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R,adiations From Atoms and Electrons-II* 

A Study of the Character of the Mechanism Within the AtOln 
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I N  opening the second lecture o f  his course o n  the 

above subject at the noyal Institution, Sir J . . J. Thom­

son, O.M., P.R.S., said that on the last occasion he had 

discussed the interpretation to be placed on the fact that 

Michelson had obtained interference between two rays 

of light, when the difference in the length of the paths 

tra versed exceeded half a million wave-lengths. Such 

a result would be impossible unless there were a very 

great regularity in the wave-train. If the latter had 

been subjected to changes either in amplitude or phase, 

interference would have been impossible. He had, more­

over, raised the question whether it were possible for 

the mercury atom to persist in uniform vibration long 

enough to furnish a uniform train of 540,000 vibrations. 

Had the train passed through a long series of glass 

prisms, the necessary regularity in the train of waves 

would have been secured even had the source been in­

termittent, because the regularities observed in light 

dispersed through glass were a question of the length 

of the path, and not of the character of the source. 

In the case of the mercury vapor examined by 

Michelson, however, the length of the wave-path through 

glass was quite insufficient to produce the results ob­

served, which could not, in short, be accounted for by 

dispersion of the ordinary kind. Nevertheless, there 

were reasons for believing that, after all, the remark­

able regularity of Michelson's wave-train was not to be 

attributed to a regularity in the radiating atoms of mer­

cury, but to the influence of the medium by which they 

were surrounded. In fact, the mercury atoms, active 

at any instant, were surrounded by mercury vapor, 

and if this vapor had a very intense dispersive power 

for mercury light, the effect in question might be due 

to its action, and not to the character of the actual vi­

brators. In fact, the principles on which dispersion de­

pended gave reason for concluding that if a mercury arc 

were in the presence of a substance having an inordinate 

dispersive power, even a thin layer might be capable of 

producing the reb'ularity observed. 

The usual relationship between the refractive index 

and the frequency of light vibration was that the higher 

the frequency the more refrangible the light. Plotting 

the refractive index for glass against the frequency, 

yielded in fact a quite common-place curve, having the 

general form indicated in Fig. 1. \Vith some substances, 
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however, an entirely different type of curve was ob­

tained, and such bodies were said to show anomalous 

dispersion, and all of these bodies were capable of giving 

out on their own account a definite kind of light. Sup­

pose, in Fig. 2, that A represented the frequency of this 

light that they were capable 0:1' emitting. If the curve 

corresponding to Fig. 1 were drawn for a substance of 

this kind, it had the character indicated in Fig. 2. At 

the outset it resembled Fig. I, but as the point A was 

approached the refractive index shot up as indicated, 

and theoretically became infinite at this point. SinCe 

the velocity of propagation was inversely proportional 

to the refractive index, this velocity became zero at A. 
Proceeding to a little higher frequency, the square of 

the refractiYe index became negative, and none 0:1' this 

light could accordingly get through the medium. At 

still higher frequencies, however, light began to pass, 

and the curve continued as indicated in the figure. In 

the neighborhood of A. there was practically infinite dis­

persion, so that it was quite possible for a thin layer to 

produce the same effect on light of this wave-length as 

would a great length of path through glass. 

*From Endneering. 

To illustrate the eharacter of the phenomena involved, 

the lecturer used a mo(lel rellresented diagrammatically 

in }<'ig. a. with which he was able to show the transmis­

sion of waves of different frequcncies through a system 

having u natural frequency of its own. The model con­

sisted of a series of balls hung from sJlrings, and joined 

by a horizontal wire, as indicated. On the onc flide 

there were halls only, but on thc other each hall 

was secured to a frame, in which was mounted a heavy 
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llendulum, and all these pendulums htld the same definite 

time of swing. 

In a first experiment with this model, the ball on the 

extreme left was swung backward and forward at a 

much lower frequency than the natural frequency of 

the pendulums. The result was that a wave-motion was 

established along the horizontal wire connecting ball 

with ball. This wave, passing through the series of single 

isolated balls, was continued through those assoCiated 

with the pendulums, and attention was drawn to the 

fact that the waye-length in this portion of the system 

was much less than it was in the section containing the 

isolated balls, which latter might be taken as represent­

ing the free ether. Since the wave-length was less ill 
the pendulum portion, the velocity of propagation was 

also less there. On increasing the frequency of the dis­

turbance, the wave-length in the pendulum section still 

further diminished and the velocity of propagation here 

became very small. In these experiments, the lecturer 

pointed out that the ball and the associated pendulum 

both moved together in the same direction. The fre­

queney of the oscillation was next increased to a little 

beyond that corresponding to the natural time of swing 

of the pendulums. In this case, although the first unit 

of the series of bals with pendulums swung violently, the 

disturbance did not pass through the remainder of the 

series, but was reflected back along the series of isolated 

balls. This condition of total reflection, the lecturer 

pointed out, lasted over a considerable range of fre­

quencies, but finally a point was reached at which the 

wave passed once more through the series of balls asso­

ciated with pendulums. At this stage, however, the 

wave-length was longer ill the pendulum than in the rest 

of the system, and in place of the balls and pendulum 

bobs swinging together they swung in opposite directions. 

This model afforded an illustration of the passage of 

a wave through a refracting medium, having atoms with 

a definite period of vibration in their system. It in­

dicated that with such systems a point was reached at 

which extraordinarily small differences in the fre­

quency made enormous changes in the rate of propaga­

tion of the wave. 'l'hus in the case of light in the neigh­

borhood of a point of anomalous dispersion, a 1 per cent 

difference in the frequency might alter the velocity 0:1' 
propagation 10 to 12 times. At this stage we got reson­

ance between the atoms and the incident light. He 

dared not put the model shown into exact resonance, as 

it would all be shaken to pieces; but the effects of reson­

ance could be shown with a simpler model. This model 

consisted of a spring, one end of which was fixed to the 

top of a vertical standard, and the other to a cross-head 

reCiprocated by a crank. A weight was secured to the 

spring at mid-length. This weighted spring had, the 

lecturer stated, a natural frequency of its own, in which 

it would vibrate if disturbed. On setting the crank into 

slow rotation, he showed that the weight moved up and 

down in time with the cross-head, making "forced vibra­

tions" of a frequency fixed by the rate of revolution of 

the crank. On setting the latter rotating at a high 

speed, forced vibrations were again produced; but al­

though the frequency was still the same as that of the 

cross-head, the direction of motion was reversed, the 

weight moving up as the cross-head moved down. Fin­
ally, when the latter was reeiprocated at a rate equal 
to the natural frL'!luency of the weighted spring, reson­
aJl('e effeets ellsul'd, the weight jumping about in the 
!llo,.,t violent way possible. On this condition of rm;onanCe 
the weight absorbed energy from the crank, while in 
making its forced vibrations there was no absorption 
of ('uergy. 

This experiment illustrated how in the transmission 
of light there might be almost complete dispersion for 
one particular wave-length. An exveriment bv Prof. 
R. W. W'ood, of Baltimore, had a still closer be;ring on 
!In application of thc theory which he wished to make. 
Prof. Wood had shown that when light was passed 
through a vessel containing a trace of iodine vapor, 
but otherwise vacuous, a fog appeared in the path of the 
beam. This fog arose becam,e the iodine vapor was 
violently excitell by light of particular wave-length, and 
ga ve out light on its own account. That this was the 
case could be shown by putting ditlerent colorcd scn'ens 
in the path of the beam. In some cases the fog disap­
peared, while with other,; it remained practically un­
affected. In a still morc striking experiment, also due 
to Prof. \Vood, the iodine wm, replaced by sodium vapor. 

In repeating this experiment, the lecturer focused, 
on a bulb containing sodium vapor, the light from the 
salted flame of a Meker burner. He showed that in the 
region at which the light impinged there was intense 
reflection fro!ll the sodium vapor, and behind this re­
flecting layer there was a region dh,tinguished by a 
faint glow. Professor \Vood had, he said, modified this 
exp('riment, using the apparatus indicated diagramma­
tically in Fig. 4. The bulb shown was filled with sodium 
vavor at a pressure of less tlUlII 1/1000 mm. of mer­
cury. Light imllinged on the bulb from the left, as in­
dicated, and was reflected at A from the vapor inside 
the bulh. This impinging light was, however; not quite 
homogeneous. but the reflected light was sent back into 
of the mirror 1lf thi:; reflected light was sent back into 
the bulb, where it produced the glow indicated at C. At 
this point in the bulb Professor Wood fixed a small 
triangle of magnesium oxide, as indicated by the dotted 
lines. This oxide reflected light as perfectly as white 
paper but the reflecting power of the sodium vapor 

Fig. 1. 

surrounding it was so great that its surface could not 

be seen, its two inclined edges alone being visible. 

This experiment showed that for light of the particular 

wave-length concerned, the reflecting power 0:1' sodium 

vapor under a pressure of less than, 1/1000 mm. of 

mercury was as great as that of white paper. In making 
this experiment it was necessary to get the wave-length 

exactly right, or there would be practically no reflec­

tion from the sodium vapor; but if the critical wave­

length were correctly hit off, the reflecting power was al­

together anomalous, and the little triangle disappeared 

in the fog thereby produced. 

He would apply these considerations to Michelson'" 

experiment in which interference was obtained with 

wave-paths differing by 540,000 wave-lengths. Suppose, 

for example, that each mercury vibrator made only a 

few oscillations, thus giving rise to a certain disturb­

ance. Any such disturbance could, by Fourier's theorem, 

be analyzed into component harmonics or waves, each of 

which would spread out with its appropriate velocity. 

For the mercury atom the velocity of propagation for 

mercury light was practically zero, so that all the other 

Fourier components of the disturbance would move 
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away, leaving that clear which corresponded to the vi­

brator of the mercury atom. It would thus be seen that 

the train of waves in Michelson's experiment might have 

been separated from the other' components of the dis­

turbance by the action of the mercury vapor around 

the luminous centers. 

plained by the Doppler effect, according to which a lumin­

ous center approaching the observer would indicate to 

him a wave-length shorter than if it were receding from 

him. The ratio of the mean velocity of the luminous par­

tides to the velocity of light was about the same as 

the ratio of the velocity of sound to that of light. and 

this motion of the atom was found to be of itself suffi­

cient to explain the actual breadth of the spectral lines. 

were independent of the pressure of the vapor. They 

must thus be due to something inside the iodine atom 

itself, in which there might be a periodic disturbance 

which superimposed itself on the exciting light. 

To illustrate this point the lecturer made use of a 

heavy cross-bar suspcnded from a long helical spring. 

As is well known, when a helical spring is either com­

pressed or extended, one end of it generally rotates a 

little with reference to the other. On pulling down the 

cross-bar and releasing it, the lecturer showed that the 

ensuing up-and-down oscillations gradually diminished, 

the energy passing into torsional oscillations, which a 

little later on were converted back again into vertical 

oscillations, and so on. The original up-and-down mo­

tion of the spring was, the speaker said, to be regarded 

as equivalent to the effects of the exciting light when no 

satellites were produced. The energy of this gradually 

passed into another form, and we had a periodic flow 

analogous to that between the energy of the torsional 

and vertical vibrations shown by the model. 

It was accordingly not possible from the data thus 
acquired to come to any condusion as to the duration 

of the regular vibrations of the original luminous source. 

For this object it was necessary to go to work in a dif­

ferent way. 

The lecturer referred back here to 'Vood's experiment 

in which monochromatic light was caused to pass 

through a bulb containing a trace of iodine vapor. If 

a regular train of waves fell on the iodine molecules, 

and if these molecules were subject themselves to any 

kind of interior disturbance, other lines besides that due 

to the incident light might be produced. This might 

have something to do with some remarkable phenomena 

described by Professor R. W. Wood, who had found in 

the spectrum of the iodine light produced in his bulb 

lines of a previously unknown character. Submitting 

the iodine vapor to light of a particular wave-length, 

Wood found that the spectrum showed one set of bright 

lines, while on using another kind of exciting light a 

quite different series of bright lines was observed. '1'his 

effect might be produced by an irregularity in the mo­

tion of the iodinc, although the light incident on it was 

itself quite regular. So long as the iodine particle was 

vibrating in unison with the incident light there was no 

disturbance and no energy was consumed; but if the 

iodine were disturbed in any way, then the incident 

energy would go into establishing free vibrations of the 

iodine system, and there would be absorption of the 

light. The effect observed could be explained if it were 

supposed that motion of the iodine particles was subject 

to interruptions-such, for example, as arose from the 

mutual collisions of the molecules, though these could 

not really be the ddermining cause in the phenomena 

under discmlsion. In such case the energy of the in­

cident light would go into a shaking up of the iodine 

molecules. 

If a vibrating system did not vibrate for a long period, 

its effect could not be represented by a simple train of 

waves. The only disturbance which could not be re­

solved into a series of simpler component waves by 

Fourier's theorem was an indefinitely long train of 

simple waves, regular in amplitude and phase, and such 

a disturbance was the only known form of simple light. 

To a train 10()() wa\'e-lengths long, of say sodium light, 

it would be necesary, in representing it by E'ourier's 

series, to add other wave-lengths, to make up for the 

fact that the train had a beginning and an end, and 

these components would show in the spectrum,. so that 

other lines would appear as well as the sodium light. The 

distllllce of these lines from the true line would depend 

on the length "f the original train. If the latter com­

prised 1000 vibrations. the satellites would be dose to 

the original line ; while with a train of ten wave-lengths 

only they would be far away from it. The thickness of 

a spectral line afforded accordingly one way of estimat­

ing the regularity of the original disturbance. Roughly 

speaking, the most important of the Fourier components 

(which had to be put in to represent the fact that the 

wave train had ends) had wave-lengths, which were 

equivalent to the loss or gain of one, two, or three vibra­

tions during the time that the original excitation lasted. 

These gave the most important of the satellites to the 

original line. Hence, if the original train consisted of 

1000 wave-lengths, a gain of one wave-length would give 

a satellite within 1 part in 100,000 of the original line. 

If the original train were still longer, the satellites 

would be nearer still. The satellites therefore widened 

the original line, and did so the more when widely separ­

ated than when close to it. Hence, from the widths of 

the spectral lines it was VOf'sible to find the number of 

vibrations made with undisturbed amplitude in the train 

of waves received. The results of such measurements 

indicated that in ordinary spectroscopic observations the 

train received and recorded as a line must have consisted 

of at least 100,O()() waves, but this did not necessarily 

imply that the actual source had maintained its vibra­

tions unaltered for a corresponding time. 

A good idea of the fineness of the spectral lines was 

afforded by Lord Rayleigh's demonstration that the 

actual breadths as observed would be adequately ex-

Correlations of the Magnetic and Mechanical 

Properties of Steel 
THE experimental evidence seems to point to the con­

clusion that there is one and only one sct of mechanical 

characteristics corresponding to a given set of mag­

netic characteristics, and conversely there is one and 

only one set of magnetic characteristics corresponding 

to a given sct of mechanic'al characteristicl'l. 

Although there is no evidence to refute the preceding 

rather broad statement, the utility of this generalization 

is decidedly limited by the complexity of the relations 

sufficient quantitative data. Quantitative data, how­

ever, are gradually being obtained by the author and 

due to the large number of variables and the lack of 

others who are working on this problem. The appli­

cation of the magnetic tests is further limited by prac­

tical difficulties in testing irregular shapes. Even with 

these limitations, magnetic testing in conjunction with 

mechanical testing may be expected to be of consider­

able value in determining mechanical properties. 

It has been shown that magnetic observations taken 

during the course of a tensile test indicate the time 

when the truc elastic limit, the yield point, the necking 

down point, and the ultimate strength are reached. In 

addition, the magnetic data give some idea of the uni­

formity of the material. 

If it is once determined what treatment is requisite 

for a given steel, a magnetic test may be used to deter­

mine whether or not the material has been brought 

into the desired condition. 

The main point involved was that there was no ab­

sorption so long as the iodine was in phase with the 

incident light and that absorption would only arise 

when there were irregularities innate in the body 

through which the light passed. If such irregularities 

were present, we would get, in addition to the line due 

to the exciting light, a series of other lines having 

definite relations to the original line, giving satellites 

on each side of it, which would diminish in intensity 

the father their distance out from the parent linef'. 

and this distance out would be greater the more rapid 

the frequency of the internal irregularities producing 

them. 

Some action of this kind might account for the obser­

vations made by Professor 'Vood. '1'he cause could not. 

however, lie in the molecular collisions, as the results 

cross section of the metal, rather than merely a sur­

face phenomenon, as in the case of certain hardness 

tests. 

Notwithstanding the possibilities of the magnetic tcst, 

it must be remembered that at vresent they are possi­

bili ties only. Before the magnetic characteristics can 

be of much practical importance a great deal of in­

vestigation is necessary and a large number of accurate 

measurements on specimens of known chemical com­

position and heat treatment must be made. 

Before a magnetic test can be of service as an indi­

cator of the mechanical characteristics in any particular 

case, preliminary work must be done to determine the 

most suitable magnetic data and also the minimum 

amount which will give the desired information. Among 

the magnetic characteristics which may be used are per­

meability, residual induction, coercive force, hysteresis 

energy, etc., and each of these may be taken in connec­

tion with any one of a great number of magnetizing 

forces. 

For a concrete case, suppose that the problem is to 

devise a magnetic test for a steel spring or a crank 

axle. The preliminary investigation would take some 

such course as the following: 

1. Determination of magnetic normal induction curves 

and hysteresis data for test pieces made of the mate­

rials to be tested and submitted to the various heat and 

mechanical treatments that may be expected in practice. 

2. Comparison of the above magnetic data with the 

corresponding mechanical data and the determination of 

the most suitable magnetic data to use. 

3. Working out of the experimental details so that 

the required magnetic measurements may be made on 

the full-size commercial specimen. 

It is quite possible that the magnetic data may be 

used to define a bar of stecl. In no other manner than 

by a magnetic examination is it possible without doing 

violence to the specimens to determine whether two 

steel bars are identical in properties. 

A determination of the magnetic uniformity of a 

piece of steel may be used as an index of the mechanical 

llOmogeneity. 

4. Checking out of magnetic and mechanical data on 

the full-size specimens to be sure that the same condi­

tions are fulfilled as in the case of the original test 

pieces. 

A magnetic test indicates the character of the entire 

Operations 1, 2, and 4 are time consuming, but do 

not offer any great difficulties that cannot be overcome 

If anything of this kind took place in the iodine atom, 
we should get superimposed on the regular line, dne to 
fhe incident li,ght, a series of satellites on each side. He 
would not go so far as to say that this was actually the 
explanation of the phenomcna in question, but it did 
indicate that it might be quite possible to get a very com­
plicated spectrum from the incidence of a particular 
line. He had, in fact, only introduced this matter to 
emphasize the principle that complicated spectra re­
sulting from single lines were due to irregularities in the 
medium through which the light passed. 

'l'here was considerable evidence that the explana­

tion of the absorption of light was to be looked for in 

some action of the kind described. In the text-books 

the matter was commonly dismissed by summarily as­

serting an analogy between the absorption of light and 

the phenomenon of resonance in the case of sound. Tun­

ing-forks did, indeed, absorb energy from sound-waves 

of their own periodicity; but this fact explained nothing 

in conection with the absorption of light. All the time 

the tuning-forks were absorbing energy they were also 

gh'ing out similar energy. To explain the absorption of 

light a conversion of the incident energy into some other 

form was necessary. The matter was not one of mere 

resonance, and opacity could be measured by the fre-· 

quency with which the corresponding interruptions oc­

curred. If they only occurred at long intervals of time, 

the body was transparent. The absorption of light was 

thus due to interruptions in the vibration of the atoms 

of the medium through which the light passed. In fact, 

it was only when there was considerable regnlarity in 

the train of the waves and in the vibrations of the atom!.' 

in the path of the light that the light escaped absorp· 

tion. 

('1'0 lie continued.) 

by patient intelligent experimentation. The third oper­

a tion may offer vractical di1liculties due to irregulari­

ties in the shape of the material to be tested. Relatively 

long objects uniform in diameter, such as rails, steel 

rims, band saws, drills, and steel cables, present no 

difficulty. Relatively long objects whose cross-section 

changes gradually from section to section, such as 

spring leaves, straight axles, and files, present compara­

tively little difficulty. Relatively long objects of irregu­

lar section, such as crank axles, present great but not 
insuverable difficulty. Short, thick castings present 

difficulties which for the present seem insuperable.­

ScientifiC Paper, No. 272, of the Bureau of Standard8. 

Noise is Wasted Energy 
A NOISY factory is an inefficient factory. The clatter 

of worn and poorly adjusted gearings as they engage 

and disengage is unnecessary, is misdirected and often 

wasted energy. In a very exact sense, absence of noise 

in a factory is an index of its efficiency. When you 

find noisy gearing, bumping, squeaking or grinding con­

tacts their energy is being wasted. Noise annoys and 

distracts. It breeds mental confusion. Of two factories 

of the same type, the quieter, busy one is apt to be the 

more efficient. Noise-prevention, therefore, is generally 

waste-prevention. 

Fighting Noise Consumes Energy 
NOISE occupies too big a place on your office pay roll. 

