  glyce rin e  ex t r a c t ,  d e rive d  fro m  t h e  p u r e  c ul tiva tion
of t u b e r cl e  b a cilli.  In to  t h e  sim ple  ex t r ac t
t h e r e  n a t u r ally p a s s e s  fro m  t h e  t u b e r c ula r  b a cilli,
b e side s  t h e  effec tive  s u b s t a n c e ,  all t h e  o th e r  m a t t e r
soluble  in fifty p e r  c e n t .  glyce rin e.

Cons e q u e n tly, it  con t ain s  a  c e r t ain  q u a n ti ty of min e r al
s al t s ,  colo ring  s u b s t a n c es ,  a n d  o t h e r  u nk now n  ex t r ac tive
m a t t e r s .   So m e  of t h e s e  s u bs t a n c e s  c a n  b e  r e m ove d
fro m  it  tole r a bly e a sily.  The  effec tive  s u bs t a nc e
is insoluble  in  a b solu t e  alcohol.  I t  c a n  b e  p r e cipi t a t e d
by it, t hou g h  no t,  inde e d,  in a  p u r e  con di tion,  b u t
s till co m bin e d  wit h  t h e  o t h e r  ext r a c tive  m a t t er. 
I t  is likewis e  insoluble  in alcohol.  The  colo ring
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m a t t e r  m ay  also  b e  r e move d,  r e n d e rin g  it possible
to  ob t ain  fro m  t h e  ex t r a c t  a  colo rles s,  d ry  s u bs t a n c e
con t aining  t h e  effec tive  p r inciple  in a  m u c h  m o r e  conc e n t r a t e d
for m  t h a n  t h e  o rigin al glyce rin e  solu tion.   For
a p plica tion  in p r a c tic e  t his  p u rifica tion  of t h e  glyce rin e
ex t r ac t  offe r s  no  a dva n t a g e,  b e c a u s e  t h e  s u bs t a nc e s
so  elimin a t e d  a r e  u n e s s e n ti al for  t h e  h u m a n  o r g a nis m. 
The  p roc e ss  of p u rifica tion  wo uld  m a k e  t h e  cos t  of
t h e  r e m e dy u n n ec es s a rily hig h.

Re g a r din g  t h e  cons ti t u tion  of t h e  m o r e  effec tive  s u bs t a nc e s ,
only s u r mis e s  m ay  for  t h e  p r e s e n t  b e  exp r e s s e d .  
I t  a p p e a r s  to  m e  to  b e  d e riva tive  fro m  alb u minous
bodie s,  h aving  a  clos e  affini ty to  t h e m.   I t  do e s
no t  b elon g  to  t h e  g ro u p  of so-c alle d  toxalb u mins,  b ec a u s e
it  b e a r s  hig h  t e m p e r a t u r e s ,  a n d  in  t h e  di alyze r  go e s
e a sily a n d  q uickly t h ro u g h  t h e  m e m b r a n e .   The
p ro po r tion  of t h e  s u bs t a nc e  in t h e  ex t r a c t  to  all
a p p e a r a nc e  is ve ry s m all.  I t  is e s ti m a t e d  a t  fr ac tions
of on e  p e r  c e n t .,  w hich,  if co r r e c t ,  w e  s ho uld  h ave
to  do  wit h  a  m a t t e r  w hos e  effec t s  u po n  o rg a nis m s  a t t a ck e d
wi th  t u b e rc ulosis  go  fa r  b eyond  w h a t  is know n  to  u s
of t h e  s t ron g e s t  d r u g s .

Re g a r din g  t h e  m a n n e r  in  w hic h  t h e  s p e cific a c tion
of t h e  r e m e dy on  t u b e rc ulous  ti s s u e  is to  b e  r e p r e s e n t e d,
va rious  hypo t h e s e s  m ay  n a t u r ally b e  p u t  forw a r d .  
Withou t  wis hing  to  affi r m  t h a t  my  view affo r ds  t h e
b e s t  expla n a tion,  I r e p r e s e n t  t h e  p roc e ss  mys elf in
t h e  following  m a n n e r :  

The  t u b e r cle  b acilli p ro d u c e d  w h e n  g ro win g  in living
tiss u e s ,  t h e  s a m e  a s  in a r tificial c ul tiva tions,  co n t ain
s u b s t a n c e s  w hich  va riously a n d  no t a bly u nfavo r a bly
influe nc e  living  el e m e n t s  in t h ei r  vicini ty.  Amon g
t h e s e  is a  s u bs t a n c e  w hich  in a  c e r t ain  d e g r e e  of conc e n t r a tion
kills o r  so  al t e r s  living  p ro toplas m  t h a t  it  p a s s e s
in to  a  co n di tion  t h a t  Weige r t  d e s c ribe s  a s  co a g ula tion
n ec rosis.  In  t is s u e  t h u s  b e co m e  n e c ro tic  t h e
b acillus  finds  s uc h  u nfavo r a ble  con di tions  of no u ris h m e n t
t h a t  it c a n  g ro w  no  m o r e  a n d  so m e ti m e s  die s.
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This  explains  t h e  r e m a rk a ble  p h e no m e no n  t h a t  in o rg a n s
n e wly a t t a ck e d  wi th  t u b e r c ulosis,  for  ins t a n c e  in
g uin e a  pigs’ s ple e n  a n d  liver, w hich  t h e n  a r e
cove r e d  wi th  g r ay  no d ule s,  n u m b e r s  of b a cilli a r e
foun d,  w h e r e a s  t h ey  a r e  r a r e  o r  w holly a b s e n t  w h e n
t h e  e no r mo usly e nl a r g e d  s ple e n  consis t s  al mos t  e n ti r ely
of w hitish  s u b s t a n c e  in  a  co n di tion  of co a g ula tion
n ec rosis, s uc h  a s  is of t e n  foun d  in c a s e s  of n a t u r al
d e a t h  in t u b e r c ulous  g uin e a  pig s.   The  single  b a cillus
c a n no t,  t h e r efo r e ,  induc e  n e c rosis  a t  a  g r e a t  dis t a n c e ,
for  a s  soon  a s  n e c rosis  a t t ain s  a  c e r t ain  ex t e n sion
t h e  g ro wt h  of t h e  b acillus  s u b side s,  a n d  t h e r e with
t h e  p ro d uc tion  of t h e  n ec ro tizing  s u b s t a n c e .   A
kind  of r e cip roc al co m p e n s a tion  t h u s  occ u r s,  c a using
t h e  veg e t a tion  of isola t e d  b a cilli to  r e m ain  so  ex t r ao r din a rily
r e s t ric t e d,  a s ,  for  ins t a nc e ,  in lup us  a n d  s c rofulous
gla n ds.

In  s uc h  c a s es  t h e  n e c rosis  g e n e r ally ext e n ds  only
to  a  p a r t  of t h e  c ells, w hich  t h e n,  wi t h  fu r t h e r  g row t h,
a s s u m e  t h e  p e c ulia r  for m  of r i e s e n  zelle,  o r  gi a n t
c ells.  Thus,  in t his  in t e r p r e t a tion,  follow firs t
t h e  expla n a tion  Weige r t  gives  of t h e  p ro d uc tion  of
gi a n t  cells.
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If now  on e  inc r e a s e d  a r tificially in t h e  vicini ty
of t h e  b a cillus  t h e  a m o u n t  of n e c ro tizing  s u b s t a n c e
in t h e  ti s s u e,  t h e  n e c rosis  wo uld  s p r e a d  a  g r e a t e r
dis t a n c e .   The  con di tions  of no u ris h m e n t  for  t h e
b acillus  would  t h e r e by b eco m e  m o r e  u nfavor a ble  t h a n
u s u al.

