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The Sidereal Center* 

Considerations Tending to Indicate That Canopus Occupies This Position 

By O. R. 'Valkey, F. R. A. S.  

T Hic  Helium o r  B type, the so-called "Orion," stars 
are those which recent studies concur in placing at great 
distances from our system, while their brighter mem­
bers, too, appear, according to Prof. Campbell (Lick 
Obs. Bul., 195) to lie as fully remote as do their fainter. 
This peculiarity, together with the rapid deerease, with 
diminishlng magnitude, in the numbers of this class, 
argues a great average luminosity, eoupled with great 
distanee. Further, these stars are found by Profb. 
Campbell and Boss (I,ick Obs. Bul., 195; A.slron. Joum., 

620, 635-6) to be virtually free from that preferential 
motion, or star-streaming, which seems to be eharae­
teristie of the other spectral elasses. These stars thus 
peeuliarly invite treatment as of those most truly re­
presenting the visible universe, of which they may not 
unfairly be regarded as the framework. 

In a reeent study by the writer (Mon. Not. R.A.S., 

May, 1914) of the distribution of the several speetral 
classes-partieularly of type B-with referenee to the 
galaxy, the relative preponderanees of these stars (Oe5 
to B5) in galaetie latitude and longitude respeetively 
plaees the apparent center of their system on the 230 
degree galactie meridian-or of "galongitude," reekoned 
from the intersection of the gaJactie and eelestial equa­
tors in Aquila-and be-
tween 20 degrees and 30 de-
grees south in galaetie lati-
tude, or of "galatitude." 
This, in other words, is thfl 
direetion from wbieh our 
solar system appears to lie 
eeeentrie witbin the uni­
verse defined by the helium 
stars. The relatively small 
number (706) of these stars 
involved (as given in H aT­
vard Annals Vol. 56, pt. 2) 

suming a solar veloeity of 20 kilometers a senond); while 
Kapteyn, Campbell, and Stroobant (assuming apiees 
derived from all speetral types, and hut little removed 
from Boss) derive from the B stars solar veloeities rang­
ing from 20.7  to 23.:3 kilometers per seeond; the mean 
of these (weighted aeeording to the number of stars 
used) is 21.5 kilometers per seeond, and is here adopted 
with Boss Apex, of whieh the alltapex lies therefore in 
a 6 hours 1 7  minutes, 0 - 35 degrees 0.4, a point found 
to lie 21 degrees 9 minutes south in g'l,latitude (referred Lo 
N eweomb's mean north galaetie pole in (f 12 hours 48 min­
utes, 0 + 27 degrees) The antapex further lies 17 degrees 
15 minutes northward from Canopus, the speed of ap­
parent or parallactie drift of whieh (due to the solar 
motion) becomes 6.37 kilometers per second towards 
this antapex. 'l'he corresponding radial component 
(reeessional) set up in Canopus is 20.53 kilometers per 
second, a figure whieh almost exaetly eoineides with the 
observed veloeity of Canopus, 20.6 kilometers per see­
ond in reeessioll. This indieates Canopus to be Rtation­
ary with regard to the universe defined by the B type 
stars. 

The annual proper (eross-) motion of Canopus, ae­
eording to Bos ("Prelim. Gen. Cat.") is 0.0184 seeonds 

PI ""� 01 T, .... 
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neither of these, assumptions is true, yet, being inde­
pendent and eomplementary, the truth, in the event 
of peeuliar motion, should fairly lie between them, so 
that their mean result, may be taken as a further index 
of the distauee, and is in striking agreement too with two 
previous estimates. 

In view of the exeellent agreement of these entirely 
independent estimates, the distanee of Canopus may 
fairly be assumed to be 150 seepars, a figure whieh agrees 
well too with the order of distanee derived for the sidereal 
center. 

As to the luminosity of Canopus, the R. H. P. magni. 
tude is -0.86, while that of our Sun, if removed to a 
distanee of one secpar, may be taken: as 0.0 (implying 
an aetual stellar magnitude -26.57); thus Canopus is 
aetually 49,700 times as luminous as the Sun, while its 
speetrum is dass F. Prof. Russell and Dr. Shapley have 
deri ved from the known binary systems the surfaee 
brightness of the several speetral types, and whieh should 
(they state) be fairly eonstaut for eaeh type. They find 
the surfaee brightness of the}<' stars to be 1.1  magnitude, 
or 2.75 times brighter than the solar (and with a tem­
perature of 7,500 degrees against the solar 5,000 deg. 
Cent.). The area of Canopus thus becomes 18,000, the 

c 

diameter l:H, and the vol­
ume 2,420,000 times those 
respeetively of the Sun. 
RUiisell and Shapley further 
find that, on a diagram of 

is largely compensated by 
the generally remote and 
therefore comprehensive dis­
tribu tion just referred to of 

SECTIONAL DIACRAM OF TI-lE. UNIVERSE (NOT TO ::'C.ALE.) 

sllrfaee areas (derived from 
absolute magnitude with 
unit surfaee brightness) for 
different type stars of unit 
(wlar) mass, the F stars 
segregate eompaetly just 
one magnitude larger than 
our unit Sun, whenee fol­
lows a relative density of 
0.25 the solar. Applying 
this to the hulk of Cano­
pus. its mass beeomes 609,-
000 times the Sun's. 'I'he this type's brighter mem-

bers, of whieh this number is largely eomposed, and 
indudes them all. The sidereal eenter probably lies. 
therefore, on U]fl line just named, or between a 6 
hours 0 minutes, 0 -.')5 degrees, and a 6 hours 55 

minutes, 0 -52 degrees. 'l'he same studies with the 
work of Kapteyn, Boss, and Campbell further indicate 
the distanee of this center as being in the neighbor­
hood of 400 light-years, or 140 "secpars," to adopt 
under this name the more useful unit of stellar dis­
tanee corresponding to 1.0 Eeeond parallax.' 

The assoeiation of a parLi(mlar star with the sidereal 
eenter would, if ootablished, give coherence to the 
several lines of study now proeeeding in stellar motion 
and distribution, and enable us to realize more dearly 
their true significanee. Aeeepting the position line 
defined, it will be found to lie nearly symmetrically 
aeross the splendid star Canopus, and the only star with­
in the preseribed limits of whieh we have any definite 
knowledge. This star appears to be the greatest sun 
of whieh we know anything, and is refelfed to by Prof. 
See as an example of his hypothe�is of condensed star­
dusters In view of this remarkable eoineidenee the 
further study of this star assumes a peeuliar interest 
as pertinent to the question of a sideral center. 

Fir�t, as to the distanee of Canopus: the late Sir 
David Gill found its parallax and proper motion to be 
insensible with regard to four 8th··magnitude eomparison 
stars, of whieh the average absolute parallax, aceording 
to Prof. Kapteyn's table -Gron. P'ub., No. 24) is 0.0065 

seeonds. Considering, however, the uncertain applica­
tion of averages to individuals, further evidenee is de­
sirable in support or otherwise of this value, and is best 
afforded by a study of the eross and radial motions in 
relation to the solar motion in spaee. The speed of 
solar motion and its apeX appears to vary slightly, :10-
cording to the spectral elass of the stars to whieh they 
are referred. Here, as for their general fixity, the helium 
stars are the chosen referenee for the solar position, so 
in eonsistence to them also should the direetion and speed 
of solar motion be referred. Prof. Boss (Aslron. J oum., 
623-4) has derived the solar apex relative to 490 of these 
stars a,]one, the mean of his two solutions plaeing the 
apex in It 18 hours 17 minutes, 0 + 35 degrees 0.4 (a8-

* From Knowledge. 

, The name here adopted is the proposed "parsec." with the 
syllables reversed to meet the objection lately raised to its im­
plication (by English usage of final syllables) of time or pure arc 

rather t,han distance. 

in the direetion 57 degrees 02, or at 60 degrees OA, with 
the direetioll of the solar antapex, whither the paralla�.,tie 
eomponent is therefore 0.0091 seeonds, while the normal 
to this line is 0.0160 seeonds. 'I'aking the pal'allaetie 
eomponent to represent the parallaetie speed previously 
derived, the absolute parallax of Canopus bel10mes 
0.0067 secopds. Apart from the inherent uncertainties 
of these small quantities (eonsidering, too, Gill's failure 
to deteet proper motion), this figure may be affected in 
either direction by the eomponent; of any real motion 
whieh Canoplls may have erosswise towards or away 
from the antapex. The absenee, however, of peeuliar 
radial velocity argues the probability that any peeuliar 
motion may be entirely absent, and in any ease its eross­
wise eomponent should not be large enough to affeet 
materially the derived pa,rallax. If, on the other hand, 
we aeeept the reality of peeuliar motion, there is all 
hypothesis whieh is strongly supported by the A type 
stars, and whieh may be mentioned, of motion parallel 
to the galactie plane as brought out by Prof. Campbell 
and applied by Prof. Plummer. This hypothesis usually 
supplies a good eriterion of the distanee of an A type 
star. Sinee Canopus, however, belongs to type F, a 
dass whieh affords no definite evidenee of galaetie planar 
motion, the applieation of this method faib, as is evi­
deneed, too, by the parallax (0.077 seconds)2 so derived 
being inadmissibly large in the faee of Gill's eareful 
measures. 

The peeuliar motion (if any) of Canopus would there­
for8 be at random, in whieh ease it may be used in two 
ways, aeeording to the assumption involved, to derive 
the parallax. Assuming (i) Boss' average ratio (Aslron. 
Journal, 614) 

parallaeti_(',�<:>ti()� = 
0.7 

whole motion 
to apply ill this ease, the resulting parallaetie motion 
(0.0129 seeonds) yields, with the parallactie speed, an 
absolute parallax of 0.0096 seconds, or a distanee of 104 
seepars; (ii) that the speed of motion peeuliar to this 
star be 15.3 kilometers per seeond, the mean of Camp· 
bell's (14.4) and Boss' (16,2) values derived for the Ii' 
stars, in which ease the parallax beeomes 0.0050 seeonds, 
giving a distance of 200 seepars. '1'he mean parallax 
on these two assumptions becomes 0.0073 seeonds, while 
the mean by distanees is 152 seepars.

. 
Though probably 

2 Using the general values of solar motion and it3 apex. as used 
by Plummer. the parallax reduces to 0.Oa2". a value stil l too large. 

however. 

chief ulleertaiuLy in Llwse val UllS lies in tho actual den­
sity of llUeh a great sun as CanopuH manifestly is. 
'I'he mutual attraetion of so large a volume of gag 
thus present,ed would give rise to a set of eondition 
surpassing anything with whieh we are aequainted; 
the tendeney, however, should be to increase Ute 
density and eonsequentiy the mass, of whieh therefore 
600,000 times the Sun may be fairly set down as the 
lower limit." A previous estimate, by the late Mr. 
Gore, of the Canopus mass, based OIl a parallax of 0.01 
seeonds, from eomparison with Proeyon (F'5 speetrurn), 
made it a million times the Sun. 'l'his estimate, though 
agreeing well with the present one, rests on one star alone, 
and that of a speetrum not exaetly similar. 

Given sueh a mass, its effeet should be evident in the 
relative motions of the faint stars among whieh it is 
situate. In order to apply some such eorroborative 
test, a region was ehosen extending from 6 hours 4 min­
utes to 40 minutes in R.A., and from 50 degrees to 55 
degrees in south declination, representing an area some 
5 degrees square around Canopus, and all the stars of 
the Cape and Sydney astrographie catalogues within 
these limits were plotted. The proper motions of those 
in the southern belts (below -52 degrees and allot tea 
to Sydney) are, unfortunately, not reduced, so that only 
those (Cape) stars between -50 degrees and -52 de­
grees having assigned motioDs' appear in }<'ig. 289, sup­
plemented for brighter stars from Boss' "Preliminary 
General Catalogue." Fig. 289 consequently shows 2a 
stars (numbered ill order of RA.) in the northern vieinity 
of Canopus, to whieh their cross-motions haye been 
redueed relative. Resolving these tangentially and 
radially, and reekoning their eomponents positive ae­
cording as they are respecti vely eloekwise around and 
away from their primary, the mean tangential component 

, One source oC uncertainty. that affects some of the quantities 
derived. is the adopted stellar magnitude of the Sun. Russell 
adopts one o.a magnitude brighter. evidently following the 

Harvard reduction -26.8�. Substituting this for the (unital) 
-26.57 figure. the luminosity of Oanopus reduces to the actual 
value ;{9.100. the area to 14.200. diameter to 119. and bulk to 
1.6!Jl.000 times these solar quantities; the density. on the other 
hand. increasing to tf.36 the solar. leaves the mass unchanged. 

and independent therefore of the adopted stellar magnitude of 

the Sun. 

I The four comparison stars used for determining the parallax 
of Canopus are exr:ludcd as being assigned no mot,ion, their lnean 

Inotion being indistinguishahle from that of tJheil' prirnary; a 
result t,o be expect.ed in the ease of mOI'e or less symmetrically 

placed "satellites." it such at all. 
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is found to be 0.0505 seconds (e1oekwise) as against 
0.0344 seeonds (outward) mean radial motion. Of the 
tangential eomponents only two are negative and one 
zero, while their stated mean represents 83 per eent of 
the mean whole motion. '1'his, eoupled with the faet 
that the negative radial eomponents confine themselves 
to one side (west) of their primary, appears to afford 
evidenee of orbital motion enough to justify a closer 
study in weeding out any stars plainly extraneous to any 
presumable sub-Canopie system. An inspection of Fig. 
289 will eliminate Nos. 10, 13, 17, and 22, as having large 
proper motion, and apparently sharing the drift of the 
more rapid of Kapteyn's two-star streams (that towards 
a 90 degree, ,) -12 degrees), their large P.M. arguing a 
eommon greater proximity to our system. On this 
seore No. 21,  with 0.15 seconds in the opposite direetion, 
should also be excluded.6 

The relative motions of the remaining 18 stars, as of 
those at presumably the same order of distance, will 
remain unaffeeted by the component of solar motion, 
and, as possible satellites to Canopus, present the fol­
lowing quantities, which have been derived as simple 
means as suffieiently approximate, eonsidering the in­
hermIt uncertainties of our data: 

CANOPIC SYSTEM. 

Mean distance from Canopus ...... .. D 133 minutes 0. 1 
Mean tangential component (clock- sec. 

wi;.;e) ..... ........... ... ... ...... T 0.0341 seeonds 
Mean radial component (outward) .... R 0.0042 seconds 
:Mean inclination to radius-vector tan -IT 

- = B83 de�. O.O 
R 

Minimum mass (times the Sun) . . . . ... . 794,000 

The angle B expresses in its approach to 90 degrees 
that towards the condition of satellites symmetrically 
plaeed in a common orbital plane, or of circular motion 
in a plane normal to the right line. This latter case, 
if true, would represent the minimum mass M = DT' 
when at a distanee of 150 St:cpars, D represents 1,200,-
000 astronomical units, and 
'1' 15 miles a second, or 0.81 

PROPER 
MOTIONS 
RELATIVE TO 
CANOPUS 
PM 01 C.0I10p.u� , 
, 0,'04 ,� Si'1 (l' �.t) 

All PM� b<l�"rJtt(j 
24000·(nld 

a mass, aetillg at 150 seepars, would of it8elf produce in 
our Sun's motion a tangential component of 3.86 miles 
01' 6.21 kilometers a seeoud. When we eousider that the 
actual crosswise compommt of solar motion is 6.37 kilo­
meters per second, the striking agreement, which it 
seems hard to believe entirely eoineident, impresses itself 
in eonfirmation of the foregoing hypothesis. Again, 
this agreement of the estimate with the fact supplies 
an indirect confirmation of the distance of Canopus, 
since this is ultimately a direet function of the velocity. 

The mass neeessary at 150 secpars to produce the 
actual crosswise solar eomponent would be 1,420,000 
Suns. The dose agreement of these estimates implies 
that the eombined attraction of the lesser suns around 
us is balaneed in this respect-a state of affairs which, 
if continuous, would indicate for our Sun a highly 
eeeentric hyperbolie orbit in a plane nearly perpen­
dicular to the celestial, and having its "outer" focus 
distant 160 secpars in the direetion a 6 hours 14 minutes, 
,) -18 degrees, 10 minutes (a degree west of Ii Canis 
Majoris), towards which point, therefore, the solar anta­

pex would imperceptibly shift with the lapse of time. 
As a matter of curiosity-for it assumes continued ab­
senee of disturbing forees-the elements of the hyper­
bola derived are given as follows: 

Eeeentrieity. . . . . . . . . . . .. 8.52 
Angle between asymptotes. 1 66 Yz degrees 
Direct axis. . . . . . . . . . . . . . 10.9 secpars; inelined 13 

degrees to galactie 
plane 

Conjugate axis. . . . . . . . . .. 92.3 seepars; inelined 23 
degrees to galactic 
plane 

Parameter .............. . 780 sec pars ; inelined 23 
degrees to galaetic 
plane 

"Perihelial" distance. . . . . .  41.0 seepars 
Epoch since "periastral" passage .. 219 X 10'2 years 

Needless to say, the final item is imaginary of 

17 

t),",-c..\IOYl or 
SolM Al'\t .. �r>. 
, .. « 6 � 17'" 

• b -3S�4 '" 
I 

14 
I�' 

the 

(a) The objectives (a 90 degrees, ,) -12 degrees and 
a 263 degrees, .5 -60 degrees) of Kapteyn's two star­
streams (assuming their reality) lie on either side of 
Canopus at angular distanees invcrsely proportional to 
their respective speeds, and in nearly the same apparent 
south galatitude as Canopus.7 

(b) '1'he solar antapex lies in nearly the same apparent 
south galatitude. 