The more noise, outside and inside, the larger the figure 

it cuts. Psychologists are all agreed that any man or 

woman working in the midst of distracting sounds or 

sights, must use up a certain amount of nervous and 

physical energy to shut these out and keep them from 

interfering with the task in hand. Fighting noise, in a 

word, consumes strength and attention which should be 

saved for the day's work. Fatigue follows sooner than 

the actual tasks should entail; ability to concentrate 

goes; inefficiency and high expense are the final results. 
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The Dandelion 
ANew Field Product with Various Uses 

OF the many exotic plants which have been introduced 
into this country, the dandelion is more thoroughly 
naturalized and better known than any other. Of what 
country it is a native is not easy to say, but it was 
known to the Romans, who probably introduced it into 
western Europe from the region of the Himalayas. The 
dandelion is a plant about which there is a good deal 
of curious information and it has a great many uses. 
The celebrated botanist, Linnaeus, selected the dande­
lion to form his floral flock, for its bright yellow flowers 
open in the morning between 5 and 6 o'clock and close 
in the evening between 8 and 9. It takes its common 
Hame from dent de lion, or lion's tooth, from the leaves 
being supposed to resemble the teeth of a lion. 

One often hears the statement that every production 
of nature is good in its kind, and the dandelion is  not 
an exception, for every part of the plant is  in repute 
for its particular purposes. In recent years it  has ac­
quired a degree of importance which, on that account, 
entitles it to notice. Its cultivation in the United States 
does not date back very far, but it is highly probable 
that it will become a plant of considerable commercial 
value. It is, perhaps, one of the most cosmopolitan of 
medical plants, for besides being an actually recognized 
article in pharmacy, it is also largely collected and used 
by the country people for liver complaints and in cases 
of dyspepsia. The roots are used in a variety of ways 
in Europe and in parts of this country. One useful form 
is that of a paste, which is made by pounding the fresh 
roots, placing the mass into tins or jars, and baking it 
in an oven until it is thoroughly dry. It  is used also 
as a substitute for coffee. For this purpose the root;.; 

Gathering the dandelion crop. 

are washed, dried in the sun and cut into small pieces, 
after which they are roasted in a manner similar to 
coffee. The material is then ground, and to every nine 
parts of coffee one part of ground dandelion-root is 
added. 'rhis is said to form an excellent and useful 
bcvcrage. 

'I'he use of dandelion leaves as a pot herb or salad in 
the early spring is well known in this country. The 
country people make from them a tonic recommended 
for purifying the blood. Its use for the table has bc­
come so universal that in a number of places large fields 
are devoted entirely to its culture. The leaves when 
boiled form a very agreeable substitute for the spinach 
and other greens at a much earlier period of the season 
than that in which any other plant is found to ripen in 
this climate. The flowers are used for making so-called 
dandelion wine. 

Botanists distinguish several species of dandelion, but 
the one to which the cultivated varieties belong is the 
fl'aramacum denslionis. Time and culture have done 
much for improvement, and to-day it might seem a s  
though the several large-leaved varieties, which are o f  
French origin, a n d  our common dandelion of t h e  lawn 
and fence rows, had nothing in common except the 
name. Some of these forms have very large and beau­
tifully-curled leaves resembling the endive plant. The 
bulk of the dandelion that comes to market during the 
spring of the year is the wild-grown kind, but the mate­
rial raised in hotbeds or in well-cared-for fields is more 
pleasing to the housewife, and is, consequently, more 
marketable than the natural-grown kind. 

Regarding the culture of the dandelion, there are no 
published accounts on the subject except in a general 
way, which practically every gardener or farmer knows. 
It is only requisite to have land of a deep, moderately 
moist and sandy, friable loam, and to keep it free from 
weeds. The seeds are sown in rows in the spring where 
the plants are to stand. Although the small plants may 
be transplanted, this would be too expensive and with­
out advantage. The plants should stand about one foot 
apart each way, and a good crop will cover the land 
completely when the plants are a year old. The ground 
must be well hoed during the summer, and earthed up 

in the winter to guard the plants against heaving. The 
tops may be cut off the following spring when they are 
ready for the market. 

In harvesting the crop, a man with a hoe goes ahead 
in a row and cuts the tops off at the ground. Others 
follOW, pick them up, pull off the dead leaves, and take 
them in large baskets to the shed where they are 

A dandelion field near New Haven, Conn. 

thrown in running water and washed. 'l'hey are then 
put up for market. The cutting of the first year',,; crOll 
stimUlates the growth of young plants, which spring up 
from the tap root in large clusters, producing a much 
larger crop the second year than the first, but it is 
claimed by some that the second year's crop is not as 
good as that of the first. The plants are not allowed to 
grow more than two years. The dandelion is not af­
fected by any serious disease, making it easier to grow 
than most crops. 

The industry is still localized around New York, New 
Ha ven, and Boston ; but after the American growers 
lcarn to realize something for the dandelion roots, as 
well as for the tops, it will render it a still more val­
uable a rticle of growth. At the present time our supply 
of dandelion roots comes chiefly from Germany, Austria. 
and }j'rance. The United States imports many tOI1:'; of 
these roots annually, and there is no reason why the 
American truck gardeners should not supply this de­
mand. Of the comparative medicinal qualities of the 
American and foreign-grown roots numerous experi­
ments have been made, and it has been found that the 
foreign root contains no one essential quality which is 
not pOHse;,;sed in an equal degree by our own ; it is in 
some cases even more effectual thall the foreign roots. 

There is no artifice required in preparing the roots 
for market. 'l'hey need not be raiil:ed or colored to give 
them an improved outward aPllearance, but all that has 
to be done is to remove all the earth and dirt by wash­
illg tlwm in cold water alld drying them thoroughly. 
'l'he root has been for many years cultivated to a con­
sidcrable extent in IDurope, and that which has come to 
thit-: country for medicinal use has usually not been 
vpry dean of sand and dirt, as the trade should de­
mand. Howcver, the bulk of the material which now 
cOmes from I'Jurolle is from the natural-grown plants 
which are dug up ill late fall or early spring, becau,,;e 
the roots then contain the entire juice and virtue of 
their medicinal proflerties ; those taken up ill summer 
are of a light and spongy texture and unfit for use. 

The roots being cleaned and striflped of all the leaves, 
are fllaced on a drying rack or long table in the shade. 
They are turned frequently, but great care is taken not 
to break any of the roots while they are still fresh or 
the whitish, vbcid juice would exude under the broken 
ends and would not incorporate with the tissue of the 
root. If this juice is allowed to escape or run out, the 
roots become light, often unserviceahle. 'l'he roots must 
be dried immediately after they are taken out of the 
ground or they will become soft and decay very rapidly. 
In some instances they are hung up on strings or thin 
ropes stretched across the drying room, but they will 
become thoroughly dry in about two or three weeks and 
arrive at their full perfection. 

These directions might be easily and judiciously fol­
lowed by the gardeners who cultivate dandelions for the 
tops in this country, except for the fact that our climate 
may be at times too damp to effect a complete drying 
during the late fall. It has, however, been recommended 
to use a room heated artificially, but it is believed that 
the object would be equally well attained by placing 
them on a table under the roof of the house or a dry 
shed. They lose about two thirds of their weight in 
drying, and when well prepared should be dry, firm and 
s olid, breaking with a short, easy fracture. On a freshly 
fractured surface is seen a bright-yellow oorous inner 

part, and a white mcaly outcr portion surrounded by a 
thin, dark-colored, epidermal layer. They have a bitter, 
slightly astringent taste and peculiar flavor, with an 
a romatic quality not manifested to the smell. The root 
is sold by wholesale druggists at from 22 to 28 cents a 
pound. 

Water Hyacinths in the Panama Canal 
ONE of the minor problems of the Panama Canal is 

th'� extermination of the water hyacinth, a plant that 
threatened to create a serious obstruction in Gatun 
Lake and the waters in the vicinity, and might possibly 
extend to the entire waterway. This vigorous plant, 
technically known as Eichornia azu1"ca, is found in 
nearly all water>! of the Atlantic slope from Colombia 
to Costa Rica, especially in the more sluggish stream�. 
aud is closely related to Eiclwrnia c1'assipcs of Florida 
and Louisiana. The plant is propagated principally 
from seeds, and grows on almost any kind of bottom, 
ill water from one to sixteen feet deep. 

Young submerged plants have long, narrow leaves 
three sixteenths of an inch wide by about thrce aud 
a half inches long, at intervals of about an eighth of 
an inch on opposite sides of the stem and very re;.;u­
larly. When the plant reaches the surface these leaves 
change in form, becoming from three to six inches wide 
and five to eight inches long, pointed at the outer end, 
ll.nd tapering to the stem. 'l'he stem, or root, below 
water is very t ough and ropclike, while above water it 
is thicker, tough and porous, and follows along the sur­
fa('e of the water, sending out branches every ten inches, 

Drying the root for medicinal use. 

whil-h in turn also branch, the vlant tlms eventually 
forming a thick mass of matted growth bound together 
hy many small matted roots two or three feet long", 
which appear ltiong the main stem as the plant grows. 
So solid arc these ma:;ses that It bed six months old 
will support a man standing Oll a six-inch board. 

'l'he young plants will grow from one half to three 
fourths of an inch a day when submerged, and two to 
three inches a fter reaching the surface_ A healthy 
plant bloom:; in about six weeks after it reaches the 
surface, and two weeks later the flower has died amI 
seed pods formcd. I�acll plant produees two or more 
stems of 35 to 45 purple flowers a month, or about 25 a 
year, a seed pod containing on an average of 170 seeds 
forming at the base of each flower. It will be scen 
that each healthy plant distributes about 170,000 seeds. 

It is thought that the original heds of hyacinths re­
sulted from seed brought down from the upper reache:-; 
of the Chagres River by floods, and that while some 
success has been had in voisoning the plant, the most 
effective way of eradicating the growth appears to he 
by pulling up the plants bcfore they reach the seed 
period. 'l'his operation must be repeated a number of 
times, as the seeds avpear to germinate for at least 
a year after they have been deposited. The work of 
exterminating the hyacinth has been going on for about 
two ycars, and it will take at least another year of con­
stant and vigilant work to complete the task. 

A New Thermo-Galvanometer 
AN interesting type of thermo-galvanometer has been 

described by F. W. Jordan in the Proceedings of the 
Physical Society. The current to be measured is made 
or broken through a heater of small thermal capacity 
located in an air chamber, and the outrush of the 
suddenly heated air through an orifice deflects a small 
suspended vane. The disturbing effect of extraneous 
heat and pulsations of external pressure are compen­
sate<l ; and in one instrument with which experiments 
were made the sensibility was 4 mUlimeters per micro­
watt, and the extremity ot throw ot the vane was at· 
tained in two seconds. 
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Ancient Mesopotamia 
And the Irrigation System That Made It a Fertile Territory 

WELL-DEVELOPED irrigation schemes enabled Mesopo­
tamia, Armenia and other provinces in the near an d 
middle East, formerly to become th e sents of mighty 
empires that possessed great trading centers. To-day , 
they have comparatively few cities of any importance 
and their commerce is carried on by caravans.  The 
largest city in Mesopotamia , and the most celebrated , is 
Bagdad. Its present population is about 1 50 ,000, as 
compared with about 4,000,000 nine centuries ago . The 
differences between Mesopotamia in the ninth and tenth 
centuries and to-day were caused by the destruction of 
the early irrigation works of the Abbasid Caliphs in the 
fifteenth century . 

Bagdad has been the site of important cities from the 
remotest historical times.  But the present city was 
founded by the Caliph Man-
sur in A. D. 762. The site 
was chosen on account of the 
rich alluvial plains in the vi­
cinity, and the ample water 
resources of the Tigris and 
Euphrates rivers. The pre­
vious cities of Bagdad were 
settled by Persians, who car­
ried out irrigation works on 
a small scale in the plains a 
little to the south. These 
works showed that great 
weal th could be won from the 
land by means of irrigation , 
and the Caliphs, who in their 
travels with their armies in 
Persia and Arabia learued the 
value of the accumulation of 
wealth in times of peace, gave 
as much attention to the de­
velopment of irrigation works 
around Bagdad as they did to 
the city itself. The result was 
that about the year A. D . 
1000 Bagdad was as cele­
brated for its canals, gardens 
and irrigated farms as for its 
wealth, trade, palaces and 
mosques. 
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land in Asia . The Euphrales has since shifted it;; bed 
about 30 miles eastward of its old course and th e rich 
canal lands are now no thing but unhealthy reedy swamps ,  
the haunts of large herds o f  water buffaloes, cranes and 
o ther animals and birds.  Between Dur and Basorah 
there were over fifty trunk canals joining the Tigris and 
Euphrates.  These canals irrigated an area of about 
37 ,000 square miles of rich farming lands. These lands ,  
called the " Meadows of G old , "  were worked t o  the fullest 
extent under all the Abbasid Caliphs between the years 
A. D. 750 and 1258, when Bagdad was sacked by the 
Mongols , and the rule of the Caliphs ended . A fter the 
Mongolian invasion Bagdad was no longer the capital 
of the Mohammedans,  and the Holy City of Islam . It 
reverted to Persia , and became the capital of the Province 

T.H E  

' .  

In the height of prosperity 
Bagdad possessed the great­
est system of irrigation canals 
that has ever been con­
structed. In A. D. 1000 the 
canals in the vicinity of the 
eity measured over 3,000 
miles in length. These can­
als were well built, supplied 
with storage basins, locks and 
weirs, bridges and loading 
docks for barges, and were 
kept in good order. They 
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the mosques of Waddah and Sharkeyah , the royal palaees 
and the government buildings. 

The walls of this city were built of large sun-dried 
bricks 18 inches square. The inner wall was 90 feet high 
and 105 feet thick at the base . It tapered to 38 feet a t  
the top . The outer wall was about 70 feet high , 75 feet 
thick at, the base and tapered to 32 feet at the top . 
Twenty-eight forts were placed on the top of the inter­
mediate wall. These were spaced equidistant around 
the city. Each gateway , known as the Basorah , Kufah, 
Khorasan , and Syrian gates,  was closed by iron doors, 
which were so large and heavy that it took a full company 
of the military guards to open and close them . These 
doors were built up from sheet metal on strong iron 
fr�mes. The city was well laid out by architects,  and 
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f u r n i s h e d  w i t h  n u m e ro u s  
parks a n d  public  squares .  
Beautiful flower beds were 
kept in the parks and made 
Bagdad celebrated for its 
flowers. The circular city 
was kept for residential pur­
poses only, and for the num­
erous governmental and mili­
tary offices. This is the first 
recorded instance of an Orien­
tal city being laid out in this 
artistic manner. It was so 
well don e,  however, as to in­
dicate that town planning 
was a well-developed art in 
Asia in the eighth century. 

No traders were allowed to 
settle within the walled city .  
C o n s e q u e n t l y  commerci�tl 
people settled outside near 
the various gates. This re­
sulted in the wide develop­
ment of Bagdad beyond the 
walls of the circular town. 

The lines in Fig. 1, encir­
cling the walled city, repre­
sent the principal irrigation 
canals. The whole area cov­
ered by the canals was thick­
ly settled. There were num­
erous public gardens,  mos­
q u e s  a n d r o y a l  palaees 
throughout the area coverod 
by the canals. 

The principal canals join­
ing the Euphr�tes with the 
Tigris are shown in Fig. 2 .  
This map is copied from the 
reconstructed plans of G.  Le 
Strange, who followed the 
works of the Arab historians 
T a b ari ,  Y a' k u b i ,  K h a t ib,  

fed thousands of miles of 
ditches carrying the precious 
water to innumerable small 
farms. These farms were situ-

Serapion an d others.' �======434======4;;l5;=======;4;l;;6C======4�7=======;4;!;B;===!::====4�9==d To the east of the Tigris 

ated all around Bagdad on both sides of the city. They 
grew splendid crops of grain, hay, fruit ,  vegetables, nuts, 
and flowers from which essential oils and Oriental per­
fumes were made. And the produce of these rich farms 
supported a great trade between Bagdad and the whole 
of Asia. 

In addition to the canals around Bagdad there were a 
large number, both north and south of the city , which 
joined the Euphrates with the Tigris, and there were 
several running parallel with the rivers. 

The largest of the outside canals was known as the 
Chosroes Canal. It was built in early historical times 
to connect Bagdad with the city of Dur, about 100 miles 
to the north . This great canal was extended by the 
Caliph Mansur to the city of Madharaya, th e modern 
Kut-el Amara. This gave the canal a length of 290 
miles. Later Caliphs carried it 150 miles beyond Dur. 
Whenever this canal passed through loose soil it was over 
200 feet in width and 6 feet deep . Where the ground 
became rocky it was reduced to width of 40 or 50 feet . 
This trunk canal carried a large boat traffic and supplied 
water to hundreds of miles of lateral canals and irrigation 
ditches. It enabled close settlement to be made over 
many thousands of miles of splen did farming country . 

South of the ancient city of Kufah, on the Euphrates, 
now called Kerbela, there were great irrigation develop­
ments on what was proved to be the richest agricultural 

of Irak. It was occupied by the Mongols until A. D.  
1 4 1 1  when it fell into the possession of  the Black Turko­
mans, who in turn , in 1469 , were dispossessed by the white 
Turkomans.  

The Persians retook Mesopotamia from the White 
Turkomans in 1508, an d,  in 1534, they gave way to the 
Ot toman Turks, who have since retained possession . 

A plan of Bagdad , as it was in A. D. 1000 and as it is 
to-day , is shown in the insert in the map . The shaded 
portion is the modern city. The principal part of Bag· 
dad i� now on the eastern, or left. bank of the Tigrk 
In the time of the Caliphs, the city chiefly occupied the 
opposite side of the river. The circles in this chart 
represent the Round Citv, which was founded bv the 
Caliph Mansur in A. D. 7C;2.  It was surrounded by

'
three 

thick brick walls, perfectly circular, with a moat inside . 
There were four gates leading out of the city connecting 
with two main thoroughfares crossing through the city 
at right angles to each other. These four equidistant 
gates were a little more than a mile and a half apart-the 
same distance as the diameter of the inner city wall. 
There was a splendid circular park in the center of the 
walled ci ty in which was situated the palace of the Caliph,  
known as the Golden G ate Palace. A lovely mosque 
also occupied this park. Around these buildings there 
were other important edifices grouped in circular form, 
as is shown in the illustration . Chief among these were 

the great trunk canal of the 
Chosroes is prominent.  This 

great canal skirted the alluvial plains of the Tigris valley 
from the old city of Hit, of the Hittites. 

The destruction caused by the Mongols has never been 
made good . The wrecked canals were never repaired , 
and as a result the whole country again became a desert . 

The whole of the valleys adjacent to the courses of 
the Tigris and Euphrates are irrigible. Both the land 
and climate are suited to a great variety of tropical and 
SUb-tropical crops.  And th� natives are good and pains­
taking agriculturists.  With sound government, secur­
ity of tenure , cheap transportation facilities and modern 
irrigation systems, the plains of Armenia, Babylon and 
Mesopotamia can be quickly made to bloom again. 

There can be no doubt that the Bagdad railroad will 
be constructed immediately after the war is over. There 
are definite commercial factors, quite aside from the well­
established political reasons that will make the constru c­
tion of this railroad imperative. Then a new system 
will be run from the Black Sea port of Trebizond, south­
ward to Bagdad , along the course of the J<juphrates. The 
road will traverse the sites of numerous old irrigation 
centers. It will, for instance , pass through the old irri­
gation fields of Babylon and Nineveh. And much farther 
north, innumerable ruins of ancient cities will be met 
where large settlements existed which entirely depended 
on irrigation. 

1 Sce Journal of the Royal Asiatic Society, 18%. 
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Food Economics* 

The Limitation of the Quantity of Food to a Sufficiency 

By Harry Campbell, M.D. ,  Lond . ,  F.R . C.P.  Lond. 

FOOD not only occupies the unique posit ion among the 
different forms of wealth of being the only one which 
is essential to life : it has the further characteri stic ( in 
common with a few other commodities, such as alcohol, 
tobacco, coal, and gasoline ) that its use involves its 
immediate destruction. The clothes we wear may last 
us months, even years, our dwellings may outlast cen­
turies, but the food we eat is rapidly consumed within 
the body. It w ill thus be seen that any consumption of 
food beyond what is actually needful constitutes a net 
waste of the most important form of wealth, and this 
at the time when the strictest economy is called for. 
Those who delight in ethical subtlet i es migh t take as an 
interesting subject for discussion the question whether 
the thief or the glutton is the greater sinner. It would 
be open to anyone to argue that robbery is a less dendly 
sin than gluttony, seeing thnt the one consists in a mere 
transference of wenth, while the other involves a useless 
and even harmful destructi-on of it. Mnny people ent 
more than they require ; not a few ns much as would 
suffice for two, nay, even three persons. A saving of 
wealth running int o millions could be effected if only 
those who exceed were to reduce their rntions to the 
nctual needs of the body. Excess ive enting not only 
constitutes a waste of national wealth, it also injur!'!'! 
the health. It is a trite but true saying that more people 
die from over-enting than from over-drinking. The 
transgressor in diet, moreover, is less efficient as a 
citizen, and at the present time we all need to be at our 
very best, mentally and physically. Yet I see little 
attempt in clubs and restaurants to economize in food. 
I recently estimated that the regulation supply of food 
at a prominent London club was about twice the quan­
tity actually necessary, and a large proportion of the 
habitues gave evidence of the havoc which prolonged 
over-eating had wrought in their tissues. I lately heard 
a viRitor to a country hotel remark to the landlord upon 
the abundance of the fare he provided. "Yes," was the 
proud rejoinder, "this is a house of plenty." At the 
fashionable West End restaurants food and drink are 
as lavishly consumed at the present time of crisis as in 
the piping t imes of peace. I think it possible that food 
is supplied too generously in some of our public insti­
tutiOIlS. At a large London workhouse which I visited 
some years ago it seemed to me that the supply of bread 
was more than necessary, certainly in the case of some 
of the inmates. 