In  t h e  fir s t  pl ac e  t h e  ti s s u e  w hich  h a d  b e co m e  n e c ro tic
ove r  a  la r g e  ext e n t  wo uld  d ec ay a n d  d e t a c h  it self,
a n d  w h e r e  s uc h  w e r e  pos sible  wo uld  c a r ry off t h e  inclos e d
b acilli a n d  ejec t  t h e m  ou t w a r dly, so  fa r  dis t u r bin g
t h ei r  veg e t a tion  t h a t  t h ey wo uld  m u c h  m o r e  s p e e dily
b e  killed  t h a n  u n d e r  o rdin a ry ci rcu m s t a n c e s.

It  is jus t  in looking  a t  s uc h  c h a n g e s  t h a t  t h e  effec t
of t h e  r e m e dy a p p e a r s  to  consis t .   I t  con t ain s
a  c e r t ain  q u a n ti ty of n e c ro tizing  s u b s t a nc e ,  a  co r r e s po n din gly
la rg e  dos e  of w hich  inju r e s  c e r t ain  tis s u e  el e m e n t s
eve n  in a  h e al thy p e r so n,  a n d  p e r h a p s  t h e  w hi t e  blood
co r p u scles  o r  a dj ac e n t  c ells, t h e r e by p ro d u cing  feve r
a n d  a  co m plica tion  of sym p to m s,  w h e r e a s  wi t h  t u b e r c ulous
p a ti e n t s  a  m u c h  s m alle r  q u a n ti ty s uffices  to  ind uc e
a t  c e r t ain  pl ac es ,  n a m ely, w h e r e  t u b e r cl e  b a cilli
a r e  veg e t a ting  a n d  h av e  al r e a dy imp r e g n a t e d  t h e  a dj ac e n t
r e gion  wi th  t h e  s a m e  n ec ro tizing  m a t t er, m o r e  o r  les s
ex t e nsive  n e c rosis  of t h e  cells, wi th  t h e  p h e no m e n a
in t h e  w hole  o r g a nis m  w hic h  r e s ul t  fro m  a n d  a r e  con n e c t e d
wi th  it.

For  t h e  p r e s e n t ,  a t  le a s t,  it  is impossible  to  explain
t h e  s p e cific influe nc e  w hich  t h e  r e m e dy, in a c c u r a t ely
d efin e d  dos e s ,  exe rcis e s  u po n  t u b e rc ulous  t is s u e ,
a n d  t h e  pos sibili ty of inc r e a sin g  t h e  dos e s  wi th  s uc h
r e m a rk a ble  r a pidi ty, a n d  t h e  r e m e dial effec t s  w hich
h ave  u n q u e s tion a bly b e e n  p ro d uc e d  u n d e r  no t  too  favor a ble
ci rc u m s t a nc e s .

Of t h e  cons u m p tive  p a ti e n t s  w ho m  h e  d e s c ribe d  a s  t e m po r a rily
c u r e d,  t wo  h ave  b e e n  r e t u r n e d  to  t h e  Mo a bi t  Hos pi t al
for  fu r t h e r  obs e rva tion.
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N o  b a cilli h ave  a p p e a r e d  in t h ei r  s p u t u m  for  t h e  p a s t
t h r e e  m o n t h s ,  a n d  t h ei r  p h t hisic al sy m p to m s  h ave  g r a d u ally
a n d  co m ple t ely dis a p p e a r e d.

*       *       *       *  
    *

CAN WE SEPARATE ANIMALS FROM PLANTS?

By ANDREW WILSON.

On e  of t h e  plain e s t  poin t s  con n e c t e d  wi t h  t h e  s t u dy
of living  t hin gs  is t h e  pow e r  w e  a p p a r e n tly pos s e s s
of s e p a r a ting  a ni m als  fro m  pla n t s.   So  s elf-evid e n t
a p p e a r s  t his  pow e r  t h a t  t h e  pop ula r  no tion  scoffs a t
t h e  ide a  of scie nc e  m o d e s tly di sclai ming  its  a bili ty
to  s e p a r a t e  t h e  on e  g ro u p  of living  b ein gs  fro m  t h e
o th er.  Is  t h e r e  a ny d a n g e r  of confusing  a  bi r d
wi th  t h e  t r e e  a mid  t h e  foliag e  of w hic h  it  b uilds  it s
n e s t ,  o r  of mis t aking  a  cow for  t h e  g r a s s  it  e a t s?  
The s e  q u e ri e s  a r e ,  of cou r s e,  a n s w e r a ble  in on e  w ay
only.  U nfo r t u n a t ely (for  t h e  q u e ris t s), how ever,
t h ey  do  no t  includ e  o r  co m p r e h e n d  t h e  w hole  difficul ty. 
They m e r ely a s s e r t ,  w h a t  is p e rf ec tly t r u e,  t h a t  w e
a r e  a bl e,  wi thou t  t ro u ble,  to  m a rk  off t h e  hig h e r
a ni m als  fro m  t h e  hig h e r  pl a n t s.   Wh a t  scie nc e
inq ui r e s  is, w h e t h e r  w e  a r e  a bl e  to  s e p a r a t e  all
a ni m als  fro m  all pl a n t s ,  a n d  to  fix a  d efini t e
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bo u n d a ry  line,  so  a s  to  s ay t h a t  all t h e  o rg a nis m s
on  t h e  on e  side  of t h e  line  a r e  a s s u r e dly a ni m als,
w hile  all t h e  o t h e r s  on  t h e  op posi t e  side  of t h e  line
m ay b e  d e cl a r e d  to  b e  t r uly pl a n t s.   I t  is ex ac tly
t his  t a sk  w hich  scie nc e  d e cl a r e s  to  b e  a m o n g  t h e  impossibili tie s
of knowle d g e.   Away dow n  in t h e  d e p t h s  of exis t e nc e
a n d  a m o n g  t h e  g ro u n dlings  of life t h e  ide n ti ty of
living  t hings  b e co m e s  of a  n a t u r e  w hich  is wo r s e  t h a n
confusing,  a n d  w hich  r e n d e r s  it  a  fu tile  t a s k  to  a t t e m p t
to  s e p a r a t e  t h e  two  wo rld s  of life.  The  ho p ele ss n es s
of t h e  t a sk,  inde e d,  h a s  s t r uck  so m e  obs e rve r s  so
forcibly t h a t  t h ey  h ave  p ro pos e d  to  cons ti t u t e  a  t hi rd
king do m—t h e  R e g n u m  Protis ticu m —b e t w e e n
t h e  a ni m al a n d  t h e  pl a n t  worlds,  for  t h e  r e c e p tion
of t h e  hos t  of dou b tful o r g a nis ms.   This t hi rd
king do m  wo uld  r e s e m ble  t h e  c a s u al  w a r d  of a  wo rkho us e ,
in  t h a t  it wo uld  r ec eive  t h e  w aifs a n d  s t r ays  of life
w hich  could  no t  find  a  r efug e  a nyw h e r e  els e.