It will, of course, be dearly understood that none of the 
foregoing indications are set forth as in any way proving 
the central position of Canopus, the indication in some 
cases being within its own limit of error. They never­
theless point eonsistently in the same direction, though 
mutually independent, so that, how,lver slender may be 
eaeh cord in itself, yet, eollectively, they assume that 
comparative strength whieh the eable bears to its (lOm­
ponent strands. As a chain of mere eoineidenees in a 
common direction, the foregoing indications would be 
less remarkable than the faet they demonstrate. 

Finally, the eontral position of Canopus may, if 
established, be used to determine the galaetic distances 
in terms of the Sun-Canopus line, which would thus 
serve for the sidereal system the purpose served by our 
astronomical unit (Earth-Sun line) for the solar sys­
tem. '1'he table summarizes the resultant distanees 
relative to the unit line, and absolutely in secpars 

GAI.ACTIC DISTANCES. 

Quantity. 

Sun to Canopus ..... .. ... .. . 
To Galaxy in Cygnus ... .. . .  . 
To Galaxy in Argo .. ... .... . 
True Galactic Radius .... ... . 
Vertical Displacement. of Sun. 
Lateral Displacement of Sun. 

Unital. 

1.00 
12.9 8 
1 4. 80 
13.8 8 

0.422 
0. 906 

Secpars I Ligh t­. 
years. 1501 4 8 9

-

1.950 6.:�30 
2.220 7,220 
2.0 80 

I 
6.7 80 

63.:� 206 
136 442 

I 

and light-years. The quanti tics follow from the ap­
parent southward deviation 1 .75 degrees, derived by 
the late Prof. N eweomb for the main galactic stream in 
connection with the apparent south galatitude 25. 1 
degrees of Canopus, relative to the plane having its 

N. pole in a 192 degrees, 
{j + 27 degrees.s 

Our eccentricity within 
the galaxy is therefore ver­
tically 1/33 and horizontally 
1/15 of the galactic radius, 
while the figure derived for 
this radius, corresponding 
to a parallax of 0.0005 sec­
onds, follows the trend of 
recent indications by other 
methods. 

of the earth's mean orbital 
speed. '1'his mass and that 
previously derived adepend 
alike on the adopted dis­
tanee of Canopus, of which 
their mutual relation is 
consequently independent. 
'1'hough necesarily provi­
sional, the strikingt agree­
ment-after due allowance 
for coincidences-of the two 
entirely independent esti­
mates of the minimum 
mass constitutes a some­
what forceful case for the 
reality of orbital motion for 
the faint star in the vicin­
ity of Canopus. This of 
course, cannot be accepted 
as fact until we have the 
evidencZe of such stars of 
the - 52 degree to - 55 de­
gree belt in the southern 
vieinity of Canopus, as may 
reasonably lie at the same 
distance. The reduction of 
these motions is therefore 
highly desirable, as invested 
with a peculiar interest.6 

2.1. 
2:-/ 

\15 

I� 

While considering the dis­
tance of the galaxy, an in­
dependent and rough index 
of this is supplied from the 
average actual luminosity 
in terms of our Sun of the 
Type II (F, G, K) stars, 
of whieh the elass Faith's 
integrated spectrum (Ap. 
J ourn., volume 36, page 362) 
indicates the galaxy mainly 
to consist. 9 According to 
all the recent studies em­
bodied in Prof. Russell's 
"absolute magnitude" dia-

There is in this connec­
tion one point to be ob­
served, namely, that "for­
ward" orbital motions dis­
tributed in all planes around 
their primary will appear 

SCALES: 
O· 20' <\ 0' bO·l· �I .4S=liOl""l.Eijijl �51;j \lWd r 

'00 ·o� '10 "S?" M to ..  to . . 
ORoW '�14. 

"forward" or "retrograde" according as their stars lie 
on the near or far side of their primary. The settlement 
of the question thus awaits the development of appli­
ances able to measure the radial velocities of these 
faint stars. 

The actual mass of Canopus will be anything greater 
than the figure derived, according to the mean orbital 
inclination (i) to the line of sight. The most reasonable 
index as to this will follow from the assumption of random 
orbital inclination, whenee integrating sin' i (by the 
inverse of whieh the mass varies) gives a mean value 
0.589: this, divided into the minimum mass, gives 
1,:�50,000 times the Sun as the probable actual mass of 
Canopus. 

A eurious result whieh follows from this is that such 

'Ot.her stars. such as Nos. 1, 1 4. and 15. might further be 
onlitted: sueh exclusion, however, is scarcely warranted in view 

of the uncertainties of small P.M.'s. while their exclusion effects 
no appreeiable change in the resu\t.ant quantities. 

'Tne two stars of known P.l\1. in this region. il Pictoris (4.8 

magnItude) and G Carinae (4. 4 magnit.ude). have nearly equal 
and parallel motions (counter-clockwise). which implies a common 
drift and considering too their brightness, and being only two 
in number, they supply no real criterion. 

\8 
1'1. 
� 

gram, these stars average at 
0.8 "sunpower," and, tak­

MdS",1u(\�S 
•• • •  
6 7 8 9 

I�' e:.." (tl{ 1'1endldn 
TQ��ld(titS(lu!hPol in 

�� __ �a. O!<\\I'!!jO-2.7" 

ing these to be represented 
by the average galactic star 
of apparent magnitude 17, 
their mean parallax be­
comes 0.00045 seconds, giv­
ing a distance of 2,230 sec-

present creation being then existent! The angular diver­
genee of the asymptotes indicates (in its supplement) 
that the ultimate deviation of the solar path due to 
Canopus is 13 Yz degrees from the straight line. 

The several indieations in favor of the present hypo­
thesis may now be summarized as follows: 

(i) Canopus occupies the approximate position de­
rived for the center of the stellar system, as defined by 
the remote helium stars. 

(ii) Its distance is of the same order as that indicated 
for this helium star (len tel'. 

(iii) Canopus appears to be stationary with reference 
to these virtually "fixed" helium stars. 

(iv) Its predominant luminosity and mass are in 
character with their suggested significanee. 

(v) The relative motions of the faint stars, so far ex­
amined, in the vieinity of Canopus indicate an orbital 
motion confirming the independently derived mass. 

(vi) The component of solar motion tangential to 
Canopus indicates the existence of such a mass at the 
given distance. 

Two other features, which may prove relevant, are: 

54' 

pars, or 7,250 light-years, 
whieh strikingly confirms 

the present estimate, and eonsequently the suggested 
Canopic hypothesis on whieh it rests. 

There is, to eonclude, one factor not to be ignored, 
and which, though at first sight irrelevant, yet, if es­
tablished. should be decisive on the question of visible 
galactic distances, and that is the date of Creation. If 
the true interpretation of the period named in the in­
spired account (Genesis i) be six literal days-for which 
the Hebrew evidence seems strong-and if, again (though 
the evidence is not so definite), these days apply to the 

(Concluded on page 394.) 

7 The galactic meridian of Canopus bisects the remarkable 

assemblage of helium stars in a belt 10 degrees wide between 200 de­

grees and 260 degrees in galongitude. and comprising about a 
quarter of the present count for the whole sky. 

' This pole seems to give the simplest representation of the 
truth, being the mean of Newcomb 's reductions; Newcomb's 
pole for the main stream alone Jies in a192 degrees 0.8 minutes, 

il+27 degrees 0.2, the deviation of which, however. from that 
adopted here leaves the mean southward dip unaffected. 

• This would seem to dispose of Prof. See's exceptional estimate 
of a million light-years galactie distance. based on the assump­

t ion that the galactic stars are type B of nearly one thousand 

"sun-power ... 
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Chemical Gardens 
Some Pleasing Experiments That Are Easily Performed 

By S. Leonard Bastin 

IT is very easy to secure somE' attractivE' growths of quantity of the �ubHtall('e" are ill po;-;ition the watE'r shE'ets. ThE' process goes forward until the solution 

the silicates of certain minerals. In this way pret ty 

chemical gardens may be formed. and these are always 

very interesting. For the purpose it will b0 needful to 

get a glas:.; ve,.;"el whieh is Hot le,.;s than three inches 

deep. Actually a globe :.;im· 

ilar to tlJOse which are em­

ploYE'd for the l«�epillg of 

goldfish would bE' suitable, 

or even a glass jam jar 

might be used. \Ve s) HI 11 

need as well a few hlIllP' 

of sulphate of copper and 

some pieces of aluminium 

and iron. It is a Iso lIee(/�� 

ful to get some Nodi um 

silicate. This is widely 

sold under the name of 

watE'r glas:4. ill whieh form 

it is u"ed fo], preserving 

eggs. A 80111tion of the 

sodium silieate must be 

formed by adding OlW pa rt 

of the substance to three 

part" of water. The aetual 

amount of the mixture will 

lIa tura!ly depend upon the 

capaeity of the vessel in 

which the garden i" formed; 

find out how much this 

holds. and then a llow :suf­

ficient of the solution to 

fill the receptacle to about 

three quartel'� of its ex­

tent. 

Place tile water glass 

solution on one side a lIf! 

start to prepare the cltemi­

cal garden. S.�e that the 

glass ve,,;,;el is quite clea n. 

and then in the bottom a I'l'allgp sa lid to tile depth 

of about all inch. Now take ]lit'('C's (If thC' sulpllHte 

of copper HlId other minerals :\11(1 S)lI'PH(! tlWSl' wdl 

mixed over the surface of the :-;;111<1. \VhplI a suliicielli 

The lead tree. 

gla:-;s solution may be poul'ed over the whole. The 

glass ve8He) with it" contents sllOulrl 1I0W be removed 

to some poSitiOlI where it will not be disturbed. 

,\[tpl' t hree or foul' days the clJernical garden will be 

The materials required for producing chemical gardens. 

s('('n to ha ve started its growth. lUnch will depend UpOIl 

temperature. for all kind,., of chemical action proceed 

more rapidly undel' warm conditiolls. Probably ill 

about a week the growth of the silicates will be' com­

plete. 'l'hesp will tal;e the form of attnletive and often 

fantastie developlIlPut". colored brightly in ,.,hade:,; of 

red. blue, green. ye]]ow a1l(1 hrOWll. No two of the 

fOl'lnatiom; arf' alike, and a!-; a whole they go to form a 

garden of ,;inglllHI' beauty. The el}pmical garden can 

hI' renliered p(,rlllalleld by washing away the glaNS solu­

tion. But thiN proe!'s:,; must be carried Ollt with gn'at 

care. seeing that the growth:,; are in man'y caiSes very 

fragile. The best plan iN to stam] the glass vessel in 

SOUle position where the ov('rtlow can escape and then 

Rtart to pOUI' in water very g<'ntly. It is a good idea to 

let the Rtream flow down a strip of wood. \Vhen the 

liquid in the globe appears to be quite deal'. the water 

glass may be cOllRidprpd to Ila ve been washed away. 

'l'1}en the color:.; of the silieates will stand up with start­

lin,!:?: vividneRs, 'l'he chemical garden will last for an 

indeJillite period if it is not shaken a bout. 

A pretty ehemieal garden, whit)} when prepared may 

be suspended with It light behind. i. e., in front of n 
window or sOllle artificial illumin1lnt. can be prepared 

011 the following linl's. Fill a jar with a ('nld satUl'lltetl 

soilltioll of Glauber's salt. Dy lIll':lIlS of a pieee of 

thread suslJelld a haricot bean in the :-;olution. In tl 
short while it will be sePll that the most beautiful 

erystals start to I'lldiatp from tllP bean until finally the 

dIect is that of a sea urchin. A ;.;tOlll', or any non­

POl'OIlS Nuhstallce, does not attract the crystals. The 

('xplanatiOlI of this is jJrolJably due to the fad that the 

bean ab�orbs the moisture but !lot the salts. In thie: 

way a "mturatell solution of the salts gatlwn; rOlllld the 

bE'an and the crystals as they form attach themselves 

to the ohject. Very pretty growth;.; will also result if 

portions of ('oke are Nuspellded in a hot alum solution. 

The mixtu]'e "hould be nearly saturated. and the cok(' 

should bp sus]lPlldpcl fo]' H bout twenty-fonl' hours. It 

is uu<l('l'stoo(] that the solution need only be hot at tllP 

start. If colored growths al'(' (]esired, boil with the 

alulIl and water a penlly dye of the desired shade. 

An intpresling form of the chemieal garden is the 

making of it lpad tn-e. The preparation of this ealls 

for the URP of highly poisollous substanees, and care 

mUHt be exereispd. III thr� first plae,., dissolve lead 

aeetate in water. adding a few dl'OllN of nitrie aeid. 

amI theH sllsppnrl a zinc rod in the solution. The pre­

cipitation of the lead takes the form of large and pretty 

is exhausted. It is interesting to remember that the 

action is electro-chemical. Actually the tirst pieces of 

lead precipitn/('rl are emnbiued with the ZillC. forming 

a voltaic llrl'ulIgeIll(,llt powerful f'lIongh to decompose 

the salts. 

Danger in Shaking 
Hands 

THAT therp is danger of 

infeetioll from shaking 

hands is rl'('ogni;"ed by the 

medieal profession. awl to 

some extpnt lly the J1ublk � 
In Chill;} ppople do not 

shake h:u}(is with each 

other. but perform Uw ('('re­

mony by ,;hakillg llamis 

Witll themselves. and Ull­
doubtedly thi� ('ustom aros€' 

from !l'ygiPllie rpasons. 

\Vhat i;; not realized. how­

ever. is tltH t it is not the 

mere ( 'olltact of the hand 

tll:! t hi dan gerolls. but 01(' 
tinge I' Ilui! d('jlo:,;it.s. The 

finger Hail oifers a plaee 

where all sorts of mater 

('ollect, allli a sli.t:(ht scratell 

by the nail transfers any 

infeetiolls mattpr mo;;t ef­

feduully. J\lor('ovel', this 

is not confined to people of 

ea I'elp};" persona I !labits. 

for it has hepn foulJ(! that 

th" usual toil .. t o]Jerations 

with soap, llot. wa tel' awl 
clean towels do not rp-
wove the dallgerolls mattpl'. 

a('('o1'd illg to a writer in 

7'he "ournal 0/ Ihe A Ineri.eat/, Jl edi('al A 88()('iatioll, evell 

Whl'll aeeolllpHlli('(! !ly 11 vigorolls HllJllicatioll of a nail 

bruHl!. 'I'lle only safeguard S('('lllH tile tl'illlllling 01' tlle 
nailH t.o the quick, whieh most people objeet to. 

Elaborate formation of colored crystals. 

One style of wire frame for the deposition of crystals, 

and a specimen of alum crystals formed on it. 

Washing away the glass solution. 
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Synchronous Gearing 
Mechanisms of Essential Importance in the Printing Telegraph 

iVIlWIT ANICAL �ynchrolli�m is a never failing subject of 

interest. I t  is so de�il'a l Jle in many instances, and sc'pms 

tlIPoretiea l l y easy, yet in practiee is dilficult of attain­

ment. 'I'll e solution of the problem is of especial im­

portance for some forms of telegraphy, a s  for printing 

telegraphs, some systems of Illlll tipl ex telegraphy with 

one wire, allli for the tel egra pliie transmis"don of p11oto­

gl'aph14. 

An interesting article on the question of iSynchronous 

gearing by a writer mlllled Hans Bourquin appeared in 

a l ate lIU1nber of the Gc�rman j ournal Pr01netheu8. I n  

discussing t h e  sullj ect, t h e  author says : 

"The eUlTent impul NeN St�nt by tlw keys of the lIughes 

printin g-tel E'gr:Jph are qual itatiYely ami quantitativel y 

alike, so that there would seem to bE' no rE'ason why onE' 

time a ll A and at another a B should be printed on the 

re("eiying strip of paper. It is E'vidE'nt that to attain 

this resul t tlIP eUlTent impul se of the reeeiver must be 

so ("ontrolled that it can only impress on the papE'r tllE' 

type intellded by the semler. In thE' same way. wlien an 

element of a p ietun, i s  to bE' tram:mitted the essential 

matter is that tltis ch -ment be direet.ed to the proper 

spot. Consequentl y, synchronism is as important for 

apparatus with rotating cylinders as for the type-wllE'el s 

of tllE' RE'mler and 1'("<,("1\'1'1' of a HughE's tE'legraph. In 

a more popular sense anyone who wishe" his watch to 

keep standard time demands synchronism with the 

stand a rd dod:. 

" Synchronism Illay bE' attained in a rE'lativE'ly simpl e 

way if the two gears run together by controllE'd mo­

tion, as far instancE', i n  E'l eetriea l l y  controll ed docks. 

There are three main type;.; of ,mch cloeks. I n  one thE' 

.A !J ) ,  ' l � -
I II 

. ..J • ..J 

Fig. I.-Siemens system circuit breakers. 

controlling dock sends to tilE' other a CUlTE'nt impulse 

E'VE'ry minute or 80 ; the current eau;-;es thE' a ttraetion 

of an armature. and this movement advancE'S the hands. 