I am convinced that the quantity of food required to 
maintain in health a person not engaged in strenuous 
muscular exercise is much less than is generally sup­
posed. Young adults need m ore food than other people 
-our food requirements diminish with advancing years 
-yet it is surprising how small an amount of food even 
young people leading active l ives can thrive on. Thus 
the diet of a young woman, weight 140 Ibs., the embodi­
ment of h ealthy womanhood, whose daily routine is 
one long round of activity-bustling about the house, 
riding, driving, walking, etc., is somewhat as foll ows : 
Breakfast : A little bacon or fish, or an egg, with 
a couple of slices of bread-and-butter. Midday dinner : 
Equivalent to what a town-dweller would regard as a 
moderate lunch. Tea :  A l ittle bread-and-butter. Be­
fore going to bed : An apple or some other fruit. On 
this diet she keeps her weight, looks a picture of radiant 
health, never feels tired or unpleasantly hungry, and can 
always forego a meal without discomfort. The follow­
ing is the diet of a London postman, aged 26, who walks 
about 15 miles in the day, and on some beats has to 
mount some 5,000 steps daily ( he carries a weight not 
exceeding 30 pounds ) : 5 A. M., a piece of toast and a 
eup of tea ; 9 A. M.,  one rasher of bacon, four moderate 
sl ices of bread-and-butter, two cups of tea ; 2 P. M., 

chop or cut off the joint, four potatoes and green vege­
tables ; 6 P. M., a bloater ( or some other fish ) ,  four 
slices of bread-and-butter, one cup of tea. I could fur­
nish many similar instances. Cases of this kind-and 
they are quite common-show how little food is  needed 
in perfect health, even in the heyday of youth, and 
when a considerable amount of muscular work is being 
performed. They probably indicate the possession of a 
well-nigh ideal digestion. Others apparently healthy 
no doubt require a somewhat more generous diet. 

The two chief factors which make for excessive eat­
Ing are the appetizing nature of the food and the soft­
ness of the vegetable ( especially the farinaceous )  por­
tion of it. The object of the cook is to make her dishes 
as tasty as possible, and 1<0 to arrange their  order that 

* The Lancet. 

the appetite shall not flag throughout the meal. As to 
the second factor, it is obvious that soft farinaceous 
foods, such as porridge and m ilk puddings, which rapidly 
find their way into the stomach, are more l ikely to be 
taken in excess than fi rmer food, such as crusty bread, 
which calls for thorough mastication. The more com­
pletely farinaceous food is masticated the smaller is the 
quantity that will be needed to satisfy the appetite. 

Another cause of excessive eating depends upon the 
principle that "appetite increases by what it feeds on." 
'1'he more one accuRtomes oneself to eat largely the more 
clamant does the appetite become. Excessive eating, 
indeed, tends to beget an actual craving for food not 
unlike the morbid craving for stimulants. When the 
men I time comes round, or even before, there is felt a , 
sink ing or other uncomfortable sensation at the pit of 
the stomach, or perhaps a feeling of lassitude. Thef;e 
feelings being relieved by food, it is erroneously con­
rll1detl that they indicate the need for a restoking of 
the vital engine. That this view is entirely wrong is 
shown by the fact that many a healthy person, expend­
ing a good deal of muscular energy and consuming but 
n moderate quantity of food, can forego a meal without 
inconvenience. Even more Significant is the fact that 
the habitual over-eater generally feels brighter and 
more v igorous after enforced abstinence, such as may be 
necessitated, e. g., by a bilious headache o r  an attack of 
gout. The machine is found to work better when the 
stoking ceases. The fact is, the unpleasant feelings 
referred to are not due to the lack of nutriment and do 
not indicate the need for more. The "sinking" results 
from the absence of the wanted mechanical stimulus 
afforded by a bulky meal ; the lassitude is due to a 
poisoned state of the blood brought about by chronic 
over-eating, and is removed temporarily by the absorp­
tion of the more diffusible, stimulating elements of the 
food. In thi s  way the effects of the blood poisoning are 
for the time masked. 

The over-eater, like the alcoholic inebriate, rarely 
realizes that he is indulging in an injurious excess. In 
deciding whether too much food is being taken or not, · 
the body weight affords useful help. If a person's 
weight is  not above the normal the probabil ity is  that 
he is not eating too much, but if he is decidedly stout 
he very probably is over-eating. This test is not, 
indeed, infallible ; we occaSionally meet with thin people 
who eat abundantly and stout people who are moderate 
eaters. What is so frequently forgotten is the fact that 
the amount of food taken should be proportioned to the 
amount o f  muscular energy expended. If a person takes 
little exercise he requires proportionately less food, just 
as it requires less gasoline to drive a car 5 miles than 
50. When a person who takes l ittle exercise gets fat 
his fatness should not be put down to the laclt of 
exercise, but rather to the fact that h is supply of food 
is in excess of the amount of muscular energy expended. 
'I'he London policeman probably consumes as much as 
the London postman, although he does not expend more 
than a quarter of  the muscular energy expended by the 
latter. It is clear, therefore, that he eats more than is 
necessary-a conclusion which is  not infrequently borne 
out by the amplitude of his proportions. It is as rare to 
meet a thin policeman past 30 in our towns as it  is to 
see a stout postman anywhere. Stout people often resent 
the charge that they eat too much, and insist that they 
are very moderate eaters. Investigation generally shows 
otherwise, but whether they eat much or little the fact 
remains that in the vast majority of cases they eat more 
than they require. 

All those who on reflection have reason to suspect 
that they may be eating superabundantly should, alike 
in their own and nation's interest, cautiously begin at 
once to cu t  down their rations. In this way they can 
improve their health, render themselves more efficient 
citizens, and save the wealth of their country. It i s  
n o t  suggested t h a t  a large reduction should be made 
suddenly. Rather should an attempt be made to accus­
tom the body gradually to do with less and less food. 
To this end the food should be plain, not too appetizing, 
and well masticated. Unfortunately, the British people 
are the most inefficient masticators in the world. I will  
now endeavor to explain h ow this bad habit has arisen, 
and to indicate some of the evils which result from it. 

Mastication.-Efficient mastication, among other a d­
vantages, makes for economy in food, inasmuch as it 
promotes normal digestion and in this way reduces the 
amount of food needful to susta in the body. It is not 
generally known that it is essentially the vegetable 

portion of our food which demands mastication. T he 
carnivora do not masticate their food, as anyone who 
has observed a dog bolt a piece of meat can testify ; 
their teeth interlock and do not admit of any lateral 
grinding action. On the other hand, all the vegetable­
feeding mammals are laborious masticators. This is 
because vegetable food consists of a cellulose framework 
more or less dense, which it is necessary to break up, 
so as to liberate the contained nutrient particles and 
allow them to come under the action of the digestive 
juices. That our al)e ancestors subjected their food to 
prolonged mastication is evident from a study of the 
teeth of their near relatives, the larger manl ike apes 
( gorilla , champanzee, and ourang ) .  I find that even the 
milk teeth of these animals are greatly worn down. 
B efore man learned to prepare his vegetable food arti­
ficially by maceration, grinding and cooking, h e  had to 
subjpct mo�t of it to a prolonged natural milling with 
his teeth. Our teeth have been to a great extent re­
l ieved of this laborious work by the m iller and the cook. 
The saving of the work of mastication thus effected has 
certain manifef;t advantages, but these are largely dis­
counted if the farinaceous food is rendered so soft that 
i t  il'l f;wallowed wi thout being subjected to any but the 
meref;t pretence at mastication, for then not only is it 
not properly mixed with the saliva,  but the teeth and 
the salivary glandR are cheated of their normal work. 
!IOmy, unfortunately, in this country we consume all, or 
nea rly all, our vegetable food in soft, pappy, pultaceous 
amI Rpongy forms, with the result that we have come to 
be a nation of veritable fOOd-SUCkers, with atrocious 
teeth, m iRshapen jaws, and none too good digestions. 
Our sole vegetable foods which invite mastication are 
crusty bread, dry toast, hard biscuits, salads, nuts, and 
applef'!. Onr staple vegetable food, bread, is eaten in a 
spongy form. The loaves are shaped so as to give a 
minimnm of surface for crust, and are lightly baked so 
that the crust shall be as thin as possible. In the 
"A. R. C." shops it is the custom when cutting the 
rectangular loaves into slices to put aside the end 
pieces, as the customers refuse to eat them. I am told 
by a Scotch baker that the most crusty loaves-those 
which rest on the floor and against the sides of the 
oven-fetch a lower price than the others, so rooted is 
the objection of the Scotch people to crusty bread. 

Let us now consider the foods which form the bulk of 
onr national vegetable diet. They are : soft, spongy 
bread, bread-and-milk, cooked vegetables, puddings ( suet, 
batter, "Yorkshire," plum, cabinet, milk, etc. ) ,  porridge, 
cakes ( multitudinous ) ,  buns, scones, muffins, crumpets, 
tea-cakes, and fancy cakes galore. To set forth in detail 
the many evils which result from this pernicious system 
of diet would require several articles. The one I desire 
to emphasize just now is that it causes an excess of 
farinaceous food to be consumed. The more thoroughly 
a farinaceous food, such as bread, is chewed, the more 
intimately will  it be mixed with the saliva, and the 
more efficiently is  it likely to be digested ; and it goes 
without saying that when food is well digested less ot 
it will  be required than when it is not. A piece of crusty 
bread, thoroughly ma sticated, will go a l onger way to 
satisfy the appetite and the nutritive reqUirements of 
the system than an equivalent of pudding hastily 
swallowed. 

The best way to secure adequate mastication is to 
choose foods which invite, or even compel, mastication. 
It is chiefly in regard to the cereal foods-wheaten flour, 
oatmeal and rice-that reform is most needed. From 
the point of view of mastication oatmeal biscuits are 
preferable to oatmeal porridge, but the latter is so 
popular and valuable a food that it may be permitted 
with the proviso that it be subjected to some sort of 
chewing, and not allowed to flop like some huge poultice 
into the stomach. Wheaten flour-our staple vegetable 
food-should be employed for little else than bread, suet 
pudding ( plain suet pudding, fruit pudding, meat pud­
ding ) ,  plain biscuits, and home-made cake. Other pud­
dings and the multitudinous varieties of cakes known 
to the pastry cooks should be banned ; they have no 
special virtue and they can well be dispensed with. 
When a patient is knoclted off his puddings or "sweets'· 
by his doctor he often asks in a concerned or even in­
jured tone what he can eat instead ? The answer is 
that bread-and-butter ( 1. e., flour and fat )  is as nutri­
tious as any ordinary pudding and more wholesome than 
most. It is a good food because it is nutritive, simple, 
and ( if the bread is crusty ) compels mastication. It Is, 
of course, chielly In the form of bread that wheaten 
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flour should be consumed. T h e  loaves should be shaped 
so as to give a maximum surface for crust ( spindle­
shaped, or cylindrical-shaped ) and well baked, so as to 

give a thick but not too hard or brittle crust. Unfor­
tunately, many people are prveented by bad teeth from 
ea ting crusts. 

Detective teeth.-Here I am led to say a few words 
about the deplorable condition of the teeth of our coun­

tl'ymen, the more so a s  the fact has recently been 
brought into prominent notice in connection with our 
recruits. This state of things is a national d i sgrace. 

It is solely due to our faulty dietetic customs--above all 
to the practice of eating sweets and snft farinaceous 

food, which leaves the mouth in a chronic unhygenic 
condition. I estimate that there are among the inhabi­
tants of these islands upwards of 200,000,000 of carious 
teeth, and probably an even greater number of sockE't 
abscesses ( pyorrhma alveolari s ) ,  while as to the jaws, 
it is rare to meet a normal one. One of the first things 
which strike the observant foreigner when he lands upon 
our shores is the large number of people with false 
teeth, and the great length and promilwnce of the 
natural teeth-a feature which the continental cartooni st 

has not been slow to accentuate. These obtrusively 
large teeth constitute a damning indictment against our 
habit of consuming nearly all our vegetable food in a 
form which does not put the teeth to adequate use. 
Teeth which are not put to vigorous use are not ground 
down as they should he, and they tend also to "grow 

out of their socketR," so that they, or rather the visible 
parts of them, become longer. This lengthening of the 
teeth is due in an even greater degree to pyorrhrea. 

Hence pap-fed people tend to be "long in the tooth." 
We are happily beginning to awake to the necessity 

of looking after our children's teeth, and flental sur­

geons have been appointed to tend the teeth of the 
plementary-school children. This is a move in the right 

d i rection, but i t  is little more than shutting the stable 
door after the horse has bolted. Dentists are m ainly 
engaged i n  an endeavor to repair damaged tE'eth. 
Obviously our aim should be to prevent the damage, an·.! 
this, as Dr. Sim \Vallace has shown, can be done by 
choosing foods which exercise the teE'th and salivary 
glands adequately, and by so arranging the order of 

them in a meal that the mouth shall be left in a sani­

tary condition. 
So accustomed are we to the prevalence of dental dis­

ease in this country that we accept it as  a matt er of 
course. It is, however, a serious national evil,  but 

happily one which can be remedied. 'l'he present time, 

wlwn for reason of economy we are called upon to 
examine into and revise our dietet ic habits, is a good 
one to put up a bolfl fight against it. 

Portland Cement 
IN cOlllwction with its educational exhibition work 

the Division of Mineral Technolo�y of the National Mu­
seum has jm:t completed a model of a Portland cement 
plant and placed it on exhihition in the Routhwest cor­
ner of the older buildin�. 

This model is a minia ture of a real cement plant and 
covers eighty square feet, itl'l del'lign and layout being 
such as to enable the visitor to follow successively the 

various steps of the process. 
This E'xhibit is the mORt recent achiev('ment of one 

of the museum'" newel'lt divisions, min('ral technology. 
which was or�anized about three years a�o to increasE' 
the popul ar Imowledge of the mineral industriE's of this 
country and to further the understanding of the adapt­
ability of the derived products. 

Portland cement may be defined as a product made 
by buming limestone and clay, which have been mixed 
so a;; to form a certain composition, and grinding the 

resulting "clinker" to powder. 
In the early days much mYl'tery surrounded the man­

ufacture of Portland cement when it was first discovered 
by a bricklayer of Leeds, England. lIe found that by 

mixing water with a compound of Thames chalk and 
Medway mud he could compound an artificial water 
cem('nt, and determined that no one should discover his 
sE'Cret. When employed in manufacturing his raw 
mixture, he is said to have attired himself in a long 
black gown and the pointed hat of the mystic, and to 
have recited mysterious incantations during his opera­

tions. 
But a curions onlooker, who determined to ascertain 

his ingredients and methods, had a sample analyzed by 

a chemist, whose result showed 90 per cent phosphate 
of lime. Thinkin� tha t  he had solved the secret, he 
began to calcine all the bones he could gather up in 
the village, much to the discomfort and objections of his 
neighbors, who finally induced him to desist. Follow­
ing, howevE'r, the old Rystem of eut-and-try, he finally 
solved the problem and eventually produced a cement 
equal to that of the original compounder, and the great 

industry began at once to thrive. 

In this country the Portland cement industry had 
its beginnings in the Lehigh Valley in Pennsylvania, 
chiefly in Lehigh and Northampton counties, where 
John W. Eckert, a chemist, discovered that there oc­

CUlTed a limestone composed of approximately the cor­
rect ingredients necessary for the manufacture of Port­

land cement. The model represents the process of man­
ufacture used in this section of Pennsylvania, where thE' 

limestone that is used is termed cement rock. 

Note on the Transparency of the Atmosphere 
in Central Australia 

MANY observers have borne witness to the rE'markable 
clearness of the atmosphere in the center of the Aus­
tralian continent. Thus the Carnegie Magnetic Survey 
party, in 1912, were much impressed by this feature 
and hy itR bearing on astronomical observation. It  was 
Htated that from one point on the Great Northern Rail­
way they could i;ee the smoke of a train a t  William 

Creek, forty-five miles distant, and by the movements 

of the smoke column eould follow the operation of truck­
Rhunting then in progress. The best definition not('d by 

them, however, judging by the sharpness and steadi­

ness of the images of the sun and stars in the theodolite, 
was obtained in the region near Blood's Creel{, betweeIl 
Oodnadatta and Charlotte Waters. It may be remarked 
that these observations were made in May and June, 
a nd that the atmosphere in Central Australia is un­
(loubtedly at its best, e>;pecially in the day time, during 
the cold months. As the summer comes on the grea t 
heat caUi;es pronounced mirage effects, which begin to 
<lh;turb the definition soon after sunrise. An instance 
of this  in the month of October was noted by the writer 

while taking theodolite bearings of a survey mark 
known as Table Pile, situated on an extensive ta ble­
tOPPE'd formation near the Upper Arckaringa CreE'k. 
'I his objeet was quite distinct in the theodolite at sun­
rise, but the sun's rays soon began to take effect, and 
within less than one hour after sunrise it waR entirely 
lost from view, together with other details of the hori 
zon, iIl a continuous mirage movement rippling acros,; 
the field of view of the theodolite. A month earlier, 

however, the remarkable visibility of objects at a great 
dh;tance was noted in an observation made at the top 
of the Moorilyanna Hills. The highest peak rises to 
some 400 feet above the level of the neighboring plateau, 
which is approximately 1,700 feet above sea l evel. From 
the hilltop, Mount I llbillee, 35 miles distant, and other 

features of the Everard Ranges, were very distinct. 
and throngh binoculars, the dark, peculiarly shaped 

outline of Mount Ferdinand, the nearest peak of the 
Musgrave Ranges, rising to a height of 4,000 feet above 
sea level, and 64 miles distant from Moorilyanna, was 
plainly viRible, just projecting above the horizon. The 
part played by refraction in cold weather was here seen 
in an interesting manner. From the magnetic station 
at the foot of the Moorilyanna Hills a gap was notice­

able in some rising ground to the west-southwest. 
Mount Illbillee lay just behind this gap. As a rule, 

during the warmer part of the day, when also, owing 
to the large diurnal variation in high level countr�', the 

atmospheric pressure was reduced, the peak of Mount 
I l I biIIE'e remained just below the level of the gap, but 

in the colder hours of the morning or evening, the in­
creased refraction caused it apparently to be lifted up 

above the level of the nearer object and to become visi­
hie in the theodolite through the gap. A similar effpct­

of refraction has been noted at some of the stations in 
Central Australia, and local weather prophets have been 
known to make use of it in foretelling the weather in 

those parts. 
An additional suggestion of the transparency of the 

atmoRphere in these regions is afforded in the stereo­
seopic appearance of many of the hills, which, at five or 
ten miles distance, stand out boldly as if in relief, the 
background of the sky not blending with their outline, 
l1R is the case in a more ha zy atmosphere, but appear­
ing much farther behind. Connected with this phe­
nomenon is the impression of a larger and deeper sky 
dome cha racteristic of Central Australia. This effect 

iR also more pronounced in the cold months, and hafl 
been noted in the upper parts of the Flinders Ranges 
aR well as in the interior. There is also to be perceived 

a remarkable blueness in the shadow tones toward sun­
set, and, after the sun has gone d own, the space of sky 
illuminated by the last rays is mnch smaller than is cus­
tomary with us in the south. In a typical case, the area 

of clear sky tinged with red j ust after the rim of the sun 
had disappeared was only 7 degrees in diameter. On 

the whole it would appear that on the elevated table 
lands of Central Australia, there are places, which 
could be chosen for occasional speCial astronomical in­
Yestigations, demanding clearness of atmosphere and 
steadiness of definition, probably unsurpassed in any 
other country. The very low percentage of cloud is 

also a favorable condition for such work, there being 

frequently long unbroken period,; when the sky is not 

dimmed by a vestige of cloud by day or night.-G. F. 
Dodwell, Government Astronomer, in Bulletin No. 6 of 

the Geological Survey of Southern Australia. 

Utilizing Western Lignites 
To ONE thoroughly familiar with the great extent of 

the Western lignite deposits, their limited development, 
and the comparatively simple methods that have thus 

fa r been adopted in their utilization as fuel, any investi­
gations looking to a possible and increased utilization of 
these vast deposits must at once be considered of great 
economic importance. There is no doubt but that much 
can be done towa rd improving the methods of burning 
now in use, and in providing means for using the coal 

in other forms, such as in a pulverized state, or in the 
manufacture of producer gas, or of by-product gaR, or 
a s  residue briquets. Especial attention has been given 
by the writer to the study of utilizing the lignite in the 
form of resililw briquets and in the manufacture of by­
product gas, because in this method there appear excel­
IE'nt possibilities of providing a satisfactory and effieient 
fuel and of recovering numerous by products. 

From the results obtained by the methods being de­
veloped at the School of Mines and the sUbstatioll of 
the Pniversity of North Dakota there seems little doubt 
but that the briquetting and the production of gas 
from lignite can in the near future be llUt on a commer­
cially sa tiRfactory basis. 