A ve ry sligh t  incu r sion  in to biological fields  m ay
s e rve  to  s ho w  for t h  t h e  difficul tie s  of n a t u r alis t s
w h e n  t h e  t a sk  of s e p a r a tin g  a ni m als  fro m  pla n t s  is
m oo t e d  for  disc ussion.   To b e gin  wit h,  if w e  s u p pos e
ou r  pop ula r  dis b elieve r  to  a s s e r t  t h a t  a ni m als  a n d
pla n t s  a r e  alw ays  to  b e  dis ting uis h e d  by s h a p e  a n d
for m, i t is e a sy e no u g h  to  s how  hi m  t h a t  h e r e ,  a s
els e w h e r e ,  a p p e a r a n c e s  a r e  d e c e p tive.   Wha t  a r e
w e  to  s ay  of a  s po n g e,  o r  a  s e a  a n e m o n e,  of co r als ,
of zoop hyt e s  g ro wing  roo t e d  fro m  oys t e r  s h ells, of
s e a  s q ui r t s ,  a n d  of s e a  m a t s?   Thes e ,  e ac h  a n d
all of t h e m,  a r e  t r u e  a ni m als,  b u t  t h ey a r e  so  pl a n t-like
t h a t ,  a s  a  m a t t e r  of fac t ,  t h ey a r e  oft e n  mis t ak e n
by s e a sid e  visi to r s  for  pl a n t s.   This  las t  r e m a rk
holds  e s p ecially t r u e  of t h e  zoop hyt e s  a n d  t h e  s e a
m a t s.   The n,  on  t h e  o th e r  h a n d,  w e  c a n  poin t  to
h u n d r e d s  of low e r  pla n t s ,  fro m  t h e  ye as t  pl a n t  onw a r d ,
w hich  s how  no n e  of t h e  o r din a ry  fea t u r e s  of pl a n t
life  a t  all.  They poss es s  n ei th e r  r oo t s,  s t e m s,
b r a nc h e s ,  le ave s,  no r  flow e r s,  so  t h a t  on  t his  fir s t
cou n t  of t h e  indic t m e n t  t h e  n a t u r alis t  g ain s  t h e  d ay.
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Pow e r  of m ove m e n t,  to  w hich  t h e  pop ula r  do u b t e r  is
c e r t ain  to  a p p e al, is a n  e q u ally b a s el e s s  g ro u n d  of
s e p a r a tion.   Fo r  all t h e  a ni m als  I h ave  a bove
n a m e d  a r e  roo t e d  a n d  fixed,  w hile  m a ny t r u e  pl a n t s
of lowe r  g r a d e  a r e  n eve r  roo t e d  a t  all.  The  yea s t
pl a n t ,  t h e  Algae  t h a t  s w a r m  in ou r  po n ds,  a n d
t h e  di a to m s  t h a t  c row d  t h e  w a t e r s ,  exe m plify pla n t s
t h a t  a r e  a s  fr e e  a s  a ni m als; a n d  m a ny of t h e m,  b e sid e s,
in  t h ei r  you n g  s t a t e  e s p e ci ally (e.g.,  t h e  s e a w e e d s),
s wi m  a bo u t  fr e ely in t h e  w a t e r  a s  if t h ey  w e r e  roving
a ni m alcule s.   On  t h e  s econ d  cou n t ,  a l so, sci enc e
g ains  t h e  d ay; pow e r  of m o tion  is no  legi tim a t e  g ro u n d
a t  all for  dis ting uis hing  on e  living  b eing  a s  a n  a ni m al,
w hile  a b s e n c e  of m ove m e n t  is simila rly no  r e a so n  for
a s s u min g  t h a t  t h e  fixed  o r g a nis m  m u s t  of n ec es si ty
b e  a  pl a n t .   The n  co m e s  t h e  mic roscopic evide nc e.  
Wh a t  c a n  t his  won d e r  gl a s s  do  in t h e  w ay of d r a win g
bo u n d a ry  line s  b e t wixt  t h e  living  wo rlds?   The
r e ply a g ain  is dis a p poin ting  to  t h e  dou b t e r ;  for  t h e
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mic roscop e  t e a c h e s  u s  t h a t  t h e  t is s u e s  of a ni m als  a n d
pla n t s  a r e  b uilt  u po n  kind r e d  line s.   We m e e t  wit h
c ells  a n d  fibe r s  in bo t h.   The  c ell is in  e a c h
c a s e  t h e  p r imi tive  exp r e ssion  of t h e  w hole  o r g a nis m. 
Beyon d  c ells  a n d  fibe r s  w e  s e e  t h e  wo n d e rful living
s u b s t a n c e ,  pro toplas m , w hich  is alike  to  ou r
s e n s es  in t h e  two  king do m s,  al t ho u g h,  ind e e d,  diffe ring
m u c h  h e r e  a n d  t h e r e  in t h e  r e s ul ts  of it s  wo rk.  
On  p u r ely mic roscopic g ro u n d s,  w e  c a n no t  s e p a r a t e
a ni m als  fro m  pla n t s.   The r e  is no  jus tifica tion
for  r i gidly a s s u min g  t h a t  t his  is a  pl a n t  o r  t h a t
a n  a ni m al on  a ccou n t  of a nyt hing  t h e  mic roscop e  c a n
disclos e.   A s till m o r e  im po r t a n t  poin t  in  con n e c tion
wi th  t his  p ro topla s m  q u e s tion  consis t s  in t h e  fac t
t h a t  a s  w e  go  b a ckw a r d  to  t h e  b e gin nings  of life,
bo t h  in a ni m als  a n d  pl a n t s ,  w e  s e e m  to  a p p ro ac h  n e a r e r
a n d  n e a r e r  to  a n  ide n ti ty of s u bs t a nc e  w hich  b affles
t h e  mic roscop e  wi th  all i ts  po w e r s  of disce r n m e n t .  
Eve ry a ni m al a n d  eve ry pl a n t  b e gins  exis t e nc e  a s  a
m e r e  s p eck  of t hi s  living  jelly.  The  g e r m  of
e a c h  is a  p ro to pla s m  p a r ticle,  w hich,  w h a t eve r  t r a c e s
of s t r uc t u r e  it m ay  exhibi t ,  is p r a c tic ally u n r e co g niza ble
a s  b eing  d efini t ely a ni m al o r  pl a n t  in r e s p e c t  of
it s  n a t u r e .   Lat e r  on,  a s  w e  know, t h e  e g g  o r
g e r m  s how s  t r a c e s  of s t r uc t u r e  in t h e  c a s e  of t h e
hig h e r  a ni m als  a n d  pl a n t s;  w hile  eve n  lowly for m s  of
life  exhibi t  m o r e  o r  les s  c h a r a c t e ris tic  p h a s e s  w h e n
t h ey r e a c h  t h ei r  a d ul t  s t a g e .   Bu t,  of life’s
b e gin nings,  t h e  mic roscop e  is a s  fu tile  a s  a  kind
scie n tific touc hs ton e  for  di s ting uis hing  a ni m als  fro m
pla n t s  a s  is po w e r  of m ove m e n t ,  o r  s h a p e,  o r  for m.