'Vhen the eurrent is interrupted the armature is re­

turned to the llosition of rE'st by a "prillg. S]lOuld eur­

rents of alternating dirE'ction b E'  E'mployed tllE' aI"lna­

ture can be made to oscil late without the aid of a 

spring, if a pola rized plant is used. Or a rotary al"llla­

turE' can be emploYE'd whieh transmits its movE'mt'nt 

to the liands by mE'allS of a driving gear. !Sueh syn­

elironistie ap]Jaratus, 1IOWE'Ver, arE' not sath.;faetory be­

yond a cE'rtain point, for they are suitable only for 

wllPelworks with a r("latively slow movement." 

Anyone wllo Ims E'xpE'rimented with \Vl!E'atstOllP'S dial 

telegraph will have noticed how quickly tllP two point­

E'rs are out of accord should one begin to rotate sud­

denly. 

SiemE'ns,  in lIh.; oW dial tel egraph, used a mpthod with 

two automatie circuit-brealwrs. It  is seE'n from lng. 1 
that thE' two armatures A and A� A must oscillate simuI­

tanE'ously, and can therefore be USE'd to drivE' two point­

ers, the movE'mE'nt of which is an aid to synchronism. 

'1'0 attain this both a rmaturE'S IIlust be attracted simul­

tan("ousl y.  whereby the curren t is broken a t  two points. 

If one of the armatures werE' to I"E'turn to the sta rting 

pOfiition before thE' otllE'r tilE' renewed attraction of both 

eould only oceur WltE'1l the s('cond reached the con­

tact. A close a grE'E'ment in the inE'rtia of both a rnla ­

turE'S mllst naturall y  b E'  presupposed f o r  t h e  carrying 

out of a morement which only runs smoothly when tliE' 

"E'l oeity of rotation is slight. 

The later form of the synehronous apparatus is much 

more etncient, but also far mOrE' eomplkated. I n  this 

both stations have tliE'ir own driving mechaniRIIl, which 

can bE' regulated as desired, and there are special tE'8t­

ing devices to determinE' thE' dl,gree of syn("hronism 

attainE'd, and methods of rE'gulation and ("orreetion, 

although all  synchronous apparatus doE'S not contain 

E' l'ery onE' of these d l'vices. 

Bakewell used an interesting mE'thod in his copying­

telE'graph to determine whetlwr thl' receiver was run­

ning at the right spE'ed. A straight linE' was trans­

mittE'd by tllE' copying-tE'lE'graph, and tile form given 

this guidE'-IinE' by transmission showed whE'tllE'r the ap· 

paratus was working too rapidly or too slowly. I n  the 

Hughes apparatus any d esire(l key is hE'id 1l0Wll for a 

time. If l etters ap]JE'ar at thE' other station, whieh ad­

vance in alphallf'tie sncccsNi oll , it is then E'vWent that 

the recE'iver is working too rapidl Y-Hnd tllE' reverse. 

Prof. Korll has equipped the dri ring motors of his 

telegraph for transmitting vhotogra]Jlis with two col­

l ector-rings from \\"hieh un alterna ting cUlTPnt i s  taktm 

:Jnd led to a Hartman and Braun'" frl'lllwlley-meter, 

which will show delieits of agreemellt of O.2G per cent. 

I n  Howland's telegraph station I spmI s  eUlTellt im­

pulsE'S to sta lion 11 that generate a tOile in a tel epholle, 

the pitch of whi(:h is proporti on a l  to tile v e l ocity of the 

wheel work at 1. '1'he wlteel work of I I  a l so acts UpOll 

the telepllOllE' i l l  the same way. 'rile ear ('a ll thus lllP>lS­

UrE' by the oscill ations how far thE' two machines a re 

out of tunE'. Synchronism ("all  be regul ated and main­

tained either mechanical l y  or eleetricall y. A well-known 

E'xample of tll(" first killd if.; Siemens and II a l skl''''; bralH� 

and governing dE'vicE' for the Hughe,.; aVlJa ratu". shown 

Fig. 2.-Siemens & Halske .brake and governor for 

the Hughes apparatus. 

in 1" ig. 2. 'rIlE' ball,.; of the governor rotatiug ill knowll 

manlier prE'SS brake-Ill oeks m ore or Ipss firmly aga i nst 

the inner wall of tllP l!ralw-ring shown lwlf w:JY up 

tilE' dE'vice. In this way a ch("ek is put on the move­

ment of the w'rtical axle that has a eOllneetion by 

means of a driving g("ar ( bE'low ) with the axle of til e  

flywheel.  T h e  b a l l s  are raised or l owE'recl by Ill("am: 

of li n  adju sting-screw seen above. In the first ease, 

the uniform running of thE' wllePlwork has a reduced 

yel oeity of rotation , in the lattE'r, a grE':Jter vel (Jeity of 

rotation. 

I n  his mul tipl ex tt:legraph MeYE'r has a lTallgpd a rod 

hanging above in a universal j oint ; a heavy weight 

slides up and down on it, ,lII d the l ower cnd is carried 

around in a circl E' by gears. Increasing velocity of rota­

tion e:luses the dhlmE'ter of the drel e  to become greater, 

whE'reby the gear of the whl'("l s is inC'reasecl , and this 

lE'ads to stoppage. 

'When thE' gE'ars a rE' driven E'leetrieally they can be 

rE'gulatE'd by changing a resh.;tance in the circuit. as 

is the ease in the appara tus of Korn and Howland. I n  

Howl and's apparatus synchronism, wlien ()l] (" e  gained, 

is maintained in an origin a l  manner. TIIP current from 

1 that causes thl' telephone in 11 to sound fiowf.; through 

a small motor in Tl, whi("h it should rota te with a "1'10("­

it.y propottional to that of the gears of 1. rl'his motor, 

though, is also rotatE'd by the gE'ars of sta tion 1l and 

at a ratE' COlTPspondiug to that of this gearing. If, 

therefore, the gea rs of II are running too slowly its 

ltlOV Plllent will l a g  behind that which thE' current from 

J endE'>lvors to give it. 'nlE' motor upon this incrE'a s!'s 

SIWE'll,  and thus il)(:rellS('S the movement of wheel work 

J t. If, on the other liand, thE' Yel ocity is too grE'at the 

motor rUlIs as 11 dynamo, thus consuming foree. 

The mOI'e exact r!'gu l atioll and muintellance of syn­

chronism in the !Siemens rapid tel egraph j ust mE'ntioned 

is eft'eded by thE' a llx il i a ry motor II and the resistance 

n'gulator 11 undE'r tlie influenee of the rE'gulating rE'lay 

R R I  1. 
"If a Neef hammer-interrupter, "  continuE's the author 

ill (liseusf.;in.t!; thE' sllbj pd further, "is a rranged in which 

tile prong of a tUlIi ng'-fork oscill ates as a rmature, thE're 

wil l he ohtainpd onl y interntls or currE'nt impulses, abso­

lute l y  regularly spaced, eOlTPf(poncling in llUmllPr to the 

piteh of tOIle of tliE' tuning-fork. I f  tltese ClIlTE'nts are 

passed thl'(lUglJ the ('oil of a n  elE'ctro-magnet, bE'forE' 

tllP one pol e of whieh a toothed wheE'1 ean rotate in 

sueb llIaJlTIP]" that the teeth i n  rotation beeome !lrrna­

tures for the' mugnpj, then this wheel ae-quires an abso­

J IltE'l y u l liform movement. 'l'ltis is tlIP principl e of La 

Cour's ' phollle wlIPel . '  I f  two stations arE' E'quipped 

with such whE'E'lworks, these woul d run synchron ously 

were it: possible to brillg tIlE' two tuning-forks to exaetly 

the same tOllE'. Belany has provide(] his multiplex­

tel egraph with speci a l  eorrecting deviees, bE'causE' llE' 
does not consider that tuning-forks arE' a guarantE'e for 

absolute synchronism. 

"Not all  systems that make Uf.;E' of sueh all auxiliary 

maintain a spedal current for correcting deviees. ThE' 

If 

I II 

T 
Fig. 3.-Arlincourt's system. 

H uglIPs appa ra tus. for i nstance, does not make use of 
a speeial l:1ll"l"pnt. In this apparatus as E'neh charadeI' 

is fOrIll('d a 'eorl'P('til lg' ('aln '  engages in a correspond­

ing cavity of a 'correcting-wheel . '  If the type-wllE'el 

stands E'xactly true the calll moves frE'ely. If, however, 

the type-wheel ill its l"ourse toward the sliding-eontact 

l ags SOJl)PWIHl t ,  t h e  ClUU strikes against t h E'  downward 
hanging tl ank of the tooth grazing thE' space above and 
llUshps the cOlTeeting-whpf>l , and also thE' typE'-whee1, 

somewhat forwa rd--and the revers e . "  

A rlincoul"t's is :Jll  example o f  t i l E'  systc'ms maintaining 

a special eorrE'ct i n g  ('urrent. Arl in("ourt's system, whieh 
haN a l so Iwen us(,(j by Prof. Korn, i s  distinguislwd by 
the simp l icity of gE'n im:. In this the movemE'nt of the 
control h:'d wheel IT is so n dj usted that it runs some­
what faster than I. in the position shown in J" ig. 3 
II Ims just complete!! n rotation, as shown at (J and b.  
A t  thi s moment it iR  arrestpd by t h e  l evE'r 11 by mE'ans 
of the hook N. I n  t1H' meantime I hm: not yet linishE'd 
its rotatioll 8  as shown 11t (J tt and 1J/I. As iSoon, howevE'r, 
as this ta kes plaee, a eoutaet is formed at the sE'gment 

r that cau ses the flo,,'ing of tI curren! whi("h taises 
thE' l evE'r H. in or!!er to release II. Presupposing that 
the movem("nts of the ge:J rR are uniform. tllPre is more 
certainty of attaining actual synehronism, the smaller 

UIE' angle hetween a ll amI lili .  
T h E'  arrangement woul d bE' m uch morE' ditfieult if  IT 

were to run m ore s l owly than 1 and if [ ought to l"E'tain 

the lE'ad. In this ease strengthening impulses must be 

conveyed to II. lVIpyer's multiplE'x telE'graph was based 

on this llrincipl e, hut its eomplieated eOlTE'cting device 

never worked satisfactoril y. 

Cemeht Trade in Ecuador 
'l'HE statemellt has been published that bE'fore the war 

three 1ifths of the cement imported into Ecuador came 

from GE'rmallY. On account of largE' pub lie works since 

un dertakE'n tll e  d emand has la rgely inereased, and the 

greatpr portion of the business now goes to Engl and on 

aeeount of the superior quality of the barrE'l s used for 

packing, which greatly cieerE'tlses the 10ssE's in tr ansit. 
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The Mechanism of a Dream* 

Operations of the Mind When Volition Is In a State of Suspense 

A DREAM is  defined as "a train of thougllt or an image 

passing through the mind in sleep." The l i m itations 

and aeceptance of t his definition will  exclnde those 

IIwnta l states da ssed as fanta 8ies, phantoms, reveries, 

ecstat ic conditions, wh idl oeeur during waking hours ; 

also the trance state, i l lusions of the senses imlueed by 

drugs or intoxieants, and the disordered delusional 

mental states of the insane. Dreams may be said to be 

a ('ommon and universal experience, a lthough there is a 

reeord by Hallie of two penlolls who a re said to have 

been exempt, yet it is probable or even possible they 
were sueh sound sleepers the dreams, if  any were 

framed, were not remembered or recalled. 
The Old Testament scr iptu res make ] 20 a l l u s i ons to 

lireams and dreamers. D reallls at an early period were 

often regarded as the harbingers of coming events. 

They were aeeepted as a dired message froUl God. 'rhe 

soothsayer was sought to interpret thei r true meaning. 

The interpretation was sometimes the cause of wars 

and affected and changed the eour8e of nations and 

individual s. 

In the New Testament scriptures there are few refer­

ences to dreams, if  we exeept the revelat ions of holy 

and inspired men. 

Whether the translators of the saered scriptures used 

the words "dreams and dreamers" in t he sense and with 

the I illl itations of modern usage does not appear, but 

they often assigned to them a h igher than human signifi­

eam'e and mny have ascribed to God the power of 

eauRing " H i s  ministering spirits to C'OIllDH1Ilieate to lll an 

H i s  purposes t hrough these meanR. " 

'rhe dreams of seripture. those thoughts from the 

\" i �ions of the n ight, when deep sleep came upon llwn, 

were associated with the m ission of an angel, or imme­

diate communion with the Deity, for He has sa id that 

H e  would "speak to II is prophets in a dream . "  an in­

stance of which i s  the ful fi l lment of the Anllune iation. 

Again,  it is sa i d : "The y?iee of God came in a dream ;" 

" The angel of God came in a dream . "  'l'hese are re­

eorded as instances of the direct transmission of the 

Divine W i l l .  

Shakespeare makes 249 references to dreams and 

dreamers, and from his resoureeful i nsight of human 

feelings and aetions, tel l s  us of the stuff that dreams 

a re made of, a s  well a s other th ings. 

The state o f  sleep or repose-the opposite of the 

wakeful sta te-seems to be a p rovision for the restora­

tion or recuperation of exhausted energy in the animal 

and vegetable kngd oms. In the human species during 

sleep there is a suspension of the faculty of volition 
while other functions not under control of the will  a re 

performed, a s  resp iration, the heart, and other vital 

functions. During waking hours our thoughts and 

aetiolls m ove along in channels controlled by the w i l l ,  

a n d  their frequent repetition form w hat we call 

" habit. " 'l'he will dom inates the course and current of 

our ideas. By its supreme power the w i l l-the faeulty 

of attention- i s  applied to any subj ect that may present 

and enables u s  to form conclusions or judgments which 

the w i l l  may put in exeeution. 

It has been said : "All men while awake are in one 

eommon world, but that each when asleep i s  in a world 

of his own." 

On the other hand,  who has not experienced or wit­

nessed the weariness and exhaustion from sleeplessness 

in siclmess or m i sfortune, w hen the hours pass slowly 

and the sad experiences of H fe pass i n  review and 

wretched thoughts have eontrol .  H istory informs us 

that Cal igl1la,  a Roman emperor, suffered and died from 

sleeplessneRs and remorse at the recol leetion of his 

cruelt ies. When a school elass w a s  asked by the 

teacher to write upon a slate what they could say of' 
Caligula, one m ember w rote : " 'rhe less said of Cal i gula 

the better. " 
'f here is a certa i n  mental preparation for sleep by an 

attempt to dispel a l l  worry about the thoughts of the 

day that have seriously engaged the mind. The eyes 

are elosed lest surrounding objects should by association 

pxeite IlE'W trains of thought. Those recognized prin­

C'iples that have been styled "laws of association" i n  

aeeordal1ee w i th w h i c h  eertain ideas or thoughts are 

("ol1neeted together, or as a result of habit, are recalled 

for rev iew. Monotonous sounds and motions-the cron­

ing Qf a nursery song, the b reaking of waves and surf 

upon the s hore-still  and soothe the troubled mind and 
conduce to quiet and sleep. In the dream state the 

*Read before the Scientific Association oj Canandaigua. 

By John Bassett Chapin, M.D. ,  LL. D. 

l a w s  of association a r e  Hti l l  operative, in aceordanee 

\Yith whieh one thought is followed and suggested by 

another, and as the s ight of former p laees and oecur­

rences bring back to us former rpmini scenees, or as 
I' isits to p laees fam i l i a r  to early �'ears restore to our 

memory the well-known persons and incidents of early 

year", are not wholly in abeyance, but i n  their temporary 

suspension, the most incongruous condusions are some­

times formed, even from the dissoC'iate thoughts that 

ramble through the m ind. I n  the absenee or suspension 

of the will  or yolition it i s  not probable that ally eon­

tinuous process of reasoning can be earried 011 . 'l'he 

rapid operation of the m in d  is i llustrated in a measnre 

by drea lllR. "A gentleman dreamed that he had enlisted 

as a soldier and that he deserted, was tried by a court 

martial,  aud efJndemned to be shot, and was led out for 

execution. The guus of the platoon were fired, at whieh 

he awoke. A heavy fal l  ill an adjoining room ma king a 

loud noise had both produced the entire dream and 

awa kened the dreamer in such a brief period of time 

a s  could hardly be estimated." 

While i t  i s  possible to concei ve tha t God might com­

municate through His m i n i stering spirits messages to 

mall, yet a t  one period a prevalent conyietion existed 

that it did occur and that dreams had an i m portant sig­

nificanee in the natnre of prophecy. The Romans wor­

shiped Brizo, the goddess of dreams. On any important 

expedition the Greeks and Rom a n s  plared great eonfi­

dence in the manifestation of dreams, and the Jews 

went through certain cerelll onies whieh they caned the 

"benefaetion of a dream." 'rhe dream often foreboded 

some calam ity abol1t to happen. Proha bly, this  was 

mainly due to a suspension of j udgment, or fears over­

sl l :1<lowed del iberat ion and knowledge. 

Important and critica l battles were fought in loca­

tions which dreams are said to have indicated w here 

I' ictory would be won. Two impostors, :\iohammed and 

his i m i ta tor, Br igham Young, m·wribed their revelations 

to dreams, and thousands of their deluded followers are 

l i ring at the present day. 