Because of the ease with which the gas is produced, 
the low price of the original lignite, the value of the 
residue, and the low price for which it could be sold if 

manufactured in a plant used to produce briquets from 
the rE'sidue, the lignite ga s Rhould have a large commer­
eial utilization for heating, lighting, and power pur­

poses. It has been found that briquets made from this 
concentrated residue produce a most excellent fuel, for 
all practical purposes approaching the efficiency of 
anthracite. One ton of the air-dried lignite will pro­
duce from a half to two-thirds of a ton of briquets in 

addition to 8,000 or 10,000 cubic feet of gas. The 

briquE'ts have about twelve-thirteenths the actual heat­
ing value of hard coal, and they can be shipped for con­
siderable distances and still prove profitable. The bri­
qUE'ts present many advantages, especially over the orig­

inal lignite as usually pl aced on the market. The heat­
ing value is nearly doubled, the briquets do not disinte­
grate on standing or burning, they can be stored with­
out being affected by atmospheric conditions, they are 
uniform in size and are convenient to handle. 

No detail statements of the cost of operating a large 
commercial plant are given for the reason that the cost 
per ton of briquets and per 1 ,000 feet of gas and other 
by-products will depend upon a large number of factors, 
any one of which may materially affect the cost. For 
example, the cost of production is much less in a large 
plant than in a small one, and also les!' in a plant favor­
ably situated-that is, near a mine, a city, and railway 
facilities. The use of mine slack, the percentage of 
moisture in a given lignite deposit, and the relative 
cheapness of mining and ease of delivery to the plant 
are all variable conditions and would have to be deter­

mined for each individual plant. 
The development of methods for the utilization of 

low-grade coal will prove of much value to those com­
munities nearest the great lignite deposits in the West. 

In Rome of these the lignite could be converted into 
electricity, which i n turn could be sent to surrounding 
towns and villages, thus distributing power and light 
from numerous central power plants. Such an arrange­
ment would not only be a great saving of our fuel re­
sources, but would also result in the establishment of 

many industries that can be developed by abundant 
and cheap electric power.-From a Report on Economic 

Methods of Utilizinu Western Lignites by E. J. Bab­
eork, Department of the Interior: 

An Old World Chisel 
SPEAKING before a meeting of the In stitution of Me­

chanical Engineers at London , Sir Robert Hadfield said 
that when in Ceylon he paid a visit to the Colombo 
Museum, and there found some very extraordinary chis­
els. He had been somewhat puzzled to un derstand how, 
in those days,  they got the necessary hardness for cut­
ting purposes. On analyzing the chisel in question it was 
found to be practically pure iron, so far as the shaft portion 
was concerned, and as the chisel dated back to the early 
period of the Christian era it was evident that a knowl­
edge of some method of producing a hardened point to 
the chisel must have existed at that time, since it was 
impossible to think of wrought iron being made to accom­
plish the desired work. It was a curious thing to bear 
in mind that, in those days, they must have known the 
art of cementation ; if they took wrought iron and em­
bedded it in a charcoal fire, they might get a certain 
amount of carbon absorbed by the point, which, after 
quenching, would give a. cutting edge. 
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A corner of the ruin, showing thickness of the walls, and in wall of a kiva. Collection of carved stones, cemented together for protection. 

The Sun Temple In Mesa Verde Park 
A Lesson in  Ancient American History 

I N  Uncle Sam's most unique national park, known as 
the Mesa Verde, and situa ted in the southwestern corner 
of Colorado, a remarkaL1e building of great age ( pos­
sibly dating back to 13()() A.D. ) has just been excavated 

and opened for the inspection of the tourist-and his 
ultimate approval. It is a ruin of exceptional type, but 

its purpose is uncertain, although It is believed to have 
been a religious structure. Its neighboring antiquitiE's 
number no fewer attractions than the ruin known a s  
Cliff Palace, an ancient domicile where once lived more 
than one hundred cliff-dwelling I ndians ; Spruce Tree 

House, another ancient building in the cliffs whose 

former inhabitants b elonged to the same stock of Ameri­
can aborigines ; the dance plaza called Painted Hou"e, 
and several other clitI-dwellings, none of which has a 

fellow in any other part of the world. These ancient 
houses of a long since departed branch of the American 
Indians have been excavated and repaired, and are now 
protected by representatives of the Interior Depart­
ment, that future gE'nerations may look upon these an­
cient object lessons in architecture and culture, and 
learn thereby. Not only is this particular park a veri­
table free class-room for the student of history, anthro­
pology, a rchitecture, and other special subjects, but it is 
proving to be of great interest to the casual tourist who 
journeys in this part of the country, as well as to him 
who makes it a point to travel through his native land. 

Since the park was set aside by Congress from the 
Ute Reservation in 1900, steady progress has been made 

in the develollment of its educational and picturesque 
features, and, to facilitate access, trails and wagon and 
automobile roads have been constructed. As rapidly 
as means afford, the ruined buildings themselves are be­
ing excavated and repaired. In this latter work science 
has had a hand through the co-operation of the Smith­
sonian Institution and the Interior Department. Dr. 
J. Walter Fewkes, an ethnologist on the staff of the 
Smithsonian Bureau of American Ethnology, has been 

in charge of all the excavation and repair work. 

Last summer Dr. Fewkes's work brought to light a 

mysterious D-shaped building which has excited much 

interest among students of American anthropology and 
tourists who were so fortunate as to visit his camp while 

the work was in progress. Some years ago a large 
mound composed of rocks and earth covered with trees, 
among them two giant cedars, had been noticed on the 
rim of a high promontory overlooking what is known 
as Fewkes Canyon, a branch of Cliff Canyon, and desig­
nated for future excavation, but it was not until Au­
gust, 1915, that the actual work on it was begun. This 
mound, which was originally called Community House, 

has recently been named the Sun Temple. As the ex­
cavation of this pile of debris progressed, the walls ot 

a ruin of a type hitherto unknown were uncovered. The 
building thus brought to light was constructed of the 

highest class of masonry known to the ancient Indians 
of the United States, and proved to be the most mysteri­
ous ruin in this region. At first there was some doubt 

as to the use made of this structure by its early builders, 
although it was soon recognized that it was not con­
stl"ucted for habitation. The present belief is that it 
was intended for the performance of rites and cere­

monies, being the first of its type devoted to religious 

By Carl Hawes Butman 

purposes recognized in this section of the Southwest. 
The ancient temple stands somewha t back from the 

rim of the canyon, but nevertheless near enough to 
make it a landmark from any direction, espeCially that 
of the neighboring mesa and canyons wherein are sev­

eral great cliff-houses. The remains of this once im­
posing building are situated in a commanding position 

on a spur of the picturesque Chapin mesa separating 
two deep canyons. They are well shown in the accom­
panying picture taken from Inspiration Point on the 
opposite side of Fewkes Canyon. On a slightly lower 
level, and somewhat to the right, Cliff Palace may be 
seen, set within a great cave. Just below the edge of 
the precipice on which Sun Temple stands is a solitary 
cliff-house inaccessible from above, and reached with 
great difficulty from below. Other smaller cliff-dwell­

ings exist in the immediate neighborhood of the ruin, 

The Sun Shrine, a fossil imprint of the leaf of a 

palm 

which seems to have been well situated near the cen­
tral point of a good-sized prehistoriC population, being 
ideally placed for a religious building in which the 

cliff-dwellers could gather to perform their ceremonial 
dramas. 

The unusual ground-plan has been well compared to 

the letter D, the straight line of which runs east and 
west, almost parallel to the rim of the canyon. The 
structure is divided into two sections, the larger of 

which is itself D shaped, and may be called the orig­
inal building, while the smaller, which forms the west 
end, possibly of later construction, may be known as 
the annex. The south wall, the back of the D, is 
common to both sections of the building and extends 
121.7 feet in length. The maximum width of the ruin 
is 64 feet. Its walls average 4 feet in thickness, and 
are composed of a central core of rubble and adobe with 
two facings constructed of well-dressed stones. These 

were not bonded to the core, thus presenting a serious 
architectural defect. The foundations throughout most 

of their length rest on the solid rock of the cliff. There 
are about 28,000 cubic feet of stone masonry still 
standing. 

The rooms include circular and rectangular types, the 
former being identified as kivas, or sacred rooms, where­

in were enacted religious performances ; but the pur­
poses of the rectangular rooms are unknown. In the 
court of the original building there are two large 
circular kivas of about equal size, while a third 
of the same type was found near the center of the 

annE'x. A little northeast ot the last mentioned kiva 

in the annex there is a circular pit just between the 

junction of the original wall and the outside wall of 
the annex ; its function, however, is unlmown. 'l'here 
are twenty-three other rooms, fourteen of which are 
in the original building, arranged around the outside 
wall and separated from the court by a second wall. 
Several of the rooms in the main building and all of 

those of the annex were entered from above ; there are 
four rooms opening on the inner court or plaza. 

It  is supposed that the passageways from one of the 
encircling rooms to an.other were topped by wooden 
beams placed to support the masonry above, but none 

of these beams was found. The highest of the remain­
ing walls measures 11  feet 7 inches. There are no 
rows of holes to be seen in the walls to indicate the 
insertion of floor or roof j oists, which shows that the 
rooms had either very high ceilings or none at all. No 

sign of plastering on the inside walls is to be spen, but 
the j oints between the stones were carefully pointed 
with mud and generally chinked with stones. The 
priuts of the finl-(ers and hands of the ea rly workers 
\yhic-h remain in the clay-mortar a re very small and 
ap]lea r to be the impressions of women's hands. Prob­

a bly the builders never intended to plaster the inner 
w a l l s, for then the engraved stones set therein would 

1I0t ha ye been visible. 'l'he inner surface of all these 
stones was shaped by pecking and sometimes smoothell 
by rubbing with stone implements. The stones in tlw 

different tiers rarely ever overlapped, neither were the 
side walls  bondE'd, but nevertheless tnesc wal l s  held 
together well,  owing to the careful workmanship and 
the evenly cut stones. A remarlmble feature of the 
masonry is the masonry of the curved walls, all  of 
which are quite plumb and regular. 

The walls of the cliff-houses were covered with colored 
sand, but few showed designs sculptured on the com­
ponent stones as is the case in this structure. Figures 
were found incised both in stones of the walls them­
selves and on those which had fallen from them. As a 
rule, the designs a re geometric in form, resembling those 
found on painted pottery from other ruins. Among the 
cut figures represented is a ladder leaning against a 

wall, an outline of a T-shaped door surmounted with 
a cross, a plan of a masonry wall, a representation of 

flowing water, tracks of birds, and various geometrical 
figUl·es. All the loose stones so ornamented have been 
carefully collected and cemented together in a place 
where they may be seen by the visitor. They are re­
garded generally as very primitive steps in mural 
sculpture. 

Set on a cornerstone outside the building at the south­
west corner are the remains of two short walls evi­
dently intended to inclose a figure as a shrine. On the 
upper surface of the cornerstone is the fossil imprint of 

the leaf of a palm, the radiating ridges of which resem­

ble closely an ancient symbol of the sun and seem to 

indicate that this was the sun shrine of the temple. En­
closed on three sides, it  opens to the west, and on the 
autumnal equinox ( September 21st ) an observer seatE'd 
on this fossil at sundown beholds the sun sinking below 
the horizon directly in front. 

One reason that it has been diffiC'Ult to decide defi­
nitely the original purpose of this building is that it 
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w a s  never completed. Some o f  the theories advanced 
by visitors during the first part of the work on the 

ruin suggest its possible use as a domicile, a fort, a 
prison, or a mission, but all  these suggestions, of course, 

have been dismissed. It was certainly not a habitation ; 
the rooms are without windows, and they lack fire­
vla ces ; no traces of smoke appear on the walls, and 
there are no remains of debris, household implements 
or other objects which would indicate the habitation of 
this structure, and, moreover, it cannot be proved that 

there were ceilings or roofs. Dr. Fewkes feels certain 
that this house under the twin cedars was a ceremonial 
building on account of the evidences of unity in its con­
struction and the existence of a preconceived plan be­

fore the erection was begun. There is nothing in the 
form of the ruin to indicate haphazard construction or 
the addition from time to time of extra rooms, a s  was 
the case in nearly all cliff ruins in the Mesa Verde Park. 
Only one purpose could have dominated and united the 
several clans of the primitive society which co-operated 
to erect the building, and that was a religious one. 
'1'wo facts at least are easily interpreted in connection 

with religious rites, which would otherwise be without 
significance. The first is the shrine on the southwest 

cornel', and the second, the 
presence of the three mas­

sive circular-walled rooms, 
which imply the execution 

of secret rites accessible 
only to the initiated. Douht­

less the occupants of the 

neighboring cliff-houses con­
structed this building, for 
trails  leading down to the 

cliff and across the canyons 
to their dwellings may sti l l  

be seen. 

difficult to estimate the age of the structure. Judging 

from the annual rings the older cedar tree growing in 
the soil on the top of the highest wall is at least 360 years 
old, and probably began to grow about the year 1540, 
when Coronado first entered New Mexico. But how 
great an interval elapsed between this date and the 
time when the walls began to fall and to form the 
mound on which the tree grew, and how long before 
that the walls were laid, 110 one can possibly tell. I t  

h a s  been estimated that 250 years elapsed between the 
time the walls were built and the time the tree sprouted, 
thus carrying the construction of the building back to 

about 1300 A.D. 
In order to preserve this monument of early civiliza­

tion, great pains have been taken in its repair to prevent 

injury by the elements or by vandals, for though it 
is difficult to realize, many individuals in search of 
pottery and other small objects do not scruple to dam­
age architectural remains that their collections may 
be augmented. I n  this ruin the ethnologist has not 

only excavated the earth and rock, but capped the tops 
of the walls with cement, l eaving them in a state of good 
repair. From now on the employees of the I nterior De­
partment will see to it that everything remains just 

as it is. Protected from future harm under the watch­

ful eyes of the keepers, this grand old ruin will remain 
intact for posterity. 

It is hoped that the excavation and repair of other 
ruins will be carried out during the next season. Mesa 
Verde is unique in its educational importance, and is 
destined ultimately to become a Mecca for all  stUdents 

of the prehistoric in the Southwest, as well as an inter­
esting example to all visitors who wish to see the best 
preserved buildings of pre-Columbian times in our 
country. The recent work has added a new architec­
tural type to the park, and it is believed that two or more 
new styles of buildings await the pick and shovel of 
the investigator. 

In order to facilitate access to the Sun Temple an 
automobile road has been constructed around it, so 
that visitors can alight near the walls of this newly 
discovered ancient temple in a far different manner 
than did the worshipers six hundred years ago. 

Dr. Fewkes's work is invaluable ; the officials of the 
Interior Department and the Smithsonian Institution 

are to be congratulated. 'l'ile a ,"erage citizen of these 
United States is also to be congratulated, in that hif; 
Government has recognized the imjJortance of prepar-

ing for his observation and 

-
- .  . 

- �  '-.. 

study these graphic illus­

tra tions of the history of 
his country. nnt it  sti ll 

remains for Mr. Average 

C itizen to ava i l  himself of 
the opportunit ies afforued 

by this new ciaRs-room and 

lea rn thereby what he may. 
The Government of our 

genial  Uncle if; offering a 

new slogan for " See Amer­

ica First ;" it is this : 
- .  . - -

--
Dr. Fewkes states that 

nearly every one of his vis­

itors asked the age of this 
ruin, how long it took to 
bu ild i t, and when it was 
deserted. Naturally, it is  

Perspective drawing of the restored Sun Temple, showing various rooms, entrance and the 

"Learn the H i story of Your 
Country frotH Your Country 

I tself." 'l'h e  first l esson 
in antiquity is now open 

in Mesa Verde National 

Automatic Looms 
IN comparison with a hand loom the power loom is 

an automatic machine, the three essential  weaving oper­
ations-the division of the warp threads, the propulsion 

between these threads of the shuttle carrying the weft 

and the beating-up of the inserted weft thread into its 
correct position-all being automatically performed in 
addition to other auxi l iary motions necessary to effect 

a large production of fabric. But the ordinary power 
loom is not provided with mechanism to effect a replen. 
ishment of weft, and consequently has to be stopped 

periodically in order that the attendant weaver may per· 

form this operation. A shuttle carrying an ordinary 
cop or bobbin of weft thread w i l l  run for a period of 

approximately 4 to 6 minutes-according to the fineness 
of the yarn-before becoming exhausted. It follows that 

every 4 to 6 minutes the weaver has to stop the loom 
and replenish the weft. Apart from the fact that the 
starting and stopping is detrimental to the yarn threads, 

the point to be considered is that the weaver is thus 

taxed to her utmost capacity to tend 4 looms, and the 

threah>Jled scarcity of eflicient weaving labor in Lan­
cashire necessitates serious consideration of the avail­
able mechan ical resource to combat such scarcity. 

Automatic looms can be broadly d ivided into two dis 

tinct types-the weft replenisher and the shuttle 
changer. After considerable experience of both types 
the writer agrees with Mr. Oscar Hall, who recently 

read a paper on "The Coming of the Automatic Loom," 

that the only possible type is the weft replenisher. A 
loom runs at anything from 180 to 220 picks a m inute ; 

that is, the shuttle traverses a space of more than 4 
feet 6 inches 180 to 220 times a minute, and for a small 

but appreciable time is stationary in one or other shuttle 

box, between traverses. The velocity of the shuttle is 
therefore very considerable, and to eject it bodily, while 
the loom i s  runn ing at this high rate of speed, i s  very 

detrimental to the shuttle, while to force into the shuttle 
box a fresh fully-loaded shuttle during the momentary 
rest of the exhausted shuttle in the box is conducive to 
inefficiency of operation and breakage of parts. The 
work to be accompl i shed in changing a shuttle at such 
a high rate of speed is too heavy and severe on the 

shuttle and the mechanical parts to insure success. 

Mechanism to effect the replenishment of an exhaust­

ed shuttle by forcing a full cop or bobbin of weft yarn 

into the shuttle presents fewer difficulties. Two methods 

are open to the loom maker. He can take a l oom of or­
dinary type and apply to it auxiliary mechanism which 
will effect the replenishment of the weft, but which is 

an entirely Independent piece of mechanism ; or he can 
redesign the loom and add new mechanisms forming an 

shrine at lower left corner. Pari,;. 

essential part of the design. Other motions besides pen sed with the ordinary weft fork acti on of the loom 
thosc for weft replenishment are applied, and the loom 
becomes a complete weaving machine, efficient in its 

fabric producing operations and further so deSigned that 
the weft replenishing operations are facilitated and 

assisted. 
The loom thus becomes a more perfect piece of 

mechanism, but as a consequence the cost is advanced. 

When Northrop looms were first introduced into this 
country their cost was £40 ; nowadays their cost is £80, 
While a good, plain loom can be obtained for £ 10. There 
are a number of looms that may be consi dered as com­
plete automatic looms, but the Northrop and the Steinen 

may be mentioned as being the best known in thi s  coun­
try. To these must be added the Stafford in the United 
States. 

Attachments or auxil iary mechanism that will render 

an ordinary loom automatic can be aIlpl ieu for-in some 
cases-a cost of £2. There are examples of mechanisms 
of this class w h ich are quite effici ent, and a l tllOugh the 
loom as a whole is not such a sympathetic combination 
as a completely designed automatic loom, good results 
are secured. The difference in first cost is, however, 

very considerable. Even provided that new looms are 
purchased the cost with attachment would be at the out­
side £ 12, against the £30 for the Northrop, equivalent 

in a shed of 500 looms to an increased first cost of 
£9,000. But in a considerable number of cases manufac­

turers have looms which are good profit-earning m a­
chines, and even though they may have been running 

for a number of years, they are still of value and have 
many more years of l ife in them. To throw out such 
looms would mean a loss which must be conSidered, but 
they can be fitted with the auxi l iary mechanisms at a 

small cost. It is a debatable point which course will be 
eventually fol lowed. 

I t  must be remembered that the time available for 
inserting the fresh cop or bobbin of weft yarn is very 

short. In certain cases the loom s are provided with a 
feeler, controlled either mechanica lly or electrical ly, 
which anticipates the exhaustion otl the weft and ope­
rates the change mechanism. Such mechanism is com­

paratively simple, and consists essentially of a "pusher" 

lever which is operated from some moving part of the 
loom-preferably the part carrying the beating-up device 

and shuttle boxes--and impinges against a cop or bobbin 
of weft yarn carried in a magazine, forcing it into the 

shuttle. As the fresh bobbin is forced into the shuttle 

the empty one is forced out and falls into a receptacle 
placed for the purpose. In the complete looms--and also 

in combination with certain attachments-several parts 
are added to facilitate the change. When a feeler is dis-

is uti l i zed to bring the changing mechanism into action. 

As regards the value of all this added m echanism it 
would appear that up to the present t he only effective 

gain is in the reduced amount of weaving labor required, 

as no definite fignres have been published which indicate 
that the automatic loom increa ses the production Iler 

loom, al though it does so per weaver. On Northrops one 
weaver can attend to 24 looms, w hile on the Steinen it 
is claimed that three operatives can efficiently look a fter 
100 looms. 