A fou r t h  poin t  of a p p e al  in t h e  m a t t e r  is foun d  wi thin
t h e  do m ain  of t h e  c h e mis t .   Ch e mis t ry, wi th  it s
s u b tile  pow e r s  of a n alysis, wi th  it s  m a ny-sid e d  possibili tie s
of discove rin g  t h e  co m position  of t hin gs,  a n d  wi th
its  a bili ty to  a n alyze  for  u s  eve n  t h e  ligh t  of t h e
fa r  dis t a n t  s t a r s,  only co m plica t e s  t h e  difficul tie s
of t h e  biologis t .   For, w hile  of old  i t w a s  a s s u m e d
t h a t  a  p a r ticula r  el e m e n t,  ni t ro g e n,  w a s  p e c ulia r
to  a ni m als,  a n d  t h a t  c a r bo n  w a s  a n  el e m e n t  p e c ulia r
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to  pl a n t s,  w e  now  know  t h a t  bo t h  el e m e n t s  a r e  foun d
in a ni m als,  jus t  a s  bo t h  occ u r  in  pl a n t s.   The
c h e mis t ry of living  t hin gs,  m o r eover, w h e n  it did
g row  to  b e co m e  a  s t a pl e  p a r t  of scie nc e,  r eve ale d  o th e r
a n d  g r e a t e r  a no m alies  t h a n  t h e s e .   I t  s how e d  t h a t
c e r t ain  s u b s t a nc e s  w hic h  w e r e  s u p pos e d  to  b e  p e c ulia r
to  pl a n t s,  a n d  to  b e  m a d e  a n d  m a n ufac t u r e d  by t h e m
alon e,  w e r e  al so  foun d  in a ni m als.   Chlorop hyl
is t h e  g r e e n  colo ring  m a t t e r  of pl a n t s,  a n d  is, of
cou r s e ,  a  typical p ro d u c t  of t h e  veg e t a ble  world;
ye t  it is m a d e  by s uc h  a ni m als  a s  t h e  hyd r a  of t h e
b rooks  a n d  po n ds,  a n d  by m a ny a ni m alcule s  a n d  so m e
wo r m s.   S t a r c h  is s u r ely a  typical pl a n t  p rod uc t ,
ye t  it is u n do u b t e dly m a n ufac t u r e d ,  o r  a t  le a s t  s to r e d
u p,  by a ni m als—a  work  illus t r a t e d  by t h e
live r  of m a n  hi m s elf, w hich  occ a sion ally p rod uc e s  s u g a r
ou t  of it s  s t a r c h.
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Again,  t h e r e  is a  s u b s t a n c e  c alled  cellulose ,
foun d  w ell nig h  u nive r s ally in pl a n t s.   Of t his
s u b s t a n c e ,  w hich  is a kin  to  s t a r c h,  t h e  w alls  o r  e nv elop e s
of t h e  cells  of pl a n t  ti s s u e s  a r e  co m pos e d.   Yet
w e  find  t hos e  cu rious  a ni m als,  t h e  s e a  s q ui r t s ,  foun d
on  rocks  a n d  s to n e s  a t  low-w a t e r  m a r k,  m a n ufac t u rin g
c ellulos e  to  for m  p a r t  a n d  p a rc el  of t h e  ou t e r  cove ring
of t h ei r  s ac-like  bodie s.   H e r e  it is a s  if t h e
a ni m al, like  a  dis ho n e s t  m a n ufac t u r er, h a d  infring e d
t h e  p a t e n t  r i gh t s  of t h e  pl a n t .   O n  t h e  fou r t h
cou n t ,  t h e n—t h a t  of c h e mic al co m posi tion—t h e
ve r dic t  is t h a t  no t hing  t h a t  c h e mis t ry c a n  t e a c h  u s
m ay s e rve  d efini t ely, cle a rly, a n d  ex ac tly to  s e t  a
bo u n d a ry  line  o r  to  e r e c t  a  p a r ti tion  w all b e t w e e n
t h e  t wo  wo rld s  of life.  The r e  ye t  r e m ains  for
u s  to  conside r  a  fifth  h e a d—t h a t  of t h e
food.

In  t h e  m a t t e r  of t h e  feeding  of t h e  t wo  g r e a t  living
wo rlds  w e  mi g h t  p e r c h a n c e  ligh t  u po n  so m e  a d e q u a t e
g ro u n d s  for  m a king  u p  t h e  on e  king do m  fro m  t h e  o th er. 
Wh a t  t h e  consid e r a tion  of for m,  m ove m e n t ,  ch e mic al
co m posi tion,  a n d  mic roscopic s t r uc t u r e  could  no t  effec t
for  u s  in t his  w ay, it mig h t  b e  s u p pos e d  t h e  inves tig a tion
of t h e  die t  of a ni m als  a n d  pl a n t s  wo uld  r e n d e r  cle ar. 
Ou r  ho p es  of dis ting uishing  t h e  on e  g ro u p  fro m  t h e
o th e r  by r efe r e n c e  to  t h e  food  on  w hich  a ni m als  a n d
pla n t s  s u b sis t  a r e ,  how ever, d a s h e d  to  t h e  g ro u n d;
a n d  t h e  die t  q u e s tion  leaves  u s ,  t h e r efo re ,  w h e n  it
h a s  b e e n  disc us s e d ,  in t h e  s a m e  q u a n d a ry  a s  b efo r e.

N eve r t h el e s s,  it  is a n  in t e r e s ting  s to ry, t his  of
t h e  n u t ri tion  of a ni m als  a n d  pl a n t s.   A la r g e
a m o u n t  of scie n tific info r m a tion  is to  b e  gl e a n e d
fro m  s uc h  a  s t u dy, w hich  m ay  ve ry w ell b e  co m m e n c e d
by ou r  h aving  r e g a r d  to  t h e  m a t t e r s  on  w hich  a  gr e e n
pla n t  fee d s.   I e m p h a size  t h e  wo r d  “g r e e n,”
b ec a u s e  it  so  h a p p e n s  t h a t  w h e n  a  pl a n t  h a s  no  chlo rop hyl
(a s  g r e e n  colo r  is n a m e d  in t h e  pla n t  wo rld) it s  fee din g
is of dive r s e  kind  to  t h a t  w hich  a  g r e e n  pl a n t  exhibi t s.  
The  m u s h roo m  o r  o th e r  fung us  m ay  b e  t ak e n  a s  a n  illus t r a tion
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of a  pl a n t  w hich  r e p r e s e n t s  t h e  no n-g r e e n  r a c e ,  w hile
eve ry co m m o n  pla n t ,  fro m  a  bi t  of g r a s s  to  a n  oak
t r e e ,  exe m plifies  t h e  g r e e n-b e a rin g  o rd e r  of t h e  veg e t a ble
t rib e s .