Prophecies have corne to persons in dream s  of sudden 
death by violence and other means, whieh have been 

rea l ized. 'l'he stopping of a cloek has to some marked 

the hour that a death of some near friend had oceurrpd, 

and the news is  awa ited with anx i ety. Many of sueh 

events are ;mseept ible of psyd lologica l analysi s and 

explanation. On the other hand, there are many more 

prophetie dreams that are never fulfil led and treated 

as of no eonsequenee exeept by the superstitious. \Vhen 

they do oeCl1r, they are instaIl('es of remarkable coinci­

dence rather than the fulfill ment of propheeies. 

I n  my professiona l experience and relations, a request 

was made to examine an employe of the United States 

m int, who was indieted, (·h a rged with a dishonest aet in 

appropriating bullion to his personal use. 'rhe Unitpd 

States attoruey had rea son to expeet that an inRanity 

defpn se would be offered, and desired thnt he should be 

pxalllinpd as to his mental condition. The pri soner 

w i l l ingly submitted and stated i n  explana tion of h i s  

c r i m e  that an officer of t h e  N e w  York office, performing 

duties similar to the duty' he performed in the Philadel­

phia otIiee, reepived a l a rger compensation than he was 

pa id. lI e  ha d  endeavored to aseertain by prayer what 

he m ight do to equalize h i s  salary. H e  declared it  was 

reypaled to him, in answer to prayer, to apPJ'opriate any 

public money within his control or reach, which he had 

done. He said the voiee was not human, but from a 

h i gher than human souree. The voice was sim i l a r  in 

tone and exprpssion to the human voi ee : I t  w a s  audible 

and clear. \Vhen T asked him whether he had not m is­

tukpn w h a t  he e a l l ed the voice of God, flIld that it 

m ight have cOllle from the dev i l ,  he replied that "he 

had not thought of that." H e  was duly eonvieted. I t  

Is doubtless true that intense and prolonged thought 

upon a given subjeet i f'  carried into the rea lms of 

drpami'l and brings a bout some foundation for acts 

during the waking state that ensuef'. 

The so-called rea lm of dreams i s  too v a st to explore 

during a session of this assoeiation. Mueh, indepd. t hat 

may be stated is wholly speeulative and may not be 

susceptible of demonstration. The phenomena of som­

nn mbul ism-!wmetimes called "sleep walking"-may be 

deseribed, but the eondition may be understood a s  one 

of uneonseiousness with the power of moving. Ordi­

nar ily, the power of wa lking in obed ienee to dreams 

does not exist, hut in "sleep walking," or somna mbul ism, 

it does still  ex ist " Sleep walking" ill a semi-conseious 

state Illay extend over a com;iderable period of time. A 

dergYlll a n  of :Uassadl\lsetts d i sappeare(l and n i l  p/fort;; 

to trace him failed. Several weeks after his mysterious 

disapvearance he was recognized by a friend who fonnd 

him selling penny newspapers in ;'\orristowll, near l'h i la ­
delphia.  H e  was unable t o  furnish an account o f  his  
wanderings a n d  h i s  n e w  voeation. 

A medical student disappeared from Phi l adplvhia and 

Rel'eral weeks afterward was found in ='<ew York in :t 
" ellli-eonseious condition with dirty e10theR in rag,;, 

unnble to account for his movements or furnish :I\ly 
lllotive for his wandering. Both of these seemed to he 
in a dream state with the power of llIoving in a('('orli­

ance with tIle ideas or suggest ions of the dream. Both 

were typical ("ases of sonmalllbu l isllI o r  sleep walk i ng. 
So i ll the cases of talking a l oud in sleep the idem; of 

the person are paSSing through the mind and the 1I0\\,p r 

of expressing them a loud frol11 habit is not sm;p ended. 

In the further analysis of the 8ubject of dream m ak­
ing, we lllust bear in mind the fUl1etions of our sen'ra l  
senses, b y  llIeans of whieh t h e  m i n d  h a s  received sen sa­
tions. The sensations have been reepived during l i fe 
and rE'llIa in stored in the bra in.  By analogy they are 
like the stored films of the photographer until reeal lptl 
in sOllie orderly assoeiation of ideas. 'l'hey llIust prove 
to be intensely interesting, for in many dreams there 
are vivid pic·tures of the past and we seem to hear el'en 
the voicE'S of dear friends who h a ve passed beyond. 
'l'hese i mages o r  impressions often l inger until far illto 
the waking state. On the other hand, dissoeiated idem; 
of :l. dreadful cha ract er Ilavillg no rel aiiou to eaeh other 
by association pass through the lll ilHl in Ruceession in 
the dream state. 'l'IIPY are in('ongruou s.  Vol ition i s 
suspended or does not act. 'Vhoever has obsen'ed the 
insane ill acute form;.; of insanity o r  in states of deli r­
i um can 1111ve some comprphensioll of the dream Htate. 
In som e forms of mental disorder the w i l l  reta i n s  ('on­
trol over bodily movements, but its control over eur­
rents of thought is i n  a state of suspense. Ideas flow 
with such rapidity they cannot be or are not direded 
or eontrolled. They are aecentuated in loud tones as if  
propel led by some physieal  foree, while the pow e r  o f  
the w i l l  is  undiminished. Delusi\'e ideas are a l so sug­
gested i n  the dream state, as in the c a Re of a n  inva l id, 
who was prescribed a lllustard poulti('e to b e  a ppl ied to 
the feet and as i t  warmed the extrPll l it ies he had' the 
hallucinat ion he was walking upon the hot l a va of 
Y psuyius. Another person who had a blister applied to 
the head had a dream that lie was being scalped by 
Indi ans . 

There i;:; a case reeorded of a YOl1ng lady who w a s  
sleeping i n  a bed by the s i d e  of h e r  mother, showing 
exeeptionally that volition is not al ways suspeIHlp(1 !lur­
ing thp dream state. 'l'he mother noti ced her danghter's 
fingers wpre playing over her head. I n  a few nlOlllents 
the daughter arose and went to a p i ano and exe<"llted a 
diffienlt pieep of nlllHie, which she had been unable to 
pxeeute duri ng the waking moments. 'rite easp i 1 hls­
trates an ex('eption to the general rul(' that vol i t i on if! 
In a state of suspense during s leep. 

The origin of dreams can often be traced i n  a psyellO­
analYRiR to aSflociation of ideas. 'l'h e  i mpreflsions ()f 
earlier yea rs remain with us longer and aeeount for the 
frequeney of dreams connected with that per i od of l ife, 
lllany of whi<-h are not remembered or recalled in wak­
ing m oments. Drea m s a re influeneed by temperaments. 
The ehild i s  ushered into the world with a brain whi <-h 
has not posspssed conseious intelligence, but i s  eapa b le 
of reeeiving i mpressions through the senSCR. '('hest' im­
pressions are "stored up" in the bra in as "memori ('R," 
and probably rema iu t h roughout l i fe . There is a cert a i n 
individual ity in the way the i mpressions are rpepived, 
so that the influence they produee differH in different 
persons and thus different eharacters and tempPl'aments 
respond in different ways, else all people would be a l ike. 
The environment of different races may be understood 
to produce different eff('ets, and the rea('tion of the 
sa vage to the custom;:; and habits of h i s  rare would di ffpr 
from that of a eivilized being ; and the tradi tion!'; of 
centuries would a ffect the manner of rereh'ing impres­
s i ons ; and the state of cultivation or bra i n  ('apa(' ity 
would thus show the effect of hered ity. 'l'he first knowl­
edge gained i s  o f  the simplest and leads to the exereise 
of those fuuetions which tend to the preservation of 
Ii fl'. Later, it becomes more eomplieated and volitional 
activit ies are developed. T h e  pr im it i ve impressiom; are 
thus crowded into the baekground and from frequent 
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use become automn tic, a n d  a r e  performed without arous­

ing the conscious a ttention of the indivi dual. 'l'here thus 

deyelops what haH been terllled a "subconseious exist­

ence," which i s  constantly actiye though without arous­

ing the attention. I t  has been described by Will iam 

James as a constantly flowing "current" or "stream." 

At times, espeeially during fatigue or when conscious 

attention is in abeyance, this subconscious stream rises 

to the surface. It is in large measure associatcd w ith 

the primal instinct of self-preservation, and is  thus 

elosely allied to the feeling of fear. In sleep the atten­

tion may be momentarily attracted by th i s  current of 

thought, which enters the realm of conseiousness, and 

so has the effect of a dream. 

To summarize briefly, it may be stated that from an 

early period of l ife the mind has been a receptacle and 

storehouse of innumerable sensations and impressions, 

upon which, during our waking hours, we are con­

stantly making drafts, forming new combination I', amI 

judgments. Invention s  do not come in dreams. 'l'hey 

are the result of newly formed combinations of princi­

ples. 1\0 one has ever invpnted anything in a dream, 

though in the early waking moments following the 

refreshmellt that cOllies from sleep some problems that 

have absorbl�d our a ttention are attacked w i th a clea rer 

mental v isioll. During waking hours the current of our 

thougbts is d i rected by the will, but in sleep voli tion is 

i n  a sta te of suspcnsc, the currentR of thought being 

mainly controlled by the laws of association, which 

remain i n  a llIeaHure aetive, and are recogn ized or re­

tllcmbered as dreams 

I ill\'okc tilE' god of Morpheus to give you pleasant 

dreams. 

Medicines Used by the Ancient Romans * 
PLINY i� the chief source of information regarding 

Homan fol k medicine, but some can be picked frolll 

Cato, Livy, Tacitus and Lucian. Pliny has an occa­

>donal reference to the cure of wounds, but none to 

a rmy surgery. 'l'aeitus says the wounded warrior 

brought hi::; injuries to his mother or wife to be at­

telllied to. Cato had a book of simplE'S from whil"1l 

he treated his family allll slaves. '1'he foundation of 

simvles, thc priuciple that like curE''' like, was imbcd­

ded in their praetiee, even m; it is found in Cherokee 

m edicine. 

'1'here was a toueh of magie in their m ode of treat­

ment which ha d driftC'd down from Chald("an days, and 
is still to he found among oursel yei-l. G eorge ],J\iot 

neatly terms it " the medicine given with a bleHRing. " 

]!'ol k medicine of the Homans was a proposition as 

;;pparat e  allli disti nd from the practiee of th�� O repk 

physicians in Home a:-; the negro remedies in the �outh 

are different from the usages of regular medical prac­

tice of to-day. Among somc of tile quaint hlpa;; of fol k  

medicine we fi n d  tile following : 

'l'lw dung of goats was supposed to expel the stonC', 

as was ali>o the ashes of the hair ; the roasted flesh 

waH used for falling sickness, the roasted liYer for 

dimuesfl of sight, the eyes being held over the "tpam. 

Mixed with honey the liver was giYen for d ro]lsy, ami 

with bran was used for dy::;clltery. 

For gout in the left hand the tooth of a field mouse 

killed in a manner prescribed was takcn and was Htitched 

to the skin of a freshly slain liou ; the skin was then 

bound a round the left leg, whcn the pain wnR suppm;ed 

to cense. A bronze statue in the garden was extol l ed 

for tertian ague, and a bronze statue of H iPlloerates 

would cure as Hippocrates did in life. A cllarm with 

the m ighty Hame of Solomon woul d drive off tertian 

fevcr. '1'he liver of a hedge hog roasted and eaten, the 

grease rubbed on the eyE's, foll owed by an application of 

asses' dung, was claimed to cure the night blindness. 

An applieation of crab,,' eyes was used for "wollen eyps. 

Augustus was said to have been cured of sciatica by 

n sound thra�hing with a stick. A ring of myrtle 

wood that had never been touched by iron was sait! 

to be a specific for swelling of the groin. Onions and 

goose grease were recommended for deafncss. J<'our 

seeds of heliotrophum were said to cure quartian fever, 

three to cure tertian. Dittander attached to thc arm 

on the suffering side was ui>E'd for toothaehe. Root 

of parsley was worn a round the neck for affediolls of 

the uvula. 

Another "cure" for tE'rtian fcver was as follows : 

' ·'l'ake three grains of coriander or pa rthenium, hold 

in the left hand, mention who it is for, and l ook not 

back." 

lIoarhound and Rtale axle grense was claimed to cure 

the bite of a dog, and the juice of mallow taken daily 

was said to prevent all diseases. Erynga boiled with 

a frog wns used aH an antidote for aconite and other 

poisons. Nettle leaves beaten with bear's grease were 

used as a cure for gout and nine grains of barley held 

in the left hand and traced three times around a boil 

and then thrown in the fire was said to give immediate 

"By J. T, Llewellyn in Druggists Ci1"cular. 

relief. To "cure" scrofula, the following procedure 

was recommended : "'l'race a circle around a quince 

root, pull it with the l eft hand, state for what and 

for whom, pull and wear as a charm. "  The calyx of 

b losBom of pomegranate plucked with thumb and fourth 

finger, rubbed on the eyes nnd swallowed without touch­

ing the teeth was supposed to prevent maladies of the 

eyes for a year. 

Scrofulous sores were treated as follows : "Bite off 
a knot from a fig tree without being seen by any one, 

thcn wear it in a leather bag suspended by a s tring 

a round the neck." A sprig of myrtle that had touched 

neither the ground nor iron, worn on the person, was 

said to prevent ulceration of the glands, while a sprig 

of poplar held in the hand was used to prevent chafing. 

Red pimples were treated by scourging with a brand1 

of elder. Tamarisk sprigs if n ot allowed to touch 

Pluth or iron were , mpposed to alJay pnin in the bowels. 

A smilax sprig of an even number of leaves was used 

for headache. Jaundice was treated with madder worn 

as an amulet and l ooked at now and then. Wild mad­

der was suppo:,;ed to prcvent hydrophobia, and the per­

son bitten lleeded onl y  to l ook a t  the plant and the 

flow of ('orruption from the wound will be "taunched at 

once. 

Tongue grass was supposedl y ctlicaeiom; for tumors 

if bcnten with stale axle grE'a se and if the patient spit 

thrl'e times Oil the right side. It  nded better if rubbed 

on by three person s of three natiom;. 

Nine j oints of 'l'd licurn 1'epcns gathered fasting 

wrapped in grensy blne\;: wool and taken to the patient 

when he was absent was recommended for tumors. 

IGpil epsy was · ·cured" by eating part of a wild beast 

killed with a weapon that had slain a man. 

Human ear wax wa::; lU;ed to eure human bite, and 

powdered human tooth for snake bite. The first hair 

eut from u n  infunt's head attached to the limbs was 

fluppospd to relievc gout. A circle was traced around 

un u lt-er with a human bone to prevent spreading. 

I'Jlepltant's b l ood was u,;ed for consumption ; tile liver 

for epi l epsy. Crocodile hearts wrapped in black wool 

wpre worn for quartian fever. Two bugs wrapped ill 

stolen wool was extolled aH a cure for nocturnal fever, 

while wilen wrappcd i n  rllNsct: (·oloret! d oth was used 

for day fever, 

Pliny had mud1 to say about drugs, things wise and 

otlIerwbe. lIt' tel l s  us verdigris can be obtained by 

sprinkling v inegar on ('opper filing:; and stirring until 

dissolyed ; also that i t  is  used as an ingredient in 

plasters for wounds and in cerate as a detergeut upon 

u]ecr;;. �ulpllUr was used as a fumigator to purify 

house;;. 

l<Jlaterium or wild cucumber was u,.;ed as a purga­

tivp ; colocynth afl a yiolent llUrgative ; elecampane was 

rPt'ommelHlcd for eougll. 

::-;ql1i11fl, he found, was a remedy for twenty-three 

m a ladies, espeeiall y UHl'd as a diuretic, and for dropsy. 

\" illegar of squill" was made by maceration in a stone 

j a r, kept many day,; next to a tile roof. A large dose 

of it would make one appear as though dead. 

Milk curdled with sour milk wns deemed wholesome 

for tile stomach, thus anticipating Metdlllikoff. Mad­

der was found insoluble in water, but soluble in oil. 

�tryeJl1los waH considered more poiflonouH than opium. 

G1yeyrrhiza j ulee was said .to be good for the voice, 

and for the chest and liver. Anthemus was recom­

mended for flatulency. Castor oil was extolled as a 

purga tive. 

l�xprefl"ed oil of almond was said to etrace wrinkles 

from the skin and to imvro\'e the compl exion. Gall 

nutR Wl're serviceable for affedions of the gums and 

uyula ; stornx for cough ; juniper as a diuretic ; groom 

Heed for strangury. 

Of hyoscyamus, it was said that more tha11 four 

IE'aYes were deleterioufl to the mind and that its U8e 

aH a medicine was highly dangcrous. Thc seed of 

conium was known to be poisonous, the scpd re8embled 

anise, but was more substantial ; the l eaves were ;mid 

to have soothing eflect on all kinds of pains and 

tumors. 

Pllny reported twenty-nine preparations from mar­

rubium for cough ; thirty from wool greasc. Nero 

boiled wa tE'r, enelosed it ill glas,; vessels and cooled 

it with snow. Da nger was avoided in deep wells by 

letting down a lump, and observing if the lamp be 

extinguished . Mud of mineral springH was used ex­

ternally. 

Hollow balls of wax or sealed jars let down in nets 

into tile Nca , were found filled with fresh water when 

drawn up ; sea water was made fresh by liltering 

through argillaeeom; enrth. 