It may safely be said that the power loom of the pr�s" 
ent day is by no means a perfect piece of mechanism, 
and the application of weft replenishing mechanism w i l l  
not eradicate i t s  faults. Electricity and compressed a ir 

have been util ized to a small extent in connection wit II 
the Steinen loom, but the possibilities of an extended 
use of these powers in connection with loom construction 
and in the operation of loom parts a ppear to he very 

considerable. The present extremely uneconom ical, nf'g 
ative, inefficient operation of picking, or throw ing till' 
shuttle, is likely to be superseded by a method of pneu­
matic picking. It is hardly conceivable that with the 

enormous developments taking place in every branch or 
science and i ndustry the power loom will be allowed to 

remain in its present state.-Enginecl'ing Supplem ent of 
the London Times. 

Sand Filters 
IT is well known that there are certain obscure points 

in the action of sand filtor basins such as are employed 
in large waterworks, as regards the exact cause of the 
purifying and other action of the filter upon water pass­
ing through it. For instanco , it  is rccognized that the 
organic membrane formed on the surface of the sand is 
one of tho principal agents in the action.  A Paris scien­
tist, M .  Maquenne , treats of this subject, referring espe­
cially to the fact that tho amount of oxygon dissolved in 
the water leaving the filter is superior to what tho incom­
ing water contains. He considers that tho reason for 
this offect does not lie in tho fact that the filter was loft 
for a long period in froe air before the operation ,  as ha s 
been maintained, and he claims it is duo to the presence 
of a membrane of organisms and algae on the surface of 
the sand. By assimilation due to the acti on of chloro­
phyl, the organisms saturate the water with oxygen.  
This membrane is the most active part of tho filter, and 
it is only when it is formed, i .  e., 4 or 5 da ys after starting, 
that the present effect is most marked and tho filter haH 
its maximum action, but this action decreases in time , 
so that after a few weeks the filter needs to be stopped 
and cleaned. 
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The Future of Ship Propulsion * 

A COlnparison of Various Systems of Power and Arrangements of Propellers 

SINCE the days of the Romans, whORe m otto was that 

the three e�sentials to civilization were roads, more 

roads, and " still some," the close connection between 

cheap transport and the amenities, and, indeed, the 

necessities, of society has been realized, but much more 

clearly by the engineer and business man than by the 

public at large. In fact, ignorant publicists haye been 

known to aver that the masses of the llE'ople have de­

rived no benefit whatever from the work of the engi­

neer, which has made it possibl e  to tram;port meat some 

8,000 to 12,000 miles, from New Zealand or the Argen­

tine, and enables wheat grown west of ·Winnipeg to find 

its way into British Rilos. One hundrpd and fifty years 

ago 20 miles was not far from the limit beyond which 

the eheal)('r kinds of food could not be profitably con­

veyed by land, and though sea freights were much 

cheaper than land carriage, imported goods could not 

fiml their way far from their port of entry, save at 

rates jlrohibitive to all but the more costly class of com­

modities. The contrast with the present day is ex­

traordinary, and though much, no doubt, yet remains 

to be done, it is most unlikely that any equally striking 

step forward can be made in the years to come. All we 

can l ook for is a steady step-by-step adyance, and this 

a pplies with special emphasis to the problem of marine 

transport. In normal times this is extraordinarily 

cheap, but there is nevertheless a sustained endeavor to 

reduce still further operating costs. A few years ago 

there was a feeling somewhat prevalent that for ma­

rine propulsion the future lay with the Diesel engine, 

but furtlwr experience has proved that this type of 

m otor is desirable onl y in somewhat special circum­

stances. Indeed, some engineers claim that even where 

oil fuel is available, it  is now more profitable to use this 

under boilers than to install Diesel engines even of mod­

erate size. Of course, in the case of very large powers, 

the Diesel engine is admittedly inferior, all things con­

sidered, to the steam-turbine. It is, nevertheless, un­

doubtedly of interest to n ote that Messrs. Burmeister 

a nd Wain are rpported to have received orders for 

motor-ships which will keep them occupied till the end 

of 1921. Included in the list are six ships, of 12,800 tons 

dead weight, which are to have motors of 5,300 horse­

power. 
The very high economies realized with the steam 

turbine in land installations have naturally initiated 
inquiries into how far similar results may be obtain­
able at sea. A few years ago engineers had by no 

means abandoned the hope of devising an efficient high­
speed prolleller, thus abolishing the clog which the 
standard tYile had established on the speed of rotation 
needed to secure an efficient turbine. This anticillation 
appears now to have been abandoned, and, indeed, the 
recent elucidation of the prolleller theory, which has been 
effected by those interested in aerial navigation, gives 
reason for belief that the idea is little likely to be re­
suscitated. All hopes are now centered upon the intro­
duction of some kind of reduction gear, mechanical, 
electrical, or hydraulic, between the turbine and the 
propeller shaft. The fi rst-named has the advantage of 
a very high efficiency. The electric and the hydraulic 
systems are less efficient pcr se, but have some compen­
sating advantages. Moreover, the claim is made that 
they will permit of the use of a more economical steam 

plant than can be adopted wUh mechanical gears. 
A m ost instructive comparison of the relative advan­

tages of different methods of propelling a 21,OOO-ton 
1914 -lmot liner is given in a paper recently read before 
the Institution of Engineers and Shipbuilders in Scot­

land by Mr. James Dornan, and a consideration of 
which we have deferred until it  had been discussed fully 
at the Institution. Papers of this kind are exceedingly 
valuable, and necessitate a very large amount of labor, 
of which the outcome is often merely the addition of a 
few rows of figures in the tabulated results. The com­
pact manner in which the outcome of toilsome calcula­
tions can thus be expressed fails to draw due attention 
to the great care and thought that have been expended 
in the compilation. 

The worth of such a paper is by no means dellendent 
upon the absolute precision of the assumptions neces­
sarily made in the course of the work. It  was a poli­
tician, concerned, like his kind, for his consistency, who 

formulated the view that you should never prophesy 
unless you know. If this motto were adopted by engi­
neers, the world would be at a standstill, since all im­
provements necessarily involve some measure of vati­

cination. Certain assumptions have to be made, as to 
the sufficiency of which only experience can decide. In 

• Engineering. 

any paper forecasting the future certain riHks must ac­
cordingly be taken, and as no one engineer haH a uni­
versal experience, his particular assumptions may not 

prove acceptable to every individual of his audience, 
each of which has his own special experience. Indeed, 
this circumstance adds to the value of papers such as 
we are considering, as in the discussion each specialist 
is able to support his own claims. 

The two main assumptions made by Mr. Dornan were 
that tooth pressures and pitch-line speeds have already 
reached their limits in large marine gears, and that 
highly superheated steam cannot be used in instaUa­
tions in which reversing turbines are employed, and it 
was on these Iloints that the criticism of his paller 
largely centered. On the above hypotheses Mr. Dornan 
has worked out comparative results for seven different 
types of propelling machinery suitable for a liner meas­
uring 600 feet by 72 feet by 27 feet draught, displacing 
21,000 tons, and having a service speed of 1914 knots. 
Hi" results art' fmmmarized in the table below. 

A noteworthy point is the excellent showing made by 
the reciprocators using superheated steam. These en­

gines are, it will be seen, credited with a better per­
formance than the corresponding turbines, which is at­
tributable to the higher superheat used. In this con­
nection it may be observed that had high sUilerheats 
come into general use for reciprocating engines twenty­
five to thirty years ago, the task successfully carried 
through by Sir Charles Parsons might well have proved 

impossible. His turbine is essentially a big-unit ma­
chine, and his ability to develop it  in the days of small 

units was largely due to the relatively high steam con­
sumption of the reciprocating engines then available. 

This defect has, in the outcome, been to the advantage 
of the world, as the experimental work necessary to 
the successful development of the Parsons turbine could 
never have been financed if it had had to be carried out 
on large units. 

The high position occupied by the hydraulic gear in 
Mr. Dornan's table is due, in the first place, to the ratio 
of reduction being suitable for this system, which is 
well known to be inapplicable for speed ratios greater 
than some 6 to 1, and, secondly, to the high superheat 

used. With a propeller speed of 200 revolutions per 
minute, it is, m oreover, credited with the same propeller 
efficiency as the geared turbine machinery, in which 
the speed is 160 revolutions per minute. Had this figure 

been increased to that adopted for the hydraulic gea r, 
a smaller or more efficient turbine could have been used. 

In Mr. Dornan's view, however, an alteration of this 
kind would have involved dangerous tooth-Ilressure and 
pitch-line speeds. 

It is on this point that criticism naturally fixed. Ex­
perience with high-speed gears is still somewhat limited, 
and many more breakages must occur before engineers 
can be certain that the limit of safety has been reached. 
With the relatively large pitches used in some of the 

earlier III ants, a breakage occurred in one case with a 

tooth-pressure equal to about 1,100 pounds Iler inch width 

of face. The pitch in this case was about 4/5 inch, and 
it is understood that the teeth were of unsuitable form. 
According to Mr. J.  H. Gibson, the standard Ilitch for 

large marine gears is n ow 0.[;83 inch, and the wheel­
teeth have very short addenda. It is understood thnt 

in certain ships now building the gear-driven Ill"OIJPl\pr 
shafts are to transmit nearly twice the vower per Ilin­
ion Hpecified by Mr. Dornan. It i,; to be hoVPd that 
full data as to these remarkable installations will be 
a yailable at a later date, so that comrmrison may be 
m ade with the figures hrought forward by J\.'Ir . . T. l-I. 
l\facaliline in his m ost interesting contribution to the 
<liscussion on Mr. Dornan';.; paller. Mr. Macalpine 
claims many advantages for the mptllOd of mounting 
gears in a floating frame ; but these claims have not, 
so far, been admitted by Rriti"h engineers, who, in gen­
eral , are of ovinion that, with accurntely cut tt'eth of 
suitable shape, frames of the type in <luestion are �mper­
fluous, and the strength of their convietion is well evi­
denced by the remarkable sets of gea r;.; j m;t referred to. 
The idea embodied in the floating frame is that the 

pinion shall be located by the teeth of the gear rather 
than by fixed bearings. At fi rst sight, however, any self­
adjustment of the frame to compensate for errors in 
the teeth would appear to be impossible, owing to the 
very high speed of the pitch lille and the considerable 

inertia of the pinion and its frame. I f  the error in 
question were confined to a single tooth, it would seem 
that this conclusion would be indefeasible ; but the ex­

Ileriments of Sir Charles Parsons do undoubtedly put 
rather a different aspect on the matter. He found by 
actual measurement that the errors in well-cut gears 
were periodic in character. This observation much im­
proves the case for the fl oating frame, since such peri­
odic errors would presumably follow approximately a 

sine law. The frame therefore would not have to ad­
just itself violently and instantaneousl y, as it would 

with the error confined to a single tooth or a single 
region of the wheel, but would gently oscillate from a 
position in which the positive errors in the teeth were 

a maximum to that in which they were a minimum. 
The change of m otion being made at these maximum 

and minimum values would greatly minimize the effect 
of the inertia of the pinion. 

As is well known, Sir Charles Parsons solved the 
problem by abolishing the periodic errors. From Mr. 
Macalpine's remarks, it  would seem that the floating 
frame has proved an equally effective solution , and the 

figures he gives are of the greatest interest, and indi­
cate that the weights and dimensions assumed by Mr. 

Dornan as necessary when mechanical gearing is in­
troduced may be very materially reduced. Mr. Macal­
pine states that the Westinghouse Machine Company 
are making gears for two foreign warShips, each to be 
fitted with machinery developing 22,000 horse-power. 

COMPARATIVE DATA OF DIFFE RENT TYPES OF PROPELLING MACHINERY FOR A STEAMSHIP 600 FEET LONG 
72 FEET BEAM. 27 FEET DRAUGHT. 21 ,000 TONS DISPLACEMENT, AND 1 9 �  KNOTS SPEED. 

. 

Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Number of shafts . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . 

Revolutions per minute (propeller shaft) . . . . . . . . .  

Indicated horse-power . . . . . . . . . . . . . . . . . . . . . . . . . .  

Shaft horse-power . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
Revolutions per minute (turbines) . . . . . . . . . . . . . . .  

Working pressure . . . . . . . . . . . . . . . . . .  lb. per sq. in. 

Superheat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  deg. F. 
Vacuum . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . in. 
Steam per heu:-main or,gLies . . . . . . . . . . . . . . . .  Ib. 

Steam per to ir-auxiliaries . . . . . . . . . . . . . . . . . .  lb. 
Coal per horse-power hour . . . .  . . . . . . . . .  lb. 
B. Th. U.  per horse-power hour . . . . . . . . .  . . . . .  . Ib. 
Economy over Design A . . . . . . . . . . . . . . . . . . . .  p.C. 

Boilers {�ouble-ended . . . . . . . . . . . . . . . . . . . . . . . . .  

Smgle-ended . . . . . . . . . . . . . . . . . . . . . . . . . .  

Heating surface . . . . . . . . . . . . . . . . . . . . . . . . . .  sq . ft. 

Grate area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  sq. ft. 

Weight of machinery . . . . . . . . . . . . . . . . . . . . . . .  tons 

Weight of machinery plus coal . . . . . . . . . . . . . .  tons 

Saving in machinery space . . . . . . . . . . . . . . . . . . . .  ft. 

Cubic capacity gained . . . . . . . . . . . . . . . . . . .  cub ft. 

Coal used per annum . . . . . . . . . . . . . . . . . . . . . . .  tons 
Extra dead weight carried yearly . . . . . . . . . . . .  tons 

Value of coal saved . . . . . . . . . . . . . . . . . . . . . . . . . . . £ 
Value of extra dead weight . . . . . . . . . . . . . . . . . . . .  £ 
Total saving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £ 
Cost of ship . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £ 

A.  

Two-Shaft 

Quadruple 

Engines. 

2 

85 

2 1 . 650 

. .  . . . . . . . . 

. . . . . . . . . .  

210  

Nil 

27 

274 .400 

43.600 
1 .47 

20,600 

. . . . . . . . . . 

6 
4 

52.000 

1 ,232 

3,675 

6,403 

. . . . . . . . . . 

. .  

5 1 . 150 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . .  , . . . .  

. . . . . . . . . . 
650.000 

B. 

Four-Shaft 

Direct 

Turbines, 

4 

290 

. . . . . . . . . . 
2 1 ,800 

290 

200 

N il 

28 

258.400 

43,600 

1 . 385 

19,400 

5 

6 
4 

52.000 

1 , 232 

2 .965 

5.557 

15 
1 8 . 1 00 

48,600 

20.304 

2 .550 

14 .213 

16,763 

650.000 

C. 

Two-Rhaft 

Quadruple 

Engines. 

(Supcr-

heat . )  

2 

85 

21 .650 

. . . . . . . . . . 

. . . . . . . . . . 

210  

2UU 

27 
235,000 

36.000 

1 . 2.57 
1 7 ,600 

14 Y2 

6 
3 

48. 750 

1 . 155 

3 .UlO 

5,946 

18 

21 ,200 

43.800 

lO,9U8 

7 .350 

7 ,678 

15.028 

668.500 

D. 

Four-Rhaft 

Direct 

Turbines. 

(Supcr-

heat. )  

4 

290 

. . . . . . . . . .  

21 .800 

290 

200 

100 

28 

238,000 
38 .000 

1 . 292 
18, 100 

1 I Y2  

6 
3 

48,750 

1 . 155 

2,900 

5 .316 

2 1  

24. 250 

45,300 

26.088 

5 . 850 

18.261 
24, 1 1 1  

670.500 

E .  

Two-Rhaft 

Hydraulic 

Gears. 

2 

200 

. . . . . . . . .  . 
2 1 .300 

I . UUO 

200 

200 

28 Y2 
2 1 1 .050 

35.000 

1 . 205 

16.900 

1 9  

6 

2 

45,500 

1 , 0'18 

2,445 

4,653 

60 
64 ,900 

41 ,400 

42.000 

9,750 

29.400 

39. 150 

673 .000 

In aU the comparisons made, A Is taken as the standard of reference. 

F. 

Two-Shaft 

Mechanical 

Gears. 

2 

1 60 
. . . . . . . . .  . 

2 1 . 350 

I . SUU 

200 

100 

28·Y2 
220, 2UO 

35,000 
1 ,21S 

I 7 ,050 

18 

6 
2 

45,520 

1 .078 

2,605 

4 .837 
5 1  

56,970 

41 ,850 

37.584 

9,300 

26,308 
35,608 

672,000 

G. 

Two-Rhaft 
Turbo-

Electric 
Gears .  

(Ljung-

strom.)  

2 
85 

. . . . . . . . . . 
20,000 

3 ,000 

200 

260 

28 Y2 
167,24U 

29,000 
1 . 032 

1 4 . 500 
35 

4 

3 

35,750 

847 

2 ,310 

4,086 

72 
80,600 

33,300 
55.608 
17 .850 
38.925 
5U.775 

678,000 
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The guarantees with dry saturated steam at 225 poundH 
per square inch are as follows : 

Full power . . . . . . . . . . . . . . . . . . 
80 to 85 per cent . 

25 per cen t, .  . 
15 per cent . . . . .  . 

C onsumption per 

Shaft Horse-power. 

Lb 

10 . 8  

10 . 5  

11 . 5  
1 2 . 8  

At Hi per cent of full power, corresponding to about 

half speed, the consumption per shaft horse-power is 
only 18.5 per cent greater than at full power. lIe states 
that for the case takpu in Mr. Dornan's paper, where 

5,100 horse-power are to be transmitted per pinion, the 
following proportions would suffice : Pinion diameter, 
8 inches ; wheel diameter, 148 inl'hes ; revolutions per 
minute of pinion, 2,500 ; revolutions Ilf'r  m inute of pro­
peller shaft, 135.1. The length of thf' pinion woul d be 

4 feet 8 inches, as compared with the 7 feet 6 inellPs or 
8 feet assumed by Mr. Dornan. M r. �{acalpine further 
observes that the m odifications he flUggpsts in Mr. Dor­
nan's figures would enable the size of the turbines to be 
reduced, so that the mpan dimnpter at the l ow-pressure 
end would be only 4 feet 7 inches. We are inclined 
to believe, howe\'er, that this change would give a 
steam-way somewhat m ore reRtricted than is desirable, 
unless it be intpnded to use double· flow turbinps.  For 
a 28lh -inch vacuum, the mean diameter in iHehes of 
the last row of blades Rhould not be less than about 0.63 
V S.H.P.,  or, say, 64 inches. Of course, there is no abso­

lutply fixed rule in this matter, since different engineers 
han' differpnt yipws as to the loss permissible by " carry 
over" to the exhaust. 

By taking advantage of the improvements now rea l­

ized in mechanical reduction gear", Mr. Macalpine cou­
cl udes that the advantages claimed in Mr. Dornan's 
pap�T for the turbo-elcctric drive are transferred to its 
riYal, which would occupy a length 16 feet 4 inches less 
than the turbo-electric drive, in place of the 21 feet 
m ore with which it is credited in the paper. The turbo­
electric installation described by Mr. Dornan has a 
special interest of its own. It is proposed to use Ljung­
strUm turbines running at 3,000 revolutions per minute, 

and sUPlll ying current to el ectric motors which drive the 
llrolleller shafts through meehanical reductiou gearfl. 
One reduction of slleed is effected electrically, anll the 
remainder by the mechanical gears, the advantage of 
the system being the large reduetion ratio llraeticable 
without the reduction in power factor whieh woul d be 
involved in the use of multillie m otors. 

A Ljungstrom turbine eapable of developing 5,000 

kilowatts at overload has already been constructed, 
and undergone its preliminary tests. The higheflt load 
reached in these was about 2,000 kilowatts, the stmm 
consumvtion at this load being 11 pounds per kil owatt­

hour, with a steam sUllllly at 15 atmosllheres absolute, 
and a superheat of about 280 deg. Fahr. The vacuum 
was extremely high, so that there would llrobably be 

no very great improv('ment in the water-rate when the 
output was doubled. According to the curves given in 
the 'l'eknisk TidsMitt the anticipated consumption at 
5,000 kilowatts is  about 10.8 llounds ller kilowatt-hour. 

In his paper Mr. Dornan has assumed that with tur­
bines of 10,000 horse-power a water-rate of 7.5 llounds 
per shaft horse-llower hour will be recorded, and has 

presumed that it will be llossible to run the turbine at 
3,000 revolutions ller m inute. The limit to the output 
of a LjungstrUm turbine at a given speed allllears to de­
pend on the critical velocity of the largest ring of 
blades. The OUtllut depends Ullon the length of this 
row, which must not be so great that its natural peri­
odicity coincideR with the rate of revolution of the tur­

bine. The linear velocity feasihle for this row of bladps 
is, of course, fixpd by the llermissible centrifugal 
streRseR. According to Mr. Konrad Anderson stresses of 

16 tons per square inch are admitted in De Laval 
wheell'l, and a rough estimate of the size of the 5,000-
kilowatt unit, illustrated in the Telcnislc Tidskritt, con­
veyl'l the impression that the centrifugal stresses in 

this machine are of somewhat the same order. 
The advantages of the Ljungfltrom system are m ost 

marked in the case of units of what are now consid­
ered m oderate oUtPUtfl. 'Ve gather from Mr. Dornan's 
reply to the discusRion that the 5,OOO-kilowatt set above 
referred to hafl a "coefficient" of 300,000, which iR re­
markably high for a turbine of 5,000 kilowatts only. 
Even the great Chicago turbine has a coefficient of hut 
216,000. High coefficients can no doubt be obtained 
with axial-flow machines of m oderate output at the 

price of introducing velocity compounded imllulse stagCfl 
at the high-pressure end, but it is not llossible to at­
tain in this way the efficiencies realizable with the 

"straight" reaction system. On this head M r. Macal­
pine's criticisms of Mr. Dornan's paver seem beflide the 
point, as it will never be llossible to reach with disk 
and drum machines the same limit of efficiency attain­

able with the straight reaction type. When constructed 

on the axial·flow llrinciple, however, any close allproach 
to the theoretical limit ifl commerciall y imllracticable in 

the caHe of small machines, but this difficulty is sur­
mounted in the Ljungstrom turbine, with whieh remark­
able results have been secured in the steamship "MjOl­
ner" with a plant developing 843.4 shaft horse-llower. 