S u p pos e  w e  w e r e  to  invit e  a  g r e e n  pl a n t  to  din n er,
t h e  m e n u  wo uld  h ave  to  b e  ve ry diffe r e n tly
a r r a n g e d  fro m  t h a t  w hich  wo uld  s a tisfy a  h u m a n  o r
o th e r  a ni m al g u e s t .   The  sou p  wo uld  b e  r e p r e s e n t e d
for  t h e  pl a n t’s d el ec t a tion  by  w a t er, t h e  fish
by min e r als ,  t h e  join t  by  c a r bo nic  a cid  g a s ,  a n d  t h e
d e s s e r t  by  a m m o nia.   On  t h e s e  fou r  it e m s  a  g r e e n
pla n t  fee d s,  ou t  of t h e m  it  b uilds  u p  its  living  fr a m e.  
N o t e  t h a t  i t s  di e t  is of inor g a nic  o r  no n-living  m a t t er. 
I t  d e rives  it s  s u s t e n a n c e  fro m  soil a n d  air, ye t  ou t
of t h e s e  lifeles s  m a t t e r s  t h e  g r e e n  pl a n t  el a bo r a t e s
a n d  m a n ufac t u r e s  its  living  m a t t er, o r  p ro topla s m.  
It  is a  m o r e  wo n d e rful o r g a nis m  t h a n  t h e  a ni m al, for
w hile  t h e  la t t e r  c a n  only m a k e  n e w  p ro to pla s m  w h e n
living  m a t t e r  is includ e d  in it s  food s u p ply, t h e
g r e e n  pla n t ,  by t h e  exe rcis e  of i ts  vit al c h e mis t ry,
c a n  t r a n sfo r m  t h a t  w hich  is no t  living  in to t h a t  w hich
is life-pos s e s sin g.
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The  g r e e n  pl a n t  in o t h e r  wo r ds ,  r ais e s  no n-living
in to  living  m a t t er, w hile  t h e  a ni m al c a n  only t r a n sfo r m
living  m a t t e r s  in to  it s  like.   This  is w hy t h e
pla n t  is c alled  a  cons t r u c tive  o r g a nis m, w hile  t h e
a ni m al is, con t r a r iwis e,  n a m e d  a  d e s t r uc tive  on e.  
The  r e s ul t  of t h e  pl a n t’s exis t e nc e  is to  b uild
u p,  t h a t  of t h e  a ni m al’s life  is to  b r e a k  dow n
its  s u bs t a nc e ,  a s  t h e  r e s ul t  of i ts  wo rk,  in to  no n-living
m a t t er.  The  a ni m al’s body is, in fac t ,
b r e akin g  dow n  in to  t h e  ve ry t hings  on  w hich  t h e  g r e e n
pla n t  fee d s.   We ou r s elves  a r e  p e r p e t u ally di ssip a tin g
ou r  s u b s t a n c e  in  ou r  a c t s  of life  a n d  wo rk  in to  t h e
c a r bo nic  a cid,  w a t er, a m m o nia,  a n d  mi n e r al s  on  w hic h
pla n t s  fee d.   We “die  d aily” in a s
t r u e  a  s e ns e  a s  t h a t  in w hich  t h e  a pos tle  u s e d  t h e
t e r m.   And ou t  of t h e  d e b ris  of t h e  a ni m al fr a m e
t h e  g r e e n  pl a n t  b uilds  u p  le af a n d  flow er, s t ein  a n d
b r a nc h,  a n d  all t h e  o th e r  tok e n s  of i t s  b e a u ty  a n d
its  life.

If, t h e n,  a n  a ni m al c a n  only live u po n  living  m a t t e r—t h a t
is to  s ay on  t h e  bo die s  of o t h e r  a ni m als  o r  of pl a n t s—with
w a t er, mi n e r al s  a n d  oxyg e n  g a s  fro m  t h e  ai r  t h ro w n
in to  boo t,  w e  mi g h t  b e  t e m p t e d  to  hold  t h a t  in s uc h
dis tinc tive  w ays  a n d  works  w e  h a d  a t  las t  foun d  a  m e a n s
of s e p a r a ting  a ni m als  fro m  pla n t s.   U nfor t u n a t ely,
t his  view m ay  b e  legi tim a t ely disp u t e d  a n d  r e n d e r e d
n ull a n d  void, on  t wo  g ro u n d s.   Fi r s t  of all,
t h e  m u s h roo m s  a n d  t h ei r  fri en ds  a n d  n eig h bo r s,  a ll
t r u e  pl a n t s,  do  no t  fee d  a s  do  t h e  g r e e n  t r ibe s .  
And s eco n dly, m a ny of t h e  g r e e n  pla n t s  t h e m s elves
c a n  b e  s how n  to  h ave  t ak e n  ve ry kindly to  a n  a ni m al
m o d e  of die t .

A m u s h roo m,  t h us ,  b ec a u s e  it  h a s  no  g r e e n  color, lives
u po n  w a t er, oxyge n,  mi n e r als,  a n d  o r g a nic  m a t t er. 
You c a n  only g ro w  m u s h roo m s  w h e r e  t h e r e  is pl e n ty
of a ni m al m a t t e r  in a  s t a t e  of d e c ay, a n d  a s  for  t h e
oxyge n,  t h ey  h a bi tu ally inh ale  t h a t  g a s  a s  if t h ey
w e r e  a ni m als.   N o n-g r e e n  pl a n t s  t h u s  w a n t  a  m o s t
c h a r a c t e ris tic  a c tion  of t h ei r  g r e e n  n eig h bo r s.  
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For  t h e  la t t e r  in d ayligh t  t ak e  in t h e  c a r bo nic  a cid
g a s ,  w hich  is co m pos e d  of c a r bo n  a n d  oxyg e n.  
U n d e r  t h e  co m bin e d  influe nc e  of t h e  g r e e n  colo r  a n d
t h e  ligh t ,  t h ey  s plit  u p  t h e  g a s  in to  it s  t wo  ele m e n t s,
r e t aining  t h e  c a r bo n  for  food  a n d  allowing  t h e  oxyg e n
to  e sc a p e  to  t h e  a t m os p h e r e .   Alas! ho w ever, in
t h e  d a rk  ou r  g r e e n  pl a n t  b e co m e s  e s s e n tially like
a n  a ni m al a s  r e g a r d s  it s  g a s  food, for  t h e n  it  is
a n  a b so r b e r  of oxyge n,  w hile  it  gives  off c a r bo nic
a cid.   If to  t ak e  in  c a r bo nic  a cid  a n d  to  give
ou t  oxyge n  b e  h eld  to  b e  a  fea t u r e  c h a r a c t e ris tic
of a  pl a n t ,  it is on e,  a s  h a s  b e e n  w ell s aid,  w hich
dis a p p e a r s  wi th  t h e  d ayligh t  in g r e e n  pl a n t s ,  a n d  w hich
is no t  wit n e s s e d  a t  all in pl a n t s  t h a t  h ave  no  g r e e n
color.
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So far, w e  h ave  s e e n  t h a t  no t  eve n  t h e  food  of pl a n t s
a n d  a ni m als  c a n  s e p a r a t e  t h e  on e  king do m  of life fro m
t h e  o t h er.  The  m u s h roo m  b a r s  t h e  w ay a n d  t h e
g r e e n  pla n t’s  c u rious  b e h avio r  by  nigh t  a n d  by
d ay r e s p ec tively, in t h e  m a t t e r  of i ts  g a s  food, onc e
m o r e  a s si mila t e s  a ni m al life  a n d  pl a n t  life  in a  r e m a rk a ble
m a n n er.  S till m o r e  in t e r e s ting  is t h e  fac t,  a l r e a dy
no tic ed,  t h a t  ev e n  a m o n g  t h e  g r e e n  t rib e s  t h e r e  a r e
to  b e  foun d  m a ny  a n d  va rious  laps es  fro m  t h e  s t a t e d
r ul e s  of t h ei r  fee din g.   Thus  w h a t  a r e  w e  to  s ay
of t h e  p a r a si tic  mis tl e toe,  w hich,  w hile  it h a s  g ro w n
leaves  of it s  ow n,  a n d  c a n,  t h e r efo r e,  ob t ain  so  m u c h
c a r bo n  food  fro m  t h e  ai r  on  it s  ow n  a c cou n t ,  n eve r t h el e s s
d rinks  u p  t h e  s a p  of t h e  o ak  o r  a p ple  w hich  for m s  it s
hos t ,  a n d  t h u s  illus t r a t e s  t h e  s p e c t a cl e  of a  g r e e n
pla n t  fee ding  like  a n  a ni m al, on  living  m a t t e r?  
Or, w h a t  m ay w e  t hink  of s uc h  pla n t s  a s  t h e  s u n d ew,
t h e  Venus’ fly t r a p,  t h e  pi tch e r  pl a n t s,  t h e
side  s a d dle  pl a n t s ,  t h e  b u t t e r wo r t s  a n d  bla d d e r wo r t s ,
a n d  o th e r s  of t h ei r  kind,  w hic h  no t  only c a p t u r e  ins ec t s ,
oft e n  by inge nious  a n d  co m plex lu r e s ,  b u t  al so  dig e s t
t h e  a ni m al food  t h u s  c a p t u r e d?   A s u n d e w  t h u s  s p r e a d s
ou t  it s  lu r e  in t h e  s h a p e  of it s  le af s t u d d e d  wi t h
s e n si tive  t e n t acle s,  e a c h  c a p p e d  by a  glis t e ning  d rop
of g u m my s e c r e tion.   E n t a n gle d  in t his  s ec r e tion,
t h e  fly is fu r t h e r  fixed  to  t h e  leaf by t h e  t e n t acle s
w hich  b e n d  ove r  it  a n d  inclos e  it  in t h ei r  fold. 
The n  is pou r e d  ou t  u po n  t h e  inse c t’s  bo dy a
dig e s tive  a cid  fluid, a n d  t h e  s u b s t a nc e  of t h e  dis solved
a n d  dig es t e d  a ni m al is d uly a b so r b e d  by t h e  pla n t .  
So  also  t h e  Venus’ fly t r a p  c a p t u r e s  ins ec t s
by m e a n s  of it s  le af, w hich  clos e s  u po n  t h e  p r ey  w h e n
c e r t ain  s e n si tive  h ai r s  h ave  give n  t h e  sign al t h a t
t h e  a ni m al h a s  b e e n  t r a p p e d.   Within  t h e  leaf t h e
ins ec t  is d uly dige s t e d  a s  b efo r e ,  a n d  it s  s u bs t a n c e
a p plied  to  t h e  n u t ri tion  of t h e  pl a n t .   S uc h  pl a n t s,
m o r eover, c a n no t  flou ris h  p e rfec tly u nle s s  d uly s u p plie d
wi th  t h ei r  a ni m al food.  S uc h  illus t r a tions  of
exc e p tions  to  t h e  r ul e  of g r e e n  pl a n t  fee din g  sim ply
h ave  t h e  effec t  of a bolishing  t h e  di s tinc tions  w hich
t h e  di e t  q u e s tion  mig h t  b e  s u p pos e d  to  r ais e  b e t w e e n
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a ni m als  a n d  pla n t s.   We m ay  r e t u r n  to  t h e  s u n d e w s
a n d  o th e r  ins ec t  c a t c h e r s;  m e a n w hile,  I h av e  s aid
e no u g h  to  s how  t h a t  to  t h e  q u e s tion,  “Ca n  w e
s e p a r a t e  a ni m als  fro m  pla n t s?” a  ve ry d e cid e d
n e g a tive  r e ply m u s t  b e  give n.   Life  eve ryw h e r e
exhibi ts  too  m a ny poin t s  of con t a c t  to  a d mi t  of a ny
bo u n d a ry  line  b eing  d r a w n  b e t w e e n  t h e  t wo  g r e a t  g ro u ps
w hich  m a k e  u p  t h e  s u m  to t al of o rg a nic  exis t e nc e .—Illus tra t e d
Lon do n  N e w s .
*       *       *       *  
    *