Ji'ish oil was used to keep off flies ; gourds were used 

for cupping ; mercury was obtained by distillation. The 

d ruggists wcre charged with buying thcir plastprs and 

eye salves ready made, and that to the dE'triment of thp 

public. 

Pliny discoursed on pE'nnyroyaI, anise, saffron, dog's 

tongue, wormwood, dill, fennel, eumin, rue, parsley, 

savin, myrrh, acacia, elecampane, m elissa, eatnip, lov­

age, althlea, ;;ymphetum, betony, chelidonium, a�a rum 

and galbanulll. 

Mustard was recommended as a rubefacient, and as 
a blister ; l inseed meal with figs wm; used to riven 
abscesses ; forests of pine and hemlock were known 
to be beneficial to patients suffering from phthisis ; 
to breathe such air was more beneficial than a voyage 
to IiJgypt. 'l'ar ointment cured iteh, as did crude 
petroleum. 

Baking Paint on Steel Cars 
Al<'TER making a large number of tests on small steel 

panel s, it  was decided by the Pennsyl vania Railroad in 

1912 to build an oven s ufficiently large to bake the 

paint on an entire car, and this fir;;t oven was completed 

in January, 1913. 
The oven has been in continuous service since it 

wns built, the only changes made being the intro(Ille­
tion of additional radiators and a heat control deyicp. 
'l'his can be set to automatically control the flow of 
steam to the radiating coils nnd thus give any desired 
temperature which the painter may wish to obtain. 
The oven is 15 feet high, 13 feet wide, both elearanc'e 
measurements, and 93 feet B inches long. It is lined 
with a � -inch steel shell.  This is insulated with mag­
nesia l agging :� inches thick, the insulation being held 
in place by an outer j ackct of galvanized iron. 'l'he 
doors are insulated with the same kind of lagging which 
is held in position by steel plates on the outer and 
inner sides. The arrangement of the steam coil s makes 
i t  possible to obtain any desired tempera ture up to 
275 deg. 'l'he oven is equipped with yentllators on the 
side::; at the bottom for the admission of air, and also 
with four ventilators in the roof, which may be opened 
or closed, as desired. 'l'he ventil ators provide for the 
introduction of the fresh air required in drying the 
various paint coat;;, and al�o allow the volatile portion 
of the coats nsed, the tnrpentine for example, to escape 
through the roof. 

The process of painting a car is as follows : 'l'he 
car is first painted im;ide and out with a priming 
coat. This is baked for about three hour,.; at 250 deg. 
-"'ahr. 'l'he primer is designed to obtain a product 
which will adhere firmly to the metal and serye as a 
protectiYe ('oating, which will prevent the steel from 
rusting, amI will also serve as a foundation on which 
to build the remainder of the constituents entering 
into the surface coating. �'his is followed by neees­
sary glazing and putty to fill all deep depressions and 
indentatiom; in tile steel used. A number of surface 
coatings are then applied, the number varying from 
one to perhaps four, depending on whether the steel 
used i" rough or relatively smooth. Ji]ach coat of ma­
terial applied is baked. The car is then rubbed with 
emery cloth and oil for the purpose of s ecuring a 
smooth, flat surface. The various colors desired on 
the car are then applied. 'rwo coats of these are re­
quired and each eoating of color is also bakC'd. 'l'he 
ear then receives the necessary striping, etc., after 
which it receives two or three coats of high grade bak­
ing finishing varnish. After the varnItlh on the inside 
of the car has been rubbed, the car is ready for sen-ice. 

When the first o\'en was built, it  was hoped that the 

following advantages would bc realized : A durability 

at least double that obtained by the air dry proce�s ; 

longer retaining of newly painted appearance ; obvia­

tion of cracks in the varnish ; easier keeping clean of 

the outside of the ear ; reduction in the time of keeping 

a ear in the shop for painting from about 16 days t o  

from G to 7 days ; a n d  t h e  reduction o f  the number 

of cars in the shop at any one time to about one-half 

the previous number. The baking Rystem has now been 

in use almost three years, imlOfar as one oven could do 

the work, and the obj ects hoped for have becn attainpd. 

Two additional o\'ens are now being provided for, and 

it is probable that as soon as they have been put in 

serviee a still further cxtension of the system will be 

made.-Railway Age Gazette. 

Power From Tidal Currents in the Bay of Fundy 
PLANS for the utilization of the tidal currents in the 

Bay of Fundy an' now being studied. This bay is about 
lGO miles loug, and for a large portion of this length it 
is about 40 miles wide. 'rhe tide rises GO feet at the 
head of the bay, and in the main body from �8 to :�O 
feet. In the middle of the bay the current flow is from 
one to two knots, and in the Digby Gut, on the >�o\'a 
Scotia coast, i t  riscs to four knots ; but in the Minas 
Channel a rate of from eight to ten knots exists, and 
it is here that it is proposed to esta bliHh a power stn­
tion. This location is also deSirable, as tI\(' pOHsibilities 
of disposing of power in thifl neighborhood are espe­
eially good. Special motors will have to be dcvised for 
this use of the tidal ('urrent ; and proba bly some sys­
tem of storage rescryoirs will also have to be provided 
to cover periods of the day when there is no tidal flow. 
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A trench in France with several inches of water and mud, showing neat wooden foot paths laid along the bottom. 

Winter I n  the Trenches 
Disheartening Conditions fo r  the Fighting Men In France 

'l'HE fi rst winter of t h e  w a r  i n  France a n d  Belgium 
wns particu l arly cold, and tile troops on both sides suf­
fered �even�ly from frost, ice and snow ; but while the 
"ecolld winter lias n ot been so rigorous in temperature, 
the conditions were Illore discouraging, as a cold, pene­
trating ra in fell almost continuously, · and this in itself 
not only chilled the mcn almost as much as the snows 
of the previous year, but tilled the trenches with water 
and mud that proved a sore trial to every one. 

The entire army does not remain permanently in the 
trenches, but serYes in turn in sections to hold the ad­
vance lines ; but as thcre are frequently over sixty miles 
of tn�nches of the va rious kinds to a single divi­
sion, including several lineR of fighting trenches, 
together with communicating trenches, it is evi­
dent that a la rge number of mcn are constantly 
l'C'quiI'pd t o  J ive in these wa ter-soaked, miry hul'­
rows, where a nything l ike adequate drainage Is fre­
quently impossih le. 'l'he diffieulties of draining can be 

The Proposed German Nitrogen Monopoly 
TIm Germ a n  l1ro).)()sal for a State nitrogen mono­

poly, Wllich hal' att racted 1'0 mnch a ttention both in 
Germany and in the nitrogen-producing countries, is 
being oppospd by a number of German industri n l  con­
eC'l'llS alld institutiOllR. 'The Fnion of German Manure 
Mnnufnctul'Ns IU1 \'e forwa rded a communieation to the 
authorities, in thc interestl' of the German ;mper-phos­
phu t e  indu;.;try. in which they give expression to the 
opinion thn t the new German n itrogen works, which are 
de�ignpd for the llse of coa l ,  mUNt entail a greater cost 
than til!' �or\vf'gian factories where water power ii" 
u;;ed. This will menn a higher price of the pl'oduct to 

appreeiated when it is realized that some of the trenehes 
are thirty feet deep, and, where snch is the case, the 
only resonrce is to either pump or bail the water out 
with buckets. Onc of the accompanying illustrations 
shows this latter process, and one of the methods 
adopted in a German trench. The bucket is suspended 
from a little trolley that rides on a wire stretched from 
the bottom of the trench to a rude mast, and when it has 
been pulled up to a sufficicnt height by the man below, 
a second operator 011 a platform above the t rench trans­
fers the full bueket to another trolley running on a wire 
that will convey the bucket away to some drainage 
point where the water cannot find its way baek into the 
trench. It is slow and tedioui" work where thousands 
of gallons must be disposed of, and at times must be 
kept up continuoul'ly for long periods. 

IDven under the m ost favorable conditions the trenches 
could not be made perfectly dry, and several inches of 
slim y mud and water was always present. To ameliorate 

trading monopoly, at the same time giving some interest­
ing information about its own nitrogen ind uRtry, which, 
it would seem, hm; not before been disclosed. The 
company, in the yea r H118, commenced working a large 
fa ctory in Oppn n by Lud wigshafen for the synthetic 
production of ammonia from its elements. The resultR 
of this first ilmtallation, calculated to produce some 
35,000 tons of sulphate of ammonia per annum, were 
so favorable that in the same yen r it was decided to 
increase the capacity to fourfold. The produetion will 
shortly reneh 150.000 tons of sulphate of a mmonia per 
annum. In the menntime the war has given rise to 
further extensions, after the completion of which, next 

conditions as much as possible in such cases, wooden 
gratings of v a rious kinds are laid in the trenches to 
form foot pathI'; and dry standing places for the de­
fenders. In one of the illustrations will be seen the 
neat paths built up with timbers and battens, while in 
a nother view, supposed to show some of the flooded 
defenses along the Hiver Meuse, hurdles made of inter­
woven branches serve the same purpose. In the latter 
picture one of the means for retaining the banks of ea rth 
a nd soft sand is showll, and the same methods are re­
sorted to where the entrenchments are dug below the 
surface. 

S o  extensive and complicated is the system of trenches 
in some regions that the men have named them, like the 
streets in a city, to enable one to find his way about ; 
and in a sketch made at the front, which recentl y ap­
peared, is seen a sign "Boyan Du Nord ," that fitly de­
deseribes the condition of the passage, and illustrates the 
humor of its defenderI'. 

from coke-ovens and gas works, as well as the produe­
tion of the Baden Company, will therefore be available 
for the country, whether there is a monopoly o r  n ot, 
The monopoly ean but serve one purpm;e, viz. ,  the whole­
sal e production of that Idnd of manure for which the 
agrieulturists have the smallest liking, viz., lime and 
uitrogen compounds. �'he Raden Company sums up 
its opinion of the m on opoly as follows : J1Jither the 
monopol y will guarn ntee the lime-nitrogen industry 
paying its way or the , monopoly will fix its price ac­
cording to those ruling on the intern a tional ma rket, 
in which case the obj ect of the monopoly, to aflord a 
guarantee for the lime-nitrogen industry paying its 

the German eOnSUlllf'r. On prinCiple they also object year, the production should amount to 300,000 tons of way, will become entirely ilImdonary.-JiJn,qineerin,q. 
to n monopoly a rra ngemellt. ::;0 doC's tIl!' Chamber of 
CommNce of Ii'rankfort-on-the- lVlain, which also points 
out. tha t  higher nitrogen pric'f's will weaken the eom­
petitive power of tIl<' German ehemical industry, which, 
at the cOllel usion of thC' war, will have to exert itsel f 
to l'f'guin its lila rkets n \Jronll. The problem is alto­

get her a dili'icnlt nnd cOIllplicated one, the I'olution of 
whicl! it might be ilf'tter to leave for quieter times. 
The m a tter is hpin.!; hl'oll�ht forward as an emergency 
measure, but the Frankfort ChamhPl' of Commerce ean­

not find tll a  t 1 hil' emergency exists. During the wa I' 

the monopol y woul d he of no !'ffect. The installations 
are either read�' or are approaching eompletion, a nd it 

is imjlo,;s ilJl e to gather what eflect tIw monopoly will 

lla ve upon tllf' Germnn nitrogen supply. '1'he large 
Baden Anilin and Soda concern recently made a eom­
ptellensive "tatement, in which it opposed the nitrogen 

sul llhate of ammonia pel' annum. Although this quan­
tity represents more tllll n half the total of Germnny's 
imports from abroad, this doeR not, of eours!', represent 
the limit of what the compa ny could produce. The 
home supply of rnw material is unlimited, nnd the 
company's power of extending its production is, con­
sequently, a lso unlimited and entirely inclependent of 
foreign countries. '1�he only limit is the capacity for 
consumption of the world's lIlarket�. '1'he company is 
a decided opponent of any kind of monopoly because it 
is not in need of the protection it might offer, and 
feels sure of heing a hl e  to meet any rival in free a n d  
open competition. Gas works are nlso na turally op­
posed to a monopoly. They must extrnct the ammonia 
from their gas, beeause otherwise it would be very 
impure, and for this and other reasons they are in­
terested in the production of ammonia. The ammonia 

Phosphorescent Calcium Sulphide 
'l'HE property possessed by impure caleium sulphide 

of emitting light in the dark after having been exposed 
to a bright light was diseovered by Canton in l76l. 
His prepa ration of "phosphorus" was obtained by heat­
ing crushed oyster shells and sulphur together and 
exposing the fused mass t o  sunlight. The phosphor­
escenee is not the resul t of a slow process of oxidation, 
for it has been shown to be p rodueed hy a specimen of 
the mn terial which had been sealed up in a glass tube 
for over a century. Later investigation showed that per­
fectly pure calcium sulphide does not phosphoresce, but 
that the presence of traces of salts is necessary to pro­
duce the phenomenon.-Knowled,qe. 
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Flooded trenches near the Meuse. Along the outer embankments hurdle platforms have been built of small branches. 

Electric Truck Troubles* 

Early Experiences of Manufacturers, and How They Have Been OvercOIne 

IN considering the subj eet assigned. to me, the 

question has arisen i n  my mind as to w hether the 

thought in the m inds of the Papers Committee was 

to bring out the troubles encountered by numerous de· 

signers and manufacturers in arriving at the present 

state of development of the industry, or whether this 

topie should be eons ide red solely from the point of view 

of a purehaser of eleetrie vehicles to-day and attempt to 

cover the means used by the men having i n  charge the 

operation of these vehicles i n  keeping them in daily 

serviee. 

The development of the electric vehicle from crude, 

clumsy, expensive machines to the present efficient, dur­

able and economical p roduction has been ma rked by 

eontinued, steady and rational progress with l ittle of 

the spectacul a r ,  but the continued indication that this 

type of power-driven vehicle is ultimately destined to 

replace horses for city transportation. 

As i n  every l in e  of mechanical development, troubles 

have been encountered, and w h i l e  some have given de­

signers and engineers considerable concern for the time 

being, they have, nevertheless, been met and overcome, 

with the result that the electric vehicle as produced 

to-day by a number of well-known manufacturers, is a 

highly developed mechan iRm, capable of dOing liard work 
under severe conditions and, i f  properly appl i ed, effect i ng 

for the user considerable economy in the transportation 

of his merchandise a s  compared with any other type 

of vehicle, either horse-drawn or power-driven. 

In view of my assoeiation with the fraternity of man­

ufacturers, it wou ld hardly seem appropriate to bring to 

l ight too many of our family skeletons, and i n  view of 

the honest differences of opinion held by desigllers as 

to the merits o r  demerits of various types of construc­

tion, I feel that an attempt to draw too close a com­

parison would be getting me on to rather dangerous 

ground 

There are, however, a number of the items in the 

general development of electric vehicles which have 

enabled all of the manufacturers to benefit and produce 

a better article, which w i l l  be of interest, and in order 

to do this,  I w i l l  attempt to bring out points in con­

nection w ith the elements that go to make up the com­

plete vehicle--namel y-batteries, t i res, motors, con­

trol lers, w iring, wheels, springs, bearings, etc., where 

troubles have been met and improvements made, 

enabling the manufacturer to reduce the weight, in-

• A paper read before the convention of the National Electric 
Ligh t Association. 

By F. E. ·Whitney 

crease m i leage range, reduce power consumption and 

reduce m a intenance cost. 

Batteries.-The one i tem in the makeup of an electric 

vehicle which raises a question in the m inds of the 

uninitiated is the question of the care and upkeep cost 

of the battery, a s  well as the question of whether or 

not the truck will be stranded, out of power while on 

an important m ission. This question in the m inds of 

the public i s  the result o f  difficulties experienced by 

the sma l l  user prineipally,  in the care of his vehicle, 

due to lack of expert knowledge and to frailty on the 

part of the battery, 

T here has also been difficulty due to lack of stan­

dardization, in that an owner having batteries of dif­

ferent makes has found i t  necessary to use different 

sizes and shapes of battery j a rs for batteries having 

the same number of plates and rated eapacity. Tbese 

difficulties have l argely been overcome by radical im­

provements i n  the general make-up of the battery, and I 

understand that real progress has been m ade towards 

standardization of battery jars that w i l l  greatly reduce 
the number of sizes and simpl i fy the problem for the 

repair man. At the present time a number of manu­

facturers of lead acid batteries w i l l  guarantee to the 

user that it will not be necessary to dismantle h i s  

battery u n t i l  t h e  plates a re exhausted, a n d  assuring a 
sufficient l ife of the plates to make the battery cost 

well within reasonable l imits. 

Improvements have also been m a de i n  the n i ekel­

a lkali  battery, so that to-day a user can easily select a 

battery su ited to his needs and be able to secure reason­

able service. 

It should also be noted that batteries are now gen­

era l l y  connected permanently in series instead of being 

split up in series paral l el combinations, thus eliminating 

troubles a r ising from this practice brought about by an 

occasional cel l being missing o r  an open circuit i n  one 

section of the battery causing unequal discharge and 

other difficulties resulting from d i fferent parts of the 

battery not being in a uniform state of charge. 

The greatest benefit i n  ba ttery development has been 

the reduction in weight, which has been accompl ished 

by practical l y  all of the battery manufacturers. 