It will be noted that much of the advantage claimed 
for Mr. Dornan's electrically geared drive is to be at­
tributable to the high sUllerheat of 260 degrees, while 
100 degrees superheat is all that he allows to the geared 
turbine. No doubt there have been difficulties met with 

in using superheat at  sea with existing patterns of 
marine turbine. In fact, at the la:-;t meeting of the 
Institute of Metals,  Admiral Oram observed that they 
had adollted superheat but flparingly in the navy, and 
that he personally should prefer to be without it en­
tirely. This view, which is founded on practical experi­
ence, i" the more noteworthy in that the sUllerheat has 
in all cases been very moderate, and the turbines to 
which it was applied of a type generally llreflumed to 
be free from troubles due to differential eXllansion and 
the like. On the "MjUlner" a superheat of 190 deg. 
Fahr. has, we understand , been used and haR given n o  
trouble during the many m onths t h e  vessel h a s  been 

in service. Of course, the Ljungstrom type is particu­
larly well adapted to the use of high temllerature steam. 
It is almost perfectly symmetrical, so that it must be 
nearly free from distortion by temperature changes. 
Moreover, in parts where the temperature is high the 
steam velocity is low, while in disk and drum machines 

high temperatures and high velocities are associated 
together, which is no doubt largely responsible for "uch 
trouble as has been found in securing a satisfactory 
metal for the blading. It would, however, be rash to 
assume that these difficulties are insuperable, llarticu­

larly if it is merely on account of the reversing turbine 
that Mr. Dornan has limited the sUllerheat to 100 deg. 

Fahr. in llroportioning his geared turbine. In this con­
nedion it is of interest to note that the builders of the 
LjungstrUm turbine a re themselvefl eXllerimenting with 
all gear drives, thus suppressing the losses necessarily 

associated with the electrical plant. Some of this loss 
might, no doubt, be recovered by a greater use of cur­
rent to drive the auxiliaries now commonly actuated 
by "steam eaters," and in view of the very large propor­
tion which the auxiliary steam frequently bears to that 
entering the main provelling machinery, some satisfac­
tory method of economizing auxiliary steam is badly 

desiderated. 
As to the relative advantages of mechanical and elec­

tric drives, some ligures contributed by Mr. Macalpine 
should be put on record here. He stated that very 
careful comparative estimates of the weights involved 
for a 10,000 horse-power twin-screw ship had been got 

out by the Westinghouse Comllany. 

Machinery Weights 
Type of Machinery. (exclusive of Boilers 

and Auxiliaries) .  

Lb. 

Geared tm bines . . . . . . . . . . . . . . . . . . . . . .  . 274,000 
Turbo-electric drive (geared gene! ators) . . 304 ,000 
Turbo-electric drive (direct-connecte(gen-

erator) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42:�.800 

Mr. Macalpine further stated that an estimate made 
for a gear-driven 28-knot battleship developing 64,000 
horse-power showed that the total weight of turbines, 
gpars, and thrust-blocks was but 212 tons, the propeller 
sveed being 420 revolutions per minute. It is proposed 
to use thrust-blocks of the Michell ( Kingsbury ) type, 

of which 22 are now at work in America under loads 
ranging from 350,000 llounds up to 550,000 pounds, in 
alhlition to many taking smaller thrusts. In such ships 
as discm:sed in Mr. Dornan's llaller, the use of these 
blocks would save, he statefl, at least 8 feet of length. 

Visual Pattern-Discrimination in the Vertebrates 

A Demonstration of the Dog's Deficiency 
in Detail-Vision* 

By H .  M. Johnson 
SOME years ago the writer made some lengthy experi­

ments 1 on the rate and m ethods of acquiring skill of 
blind, temporarily blind, and normal dogs, and accumu­
lated quite a maRS of evidence that in learning to make 
quite complicated adjustments the dog makes but little 
use of vision. There was also some evidence that in 
uncontrolled behavior d ogA react to many ordinary 

objects as if the latter were not viAually perceived. 
These data emllhaRized the interest of the question as 
to the kind and degree of vision which the dog may 

have. 
In the yea r 1911-] 2 I attempted t o  train a dog by the 

discrimination method of Yerkes and Watson to dis­

criminate hetween a circle 6 centimeters in diameter 

• Journal of the Franklin In Rtitutli. 
' .Tohnson, II. M . : "Audition and Habit-formation in the 

Dog," Behavior Monograph No. 8. Cambridge, Mass. , Henry 

Holt & Co., 1913. 

and its a llproximately equivalent square. In the pre· 

liminary training I presented a 4 to 1 difference in 

brightness ( which in this caRe made a 4 to 1 difference 
ill luminoml intensity ) in addition to the difference in 
outline of the two objects. Under these conditions the 
dog established discrimination in 1 ,000 trials. When the 
two fields were equated in brightness he ceased to dis­
criminate, and showed no preference for the positive 
field in 600 additional trials. 

In the present work I used a pure-bred English bUll­
terrier with two emmetropic eyes. The first attempt 
made was to train him by the Yerkes-Watson method 
to choose a food-box indicated by a field covered by 
coarse stripes, and to a void, under penalty of an electric 
shock, a food-box indicated by a field of uniform bright­
ness. The two fi elds were, of course, interchangeable 
with reference to the food-boxes, and were equal in 
area, outline, and mean brightness, the latter being 12.2 
candles per square m eter. The animal was required to 
choose at  a minimal distance between test-object and 
eye of 60 centimeters. He failed to learn the problem 
in 1 ,200 trials, although the llattern on the "positive" 
field was quite coarse. A monkey and two chickens 
trained under comparable conditions established a per­
fect habit in from 200 to 400 trials each. 

I then presented a difference in area in addition to 
the difference in distribution of b rightness over the 
fields, and the animal acquired a perfect habit very 
quickly. Control tests showed that the difference in 
pattern was ineffective, as the animal's responses were 
n ot affected in accuracy by eliminating that difference. 

The effective difference in area was between 2.25 to 1 
and 1.44 to 1. Since the two fields were of equal bright­
neSR, this difference in area resulted in a corresponding 
difference in luminous intensity. I now made the bright­
ness of the test-field inversely proportional to their 
areaR, and the animal immediately ceased to discrimi­
na teo Th is indica ted that his discrimination had been 
based on difference of luminous intensity alone. 

It now became necessary to ascertain and consider 
certain structural characteristics of the d og's eye con­
sidered as an optical system. There is a mechanism 
for accommodation as in the typical mammalian eye. 
According to Freytag, however, the refractive index 
of the lens is almost exactly the same as that of the 
fluid media. All the refraction undergone by an inci­

dent beam in such an eye must, therefore, take place 
at the cornea. Change of the radius of curvature of 
the lens w ould n ot in itself change the focal length. 
The eye is set for a single focal distance, and only 
objects at a given distance may be imaged on the 
retina. In this dog, parallel rays, or rays proceeding 

directly to the eye from an object 20 feet or more 

away, are brought to a focus on the retina. In the 
next experiment each test-object was mounted in the 
principal focus of a good projection l ens. Under the 

experimental conditions a sharp image of the test­
object was formed on the retina,  no matter where the 
dog's eyes were placed in the cone emerging from the 
lens. 

In this eXlleriment the two fields were 6.2 candles 
per square m eter in mean brightness, circular in form, 
and 6 centimeters in diameter. The positive field was 
covered by a system of alternate dark and bright 
stripes, each member of which subtended a visual angle 
of 33 feet 32 inches. The negative field was of sensibly 
uniform b rightness. The pattern on the positive field 
may be compared to that of a plank fence in which the 
planks are 6 inches wide and 6 inehes allart, viewed 
at a distanee of 50 feet. The dog did not learn to 
discriminate between these two fields and did not show 
a tendency to improve in 500 trials. Under the cir­
cumstances I regard his failure as conclusive evidence 

that he is unable to distinguish quite gross details in 
visual objects. Since the experimental conditions in­
sured the formation of a sharp image on the retina, 
we must attribute his failure to relative insensitivity 

of that organ to distribution of brightness over it. There 

is no fovea in the dog's retina, the sensitive a rea is 
indefinite both in form and extent, and there are 
numerous branching of opaque nerve-fibers which 
must be regarded as blind spots. As is Ruggested 
above, if accommodation is not impossible, its range 
mUflt be extremel y small. There is a tendency to gross 
errors of refraction, varying widely in different indi­

viduals. For many of them the retina can never be 
stimulated by a sharll image. It should not be inferred 
from the above that the dog's eye is a useless organ, 

for such a retina, like the lleripheral region in the 
human retina, Reems to be quite sensitive to m ovement 
of visual objects. This is llrobably the m ost important 
form of visual Renflitivity which the dog possesses. 

The Rtructural characteristics of the dog's eye obtain 

among other carnivora and among ungulates and 
rodentl'l. The foregoing results, considered in the light 
of comparative anatomy, suggest that we are not justi­
fied at present in attributing detail vision to many 

other mammals below the primates. 
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Great Electro- Magnets- I I * 
Wonderful Instruments Proposed for the University of Paris 

Concluded from SCIENTIFIC AMERICAN SUPPLEMENT No. 2 1 05, Page 300, May 6, 1916 

F'IG .  12 presents the most recent model of the Weiss 
electro-magnet, constructed at the Oerliken shops for 
Becquerel. It is no larger than previous models of the 
same makers, in fact,  the yoke was cast in the same mold, 
and the cores (including the central tube of the coils, 
which is of  iron) are of the same diameter, 1 7 . 5  cen ti­
meters. But it has the benefit of two improvements 
recently made (ferro-cobalt and winding) , which give it 
marked advantages.  Measures of the field of this in­
strument made at Zurich by Weiss, Picard and Fortrat 
have determined its field in functions of the number of 
ampere-turns, and from this it is to be seen that the 
rapid rise is quickly attained , followed by a slow rise , and 
in passing from 100,000 ampere-turns to 200,000, the 
field is augmented 1 ,800 gauss. A machine with only 
half as many turn s and half as much copper gives nearly 
the same field , and there is the additional advantage 
besides this economy in working in a field where the iron 
is saturated in that the field remains u niform, and there 
can here be 2 per cent variation in the current without 
greater variation in the field than one thousandth. Other 
curves (Fig. 14) show the advantage of the ferro-cobalt , 
which permits of obtaining the same fields with much less 
co�t, and from them it is evident that to increase the 
fields to be obtained in a given air-gap is difficult with 
such form of electro-magnet. The gain obtained in the 
increase of excitation is due almost entirely to the direct 
field of the coils , which is of the order of 2,000 gauss for 
strong excitation. 

Considering the enlargement of the electro-magnet ,  
t h e  diameter of one meter for the cores being the figure , 
it. is possible to predict results by processes of multiplica­
tion of present units. Such an instument would for one 
item require not less than 68 tons of copper, although in 
practice there would be some reductions from the com­
puted figure. 

Prof. Cotton next outlines the details of the Weiss 
constructions, prefacing his description with some mathe­
matics and presenting the projected hundred-ton electro­
magnet which has been planned by the Oerlikon shops. 
(Fig. 15  shows the disposition of the parts.)  The yoke 
is computed to weigh 60 tons, but despite its form, an 
open rectangle, it ought to be able to sustain without 
sensible deformation the strain of 1 20 tons which would 
be applied to it for the maximum. The cores are to be 
movable within the central cylinder of 90 centimeters, 
the diameter of the iron lining to the coils. They weigh 
8.5 tons each but may be moved one at a time by mean s 
of a screw actuated by a 2 kilowatt motor. A truck of 
9 tons will accompany the apparatus for placing the 
heavy parts and for changing the polar pieces, wn ich 
are to weigh some hundreds of pounds each. 

The conductor as planned is a tube of copper, square 
in section, a form most advan tageous in point of space 
required, although somewhat costly. The hole in the 
tube is to be round as offering the least resistance to 

* Translated and abridged from the Revue Genhale des Sciences 
Pures et Appliqufes by J. Rit,chic, Jr . , for the S CIENTIFIC A M E R I C A N  
S UPPLEMENT.  
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Fig. la.-Field of a magnet like Fig. 12 in functions 

of ampere-turns. 

the flow of liquids. Each of the coils is planned to in­
clude ten section s  held by fiye independent yokes. The 
winding is such that for a normal excitation of 500,000 
ampere-turns the current density should be 1 . 4  amperes 
per square meter. The instrument should require only 
50 kilowatts.  The great amount of copper, about 4() 

Fig. 12.-Weiss electro-magnet constructed for the 

Museum of Paris. 

COMPUTED MAGNETIC FIELDS .FOR THE G H E AT 

WEISS E LE CTRO-MA G NET WITHOUT P O L A H  

C O I L S .  (ASSU M E D  POWE H 200 KILOWAT T S ; 

N O RMAL POWE H 50 I{ f LO W  ATT R . ) 

Air Gap. 

�'ield in Gauss. 

ArL�a in lpngth in 
Mi lli meter;. M il l i m('t<-r, 

---------- ----------
:3 . 0  2 . 0  70, 1 00* 

[ a . 5  64, 500' 

5 . 7  i ,� . O  6 1 ,400* 

l 1 0  ()  55. 200' 

1 7 . 2  5 0 58, 000 

17 :l 
/ 1 0 0 5:3,000 

1 1. 5 . 0  48, 700 

( 5 . 0  1)4 ,200 

28 . 5  1 1 0 0 50, 700 r:!fi O 48 .000 

5 . 0  47,400 

55 . 0  i 20 . 0  4 1 . 7 50 ro o  36. 000 

20 . 0  3!l,450 

85 5 40 . 0  35.600 

l80 . 0  28,850 { 40 . 0  3 1 ,650 

230 . 0  1 00 . 0  26, 200 

200 . 0 1 9 ,450 

[ 1 00 . 0  22.850 

51. 5 . 0 1'00 0 1 6 .970 

aoo . o  1 3 , 400 

5 . 0  23,600 

900 . 0 200 . 0  7 , 420 

,300 . 0  5. 140 

* Owing to minor uncertainties the figures thus marked are sub­
ject to an error of a few hundredths. It is  assumed that ferro­
cobalt is used in the polar pieees. For iron the 1 hree groups be­

ginning at the top would be red uced 8, 7 and (j per cent, respec­

tively. 

tons, will make the machin e itself rather costly, but on 
the other han d,  the experiments are comparatively in­
expensiye. 

The computations show that under the normal exci­
tation,  50 kilowatts, the mean current density will he 
only 0.83 ampere per square meter, the water should 
emerge from the circulation with a rise in temperat ure 
not greater than 12.5 deg. Cent. and three atmospheres 
of pressure may be employed. 

If the amperage is doubled and 200 kilowatts furnished 
for the permanent excitation the elevation of the water 
will then be not more than 50 dog. Cent. and the gain in 
the field considerable, at least 2,000 gauss. This increase 
is obtained without modification in the instrument, and 

without minor changes III current having appreeiable 
effeet on the field . 

With this greater excitation the accompanying tablE' 
has been computed for related fiE'ld and air gap . 

The table shows that the principal ad v antage of the 
apparatus is in the great increase in the dimensions of the 
gap . The same fields have already been achievable, 
but in volumes that were 200 times smaller. In certain 
researches, among them rotary magnetic polarization, 
magnetic bi-refraction and thE' deviation of electrizod 
particles, there will be enormous facility in the new con­
structions. Important questions like the retardation of 
magnetic bi-refraction hang on some such device . 

There will be a gain of equal importance in what con­
cerns the value of fields in very small gaps. One can 
ctmveniell t.ly make researches with fields of 50,000 gauss 
in gaps where it has before been possible to get only 
30,000. With the smaller gap, 3 millimeters by 2 milli­
meters, 70,000 gauss may be obtained, and so sm all an 
air gap has hitherto rarely been usable. 

If fields of 100,000 gauss are practicable it will be 
possible to increase the dimensions of fields still more. 
]<'or that reason Weiss and Cotton have already thought 
out an apparatus with fields more intense. 

The discussion now turns to another form of elect.ro­
magnet,  that of Deslandres and P erot ,  where the cylin­
drical cores are cast aside and are replaced by polar 
cones which are attached to a yoke of negligible reluc­
tance. Further than this all the winding is about the 
poles. The coils are in a cavity in the yoke (Fig. 1 6 ) ,  
and consist o f  ribbons o f  naked copper o f  0 . 3  millimeter 
thickness rolled like the hair spring of a clock. The 
refrigerating liquid is gasoline cooled to about -25 deg. 
Cent. ,  which is not only the cooler but the insulator. 
The liquid flows between the turns of the metal in a 

direction parallel to the axis of the coil. This coil has 
been able to support a current of 1 ,900 amperes, so that 
the little machine,  weighing only 35 kilogrammes, has 
been able to absorb a power of 76 kilowatts. Under 
these conditions with an air gap of 2 millimeters by 
1 .7 millimeters, with polar pieces of ferro-cobalt, the field 
attained has been 50,500 gauss. 

The experiments have been very interestin g for they 
constitute the first trial at applying considerable elee­
trical energy to a coil of little volume. The application 
of cold diminishes somewhat the performance of the 
instrument, but it permits of increases in the values of 
the mean current density. 

An improvement came to light when it was proposed 
to build a larger instrument, for it was found that thesE' 
investigators were cooling with unrefrigerated running 
water, which h 3.s a resistance of about one billion times 
that of copper or silver. It  is believed that water will 
in sulate without establish ing elec trolysis. (Fig. 17 will 
give an idea of an improved form of this type of electro­
magnet. )  Perot proposes to construct three such in­
struments relatively proportioned as 1 ,  2 Yz and 5 and 
for them the following figures have been computed . 
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---
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Fig. 14.-Characteristic curves of magnet like Fig. 1 2  

in functions of  energy used. 
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COMPUTATIONS B Y  M .  PEROT FOR THREE SIZES O F  

E LECTRO-MAGNETS WITH POLAR COILS. 

Diameter Field in 

Type. of Hole. Air Gap. Galiss . Kilowatts. 

1 . 0  1 30 3 . 0 by 1 . 7  50,000 2 1 . 5  
30 3 . 0 by 1 . 7  75,000 226 . 0  
75 7 . 5  by 4 . 2.'l 50,000 5 1 . 7 

2 . 5  75 7 . 5  by 4 . 25 75,000 527 . 0  
75 7 . 5  by 4 . 25 1 00,000 1 629.0 

5 . 0  
1 50 1 5 . 0 by 8 . 5  50,000 101 . 7  
1 50 15 . 0  by 8 . 5  75,OCO 1019 . 0  

I n  discussing the possible future of such instruments 
Cot ton notes that thoy can gain high fiPldH in th e neigh­
borhood of 100,000 gauss with an initial cost that is low, 
the apparatus of the largest model being but a fow tons 

A 

o 0' 

B 

Fig. 1 6.-Diagram of Deslandres and Perot 

electro-magnet. 

in weight. But on the other hand these fields ean not  
be very extended and they require high electrical power 
so that the experiments are costly. 

From the theoretical point of view the importance 
given to the ampere-turns is rational. One is led,  how­
ever, to bring the windings more and more toward the 
poles,  but as this is done and the coils are placed in :su ch 
fashion that the direct, action of the coils is greatest, they 
a.re at the same time in the position most awkward for 
experiments. 

It is for this reason that Deslandres and Perot have 
givon to the interior bore of the coils a measure relatively 
high , ten times perhaps that usually employed. The 
fields that count in the experiments are only those which 
are within the bore , those that exist outside of this being 
worth nothing, though possibly a detriment. But to 
create these fiolds much energy is necessary ; for 100,000 
gauss with a gap of 7 .5 millime ters , about 1 ,629 kilowatts 
being needed. 

It  has been already seen that wi th 1 ,420 kilowatts one 
may hope to obtain 100,000 gauss in a coreless coil of 
20 millimeters diameter and that one can obtain this 
strength of field by cooling with water under pressure . 
The two types will give approximately equal fields with 
comparable costs.  But it is tl'Ue on the one hand that 
the great interior hollow is too large for real use, while 
in the smaller one there is still  room for some kinds of 
experiments,  the Zeeman phenomenon , for example. 

Despite the great energy required in the electro-magnet 
of D. & P. if, merits attention. The employment of the 
ribbon conductors and the way in which the cooling is 
effected sr ould be especially noted. The square tubes 
are very practical, they make unnecesmry the water­
tight branch boxes, they permit of experiments with 
portions of coils and assure the excitation of the coil in 
a number o f  independent ways . But the employment 
of ribbons with the water circulation parallel to the axis , 
normal to the current lines and in very short courses ,  
is truly original. 