THE RECOVERY OF SILVER AND GOLD FROM 
PLATING AND GILDING SOLUTIONS.

In  view of t h e  r a pid  d evelop m e n t  a n d  ex t e n sion  of
t h e  m e t ho d s  of elec t ro-pl a ting  wi th  silve r  a n d  gold,
a n d  of t h e  la rg e  a m o u n t  of s p e n t  liquo r s  con t aining
silve r  o r  gold  t h u s  p ro d uc e d,  it h a s  long  b e e n  d e si r a bl e
to  find  m e t hod s  by  w hich  t h e s e  m e t als  c a n  b e  r e cove r e d
fro m  t h e  s p e n t  liquo r s.   The  p roc e ss e s  hi th e r to
a do p t e d  g e n e r ally n e c e s si t a t e  t h e  t e dious  a n d  u n ple a s a n t
ev a po r a tion  of t h e  cya nid e  liquo r s,  o r  el s e  involve
a  s e ri es  of c h e mic al op e r a t ions  w hich  a r e  so m e w h a t
difficul t  to  c a r ry  ou t ,  so  t h a t  a c t u ally t h e  u s e d-u p
b a t h s  a r e  sold  to  so m e  firm  w hich  u n d e r t ak e s  t his
r e cove ry a s  a  p a r t icul a r  b r a n c h  of it s  b u sine s s.
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A p roc e s s  inve n t e d  by  S tock m ui r  a n d  Fleisch m a n n,  a n d
wo rk e d  ou t  by  t h e m  in t h e  c h e mical labo r a to ry of t h e
Bava ri a n  Ind us t ri al  M us e u m,  is, how ever, exce e dingly
si m ple,  a n d  is e m ploye d  in m a ny e s t a blis h m e n t s .

In  o r d e r  to  r e m ove  silve r  fro m  a  po t a s siu m  cya nid e
silve r  solu tion,  it  is only n e c e s s a ry  to  allow a  cle a n
piec e  of pl a t e  zinc  to  r e m ain  in t h e  liquid  for  t wo
d ays; eve n  b e t t e r  r e s ul t s  a r e  ob t ain e d  by t h e  u s e
of i ron  conjoin tly wi th  t h e  zinc.   In  t h e  fir s t
c a s e ,  t h e  silve r  oft e n  a d h e r e s  fir mly to  t h e  zinc,
w hile  in t h e  s e con d  it  alw ays  s e p a r a t e s  ou t  a s  a  po w d er. 
I t  is t h e n  only n e c e ss a ry to  w a s h  t h e  p r e cipi t a t e d
pow d er, w hich  u s u ally con t ains  cop p e r  (sinc e  s p e n t
silve r  solu tions  alw ays  con t ain  cop p e r), d ry it, a n d
t h e n  dis solve  it  in ho t  conc e n t r a t e d  s ulp h u ric  a cid,
w a t e r  b ein g  a d d e d,  a n d  t h e  dis solve d  silve r  p r ecipi t a t e d
by s t rips  of cop p er.  The  silve r  t h u s  ob t ain e d
is p e rfec tly p u r e .   If t h e  a m o u n t  of cop p e r  p r e s e n t
is only s m all, i t  c a n  u s u ally b e  r e m ove d  by fusing
t h e  p r e cipi t a t e d  pow d e r  wi th  a  lit tle  ni t e r  a n d  bo r ax.

In  t his  w ay a  s p e n t  silve r  b a t h  w a s  foun d  to  con t ain
p e r  lit e r

1 s t  exp e ri m e n t                   
  1 .57 0 6  g r m s.
2 d       "                          1 .5 69 4   "
------
M e a n                                1 .5 7 0 0   "

The  p r e s e n c e  of silve r  could  no t  b e  q u ali t a tively
a s c e r t ain e d  in t h e  r e sid u al liquor.