There has also been considerable development i n  the 

means to prevent sloppage o f  electrolyte and to enabl� 

the garage man to more easily flush the battery. 

In referring to the battery, I feel that reference 

should be made to a plan that is meeting with popular 

favor, and in the opinion of the writer, will overcome 

the l a rgest handicap to tbe satisfactory adoption of 
electrie vehicles, namely, a form of serviee system 

whereby the user can secure from e i t her a garage, cen­

tral station, or representat ive of the vehiele company 

or battery company, an agreement to maintain his bat­
tery on a ddin i t e  upkeep basis. From a l l  reports 

this i s  meeting with favor wherever it  has been adopted. 

A rnlwre Honr ilfctcr8.-0ne of the prinCipal diffi­

culties a few years ago was the fact that the driver had 

no information a s  to the state of charge or discharge 

of h i s  battery. Some trucks were equipped with volt 

and ammeters, but such delieate instruments were not 

dependable for truck work and practically uReless. 

The devel opmen t of the ampere hour meter has been 

one of the biggest single items of benefit to the electric 

vehicle user, as it  is reasonably dependable and fur­

n i shes the dri vel' with suffieient information to enable 

him to get maximum work out of his vehicle. I t  is a l so 

of great assista nce to the garage man in charging the 

battery. 

T'ircs.�A few years since whenever an owner wished 

to change from one make of tire to another it was 

necessary to have h i s  wheels changed over to conform 

to the dimensions requi red for the particular type of 

tire to be used. 'l'he standard wheel dimensions, 

which have been adopted by the SOCiety of Automobile 

F.ngineers, has solved this difficulty, and now any make 

of tire can be appl ied to the wheels now being fur .  

nished, resulting not only in a distinct advantage t o  the 

owner but a l so enabl ing the manufacturer to carry in 

stock a reasonable quantity of wheel s which can be 

used for any make of tire. 
Less than ten years ago the best guarantee on truck 

tires that could be seem'ed from any tire manufacturer 

was a l i fe of ninety days, whereas to-day practica l l y  a l l  

of t h e  standard makers w ill guarantee tires f o r  electric 

trucks for 8,000 to 10,000 m i l es over a per i od of eighteen 

months. 
T here has a l so been a distinct i mprovement i n  com­

pounding the rubber used for electric vehieJes, enabl ing 

us to get from 15 per cent to 25 pel' cent more m i l eag.� 

on one cha rge of �he battery thun was possible w i t h  

some of the earlier makes of t i res. 
An instrument fol'" ehecking tire efficiency is  now in 

general use, enabling the purchaser t o  know approx i­
mately what he is getting before putt ing the tire in ser­
" ice and thus avoiding the difficulty of reduced m i l eage 
and increa sed current consumption brought about by 
inefficient tires. 
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Motors.-'I'he earlier motors were patterned directly 

from the street railway motors in use at that time, but 

due to the more exacting requirements on account of 

small gearing and closer limits required, considerable 

difficulty was experienced with the motors with plain 

bearings lubricated with grease boxes. The trouble 

was principally felt on gear drive trucks which were in 

vogue at that time. The wear of the bearings would 

allow the gears to separate far enough to cause rapid 

wear and frequent breakage, with the consequent 

trouble of teeth breaking off and lodging between the 

gears, bemling shafts and doing other damage. 'Vith 

the adoption of ball bearings these troubles were elim­

inated. 

I would also call attention in passing to the greatly 

reduced motor trouble brought about by undercutting 

the mica in the commutators. In some of the earlier 

types it was as necessary to sandpaper the commutators 

daily, a s  it was to charge the battery ; the result be­

ing yery short life to the commutators and brushes-to 

say nothing of low efficiency and high cost of upkeep. 

The commutators in the motors that are being produced 

to-day will  probably outlast the truck, and the brushes 

nsually giYe from two to three years' life. 

GO'1ttrollers.-In the earlier type of controllers in 

whith the circuit was broken at each step, it is not 

snrpri sing that all kinds of mechanical troubles were 

IJresent. 'l'he advent of the continuous torque design, 

resulting in smooth acceleration, was a big step in ad­

vance. This has been further augmented by renew­

able parts, making repairs to controllers a simple job 

easily done by the driver and overcoming a frequent 

cause of tie-up and delay. 

The old type step by step controller required as con­

stant attention as tile commutators, due to arcing and 

burning at practically every point. As referred to un­

der the heading of "Batteries," controllers are now gen­

erally arranged to run the batteries permanently in 

series instead of making series parallel combinations. 

Wiriltg.-Along with the improvement in controller 

design, came an imIJrovement in the work of installing 

the wiring. Practically all  manufacturers to-day u se 

condu it throughout, and wi ring installed in this way is 

practically as perlllanent as any other part of the ve­

hicle, and in the rare event of wiring trouble develop­

ing, i.t can be easily located and readily remedied. 

Wheels.-In the early days the old Sarven wheel was 

used, but these have been replaced by the artillery type, 

which is lighter, and al lows the maintenance man some 

opportunity of tightening the hubs, which was impossi­

ble with the older type. 

Bearings.-The use of ball and roller bearings has 

been universally adopted, lllaking it  unnecessary to re­

lllove the wheels for frequent greaSing, as was the case 

previously, alld at the saJlle time, reducing the power 

requi l'etl to driYe the vehicle. 

Spl'ings.-Spring trouble has been practically elimin­

ated by the adoption of alloy steel in place of the old 

caL'bon steel wagon springs, and at the same t ime, 

greatly improyed by advanced methods in the art of 

heat-treatment which has developed rapitlly within the 

last few years. Trouble has been further reduced by 

the use of eyes formetl at ends of one or two top plates 

attached by Iiuks instead of the old flat form of con­

"truction. 

Several schemes are in use to prevent shifting of 

plates such as ribbed ends of plates and frequent break­

age of plate-centers is largely overcome by use of 

teats or ribs in center instead of hole and center bolt. 

Rebound clips are also in general use, greatly reduc­

ing breakage of top plates. 

!<'requent breakage of spring bolts has been eliminated 

by the use of ltardened bolts, and a number of u sers 

are bushing the eyes of the springs, still further reduc­

ing the weal' and consequent trouble. 

Lights.-A small item and still one that has caused 

the user considerable annoyance has been the question 

of keeping the l ights always in proper condition. This 

item is frequently neglected, due to the fact that the 

l ights are used such a small percentage of the time. 

The old Edison base, or more properly speaking the 

"Medium Screw" base, has been almost universally 

used, but has causetl trouble on account of the bulbs 

easily shaking out of the sockets and then rattling 

around and becoming broken. The usual type of socket 

has not been generally satisfactory for vehicle work, 

due to the number of parts which shake loose in serv­

ice. The small bayonet base lamp, as is being gener­

ally used on gasoline pleasure cars, is coming into more 

general use for electrics, but in the opinion of the 

writer, i s  not the proper lamp for truck work where 

voltages are so much higher than i s  current practice on 

pleasure vehicles and the vibration resulting from oper­

ation on soli d  tires is very much more severe. 

I am of opinion that a lamp using the Ediswan form 

of bayonet base but of a different size in general use in 

Europe, would be more suitable. At the present time 

the difficulty is that, although the lamps could readily 

be procured; there are no sockets of this type 011 the 

market. 

War'ncing Signals;-Beils have been most generally 

used on electric truckS, but are also a small  item which 

has been of considerable cost in keeping in proper re­

pair. 

A number of users are beginning to abandon the bell 

and use instead mechanical s ignals, which are lower in 

fi rst cost and are more dependabl e. This has not met 

with general favor as there seems to be a feeling on the 

part of some manufacturers as well as users that the 

bell is a distinctive mark, so to speak, of tile electric 

vehicle, and they apparently cl ing to it as a matter of 

tradition. 

Miscellaneous Parts.-In practically all  parts of the 

vehicle that are subjected to wear, manufacturers are 

now making these renewable, so that instead of the re­

pair man being required to drill and ream w orn holes 

and bush them, the renewable parts are driven out and 

readily replaced with new ones. Numerous pins, bolts, 

screws, etc., are being hardened and ground ; alloy steel 

being largely used in gearing and other parts. More at­

tention is being given to parts exposed to grit and dust 

to prevent its getting in and causing damage. 

'l'he general result of the various improvements has 

been that electric trucks as they are now on the mar­

ket, with anything like reasonable attention, can be de­

pended upon for long l ife at low ma i ntenance cost. 

In the early part of my paper I touched on the ad­

vantages derived from a battery service system. I 
feel, however, that if such a system is continetl to the 

battery alone, the work i s  only partly done. '.rhe user 

of one or two trucks does not u sually have a competent 

mechanic, and where electric truck" are sold to re­

place horses, they are usually put in t he hands of team­

sters or others equally lacking in teehnical knowledge 

to give the vehicle proper care. 

A nUlllber of companies have been experimenting with 

various forms of service systems, wille confin ing thei r 

efforts to battery ma intenance or rental, while others 

are endeavoring to cover not only the battery mainten­

ance but also chassis, body, tires, induding painting anti 

current as well as storage and washing, and I firmly be· 

l ieve that the adoption of electric trucks for general m�e 

will be brought about by the development of something 

of this kind. 

The company with which I am connected has ex­

perimented t o  some extent in connection with their 

Maintenance Department in Philadelphia by u sing vari­

ous helps to insure to the customer continued use of his 

,-ehicle, with results exceetlingly satisfactory to the user 

all well as to the COlllpany. 

'l'he experilllent was first tried out by furnishing to 

the user spare wheels alltl batteries on a rental basis 

for such a time as necessary for the user to have his 

parts repaired. 'I'lle cha rge for the use of these parts 

has been approximately the same as the cost to the user 

for running his own equiplllent and has resulted in his 

getting continued service from the complete vehicle. 

During the past year we have experimented still fur · 

ther, entering into contracts with a number of users, 

first to overhaul thei r trucks anti then to maintain the 

truCk, including furnishing current and garage service 

for a fixed amount per month ; the charge including not 

only current anti garaging but all work and materi a l  

necessary t o  keep the battery u p  t o  the proper standard 

of capacity, making all repairs and replacements to 

chassis, repa irs to body ( including an occasional re­

painting of the vehicl e )  renewal of tires and, in fact, 

every item of expense with the exception of licenses, 

and accident and J iabiJ i  ty insurance. 

In every case where this has been tried, and I might 

add that in several cases the user was on the fence as 

to whether or not to discartl electric vphicles, they have 

become not only satiSfied, but enthusiastic, and our feel­

ing i s  that the experiment so far conducted will  lead to 

the adoption of some system of this k ind that will be 

the greatest help towartls selling electric vehicles that 

so far has been developed. 

In a great many cases there are good reasons why it is 

not satisfactory or feasible for the user to send h i s  

truck to a garage every night, a n d  in order t o  meet this 

difficulty we have made some experiments with the idea 

of maintaining the vehicle while stored, and the bat­

tery charged on the customer's premises, and it is en­

t irely possible that something along this l ine will  be 

worked out that will  entirely relieve the purchaser of 

any care of the vehicle other than washing the vehicle 

and having the driver or night-watchman posted suffi­

ciently to insert the charging plug in the vehicle after 

it has completed its day's work. This, to my mind, will 

eliminate practically all of the objections which are 

offered at the present time against the operation or 

electri c  vehicles, as by this method care of the battery 

and parts of the vehicle will be in hands of experts. 

In order to handle a plan of this kind satisfactorily, 

it w i l l  be necessary for either the central station, the 

manufacturer, the battery <:ompany or some combina­

tion of the three, or hetter still  an enti rely disinter­

estetl party, to enter into a contract with the central sta­

tion to purchase current at proper prices. He will,  on 

account of the quantity of work done, be able to secure 

his battery renewals and other parts reasonably low, 

and by concentrating his mechanical repairs as well as 

the battery and other work at a central  point where it 

ea n  be handled economical ly, be able t o  furnish this  

service to the user at attractive prices, and there will  

stil l  be sufficient margin of profit to make the venture 

attractive. 

A ma intenance system of this type will,  of course, be 

of advantage principally to the user of one or two 

trucks. Owners who operate fleets of trucks are usually 

flufficipntly well equipped to take advantage of IIumer­

ous economies untler tile direction of capable men, thus 

ayoidillg the troubles which at the present time stand 

i ll the way of the sma l l  user of e1el'tric true-ks. 

The Sidereal Center 

(Concluded from page 387.) 
original creation named in the first verse (and not to any 
subsequent six-day "reconstruction," allowing an in­

definitely long interval between this verse and the next ) ,  
then it should follow that w e  cannot yet have received 

the light of stars lying beyond some 6,000 light-years, 

or 1,800 secpars. One test, however, which will occur 
to those who have not committed themselves irretriev­
ably to any one of the modern evolutionary doctrines 
(involving all ranges in millions of years) is whether, after 

an appreciable lapse of time, the number of stars down 

to a limiting magnitude (necessarily faint) tends to show 

any increase. The time required, however, is likely to 
be long, seeing that any appreciable increase in the 
number of suns able to impress themselves at such out­

lying distances neeessitates a considerable proportionate 
extension in the star-depth, with its corresponding wait 

in light-years. 
The possibilitieR of the Canopie hypothesis,  as they 

now stand, may be summed up ill the suggestion 

that : 
"The visible Universe probably of oblate spher­

oidal form, with an equatorial radius of some 2,000 sec­

pars, has its center marked by the bright star Canopus, 
probably the greatest seen in the Universe, stationary 
therein, forty or more thousand times as luminous as 

our Hun, and nearly a million and a half times as massive. 

"Meanwhile, our Sun, now distant 150 secpars from 
Callopus, is traveling (from the influence, apparently, 

of some original impulse) at, for the present, just over 
13 miles a second in a course inelined rather more than 

20 degrees (upwards) from the galactie plane, and ren­
dered hyperbolic by the influence of Canopus, which 
would ultimately deflect it over 13 degrees out of the 
straight. The attractive effect, meanwhile, of the other 
stars around may prove to be generally neutral." 

As to what may lie  beyond the galaxy, whether 

or not it be " the waters above the firmament, "  our 
boasted knoweldge fails j1S yet to interpret aright the 
Creator's meaning therein expressed. while speculation 
becomes a useless seareh to be " wise above what is 

wri tten." 

Zinc Wire 

IT is stated that G erman manufacturer,; are produci ng 

zinc wire which is but slightly inferior to copper win' 

from a mechanical standpoint. The new zinc wire is 

now authorized by the Electro-technical TTnion for elec­

tric wiring purposes, such as for immlatetl wires or 

cables employed in steel c onduits for house w i ring, or 

for larger conduits. Lead-covered cable,; are now m ade 

with the eontluctors in zinc. The ma i n  advantage of 

zinc over iron lies in the fact that zinc has tlouble the 

electric conductivity of iron, and, be:;ideN, it  is llOn-lIla;­

netic. Again, zinc wire is  more flexible than iron, hetH·!' 

it works better upon insulators ; and another point is 

that i t  does not need to be p rotected from rust. It took 

some time, how eyer, for the new wire or cables to enter 

into practice, espeeially as during the first stages the 

manufacture of i t  was far frolIl perfect, and Oil this al' 

count there were considerable difficulties in handling 

the wire and installing wires or cables, but it is claimed 

that all the drawbal'ks are overcome at the present time. 

'I'h e  wire and cable commission has now prepared the 

needed data on �he subject, induding the physical prop­

erties of zinc and the difference it presE'nts from copper, 

also the advantage which it has over iron. The d irec­

tions also include the proper methotls for l aying ;:inl' or 

wires or cables a;; well as mounting bars of thin metal 

for switchboartls. However, iron wire is still preferred 

to zinc for overworked electric lines in default of cop­

per, on account of its grpatel' strength. 
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Artificial Seasoning of Timber* 
Methods and Principles Adopted for Various Materials 

By Ollison Craig, Associate Professer Mechanical Engineering, Iowa State College 

'1'IH a rtificial sea soning of timber is usua lly curried on 

in what a re known as dry kilns. These kilns may be 

yu riom;ly d asHified, depending 011 construdion, method 

of operation, etc. Old kilns were construeted with a 

ehamber in which fuel was burned, and a second 

chamber in which the timber to be dried wa" pl aced, 

the burnt gases flowing from the combustion chamber 

to the drying room and over the piled lumber. 'Vith 

the present use of steam for drying, almost all m odern 

kilns can be divided into two classes as to construc­

tioll-radiator kilns and hot-blast kilns. 
Radiator kilns are built with steam pipes under the 

floor of the drying chamber. Air passes through these 
eoils, up through the floor, and on to the lumber. 

Hot-blast kilns have a bank of heating coils placed 
in a separate housing, through which air is blown by 
a fan and forced on to the drying room. 

Hadiator kilns are thought of as those having the 
heating elements in the same room as the lumber to 
be dried, and circulation produced by difference in 
tpmperature ; whil e hot-blast kilns are thought of aH 
those having the heating element separate from the 
drying room, and circulation produced by a blower. 

Kilns are also elassilied as to operation into hot-blast 

kilns and moist-air kilns, although thiH is a very un­

satisfactory classiiicatioll. This is based on former 

practice, in which the relative humidity in blower kilns 

was low, and ;,;0 the type was called " hot-blast" ; while . 

ill radiator kilns and box kilns the relative humidity 

eoul (] be raised by decrea sing circulation or by closing' 

the dampers, and tllese became known as "moist-ail''' 

kilns. A better clm;sification a H  to operation would be 

moist-air kilns and dry-air kilns, as pither blower or 

radiator kilns could be so regulated as to obtain a 

high or low rel ative humidity in the drying chamber. 