Prof. Cotton goes on to disouss some newer forms of the 
Weiss instrument. The fields just oonsidered may reach 
100,000 gauss,  while those of the great Weiss apparatus 
give with little power very extended fields but with not 
more than 70,000 gauss.  But the apparatus can be modi­
fied and so adapted as to give at will intense fields or 
extended ones.  

Between the polar cones of this instrument there is 
eonsiderable space . It is  possible to adjust the polar 
coils , and the electro-magnet becomes one of two dif­
tinct windings, one about the oores and the other about 
the poles. With such an arrangement one may utilize 
the power available so as to have an instrument of great 
flexibility, a desideratum . 

The UBe of supplementary coils is not new, Weiss hav-

v 

Fig. 15.-Section of proposed Weiss electro-magnet 

of 100 tons. 

( ', yokp, UO tOll� ; N, movable eOl'ct-3, 1 7 . 0 1  tons ; P, polar 

outfit, three sets of couical polar pieces, one set plane, 

together about (j tons. 

Fig. 1 7.-Another plan of Deslandres and Perot 

apparatus. 

ing adopted them some twenty years ago , and others in 
the intf,rim. It  I S  with such eoils that Weiss has pro­
dueed the measured fields of 55,000 gauss. But the smaller 
apparatus has not served researeh because the field has 
been so restrieted, only 2 to 3 millimeters. This will 
no longer be the case, for the larger forms possess larger 
gaps in which the fields can be really utilized. 

Fig. 18 represents one of the pairs of polar coils under 
consideration by Weiss and Picard. The turns near the 
equatorial plane have been suppressed for convenience 
in working, although they would have been valuable for 
the field.  The coils are relatively light, about twenty 
kilogrammes each, and they are easy to install when the 
poles are separated,  as they may be by th e motor. 

This apparatus has been constructed so that the field 
will be about 30,000 gauss with the expendituro of about 
100 kilowatts. It has been sought in t,he plann ing to 
approach the conditions of maximum service by varying 
the current density as indicated in the figure. 

This is effected by making several ooncentric portions 
each uniform with itself, and the proposed mean densi­
ties are 200 amperes for the central winding and 50 and 
12 amperes respectively in the two outer windings. One 
can increase the excitation in the outer windings, and 
with th is the power, it bping estimated that such a con­
struction will give nearly 40,000 gauss with not more than 
300 kilowatt,s .  

There is no single way of representing the fields ob­
tained by this principle ; there will be as many character­
istic curves as there are methods of dividing the windings . 
For great constancy it is desirable to giv e  the eloctro­
magnet windings the preponderance,  hut to produce a 
field as high as possible in a given gap, the field is likely 
to be less constant an d more excitation should be given 
to the polar coils. A figuring of different condi tions has 
been made in which the apportionmen t  of the energy 
ranges from 200 kilowatts in the electro-magnet coils to 
50, while that supplied to the polar coils varies at the 
same time from 100 kilowatts to a maximum of 300 kilo­
watts. The total in either event will not surpass 350 
kilowatts. 

FIELDS OF THE GREAT WE ISS ELEC TRO-MAGNET 

WITH POLAR COILS.  

Air Gap in Millimeters. 

3 . 0  by 2 . 0  

5 . 7  by 3 . 5  

5 . 7  by 5 . 0  

5 . 7  by 1 0 . 0  

Field in 

Gauss with 
50 Kilowatts. 

100, 100 

94, 500 

91 ,400 
85,200 

Field in 

Gauss with 

200 Kilowatts. 

IOR, l OO  

102,500 

99,400 

93 ,400 

A further use of the little polar coils is suggested in 
separating them from the large electro-magnet. To-

gether with the ferro-cobalt cones they may be mounted 
in an inexpensive yoke and make little magnets for ex­
perimental purposes. 

When it comes to the consideration of costs Prof. 
Cotton points out that t,he great electro-magnet will be 
the most costly portion. from 76,000 francs to 128,000, 
according to the price of copper. The more expensive 
outfit corresponds with the smaller running expenses .  
I t is necessary moreover to provide for accessories, trucks, 
distributing system, the substation to transform into 
direct the alternating current of the district and a battery 
of accumulators. The whole will come near to 200,000 
francs. 

There is further than this the fact that it will not be 
wise to establish powerful instruments unless the current 
is assured as well as the funds for the initial plant. Then 
the costs attending the use of 1 ,500 kilowatts will be 
large. The University of Paris at the time of writing 
possessed the more important conditions, there being 
already established within its precincts t·he Aerotechnical 
Institute , a great laboratory that owes its establishment 

Fig. 1 S.-Diagram of polar coils of 

Weiss magnet. 

The horizontal lines s uggest various windings for 
greatest effect. 

to the liberality of M. Deutsch de la Meurthe. It will 
presently be connected with an alternating current source 
of great power and will have its current cheap. It would 
be possible to place the magnets here. 

But the optimistic writer hopes for better still. There 
is need of research of all kinds in this division of science. 
and it is to be hoped that a great laboratory of magnetism 
and magneto-optics may grow up about the apparatus. 
While modest equipment will undoubtedly lead to im­
portant discoveries it is not to be concealed that money 
is necessary to modern research, and there is obvious 
advan tage in centralization .  If only a laboratory could 
be established comparable to what that of Onnes is in 
the study of extreme cold, laboratory workers from all 
parts of the world would come to study. The better 
fitted the laboratory, the more oompletely will it attain 
this end. 

Measuring Snowfall 

THE French meteorologist M. Mougin speaks of the 
various ways of taking account of snowfall upon moun­
tains. One point is to measure the height of accumulated. 
snow upon a given surface, and such a nivometer he 
makes of a 1 meter square board held at about 1 meter 
height from the ground. After measuring the height of 
the snow, the latter is slid off into a zinc tank so as to 
melt the snow and measure the amount of water it fur­
nishes.  Another type of nivometer consists of a cylin­
drical tube which is run through the snow down to the 
ground or a prepared surface, and a spade is run under­
neath, then the tube and its contents of snow are taken 
out. Such work in estimating the height and bulk of 
snow can be done in meteorological stations which are 
inhabited, but where the stations are in remote places 
and are only visited at intervals, it is the practice to set 
up a container for snow as it falls, in which it is continu­
ally melted ,  thus taking only the volume of the water 
during a stated period. Such a device is easily made in 
the shape of a rather large cylindrical tank into which 
the snow falls and the water remains in the tank. But 
it is  of course an essential point that the water should 
not evaporate. Vaseline oil is put in the tank in the 
first place, and it will then float on the surface of the 
water so as to effeotually prevent evaporation. Melting 
of the snow is hastened by using chloride of calcium. He 
calls " specific lightness" the number which expresses the 
height of the snow in millimeters corresponding to 1 
millimeter height of the snow water given by the melting 
of the same. It is reciprocal of the density. Snow varies 
extremely in density, and the figure expressing the light­
ness can vary between 200 a.nd 1 .3. 
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Shoal Water Corals* 

The Ecology of the Floridian and Bahaman 

By Thomas Wayland Vaughan, U. S. Geological Survey 

MANY of the most important principles of coral ecology 
were long ago recognized and clearly formulated by Dar­
win and Dana. More recently Klunzinger, Pourtales, 
Moseley, Alexander Agassiz, Verrill, Stanley, Gardiner, 
von Marenzeller, Duerden, Wood-Jones, and others have 
made important contributions. 

The coral faunas which live in water less than 25 
fathoms deep in coral-reef regions are separable into two 
sub-faunas according to their ability for withstanding 
violently agitated water. These are ( 1 )  the strong. 
firmly attached, usually massive forms which can with­
stand breakers and the pounding of the surf ; and (2) the 
weakly attached and branching forms which can sur­
vive only in quiet water. The forms requiring quiet 
water are further subdivisible according to their capacity 
to resist the deleterious effects of silt . A species of mas­
sive growth habit often will also live in quiet water. In 
some instances the same species of branching coral may 
be represented in both quiet and rough water, but the 
colonies in the rough water have shorter and stouter 
branches, responding to the environment by strengthen­
ing their skeletal structures. Massive, large, head-like 
corals, such as Orbicella annularis,  form the strong frame­
work of the reef, while in the interspaces between the 
heads many colonies of species of smaller size grow and 
other organisms are present in greater or less abundance. 
A cropora palmata, a species of another growth habit, 
is an important reef builder in places. I t  forms ascend­
ing fronds which by the thickening of their basal portion 
become very strong. Two species which live in the 
q 'liet water on the flats behind the outer reefs or in the 
lagoons are M aeandra areolata, which because of its 
small base of attachment could not remain fixed on the 
reef, and Porites furcata, which because of its fragile 
branches would be smashed to bits by the rough water of 
the outer reefs. These two species can exist where the 
bottom is muddy. as both possess the means necessary for 
ridding themselves of considerable quantities of silt . 
Eusmilia fastigiata is a species which has a fragile skele­
ton and requires quiet water, but as it can not endure 
much silt, it is restricted to areas where the bottom is 
cleaner. Porites clavaria illustrates responsive adapta­
tion to environment, as it lives both on the reef an d on 
the inner flats. The branches of the colonies in the 
former habitat are short and stumpy or the colony may 
be almost massive in growth form, while in quiet water 
the branches may be decidedly elongated. 

The depth to which the more massive forms extend is 
between 18 and 31 meters ; 18 meters is usually about 
the maximum for vigorous growth, but some of the 
branching species extend to slightly greater depths. In 
general the lower depth of the shoal-water coral fauna of 
the West Indies is about 37 meters, approximating condi­
tions in the Pacific. The precise cause of the limit in 
depth has not been determined. Each of several possi­
ble factors will be discussed. 

All the corals with which I have experimented possess 
the capacity of removing a certain amount of sediment 
from their surfaces. This is affected by the non-nutrient 
particles becoming imbedded in mucus and by cilia re­
moving the mucus and the particles from the surface of 
the tissue. The capacity for cleaning their surfaces 
varies according to the species, it being lowest among 
those corals which are most important on the outer reefs 
-it is low in Orbicella annul aria and high in M aeandra 
areolata. 

Some corals, as Siderastrea radians, can endure having 
their surfaces covered with silt for some time. This 
coral seems to secrete a layer of mucus which lifts the 
silt above the tissue surfaces and thereby protects them. 
The branching form of many corals prevents sediment set­
tling on them faster than it can be removed. However, 
as any coral will be killed by actual burial beneath sedi­
ment, corals cannot live where sedimentation is rapid ; 
and as sediment accumulates in areas deeper than the 
base of strong wave action or where currents are weak, 
it is a factor in limiting the depth to which the littoral 
fauna can extend. 

The mechanism of corals for catching food are as 
follows : ( 1 )  The ectodermal surface is beset with ne­
matocysts, which occur on the tentacles, the oral disk, 
the column wall, including its downward extension called 
the edge-zone, and also on the margin of the mesenterial 
filaments. (2) The entire ectodermal surface is ciliate, 
the cilia in response to certain stimuli beating toward 
the oral apertures ; in response to others, beating toward 
the periphery. (3) The outer surface secretes mucus in 
which particles may be embedded, the mucus moving 
under the influence of the beat of the cilia toward the 

* Proceedings of the National Academ7 of Sciences. 

oral apertures or toward the periphery, a(lCording to the 
nature of the response to the stimulation. (4) The ten­
tacles are active and effective in capturing food. (5) The 
mesenterial filaments, which in many species of corals 
can be extruded through the column walls, in some 
instances capture food. 

Many different kinds of food were offered corals, but 
they took only animal food ; they are entirely carnivorous. 
The following experiment was tried many times : A piece 
of diatom mat was placed on ono side of the oral disk 
and a piece of crab meat on the other. Invariably the 
crab meat was seized and swallowed ; while the diatoms 
induced no reaction except ultimately to be removed from 
the surface. No kind of purely vegetable food was taken 
by any one of the numerous species investigated. How­
ever, pieces of plants coated with small animals or 
soaked in meat juice will be swallowed, and later the 
vegetal matter ejected. 

As the food of corals is purely animal plankton, a de­
crease in the amount of this food-supply with increasing 
depth would limit the downward distribution of the 
shoal water forms, but as I do not know of any quanti­
tative estimates of the amount of animal plankton above 
and below 20 fathoms in coral reef areas, thoro is no 
basis for a positive opinion. 

The rolation of corals to light was studied. Speci­
men s of 17 species were put into a darkened, light-proof 
live-car. One of the number was doad at the end of 14 
days ; three others were dead at the end of 28 days ; while 
eleven species survived at the end of 43 days. However, 
all had become pale, some even colorless, or otherwise 
showed abnormalities .  A natural experiment, which ap­
pears conclusive, is afforded by 1<'ort Jefferson wharf. 
Here corals thrive on all the outer piers where the light 
is strong, but there are none on the central piers where 
there is perpetual shade. It, therefore, seems to me that 
strong light is essential for the vigorous growth of shoal 
water corals. 

Another factor is temperature. Dr. Mayer conducted 
a series of experiments to ascertain the higher and lower 
limits of temperature which the common corals around 
the Tortugas can endure. These indicate that a lower­
ing of the temperature to 13.9 deg. Cent. would exter­
minate the principal Florida reef corals, while the most 
important inner flat corals would survive. He obtained 
similar results on the corals around Murray Island , 
Australia. 

Dr. H. F. Moore of the U. S. Bureau of Fisheries has 
communicated 110 me temperature records made at light­
houses along the Florida reef. These show that vigorous 
reefs will endure a temperature as low as 18. 11) deg. Cent. , 
the minimum at Carysfort light between 1879 and 1899 ; 
bu t at 1<'owey Rock, where the minimum drops to 15.6 
deg. Cent . ,  although there are some corals, there is n o  
thriving reef . The species found a t  the north end o f  the 
reef line are those which Dr. Mayer's  experiments showed 
capable of withstan ding the lowest temperature. The 
temperature records for the reef line indicate 18.15 deg. 
Cent. as the minimum temperature which a reef will 
survive ; this is 1 .85 deg. Cent. lower than the figures 
given by Dana. It is not probable that a reef could 
withstand a continuous temperature so low as this .  
Wherever the depth of  water is  great enough to lower 
the bottom temperature below 18.15 deg. Cent. ,  more 
probably abo ut 21 deg. Cent. ,  reef corals will not live. 
This temperature appears to be attained around the 
Hawaiian Islands within a depth of 183 meters. Accord­
ing to Agassiz's  "Three Cruises of the Blake" the bottom 
temperature in the Gulf of Mexico and Caribbean Sea 
is usually too low for the growth of reef corals at a depth 
of 183 meters, and in places it is too low at a depth of 
87 meters. Although the possibility of control of the 
lower bathymetric limit of reef-building corals by de­
crease in temperature with increasing depth has not been 
adequately investigated, it appears safe to say that reef 
corals are usually, if not always,  confined by tempera­
ture to water less than 180 meters deep . 

The four possible factors which ten d to limit the down­
ward extent of reef forming corals are as follows : ( 1 )  
effect o f  sediment ; ( 2 )  decrease in supply o f  small animal 
plankton ; (3) decrease in intensity of light ; and (4) low­
ering of the temperature. 

The relations of corals to salinity will now be con­
sidered. The average salinity of the Tortugas water 
according to Dole is 36.01 per cent. Seventeen species 
of the Tortugas corals were kept in a large tank of water 
with a salinity of 18.28 per cent for 24 hours. All were 
damaged or killed except M aeandra areolata, Siderastrea 

radians, and Porites astreoides, but no specimen of 16 
species showed any evidence of harm after remaining 

48 hours in water of a salinity of 27.87 per cent .  Appar­
en tly corals would not be hurt if the salinity of the ocean 
were reduced to about 80 per cent of its present salinity. 
Although I did not experiment with concentrated sea­
water, the studies made by Goldforb and others on the 
effect of concentrated and diluted sea-water on regenera­
tion in hydroids and in the Cassiopea are here pertinent. 
The combined results of the experiments are in accord 
with the deductions made by oceanographers and geolog­
ists from other data, viz . ,  the ocean is becoming more 
salt , and it appears that marine organisms are now living 
in an environment which is considerably below the opti­
mum condition for their existence. 

In order to ascertain the amount of atmospheric ex­
posure corals would endure, experiments were made on 
16 species, any of which will endure exposure on a glass 
plate in the shade for half an hour without apparent 
damage ; nearly all will stand an hour without harm, 
while some will stand 4 hours' exposure under the condi­
tions stated. Favia fragum, Porites clavaria, and Porites 
astreoides have the greatest capacity for withstanding 
atmospheric exposure, while that of M aeandra areolata 
and Sidcrastrea radians is almost as great. A number of 
species withstood exposure on a glass plate in the sun for 
1 Y2 hours, the specimens being badly damaged, but not 
en tirely killed. Although not precisely true. in general 
the ability to withstand atmospheric exposure is a func­
tion of the porosity of tho skeleton, the species with the 
more porous, surviving longer than those with the denser 
skeletons . 

The con ditions necessary for vigorous coral reef devel­
opment may be summarized as follows : ( 1 )  Depth of 
water, maximum, about 45 meters ; (2) bottom firm or 
rocky, without silty deposits ; (3) water circulating, at 
times strongly agitated ;  (4) an abundant supply of small 
animal plankton ;  (5) strong light ; (6) temperature, an­
nual minimum not below 18 deg. Cent . ; (7) salinity be­
tween about 27 per cent and about 38 per cen t .  

In the experiments on rearing corals, the planuloo werE' 
removed with a pipette from the vessel containing the 
parent colony to a jar on the bottom of which was a terra­
cotta disk. Although the planuloo will live a long time, 
even settle in stale water, kept at the proper salinity, 
it is better to change the water at least once a day. To 
change the water, siphons were used, a fine-mesh bolting 
cloth bag having been tied on the end within the jar, so 
as to prevent the escape of the planuloo ; while clean water 
was added through siphons from jars placed at a higher 
level. 

Because of its bearing on the possibility of the distri­
bution of coral species by oceanic currents, it is highly 
important to know the duration of the free-swimming 
larval stage. Observations were made on four species. 
The range was from 2 to 23 days . Should an ocean cur­
rent have a velocity of 3 knots per hour in 23 days planu-
100 might be carried 1 , 656 knots ; at 2 knots per hour 1 , 104 
knots ; at 1 knot per hour 552 knots. It  is known that 
every species of shoal water coral in the Bermudas is 
found in Florida and the West Indies ; while not only is 
the Hawaiian fauna Indo-Pacific in its facies, but several 
of the species (at least 4) also occur on the east coast of 
Africa or in the Red Sea. I seriously doubt any part of 
the Hawaiian fauna being peculiar to those islands. The 
clue to the cause of the wide distribution of living coral 
species is given by the possibly long duration of the free­
swimming larval stage. 

The growth rate of corals was determined by planting 
planuloo which attached themselves in the laboratory, by 
measuring colonies, from planuloo which settled on col­
lectors in a known season, by measuring Qolonies ce­
m ented to disks and fixed on the heads of stakes driven 
into the sea-bottom, and by measuring colonies naturally 
attached. The plantings around the Tortugas were made 
on the reef off Loggerhead Key and on the outside of Fort 
Jefferson moat wall, while records were made on colonies 
growing naturally attached at the two stations mentioned, 
on the piers of Fort Jefferson wharf, and in Fort Jefferson 
moat. The observations in the Bahamas were made on 
artificially planted and naturally attached colonies at the 
east end of South Bight, Andros Island. The Florida 
corals were measured annually ; those in the Bahamas 
were measured in 1912 and again in 1914. The average 
growth rate for each species at each station has been 
computed. The size of the colonies of all species of 
corals seems limited, but some attain large dimensions, 
2 to 3 meters or even more in diameter, and nearly as 
much in height, while other species are adult when 'll 
diameter of 35 to 50 millimeters has been reached. Favia 

fragum and M aeandra areolata are instances of species 
which grow relatively rapidly for the first 2 to 4 years, 
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after which they grow more slowly. Orbicella annularis 

and M aeandra stigosa are not so limited in size. Branch­
ing corals grow more rapidly than massive species ; while 
of the former, the growth rate of species with perforate, 
loose-textured skeletons is more rapid than that of species 
with dense skeletons. In general the more massive and 
the denser the corallum, the slower the growth ; while 
the more ramose an d the more porous the skeleton, the 
more rapid the growth. 

There is no average growth rate for corals generally 
speaking, as growth rate varies from species to species, and 
varies for the same species according to local environmental 

conditions. Here it may be said a colony of species of reef 
coral in a lagoon, if protected from sediment, may grow 
more rapidly than a colony of the same species does on 
the reef. The limitation of reef corals so largely to the 
outer edges of platforms is determined primarily by purity 
of water, i. e . ,  freedom from silt, and by the more uniform 
temperature. 

In order to estimate the rate at which a reef will grow, 
the upward growth rate of the true reef-forming species 
must be taken. The upward growth rate of Orbicella 

annularis,  the principal builder of the Pleistocene and 
living reefs in Florida and the West Indies , is from 5 to 

7 millimeters per year, according to station.  At 6 milli­
meters per year, it would form a reef 1 50 feet thick in 
7,620 years ; at 7 millimeters per year it would build 
the same thickness of rock in 6,531 years . A cropora 

palmata, which grows more rapidly, might build a similar 
thickness in 1 ,800 years. The growth of corals in the 
Pacific appears to be more rapid and according to Stanley 
Gardiner they might build a reef 1 50 feet thick in 1 ,000 
years. The investigation of the growth rate of corals 
shows that any known living coral-reef might have 
formed since the disappearance of the last continental 
ice sheets . 