Althou g h  s h e e t  zinc,  o r  zinc  a n d  iron  s h e e t s,  s e rve
so  w ell for  t h e  p r e cipi t a tion  of silver, t h ey  c a n no t
b e  e m ploye d  for  t h e  r ecove ry of gold.   The  la t t e r
s e p a r a t e s  ou t  in s uc h  a  c a s e  ve ry inco m ple t ely a n d
a s  a  fir mly a d h e ring  lus t ro us  film in t h e  zinc. 
On  t h e  o t h e r  h a n d,  finely divide d  zinc, t h e  so-c alled
zinc  d us t ,  is a n  exc elle n t  s u b s t a n c e  to  e m ploy for
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p r e cipi t a ting  gold  q u a n ti t a tively a n d  in t h e  for m  of
pow d e r  fro m  s p e n t  cya nide  liquo r s.   Whe n  zinc
d u s t  is a d d e d  to  a  s p e n t  gold  b a t h  a n d  t h e  liquid
p e riodic ally s ti r r e d  o r  s h a k e n,  all t h e  gold  is p r ecipi t a t e d
in t wo  o r  t h r e e  d ays.   The  a m o u n t  of zinc  to  b e
a d d e d  n a t u r ally d e p e n d s  on  t h e  q u a n ti ty of gold  p r e s e n t .  
F r e s hly p r e p a r e d  gold  b a t h s  for  gilding  in t h e  cold
con t ain  on  t h e  av e r a g e  3.5  g r m s.  gold  p e r  lit er, w hile
t hos e  u s e d  for  t h e  ho t  p roc e s s  con t ain  1 0.7 5  g r m s.  
To p r e cipi t a t e  all t h e  gold  in t h e  o rigin al b a t h ,  1 .74
g r m s.  o r  0 .3 7-0.5  g r m s.  zinc  d us t  would  b e  n ec e s s a ry,
a n d,  of cou r s e,  a  m u c h  s m alle r  q u a n ti ty wo uld  b e  s ufficie n t
for  t h e  s p e n t  liquo r s.   Sinc e  t h e  p r e cipi t a tion
t ak e s  plac e  m o r e  r a pidly w h e n  a n  exc es s  of zinc  d u s t
is p r e s e n t ,  it  is g e n e r ally a dvisa ble  to  a d d  1/4  o r
a t  t h e  m o s t  1/2  kilo, of zinc  d u s t  to  eve ry 1 0 0  lit e r s
of solu tion.

The  p r e cipi t a t e d  gold,  w hich  con t ain s  zinc  d u s t  a n d
u s u ally silve r  a n d  cop p er, is w a s h e d,  fr e e d  fro m  zinc
by hyd roc hlo ric  a cid,  a n d  t h e n  fro m  silve r  a n d  copp e r
by ni t ric  a cid  a n d  t h us  ob t ain e d  p u r e .

A s p e n t  b a t h  t r e a t e d  in t hi s  w ay g ave  t h e  following
a m o u n t s  of gold  p e r  lit e r:  
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1 s t  exp e ri m e n t        0 . 26 2 6
2 d  "                 0 .26 3 4
M e a n                  0 .26 3 0  g r m s.

The  p r e s e n c e  of gold  in t h e  r e sid u al cya nid e  solu tion
could  no t  b e  q u ali t a tively d e t e c t e d .   The  po t a s siu m
cya nid e  of t h e  solu tions  ob t ain e d  by t hi s  p roc es s
s ho uld  b e  conve r t e d  in to fe r rocya nide  by  h e a tin g  wi th
fe r ro us  s ulph a t e  a n d  milk of lim e,  sinc e  t hi s  s u b s t a n c e
is no t  poisono us  a n d  c a n  t h e r efo r e  b e  go t  r id  of wit ho u t
d a n g er.  I t  wo uld,  how ever, b e  m o r e  e co no mic al
a n d,  consid e ring  t h e  la r g e  a mo u n t  of cya nid e  p r e s e n t ,
m o r e  p rofit a ble  to  wo rk  it  u p  in to P r u s sia n  blu e.

*       *       *       *  
    *

A NEW CATALOGUE OF VALUABLE PAPERS

Con t ain e d  in SCIE NTIFIC AMERICAN SUPPLEME NT d u ring
t h e  p a s t  t e n  yea r s,  s e n t  fr e e  of  charg e  to
a ny a d d r e s s .   M U N N  & CO., 3 6 1  Bro a d w ay, N e w  York.

*       *       *       *  
    *

THE SCIENTIFIC AMERICAN

ARCHITECTS  A N D  B U ILDER S  EDITIO N
$ 2.50  A YEAR.  SINGLE COPIES, 2 5  CTS.

This  is a  S p e cial E di tion  of t h e  SCIE NTIFIC AMERICAN,
issu e d  m o n t hly—on  t h e  fir s t  d ay  of t h e
m o n t h .   E ac h  n u m b e r  con t ains  a bo u t  for ty la r g e
q u a r to  p a g e s,  e q u al  to  a bo u t  t wo  h u n d r e d  o rdin a ry  book
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p a g e s ,  for min g,  p r a c tically, a  la rg e  a n d  s ple n did  M a g azine
of Archit ec t u r e ,  r ichly a do r n e d  wi t h  el e ga n t  pla t e n
in colors  a n d  wi t h  fine  e n g r avings,  illus t r a ting
t h e  m o s t  in t e r e s ting  ex a m ples  of m o d e r n  Archit ec t u r al
Cons t r u c tion  a n d  allied  s u bjec t s .

A s p e ci al fea t u r e  is t h e  p r e s e n t a tion  in e a c h  n u m b e r
of a  va ri e ty of t h e  la t e s t  a n d  b e s t  pla ns  for  p riva t e
r e sid e nc e s,  ci ty a n d  co u n t ry, includin g  t hos e  of ve ry
m o d e r a t e  cos t  a s  w ell a s  t h e  m o r e  exp e n sive.  
Dr a wings  in p e r s p e c tive  a n d  in colo r  a r e  give n,  tog e t h e r
wi th  full Pla ns ,  S p e cifica tions,  Cos t s,  Bills  of Es ti m a t e ,
a n d  S h e e t s  of Det ails.

N o  ot h e r  b uilding  p a p e r  con t ain s  so  m a ny pla ns,  d e t ails,
a n d  s p e cifica tions  r e g ula rly p r e s e n t e d  a s  t h e  SCIE NTIFIC
AMERICAN.  H u n d r e d s  of d w ellings  h ave  al r e a dy
b e e n  e r e c t e d  on  t h e  va rious  pl a n s  w e  h ave  issu e d  d u rin g
t h e  p a s t  ye ar, a n d  m a ny  ot h e r s  a r e  in p roc e s s  of cons t r u c tion.

Archit ec t s ,  Builde r s ,  a n d  Ow n e r s  will find  t his  wo rk
valu a ble  in fu rnishin g  fr es h  a n d  u s eful s u g g e s tions.  
All w ho  co n t e m pl a t e  b uilding  o r  imp roving  ho m e s,  o r
e r e c ting  s t r u c t u r e s  of a ny kind,  h ave  b efo r e  t h e m
in t his  wo rk  a n  al mos t  e n dles s  s erie s  of  t h e  late s t
and  b e s t  e xa m ples  fro m  w hic h  to  m a k e  s el ec tions,
t h u s  s aving  tim e  a n d  m o n ey.

M a ny ot h e r  s u bjec t s,  including  S e w e r a g e,  Piping,  Ligh ting,
War min g,  Ventila ting,  Deco r a ting,  Laying  ou t  of Grou n d s,
e t c ., a r e  illus t r a t e d.   An ex t e n sive  Co m p e n diu m
of M a n ufac t u r e r s’ Annou nc e m e n t s  is al so  given,
in  w hich  t h e  m o s t  r eli able  a n d  a p p rove d  Building  M a t e ri als,
Goods,  M a c hine s ,  Tools, a n d  Applia nc e s  a r e  d e sc rib e d
a n d  illus t r a t e d ,  wi th  a d d r e s s e s  of t h e  m a k e r s ,  e t c .