A third classification, which is based on a combina­

tion of operation and construction, divides kilns into 

either compartment ki lns or progressive kilns. In the 

former the lumber is piled in a chamber and allowed 

to Rtay in oIle position until dry, while in the latter 

the lumber is moved along the length of the kil n at 

intervals ; dry lumber being taken out at one end when 

a fresh truck load was run in at the other. 

A kiln is being developed on the Pacific Coast a t  

the present time in whieh superheated steam iH used, 

the steam coming in direct contact with the l umbpl'. 

�ome ditliculty, however, has been experienced, as the 

temperature of the steam used was a bove the ignitioll 

point of the lumber ; and if care was n ot used to pxelude 

air, !'lmrring would occur, and in some ca :-;es, where 

the uoors were opened prematurely, combusti on has 

taken place. 
III all kiln-drying operations, the primary ohject is 

to release the contained moisture from the wood and 

to leave the wood in the best condition possible. '1'11e 

moisture h.; taken from the wood by eyaporation ; and 

to cause evaporation, heat is necessary, and in Hurtl­

eient quantity to evaporate all the moisture to be 

released. Approximately 1,000 heat units are required 

for the evaporation of each pound of water contained 

in the lumber, and a spcond quantity ' (at present un­

known ) is required to overcome the attraction between 

the wood a nd water. '1'lli8 attraction iH known as 

" hygroscopicity." 

The first object, then, is to supply tIle required 

amount of heat necessary to evaporate the moiilt.ure. 

'rhe second object is to >lupply the heat and to produce 

evaporation under such conditions as will l eave tIle 

lumher in the best possible condition when dry. To do 

this, several factors-namely, temperature, relatiye 1m­
midity, circulation and rate of drying-must bp con­

trolled and correlated. 
'1'he various combinations of theRe factors dppend 

upon the speeies of lumber to be dried, i ts si7:e, and 
initial moisture content. 

'I'lle rate of drying is dependent upon tile otllf'r three 

factorB. It is lletel'mined in any parli('ular case by 

Weighing samples at interval ;;; of t ime and making 

moitlture ueterminations. Moisture determ inations are 

made by weighing a sampl e  piece llefore and a lso a ftN 

oven dryng, and calculating the per cent loss based on 

the dry weight, or tile ratio of the weight l ost to the 

dry weight. '1'his is called the "per cent moisture," 

and the rate of change of the per cent moisture is 

proportional to the rate of drying. 

Relative humidity iR usually determined by the use 

* Repl'illtp,t from Pl'o('eellings of the Engi neering A2if-loeiation 

of the South, VoL XXIV.,  No. 1.  

of wet and ury bulb thermometers, although some form 
of hygrometer, such us u hair llygrometer, is sometimes 
used. MethouH of hygrometric dpterminatiom; in llry 
kilns are not at presput entirely satisfactory. Tem­
veratureH are measured by a mercury thermometer, 
and circul ation by an aneometer, a \though tile latter 
determination i::; rarel y made. 

In most killl,,; it is impossihle to ('ontrol these factors 
indepelldently. For example, if the temperature in a 
ra(lia tor kiln is increnl'ed hy ill('rea sing tIl(' supply of 
stE'am to the radiator, eireulation will be increased and 
tile relative humidity (}eereased. 

The ideal methou of di:ying would be one in which 
all factors could be varied independently, and the 
right combinations ohtained in any particular ease to 
giYe the best results in time ami quality of product. 

In some cases l umber is subj ected to a treatment of 
steam or a mixture of :steam and air before being dried 
ill the kiln. In the fi r"t ('ase a steel cylinder is vro­
vWed, in which the lumbpr is submitted to steam under 
pressure for u short time, usually from () minutes to ao 
minute;;, and then transferred to the kiln.  In the 
second ease, a portion of the kiln is divided off into 
a steaming chamber of a si7:e to contain one truck l oad, 
and there the lumber is heated by steam sprayed ill 
from tlw steam piveR. The effect of this treatment 
is to heat the wood thoroughly in a saturated atmos­
phere a lld prevent surface evaporation during initial 
heating. However, care must be used ; for if the lumber 
i" chungell suddenly to an atmosphere of much lower 
Immidity, surface evaporation will 1'E'8ult, and the 
I mnbE'r will be elieeke<l , This is due to the fact that 
enlporation will increase with a d(;creaRe in relative 
humidity, the heat bei ng supplied from within the 
wood ; and rapid evaporation at the surface will cause 
unequa lized shrinkage, a nd consequently eonsidel'll blp 
cllPcking, 

The ra te of drying may he inereaserl hy a riHe in 
tplllpera ture, a (lecrea "p in relative humidity, or an 
in('rease in circulation. 'I'he rate of drying is a very 
important factor ill producing proper results. With 
high moisture contents the rate of evaporation or dry­
i n g  tpml:; to he greatpr than with lower moisture con­
t en t. 'I'Ite telHlenC'y is, thPIl , for the drying to so 
llT'ogreHH thnt if a m oiHture time curve shoul d 1)(' pl otted 
it would haye U IIIU('h grpater tangent slope at the 
hegi nning tha n a t  the eml of the process. If t he ,;lope 
of the enrve is too gl'eat at the beginning, the result 
will be "casehardening" and probably "honeyeomhing. " 

.Just wIty this prolluees "easehardening" is a matter 
of Hpeeulation , although the effects are very evident. 
If the rate of evaporaion is too great, the distribution 
of III0iRture through any section of a piece of lumber 
will not be uniform. It is impossible, of course, to 
obtain a hsol ute uniformity in the moisture distribu­
tion within a tillite time. However, as it iR a matter 
of dpgr'pe only, for practical results a certain minimum 
limit would be set for variation in a section without 
lllJ ury. As a result of too !'aVid llrying, the center of 
a pi('ce may be aboye the filwr saturation point, whi le  
the surface is as dry as can be obtained in the kiln. 
This will cause, first, "casehardening, " as mentioned 
before ; then either deep checkR from the surface or 
"honeycombing." 'Voods having pronounced mpdull ary 
rays would in this case "honeycomb." 

Again, if this material iR resawed, wa rping will un­
doubtedly take place. If timber, howpver, is propprly 
dried, the product is something which if; not onl y  free 
from moisture and liability of checking and wa rping, 
but it is much stronger than in the grepn Rtate. 

The effect of m oisture on wood, ll S explaiJ1!'d in 
United States Forestry Service Circul ar 108, is to 
weaken it up to the fiber saturation point, but beyond 
this point an increase of moisture has no effect on the 
strength. Shrinkage is also connected with the tiber 
saturation in that no Rhrinkage occurs until the mois­
ture content has been reduced to the fiber sa turation 
point ; but if from that point the moisture is still 
further reduced, the shrinkage is proportional to the 
10RS of moisture. The shrinkage affectB the strpngth, 
as the ('rORR section of a dry piece is less than tile sa m e  
]lieee green. However, the gaiil in strength due to 
drying of the fibers overbala nces the l oss due to 
shrinkage. 

Various species of wood have chnralOteriRtics which 
must be taken into account if su('cessful drying is to be 
expected. 

Most cOllifiers dry easily, anll lOan be submitted to 

relatively high temperature n IHl rate of empora tioll and 
low rel ative humidity without injury. 

'I'he oakH, however, on aeeount of m ore compl icated 

structure, soft medullary rays and greater shrillkage, 

must be lumdled with mueh more care ; and if a high 

temperature is used in llrying, a high relative humidity 

must a lso be used, particularly at the start ; also the 
rate of evaporatioll must be limited, dependillg upon 
the ('ondition of the wood. In some cases it is not 
a dvisable to evaporate more than one per eent, or even 
one half per cent, moisture ('outent per day. 

Other woods, such as Ted gum, are subjeet to warp­
ing and twisting when dried. Care must be taken in 
that ease to dry slow, keep up the humidity and to 
have the material lOarefully piled in the kilns. 

With hardly an exception, all users of dry kilnR 
pxpect to have hard wood l umber air dried or partially 
ail' dried before placing it in the kiln. Usually, how­
m'er, the lumber goes into the kiln without the manu­
facturer knowing yery mudl as to just what the 
('olldition is. ·Properl y, moisture determinations should 
he made. 

If  the lumber manufacturer wishes to  air  dry his 
material before placing it in tile kiln ,  he would gain 
lIothing, as some expect, hy allowing it to lie in tllP 
ya rds after the air-dry condition has been reachp(l. 
Timber will probably be no drier after l ying () years 
than after lying 1 year, unless of unusual size. 'I'll(; 

,lir-dry cOllditioll is a m oisture ('ontent which is a 
llll l a nce between the relative humidity of the atmos­
phere alld the h�-groReopicity of tIre wood. For a giYen 
loea lity this eontpnt will be fairly deli ned within <,pr­
t a in limits. In thiN loeality the air-,lry ('ondition is a 
moi sture content of from 12 to If) per cent ; and whpn 
lumher has once reached that contIitiOll, no l ength of 
air seasoning will make it any drier. 

Lumber shoul d h(� d ried in the kiln, not until the 
workmen say that it works right under the tool or 
until the Huperin tenrlent Hays that by the f'ound amI 
smell it is dry, but until it has reaeheu the per pent of 
moisture content most desired for tile purpose for 
which it is to be uRed. 'rllere is no neeesRity for kiln 
drying l umber which ill to he eXIlosed to the atmos­
Ilhere without pa int. Material to be used in vehides 
should be, Hnd is ill wpl l-]'('gulate(] kilns, d r'ied to about 
S per cent, when the vehicles 11 re to be used in the 
Korth a nd I<�a st. If t he vehielPR a re to be used ill the 
hot, dry elima teH of the �outhwpst, the material sllould 
ill' (lried to ahout 4 per ('eut. Furniture aud wood for 
int prior 1inisllillg should he d ripd to about 6 per cent 
a mI used bpfore ha ving an opportunity to reab:-;orh 
moi;.;ture. 

It is good practice to allow lumher to stand for a 
timp-say, 1 or 2 days, depending upon the lOonditions­
\Jpfore being worked. On eorning out of the kiln, it is 
probable that the surface will be drier than required, 
wll i le  the center may not be dry enough. If allowed 
to "tand in a d ry, warm place, a diRtribution will take 
plaee whieh will produce more uniformity of moisture, 
witll less liability to wa rping or cupping when worked. 

As stated before, the theoretical kiln should be suh­
ject to independent control of all faetors invol ved-­
tpmperature, relative humidity, eireulation and rate 
of drying. Also, it should be known for any given 
lot of lumber just how these factors should be val'ipd 
to pr()(luee ideal results. The eYaporatioll time cunp 
Hhould probably be a straight line parallel to the time 
a xis. 'rIle moisture content time curve "hould b(' u 
stmight line, with a negatiYe slopp, although tile tpJl(l­
PIlCY is toward a curve of increasing ra dius of curvature, 
as  ]ll'eviouHly explained. 'rhe relatil-e humidity time 
curve Hhonld be one having an increuHed slope, with a ll 

increase of time. 
When the eXll ct form of all these curves and the 

method for obtaining in the k il n  what they represent 
is known for any given spt of initial conditions, thpn 
thp particul ar lumber eaT! be dried perfectly and the 
performance dupl katp(}, with assurance of success. 

'rhiR would a l ,.;() tn'blg the practice of kiln drying to 
the point where ]lrevious air drying would be useless, 
a IHI green matpJ'ial ('ould be plaeed immediatply ill 
the ki ln.  

Production of Iron Ore 
ACCOHDlNG to figures given out by the Unitpd States 

Geol ogical SUrYey, 5G,526,4HO gross tOilS of iron ore were 
minell in this country in 19Hi. This output is exceeded 
ouly by that of 1 910 and 1913. 
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A New System 
Nautical 

of Navigation 
Astronomy 

an d 

By C apt. Fritz E .  Uttmark 

I NTRODUCTION. 
"E FFI C I E N C Y  and simplicity in Navigation and safety at sea" will be our motto. 
In our time of hurry and speed anything that will have a tendency to make Navigation more efficient,  calculations 

quicker, with less possibility of mistakes , should be welcome. I,  therefore, venture to place before the public the 
suggestion of a new system of Navigation, a system which has been carefully thought out, and which the author 
trusts will fulfill many of the requirements lacking in the old complicated system. 

On the new charts issued by United States Hydrographical Office the old method of naming the compass points 
is discontinued and the compass diagrams divided into degrees extending from North which is considered as zero 
(0°) , increasing right-handed (over East, South and West) up to 3600.  This is a step in the right direction and has a 
tendency to minimize the chances of errors in applying variation and deviation of the compass . This method is 
already in use by the U. S .  Navy.  

This gradation of  the compass, which I think cannot be further improved, will be  adopted throughout this work. 
Let us now consider Navigation and Nautical Astronomy according to the author's new system. 

LATITUDE AND L O N GITUDE BY DEAD R E C K O NI N G .  

Dejinit'ions. 

Latitude .-The N orth Pole being considered as zero (00) , the Equator as ninety degrees (Lat . 90°) and the South 
Pole as one hundred and eighty degrees (Lat. 1 800) , the Latitude of any place or position is therefore its distance 
from the North Pole measured on a meridian and expressed in degrees , minutes and seconds of arc . 

Longitude.-The meridian passing through the Capitol at Washington, D .  C . ,  being considered as the Prime 
Meridian (Long. 0°) and the Longitude reckoned right-handed (Eastward) continuously increasing up to 360°, the 
Longitude of any place or position is therefore the angle at the Pole between the Prime Meridian (Meridian of Wash­
ington) and the meridian passing through the given place or position, reckoned right-handed (Eastward) and ex­
pressed in degrees , minutes or seconds of arc .  (See Fig. 1 . )  

VARIATI O N  A ND D E VIATI O N .  

Variation.-Assuming we are looking from the center of the diagram toward the circumference. 
In Figs . 2 and 3 let the lines N. S. represent the true meridian and the lines N' .  S ' . represent the magnetic meridian. 

Then, when as in Fig. 2 the Magnetic Meridian falls to the left-hand side of the 'l'rue Meridian, the variation is sub­
tractive (-) . 

When, as in }1'ig. 3, the Magnetic Meridian falls to the right-hand side of the True Meridian , the variation is addi­
tive ( + ) .  

Deviation.-In Figs. 4 and 5 let the lines N' S' represent the magnetic meridian and the lines N" S" represent the 
compass meridian. When, as in Fig. 4, the compass meridian falls to the left-hand side of the magnetic meridian,  
the deviation is subtractive ( - ) . When, as  in }1'ig. 5, the compass meridian falls to the right-hand side of  the magnetic 
meridian, the deviation is additive ( + ) .  

Converting a Compass Course (C. C.)  into True Course (T. C.) .-When converting a compass course into a true course, 
allow variation and deviation according to their proper signs. For example : C. C. equals 232° Var. 100 ( - ) . Dev. 
4° (  + ) .  Then T.  C. equals C. C.  - Var. + Dev. or 232 - 10 + 4 equals 226° .  

Let us now put this system to a practical test and consider first the Traverse Sailing problem and how to construct 
the Traverse Table and place Difference in Latitudc (D . L. )  and Departure (Dep . )  in their proper columns . 

'When the True Course is 
between 0° 

90° 
180°  
2700 

Difference in Latitude and Departure. 

and 90° the D.  L.  have - sign and the Dep. + �ign. 
" 180° " + " + " 

" 2 '70° " 
" 360° " 

+ " 

From a position in Latitude 50" 10' 00" and Longitude 20° 40' 00" a ship saits the following courses and distam'es : 
c. c. 42 
v. - 10 

32 
d. + 6 
-----
'r . c .  :�8 

c .  c .  140 
v.  10 

1:30 
d. - 4 
-----
T.C.  126 

c. c .  196 
v. 1 1  

1 85 
d. + 5 
�------

T . C .  190 

c. c. 305 
v. 1 1  

294 
d.  - 8 
----
T.C.  286 

C. C. 42° Var.  
C .  C .  140° 
C .  C. 196° 
C .  C. 305° 

loo( - ) . 
100 (  _ ) . 
1 P (  - ) . 
U O (  - ) .  

Dev. 6 ° (  + ) .  
'10 (  _ ) .  
5 ° ( + ) .  
S O (  _ ) . 

Dist .  120 miles.  
86 
43 

162 

Require the Latitude and Longitude by Dead Reckoning, also tho cour�e and 
distance made good. 1'0 be worked by inspection from Nautieal Table!;. 

-----------��--.------�------� 

True 
Course. Distance. 

Diff. Latitude . 

+ 

Departure. 

+ 
---�-- ---.-- ---------- --·---- 1 ------ --- ------

38° 120 94 . 6  1 73 . 9  
------- ----- ----_._- ----------- ------- !-----

126° 
. 

86 . .  , . 50 . 5  .. . " . I 69 . 6  

==1900 == =-43==�_�==!2 �-= - 7 5==i===:-= 
286° 162 44 . 7  }''),') . 7  -�------- �--- -�----

- 1:39 . 3  
92 . 8  

46 . 5  

92 . 8  - 163 . 2  
- 14:3 . 5  

- 19 . 7  

143 . 5  

I,'rom Lat . 50° 10' 00" 
D. Lat . 46' 30" 

From Long. 200 40' 00" 
D. Long. 26' 00" 

Lat. in 49° 23 ' 30" Long. in 20° 14' 00" 

Middle Latitude taken to the nearest degree (remembering North is 0) equals 500.  