Notes on Plant Chemistry* 

Some of Little-known Characteristic of Common Flora 

Hair Moss (Polytrichum commune) .-This plant as­
sembles in dense tufts and cushions of deep greenery on 
heaths, moist woods, and turbaries. Its chemistry is 
rather tame, and apparently not specially indicative of 
any specific physiological activity ; one reason for which 
may be that the constituents for the most part are not 
readily extracted by the ordinary menstrua, or only in 
such q uantity as renders their mode of origin or their 
functions rather dubious.  However, I will now relate 
the facts of the analysis as follows : In June the dried 
moss yielded to boiling benzine 1 . 1  per cent of an un­
saponifiable waxy matter which was tinged by a trace of 
carotin, and there was no phytosterol. The alcoholic 
extract con tained some more yellow wax and a little 
chlorophyll, and its aqueous solution was acid and faintly 
bitter, had traces of a saponin apparently, and responded 
very clearly to the tests for saccharose. Further treat­
ment of the residue of the plant indicated the presence 
of nitrate, much pectosic mucilage, and pentosan, a little 
starch and cellulose hydrate (amyloid, perhaps) ,  and a 
red-brown resinous matter extractable by dilute soda 
and soluble in sulphuric acid with a brown color. There 
was no dextrine, alkaloid, or oxalate. The ash of the 
plant in October was about 2.4 per cent, and contained 
16.4 per cent soluble salts, 45.8 silica and sand, 7.3 CaO , 
3.4 MgO, 12. 1 oxide of iron, 4.3 P20., 3.7 S03, with some 
manganese and traces of chlorine and carbonate. In 
June the ash contains 4 1 .9 per cent soluble salts and only 
16.3 silica. At first sight the above analysis seems 
rather meagre, but if we carefully observe the habit of 
the plant, and are aware that the protoplasm of mosses 
is extremely sen sitive to the influence of the contents of 
the currents of water which traverse their tissues, we 
must conclude that they are capable of a pretty active 
power of assimilation. The array of vertical cells on the 
upper surface of the leaves, when exposed to the air in 
a moist atmosphere, produce starch, oil, etc . ,  very rapidly 
and efficiently. Moreover, the humus of the heaths and 
tubaries where it grows contains colloidal combinations 
of the diverse constituents of the carbonaceous destruc­
tion of plants, and these, being taken up by the rootlets 
or root hairs and digested there, are absorbed or assimi­
lated by the protoplasm in the form of condensed carbo­
hydrates .  As regards the process of deassimilation , it 
proceeds no further than the formation of a resin which 
is yellowish, has an acid function, and yields no special 
reactions. This resin plugs up the intercellular spaces 
and the stomatic air-cavities in the lower portion of the 
stem, and thus greatly slackens the physiological activity 
and modifies the protoplasmic content of the cells situated 
there, thus clearly showing that this part of the organism 
is of no further service after the fruiting is accomplished. 
Although Czapek by long boiling with water or dilute 
soda under pressure apparently extracted a phenolic and 
a tannic body from the cell-wall of various mosses, I am 
not convinced that these bodies exist there as original 
constituents. After careful examination I am inclined 
to conclude that the yellow color given to the cell-wall 
of mosses by soda and the reactions of same given by 
FeCIa and by Millon's reagent are due to some humin 
matter sucked up from the soil into the tissues,  similarly 
as certain fungi, according to Nuemann, can absorb 
tannin (0.04 per cent) into their tissues, where it is chemi­
cally decomposed. Mosses are very tenacious of life, 
the term of their existence is in most cases unlimited, 
every part of them may give rise to protonema ; i .  e . ,  a 
rudimentary shoot and thallus, and those species which 
inhabit moist places emit a great quantity of CO 2 •  All 
these properties seem to be connected with the essentially 
reproductive character of their cells ; i. e . ,  they have a 
clearly defined nucleus and abundant white translucent 
alkaline protoplasm, the vacuoles of which have no supply 
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of nutriment, organic or inorganic. The doctrine of evolu­
tion has been sharply held up by mosses, no passable 
bridge having been found between them and the algre on 
one side and the ferns on the other. Mosses may perhaps 
be a sort of "reproductive" offset, from say, grasses ; 
but in that case the plant evolution theory would be 
worse confounded than before. 

Early Purple Orchis (0. mascula) .-This plant is found 
in meadows, and in certain parts of woods and pastures 
where there is no rich supply of food salts. It is a 
succulent plant of slow growth and very difficult to 
cultivate artifically, its germination necessarily requiring 
the concurrence of fungi, which frequently depends on 
chance. The mycorhiza exist always inside the cells of 
the roots (not of the tubers) as pellets of compact fila­
ments (hyphre) ,  which are sometimes ultimately com­
pletely digested by the plant. Hence, it would seem , as 
Gallaud opines, that the supposed symbiotic nature of 
these mycorhiza is more like that of a parasite, but their 
infestation serves to react in a physico-chemical manner 
upon all the tissues of the plant. On June 20th, 1915,  the 
dried over-ground parts of the plant yielded to boiling 
benzine 1 . 7  per cent of wax, with a very little carotin 
and som e fat oil ; the alcoholic extract had a bitter taste, 
and contained a moderate quantity of flavone giving the 
reactions of quercitrin, also a large quantity of free glu­
cose, and some resin and bitter principle which gave no 
green coloration when warmed with nitric acid. There 
was no nitrate, tannin, alkaloid, or starch, but much 
pectosic mucilage and a little pentosan ; also a considera,.­
ble amount of oxalate of calcium reprecipitating in fine 
crystals after extraction ; the crude fiber amounted to 
40 per cent of the dried material. The ash of above was 
6.5 per cent, and contained 47.3 per cent soluble salts, 
5.2 silica, 20.5 CaO, 3.8 MgO, 7.8 ptO., 3.8 S03, and 7.8 
Cl ; there was much soluble carbonate, and about 3 per 
cent oxides of iron and manganese. The tubers when 
young contain starch, sucrose, volatile oils, and mannan, 
but no inulin, as reserve substances which are mostly 
used up at flowering time, when a new tuber is immedi­
ately produced and rapidly forms similar reserves as 
before. The floral organs of orchids have commanded 
much attention for many years ; in the plant under re­
view the corolla is of a rich purple color, though there is 
no tannin in any of the organs ; the conditions, viz . ,  the 
lanceolate leaves rarely rising far from the ground, and 
the long bare stem are exactly those which specially 
favor the development of anthocyanic pigment in the 
corolla. Blue flowers are said to occur in three genera of 
Orchidacere, but the presence of quercitrin or quercetin 
in the order induces me to conclude that these are not 
true blues. I have noticed that this orchid does not 
grow on specially damp peaty places, so that the fact as 
shown by the above analysis that it contains no starch 
and little pentosan is readily explained. The most re­
markable fact is the presence of free aldehydic sugar, and 
a portion of a gathering got in June being left in a 
closed drawer for five months was found to still retain a 
large amount of the same reducing substance. "Succu­
lent plants, "  say Andre, "possess a kind of very special 
vegetation which is revealed by their tenure of organic 
acids and by remarkable peculiarities as to what concern s 
the variation s  in the soluble amides and the ternary mat­
ters . "  The protoplasm of succulent plants has special 
properties, and the high percentage of water favors and 
prolongs the phenomena of the dissolving power of the 
diastases on the starch, etc. Such would seem to be the 
prevalent view of cases like this one ; but the meadow land 
rich in humus formed from the debris of certain plants 
seems to accumulate carbon in a special manner, which, 
being absorbed by the roots and tubers of the orchid, are 
digested there, and when the transpiration is strong, as in 
the fleshy leaves of some tropical orchids, copious starch 
is formed thereby ; whereas when the transpiration is 

feeble, soluble carbohydrates are alone produced. Ac­
cording to Van Tieghem the tuber of the orchid under 
review is composed of a number of separate roots which 
have a common growth, and all constitute together a 
single tuber, and hence it is really a tuberous root ; if it 
were not so it would be difficult to explain the presen ce 
therein of some of its chemical constituents . It is ad­
mitted that carbonaceous matter may be absorbed by 
the roots of plants, but the amount of it thus taken up is 
too small to be worth considering. I do not agree with 
this opinion. I am firmly convinced that it is impossible 
to explain the very large amoun t of starch and mucilages 
contained in the stem and leaves of variou s marsh and 
water plan ts which I have analyzed, if it be contended 
that these carbohydrates are originally produced only 
an d solely by the action or the leaves or other organs 
evolving chlorophyll. According to Griffon, the non­
green species of Orchis, such as N eottia, which is all pale 
reddish-brown, are capable owing to their mycorhiza of 
extracting their carbon from humus matters. On the 
other han d, An dre in 1912 declared that "the carbon 
n utrition of the plan t at the expense of the humic matter 
of the soil has not yet been proved. " Nevertheless, I 
think that if a certain number of marsh plan ts were 
examined, the standard of proof as respects this question 
will be raised very high. 

Marsh Marigold (Caltha palustris) .-This plant flour­
ishes most effectly on valley bottoms of black muddy 
soil on stream-edges, or often partly submerged. It be­
longs to the hellebore tribe of the much discussed order 
Ranunculacere, which, according to some systematists, 
ranks among the highest Angiosperms, while others regard 
them as merely Monocotyledons. On May 15th, 1915,  
the dried leaf blades extracted boiling benzine yielded 
1.6 per cent of much carotin, with some wax and a little 
fat-oil. The alcoholic extract contained much flavone 
which was a mixture of iso-rhamnetin with a little quer� 
cetin. There was also an acrid resinous glucoside (helle­
borin) like a saponin, and about 2 per cen t caffetannin. 
Further treatment showed the presence of sucrose, a 
large quantity of mucilage (secreted by glands in the 
teeth, the sheaths and the nerve-grooves of the leaf) ,  
also pentosans, some nitrate, but no reserve starch 
or oxalate of calcium. Warm dilute HCl extracted a 
small quantity of an alkaloid which seems to be 
veratrine, as it gave a bluish reaction with H 2S04 
and sugar. There was 9.7 per cent of ash, which 
contained 43.5 per cent soluble salts, 6.5 silica, 19 .1  
CaO , 4 MgO,  5.5 P205, 5.3 S03, and 8 .7  Cl ,  with only 
a little iron and manganese and no soluble carbonate. 
The special feature of this analysis is the presence of 
caffetannin along with quercetin , which latter, however, 
may not be actually present as such in the plant, but only 
split off during the analysis from the iso-rhamnetin ; the 
presence of copious mucilage is incidental to the root 
action already specified. The floral organs yielded 2.6 
per cent of carotin and wax ; they had also iso-rhamnetin, 
but no quercetin or tannin ; also very much mucilage, but 
no starch ; the ash yielded 55.2 per cent soluble salts, 
5.3 silica, 9.2 CaO, 6.2 MgO, 10.9 P206, 7 . 1  SO., and 
5.5 Cl ; there was much soluble carbonate and a little 
manganese. It must be noted that the floral envelopes 
are formed of sepals and not of petals, and are, therefore, 
of a vigorous anatomical structure, have stomata, and 
their protoplasm is capable of differentiation with produc­
tion of chromoplasts which by a process of assimilation 
evolve starch, fat-oil, protein crystals, chlorophyll, and 
the carotin, which aided by the shimmer of the oil imparts 
a brilliant golden , almost fiery, aspect to these organs. 
The root is of the hydrophile type and has long, cylindri­
cal, unbranched side-roots ; it contains starch, but was 
not further examined. The black mud in which it grovels 
is supposed to be brought about by the action of molds 
(not bacteria) ,  which only grew in a neutral medium and 
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are said t o  take part i n  the mineralization o f  organic 
nitrogen ; they reabsorb the ammonia and produce new 
amido-nitrogenous substances. The analysis of the Marsh 
Marigold is specially interesting, inasmuch as it enables 
us to propound three important results of a general 
nature, viz . : 1 .  The production of mucilage is in no 
way related to the production of oxalate of calcium. 2. 
The absorption of humic matter from the soil serves 
apparently as a basis for the formation of mucilages and 
hemicelluloses, but not of starch and certain sugars. 
3. It would seem that plants which bear flowers tinctured 
by carotin require, even when the top soil is peaty, a 
substratum of sand or gravel where the relation of nitro­
gen to carbon is rather high, i. e . ,  where abundan t soil 
nitrogen is readily available, and may be easily absorbed 
by the roots. Most yellow-flowered plants seem to grow 
on dry calcareous or non-peaty soils, as in the famous 
" Sunflower State" of Kansas, U. S. A.  On the whole 
I am inclined to conclude that Ranunculacere, although 
structurally comparable to Monocotyledons, are chemi­
cally superior thereto . 

Some Woodland Phcnomena.-Of all our native trees 
the Alder is perhaps the most difficult to analyze satis­
factorily. One special reaction may be noticed. The 
bark of a twig cut in March was boiled in water, and on 
adding to the filtered cold solution one drop of hypo­
chlorite of sodium solution a deep indigo-blue coloration 
was immediately produced, which vanished almost at 
once ; this was repeated two or three times with a similar 
result, but finally no blue was observed. So far as my 
experience of plant extracts has gone this reaction is 
absolutely unique. It was not given by the tannin alone, 
or by the emodin alone, which occur in this bark. It  
would appear according to my examination that alder 
tannin does not contain a phloroglucol nucleus, and also 
that its phlobaphene is easily alterable, so that the emo­
din is probably formed by its oxidation with loss of water 
and destruction of the phloroglucol nucleus. 

By kind permission I was enabled to examine the 
leaves of a beautiful British grown specimen of the mam­
moth tree of California (Sequoia gigantea.)  Without 
going into detail I may mention that the waxy and resin­
ous constituents of these leaves gave no special reactions ; 
there was little carotin, but much phytosterol. There 
was a little tannoid, probably fisetin. The tannin was 
powerfully reductive, and gave the usual reactions of a 
catechol very decisively, and although it precipitated 
tartar emetic at once, gave a bluish solution with Fe 
JXlwder, and faintly greenish precipitates with baryta 
water and with Millon's reagent, it yielded no gallic acid 
when boiled with dilute acids. It yielded a specially 
beautiful phlobaplwne, indicating the absence of "humin" 
in the extracts, or of any decomposition of tannin in the 
leaves, and this, in fact, seems to be characteristic of all the 
Coniferre that I have examined, which means that these 
tannms are very stable, and are free from carbohydrate 
contamination owing to a particular construction of the 
·vascular system of the trees. 'I'he leaves also contained 
much gum and much sucrose, or a glucoside yielding it.  
After steeping in cold benzine or cold alcohol, drying, and 
then boiling in water, a large quantity of starch was 
extracted. There was also much pectosic mucilage, and 
the reactions of pentosans were very pronounced. There 
was no alkaloid or oxalate of calcium. According to 
H eyl the tannin of this Sequoia cone yields phlobaphene, 
and SOlllO gallie aeid and sugar when boiled with dilute 
sulphurie add ; this is probably correct, as the tannins of 
fruits seem generally more roadily oxidizable than those 
of leaves, ur sometimes even of barks. 

Aeroplane Stability 
�O�H; phases of fore-and-a ft or longitudinal equilib­

riUlll ill fl y i llg a re discussed by Dr. Orville Wright in a 
rpcellt llUbl ication of the Smithsonian I nstitution, en­
titled " Stability of Aeroplanes." I\1r. Wright sa�'s that 
a f1yil lg machille is balanced in three directions-about 
all im:l /,(illtlry axi::; fore alld a ft in its line of motion, 
rpfl'ITl'd to a s  lateral equilibrium ; about !lIlother axis 
l'xtellding ill a lateral direction from tip to tip of thc 
W j l l�N, k nown a s  fore-a nd-aft or longitudinal equilih­
rium ; aud a bout a vcrtical axis, which is gcnerally 
referred to as steering, although its most important 
function h; that of latpral equilibrium. Although a be­
g-inllcl' finds most dilIiculty in mastering the lateral con­
trol, it is his lack of knowledge of certain features of 
the fore-and-aft equilibrium which leads to most of the 
Herious accidents. 

In a n  ideal flying maehine the center of gravity 
would lie ill the line of the center of resistance to for­
ward movement and also in the line of thrust, but in 
praetiee this is not always feasible, since the machine 
must be built to land safely as well as to fly. In flying, 
a low center of gravity, that is, one below the center 
of support, causes an oseillating movement about the 
la teral axis like that of a pendulum, which tends to 
form a disturbing turning movement. On the other 
band, a high center of gravity tends to cause the ma-

chine to roll over in landing, and consequently a com­
promise is adopted. 

The two principal methods used in preserving fore­
and-aft equilibrium have been the shifting of weight so 
as to keep the center of gravity in line with the chang­
ing center of lift, and the utilization of auxiliary sur­
faces, known as elevators, to keep the center of pressure 
in line with a fixed center of gravity. The first method 
has been found impracticable on account of the impos­
sibility of shifting large weights quickly enough, but the 
second is used in most of the modern flying maehines, 

l!'lying machines of the latter type should have their 
auxiliary surfaces located in the front or rear, and as 
far as possible from the main bearing planes, because 
the greater the distance the greater is  the leverage, and 
consequently the smaller the amount of surface re­
quired. No part of either the main surface or auxiliary 
surface should be exposed on their upper sides in a 
way to create a downward pressure for maintaining 
equilibrium, since such a pressure requires twice the 
propeller thrust to overcome it that all equal carried 
weight would require. 

The downward pressure of air is u:,;ed to some extent, 
however, on account of its adaptability in produeing 
more or less inherent stable aeroplanes. Mr. Wright 
describes an inherently stable aeroplane as one in which 
equilibrium is maintained by an arrangement of sur­
faces so placed that when a current of air strikes one 
part of the machine, creating a pres;.;ure that would 
tend to disturb the equilibrium, the same current strik­
ing another part creates a balancing pressure in the 
opposite direction. This eompensating or correcting' 
pressure is secured without the mechanical movement 
of any part of the machine. While this system will 
control a machine to some extent, it depends so much 
on variation in course and speed as to render it inade­
quate to meet the demands of a practical flying machine. 

In order to secure greater dynamic effieienc�· and 
greater maneuvering abil ity, auxiliary surfaces me­
chanically opera ble are used in present flying machines 
instead of the practically fixed surfaces of the inher­
ently stable type, but they depend to a greater extent 
upon the skill of the operator in keeping equilibrium. 
If the operator were able to "feel" exactly the a ngle at 
which his aeroplane meets the air, at least 90 per cent 
of all aeroplane accidents would be eliminated. Instru­
ments for this purpose have been produced, but they 
are not in geneml use. The average nier does not 
realize how dangerous it is to be ignorant of this angle, 
nor does he know when he is "stalling. " By "stall­
ing," Mr. 'Wright means coming to rest in the air, or 
nearly so. 

The danger from "stalling" comes when the operator 
attempts to check the machine's downward plunge by 
turning the main bearing surfaces to still greater angles 
of inci<lence, instead of pointing the machine downward, 
at a smaller a ngle of incidence, so that the speed can 
be recovered more quicldy. Most of the serious acci­
dents in flying OCcur, after long glides from considerable 
hei/,(hts with the power reduced, when an attempt is 
made to bring the machine to a more level course sev­
eral hundred feet in the air. '1'he machine quickly 10HPs 
its speed and becomes "stalled." Those who have sePII 
the novice make a "pancal,e" landing have seen the 
bpgillning of a case of "stalling" which might ha\'e been 
fatal had it taken place at a height of 100 or 200 feet 
iu the air. 

'1'he greatest danger of flying comes from misjudging 
the angle of incidence. If  a uniform angle were main­
tained there would be no difficulty in securing fore-and­
a ft equilibrium. Experiments made during the past 
year or two have brought about a eonsiderable advance 
in the development of automatic stability. A dm'ice 
described by Mr. Wright comprises a small hOl rzontal 
wind vane so mounted on the machine as to ride edge­
wise to the wind when the machine is flying at the 
desired angle of incidence. In case the machine variE's 
from the desired angle, the air will strike the vane on 
either its upper or lower side. The slightest movement 
of the vane in either direction brings into action a 
powerful meehanism for operating the controlling sur­
faees. If the wind strikes the vane on the under side, 
the elevator is turned to cause the m achine to point 
downward in front until the normal angle is restored, 
and if the air strikes the vane from above, an opposite 
action upon the elevator is produced. The author main­
tains that a maehine controlled by regulating its angle 
with reference to the impinging air is not liable to the 
dangers of "stalling." 

Another method for maintaining fore-and-aft equilib­
rium utilizes the force of gravity acting on a pendulum 
or tube of mercury, and a second employs the gyro­
scopic force of a rapidly revolving whee\. In both of 
these systems, however, the angle of the machine is 
regulated with reference to the horizontal, or some 
other determined plane, instead of the angle of the im­
pinging air. Other faults render the pendulum and 

mercury tube useless in regulating fore-and-aft equilb-

rium, although the pendulum is found to be useful in 
regulating the lateral stability. 

Mr. Wright believes that the day is near at hand 
when the flier will be almost entirely relieved of the 
work of maintaining the equilibrium of his machine, 
and his attention will be required only to keep it on its 
proper course and to bring it safely in contact with the 
ground when landing. 
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