The  fullnes s,  r ich n e s s ,  ch e a p n e s s ,  a n d  conve nie nc e
of t his  wo rk  h ave  wo n  for  it  t h e  La rg e s t  Circ ula tion
of a ny Archit ec t u r al p u blica tion  in t h e  world.
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A Ca t alog u e  of valua ble  books  on  Archi t ec t u r e ,  Building,
Ca r p e n t ry, M a son ry, H e a ting,  War min g,  Ligh ting,  Ventila tion,
a n d  all b r a n c h e s  of ind us t ry p e r t aining  to  t h e  a r t
of Building,  is s u p plied  fre e  of c h a r g e ,  s e n t  to  a ny
a d d r e s s.

M U N N  & CO., P u blish e r s ,

3 6 1  Bro a d w ay, N e w  York.

*       *       *       *  
    *

BUILDING PLANS AND SPECIFICATIONS.

In  con n e c tion  wi th  t h e  p u blic a tion  of t h e  BUILDING
EDITION of t h e  SCIE NTIFIC AMERICAN, M e s s r s.  M u n n  &
Co. fu rnis h  pl a n s  a n d  s p e cifica tions  for  b uildings
of eve ry kind,  including  Ch u rc h e s,  Sc hools, S to r e s ,
Dwellings,  Ca r ria g e  H o us e s ,  Ba r n s,  e t c .

In  t his  wo rk  t h ey a r e  a s sis t e d  by a ble  a n d  exp e ri e nc e d
a r c hi t ec t s .   F ull pl a ns ,  d e t ails,  a n d  s p e cifica tions
for  t h e  va rious  b uildings  illus t r a t e d  in  t his  p a p e r
c a n  b e  s u p plie d.

Thos e  w ho  con t e m pla t e  b uilding,  o r  w ho  wish  to  al t er,
imp rove,  ex t e n d,  o r  a d d  to  exis ting  b uildings,  w h e t h e r
wings,  po rc h e s ,  b ay window s,  o r  a t tic  r oo m s,  a r e  invit e d
to  co m m u nic a t e  wi th  t h e  u n d e r sign e d.   Ou r  wo rk
ex t e n d s  to  all p a r t s  of t h e  cou n t ry.  Es tim a t e s ,
pl a n s,  a n d  d r a wings  p ro m p tly p r e p a r e d.   Ter m s
m o d e r a t e .   Addr es s

M U N N  & CO., 3 6 1  BROADWAY, N EW YORK.

*       *       *       *  
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SCIENTIFIC AMERICAN SUPPLEMENT.

PUBLISH ED WEEKLY.

Ter m s  of S u b sc rip tion,  $ 5  a  ye ar.

S e n t  by  m ail, pos t a g e  p r e p aid,  to  s u b sc rib e r s  in  a ny
p a r t  of t h e  U ni t e d  S t a t e s  o r  Ca n a d a.   Six dolla r s
a  ye ar, s e n t ,  p r e p aid,  to  a ny for eign  cou n t ry.

All t h e  b a ck  n u m b e r s  of THE SUPPLEME NT, fro m  t h e  co m m e n c e m e n t ,
Jan u a ry 1,  1 8 7 6,  c a n  b e  h a d.   P ric e,  1 0  c e n t s
e a c h.

All t h e  b a ck  volu m e s  of THE SUPPLEM E NT c a n  likewis e
b e  s u p plied.   Two volu m e s  a r e  issu e d  yea rly. 
P rice  of e a c h  volu m e,  $ 2.50  s ti t ch e d  in p a p er, o r
$ 3.50  bo u n d  in s tiff cove r s.

COMBINED RATES.—On e  copy of SCIE NTIFIC
AMERICAN a n d  on e  copy of SCIE NTIFIC AMERICAN S UPPLEM E NT,
on e  ye ar, pos t p aid,  $ 7.0 0.

A libe r al  di scou n t  to  books elle r s,  n e w s  a g e n t s,  a n d
c a nvas s e r s .

M U N N  & CO., P u blish e r s ,
3 6 1  Bro a d w ay, N e w  York, N.Y.

*       *       *       *  
    *

USEFUL ENGINEERING BOOKS

M a n ufac t u r e r s ,  Agricul tu ris t s ,  Ch e mis t s ,  E n gin e e r s,
M ec h a nics,  Builde r s ,  m e n  of leisu r e ,  a n d  p rofe ssion al
m e n,  of all cla s s e s ,  n e e d  good  books  in t h e  line  of
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t h ei r  r e s p e c tive  c allings.   Ou r  pos t  office  d e p a r t m e n t
p e r mi t s  t h e  t r a n s mission  of books  t h ro u g h  t h e  m ails
a t  ve ry s m all cos t.   A co m p r e h e n sive  c a t alog u e
of u s eful books  by  diffe r e n t  a u t ho r s ,  on  m o r e  t h a n
fifty diffe r e n t  s u bjec t s,  h a s  r e c e n tly b e e n  p u blish e d,
for  fr e e  ci rc ul a tion,  a t  t h e  office  of t his  p a p er. 
S u bjec t s  cl a s sified  wit h  n a m e s  of a u t hor.  Pe r so ns
d e si ring  a  copy h ave  only to  a sk  for  it,  a n d  it will
b e  m ailed  to  t h e m.   Addr e ss ,  M U N N  & CO., 3 6 1  Bro a d w ay,
N e w  York.
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*       *       *       *  
    *

PATENTS.

In  con n e c tion  wi th  t h e  Scie n tific Ame rica n,  M e s s r s.
M U N N  & Co. a r e  solici to r s  of America n  a n d  For eig n
Pa t e n t s ,  h ave  h a d  4 2  ye a r s’ exp e ri e nc e,  a n d
now  h ave  t h e  la rg e s t  e s t a blish m e n t  in t h e  wo rld.  
Pa t e n t s  a r e  ob t ain e d  on  t h e  b e s t  t e r m s .

A s p e ci al no tice  is m a d e  in  t h e  Scie n tific Americ a n
of all inve n tions  p a t e n t e d  t h ro u g h  t his  Agency, wi th
t h e  n a m e  a n d  r e sid e nc e  of t h e  Pa t e n t e e .   By t h e
im m e n s e  ci rc ul a tion  t h us  give n,  p u blic  a t t e n tion  is
di r e c t e d  to  t h e  m e ri t s  of t h e  n e w  p a t e n t ,  a n d  s ale s
o r  int rod uc tion  of t e n  e a sily effec t e d.

Any p e r son  w ho  h a s  m a d e  a  n e w  discove ry o r  inven tion
c a n  a s c e r t ain,  fr e e  of c h a r g e ,  w h e t h e r  a  p a t e n t  c a n
p ro b a bly b e  ob t aine d,  by  w ri ting  to  M U N N  & Co. 
We al so  s e n d  fre e  ou r  H a n d  Book a bo u t  t h e  Pa t e n t  Laws,
Pa t e n t s ,  Cave a t s ,  Tra d e  M a rks,  t h ei r  cos t s  a n d  how
p roc u r e d.   Addr es s

M U N N  & Co.,
      3 6 1  Bro a d w ay,
N e w  York. 
Bra nc h  Office,  6 2 2  a n d  6 2 4  F  S t .,  Washing to n,  D.C.  
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