With the Middle Lat . (50°) considered as a Course and with the Departure in a Lat . column we find Diff. Long. 
in a Distance column. Dep. 19.7 = D .  Long. 26' .  

The course and distance made good i s  found in the usual way. 
Course made good = 3�:7° 
Distance made good = 51 mites . 

This can also be worked by logarithms according to well-known formulas which can be adapted to this system. 

North Pol e P equals  Zero ( Lut.  0 " ) .  'rhe equqator W. Q. E. 

W. equals 90" ( Lat. B O " ) .  South Pole P'  equa l s  V'>O " ( Lut,  

1 8 0 " ) .  0 is the eenter or  the Capito l a t  Washington. D. 

C. 'The semi-circle 1'. O . \V. P . '  i s  tIlt:'  Prime ::\1 (, l'idiall .  

Fig. 2 .  VA R IAT I O N (- ) 

1" ig. 3.  VA R I AT I O N (+)  
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H 

N '  

5 '  
D E V I AT I O N  (-) 

Fig. 4. 

N '  

S'  
D E V I AT I O N (+) 

Fig. 5. 

..3 6 0  

i.l0 t----+-----I '1o 

( -+- ). (-+- J 

I flO· 
Fig. 6.-Ditr. Lat. 

( - ). ( + ). 
" 

)� �-------+--------� 

/ /10 " 
Fig. 7.-Departure, or Ditr. Long. 

:z. 

H 

H. II . '  is the True Horizon. S. H . '  is t h e  Altitude of S.  
Z. S .  is the Zenith Distance of S .  P. S. is the Polar 

Distance or s .  P. O.  Z .  is the Latitude a t  the Poi n t  

o f  O bservation. 

Middle Latitude 8ailing.-The working out of this, as well as the Mercator's Sailing problem, would differ very 
little from the Old Method. We need only to bear in mind our new starting points of Latitude and Longitude and 
follow the simple rules. Let us illustrate by the following- example : 

Find the True Direction and Distance from the Capitol at Washington, D .  C . ,  in Latitudf' ,5 1 ° 06' 40" and Longi­
tude 0° 0' 0" to Gibb's Hill Lighthouse (Hamilton, Bermuda) in Latitude 57° 44' 55" and Longitude 12°  10' 56". 

From Lat. 51 ° 06' 40" Long.  0° 00'  00" 
Long. 12°  10'  56" To Lat . 57° 44' 55" 

Diff. Lat. +6° 38'  15" 

60 

3GO 
+88' 15" 

-----

Dit!. Long. + 12° 10'  ,56" 
60 

720 
+ 10' 56" 

Reduced to +398.2 minutes of + 730.9 min. Long. 
Latitude or miles. 

The Middle Latitude computed to the neares t degree equals 54°. vVith this and the above Difference in Longi­
tude 730' .9 ,  we obtain Departure 590.6 miles . 

From this we find the 
True Course or Direction to be 124° and 

The Distance 712  miles. 
Mercator's 8ailing .-Find the True Direction and Distance from a place A in Latitude 60° 30' 00 " and Longitude 

20° 40' 00" to a place B in Latitude G4° 20' 00" and Longitude 18° 10' 00". 

Lat . A 
Lat . B 

60° 80' 
64° 20' 

M. P. 1 842 
M .  P. 1584 

Long. A 20° 40' 
Long. B 18° 10'  

Diff. Lat . +3° 50' 
GO 

M. D. L. 2.58 Diff. Long. _ 2 °  30' 
60 

180 
.50 

120 
30 

Reduced to 230 miles. Reduced to 1. 50 minutes of 
Longitude . 

Entering the Nautieal Tables with M .  D .  L. in a Latitude column and Diff. Long. in a Departure column we 
find the eorresponding Direction to be 210° .  With this Direetion or Course and the Diff. Lat. in a Latitude eolumn , 
we find the corresponding Distanee in a Distanee eolumn to be 266 miles . 

True direetion 210° .  
Distanee 266 miles. 

The following diagrams , Figs . e and 7,  indieate at a glanee how to determine the Course or Direetion . 

Diff. Lat . ( - ) .  Long. or Dep . ( + ) .  'l'hen the Course is between 0° and 90°. 
( + ) .  ( + ) .  90° " 1 80°.  
( + ) .  ( - ) .  1 80° " 270°. 
( - ) .  ( - ) .  270° " 360°. 

LA'I'I T U D E  B Y  A I>TI T U D E S  O F  A H E A V E N L Y  B O D Y .  

Definitions. 

Declination.-This term will not be required in the new system. Polar Distance will in all eases take its plaee. 
Polar Distance.-Thu Polar Distance of any point ,  or the center of a heavenly body, is its angular distanee from 

the North or Zero Pole measured on its hour circle. 

R U L E S  F O R  F I ND I N G  T I U;  L A T I T U D E  B Y  M E RI D I A N  A L T I T U D E S  O F  

A H E A V E N L Y  B OD Y .  

Rule i .-Correct the Observed Altitude in the ordinary way for Dip, Refraetion, and in the case of the Sun,  for 
Parallax and Semi-Diameter in order to obtain the True Altitude A .  

Rule B.-Obtain the Zenith Distance b y  subtracting True Altitude from 90° (Z = 900 - A ) .  
Rule 3.-'l'ake out from the revised Nautieal Almanae the Polar Distanee a t  the nearest noon preeeding the 

Observation an d turning the Longitude into Time, correct the Polar Distance up to the time of observation. 
Rule 4 .--If the bearing of the body is 1 80° when on the meridian, subtract the Zenith Distance from the Polar 

Distance. If the bparing is 0° add thp Zenith Distanee to the Polar Distanee ; the result will be the Latitude .  

Bearing 180°,  Lat . = P - Z .  
Bearing 0 °, Lat . = P + Z .  

Example 1 .-0n June 12th, 1915 ,  i n  Longitudp 0°, the Observed Altitude of the Sun's lower limb was 73° 54' 30",  
Sun's bearing 1 80°, Height of Eye 20 feet . Required the Latitud e.  

Obs . Alt . 
Correction 

True Alt. 
Subtraet from 

Zenith Dist. 
Polar Dist. 

73° 54' 30" 
+ 10'  35" 

74° 05' 05 " 
90° 00' 00" 

----� 
15°  54' 
67° 01 ' 

55"} Sun's bearing 1 80° 
:3,5" subtracl.  

Lat. by Obs. 5 1  ° 06' 40" 
This is the Latitude of the Capitol of Washington, D .  C . ,  aecording to the new system. 

Example 2.-0n July 4th, 1915, in Longitude 0°, thp Observed Altitude of the Star Vega (� LyrlE) was measured 
to be 25° 40' ,  the Star's  bearing 0°,  Height of Eye 25 feet. Required the Latitude. 

Obs . Alt . 
Correetion 

'frue Alt . 
Subtraet from 

/';enith Dist . 
Polar Dist. 

Lat . by Obs . 

25° 40' 00" 
7' 10" 

------

25° 82' 
90° 00 ' 

64° 27' 
5 1 °  1 7' 

1 15°  45 ' 

40" 
00" 

20"} Star's bearing 0° 
4G" add. 

06" 

These two examples will be suffieient to illustrate the praetieal and simple working of the system in finding Latitude 
by Meridian Obsprvation .  Space will not allow for the demonstration of the ex-Meridian and other Latitude problems .  

L O N GI T U D E  B Y  O B S E R V A TI O N  O F  A H E A V E N L Y  B O D Y .  

Definitions. 

Hour Angle .-The Hour Angle of any point or center ot a Heavenly Body is the angle at the pole, intercepted 
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between the meridian o f  the observer and the hour circle passing through the point o r  CE'nter o f  the Heavenly Body 
toward West up to 24 h ours or 360° .  

In Fig. 9 .  0 is the place of  Observation 
P Z Q H' P' is the meridian of the observer 
E Q is the celestial Equatorial line 
P is the North or Zero Pole.  
S is the position of a heavenly body or point 
P S or p is the Polar Dist. of S 
Z is the Zenith of the observer 
P Z or 1 is the Latitude of the observer 
H H' H" is the Horizon 
S H' or h is the Altit.ude of S 
The angle Z P S or t is the Hour Angle 

Cos S sine (8-h) 
Sine L sine P or 

Cos S X Sine (s-h) X Cosec. L X Cosec. P 

S = 
h + � + P 

when h is the Altitude, L the Latitude and P the Polar distance. 

Rule i .-Add together Altitude, Latitude and Polar Distance, call this sum 2 S,  then dividing this by 2 we have 
the value of S.  Then subtract the true Altitude from S for the value of (s-h) . Against these values take out the 
corresponding logarithms as indicated by the formula. Add these together and obtain the hour angle from table 
45 Bowditch . 

N ote .-If the Latitude exceeds 90° subtract 90° from 2 S before proceeding to find the value of S and (s-hl . 
Rule £I.-To find the Longitude in time nl ways subtract Washington time from Ship's time, adding 24 hours to the 

Ship's time if nece�sary , and converting tbis into degrees , minutes and seconds of arc the Longitude is obtained. 
Rule S .-For Stellar Observations.-Find the hour angle (H.A . )  as before (Rule 1 ) .  To this hour angle add the 

Star's right ascension, the result will be the right ascension of the meridian (R.A .M . ) ,  from which subtract the cor­
rected Mean Sun's right ascension (M.S.R.A. ) , the result will be the mean time at Ship or place (M.T.S. ) .  The 
Longitude is then obtained according to Rule 2. 

Exam7!/c i .-July 4th, 1915,  beforE' the Sun passed the meridian, the observed Altitude of the Sun's lower limb 
was taken as 20° 00'. Latitude by Dead Reckoning 60° 30'. Height of Eye, 20 feet. Index correction O. Wash­
ington time by chronometer (corrected) 16 h. 05 m. 10 s. at time of observation. Required the Longitude . 

Obs. Alt . Sun's L.L. . . . . . .  20° 00' 
Corr. Tab. 46 . . . . . . . . . . " + 9 

True Alt. of Sun's center . .  
Latitude by D .  R. . . . . . . . . 
Corr. Polar Disk . . . . . . .  . 

20° 09' 
60° 30' log. cosec 
67° 03 ' log. cosec 

2 S 147° 42' 

0 . 06030 
0 . 03581 

S 73° 5 1 '  log. cosine 
(s-h) 53° 42' log. sine 

= 9 . 44428 
= 9 .  H0630 ------_ .... _-

Apparent ILA . 19h 44m :34s . . . . log. haversine 
Equation of time + :3  26 

= 9 . 44669 

M. T. Ship . . . .  19h 48m OOs 
M. T. Wash . . . 16 05 10  

Long. in  time . . 3h  43m 50s 

Long . = 55° 57' 30". 
Example 2.-July 4th, 1915, after the Star A Virginis (Spica) had passed the meridian, its altitude was observE'd 

to be 18° 23' ; Washington time by Chronometer I Sh. 10m. 208. at time of observation. Height of Eye, 2.5 feet . 
Latitude by D .  R. 105° 24'. Required the Longitude. 

*Obs. Alt. . . . . . . . . . . . . . . .  18° 23' 
Corr. Tab. 46 . . .  . . . .  . . . .  8 

*'I'rue Alt . . . . . . . . . . . . . . . .  18°  15'  
Lat. by D.R . . . . . . . . . . . .  105 24' log. cosec 
Polar Dist . . . . . . . . . . . . . .  100 4;) '  log. cosec 

*H.A. 
*R.A. 

R.A.M. 
M.S.R.A. 

M.T.S.  
M.T.W. 

Long. time 

Longitude 

2 

2 S 2240 22' 
90 00 

S - 90 134 22 
S 67 1 1  

(s-h) 48 56 
log. cosine 
log. sille 

4h 2Hm 59s . . . . . .  log. haversine 
1:3  20 43 

17  50 42 
6 48 07 

1 1  02 35 
15 10 20 

------
1 9h. 52m. 15s. 

298° 03' 45" 

AMPLITUDE AND AZIMUTH. 

0 . 01 588 
0 . 00764 

H . 58859 
9 . 87734 ----
9 . 48945 

Definition.-Both Amplitude and Azimuth of a point or of the center of a beavenly body is the angle at Zenith, 
between the Meridian and the Vertical circle passing through the point or center. It is reckoned from North, right 
handed up to 360 degrees. The Amplitude is used for points at the Horizon . 

'I'he Azimuth is used for points above the Horizon.  The formulas and examples for Amplitude and Azimuth have 
been omitted in this short treatise, but several formulas may be adapted with advantage to suit tbis system. 

'I'he new system as presented by the author would amount to a revolution in the science of Navigation, simplify­
ing the work and increasing its efficiency. The existing Nautical Tables, Almanacs ,  and Charts will require revising, 
although the greatest part of the Nautical tables may easily be converted to suit the new system. The gradation of 

the Latitude, as well as the Longitude scale on the charts , is  the only part that needs alteration. 
The Latitude in this system is really the terrestrial polar distance, but the author has preferred to retain the name 

" Latitude,"  so as not to confuse it with the polar distance of a heavenly body. 
The formulas given in this work may be modified in many ways ; the author's intention at present, however, is 

only to give an outline of the system and show that even in Navigation we are laboring with formulas and arrange­
ments invented cf'nturies ago, when time was of no particular value. 

Oceanic Tides With Special Reference to 
the Work of the United States Coast 

and Geodetic Survey* 
'I'Il E math ematical theory of the tides begins by as­

Imming a solid earth surrounded by a shallow, friction­

I e:;:; ocean. III such an ocean the attra ction of the moon 

would canse wa ves to travel around t.he earth from 

east to west. Ji'or many years the complete mathemat­

ical solution of this simple problem taxed the ability 

of the a bl est :-;eielltists, and when finally Hol ved the solu­

tiOIl did H ot materially advance the theories and ex­

plana tiOllS of the actual tides in the oceans as they exist 

on the earth. 
To pass from this ideal world to actuality ; from a 

simple all pervading ocean of uniform depth, to oceans 
separated by c ontinents, and varying in depth , defies 

the skill of the mathematician. Yet Newton, Laplacf'. 
and a 811cce,.,,,iou of brilliant mathematicians have all 
t ried to do this ; to pass from the simple to the c omplex. 
Tiley consider the tides as a world phenomenon-as an 
ideally simple wa ve, modified, broken up, and dela yed 
by tile continental barriers ; by the varying depths of 
the oceans. 8ir George Darwin considers the great 
earth tides as formed in the broad, deep waters of the 
80uthern Pacific. Ji'rom here the ticlal wave spreads 
east and west, around Cape Horn and past Cape of Good 
Hope, and sweeps through the Atlantic at a rate de­
pending 80lcly upon the depth of the water. 

'I'his simple world idea of the tides was evolved and 

ela borated from obsenations of the tides of Europe. I n  

the d a y s  of La place there w a s  little knowledge of t h e  

tides in other parts o f  t h e  world, and it w a s  naturally 

thought that the European tides were fairly representa­

tive. 'rhc dynamical or worl d wave theory fitted and 

explained the simpl e tidcH, and thus became the basis 

of all tidal work a nd theories. Later the tides in the 

Pacific and I ndian ocealls were studied and were found 

to differ greatly from those of l�urope ; in fact, the tides 

of the North Atlantic are exceptional in their simplicity. 

f 

H H "  

Fig. 9.-Formula for finding the Hour Angle. 

Yet as each new complication was found, it was ex­
pl ained away, as a modification of the general grand 
wave, due to some local c ondition. The theory that the 
tides are a world phenomenon has the support of the 
world' s  greatest mathematicians and all the prestige 
their names can lend. 

Certain investigation of the Coast and G eodetic Sur­

vcy would indicate that this theory may not be the cor­

rect expl anation of the oceanic tides. During the CE'n­

tury of its existence this body of skillful observers and 

a ble investigators has collected and discussed an enor­

mous amount of tidal data in both the Atlantic and the 

Pacific oceans. As these observations were collected 

and brought together, discrepancies were found ; the 

t i des of one port could not b e  fitted into and made to 

harmonize with the tides of another place. A few such 

discrepancies could be explained as modifications of the 

general tida l wave, but as observations were increased 

in number, discrepancies multiplied, and to fit all condi­

tions, the general tidal wave would have to writhe and 

"quinn and change its form and character from place 

t o  place until it lost all semblance of a single uniform 

progressive wave. Gradually there has been evol verl 

the feeling that the tides are not a world phenomenon, 

but a re strictly l ocal in character and in being ; that 

the tides of the Atlantic Ocean are due to the oscilla­

tions in the waters of the Atlantic, independent of what 

has or may happen in the waters of the Paci fico 

This idea of the tides a s  purely loeal phenomena , as 

opposed t o  the theory of a grand earth-wide wave, h a s  

been elaborated and developed by the Coast a n d  Geodetic 

Survey into a thoroughly consistent theory. And this 

expla nation of the tides stands out as the great scien­

tific contribution of the Coa st and G eodptic S urvey to 

the theories of oceanic tides. 

'From an address hy Dr. Charles Lane Poor at the Centen­nial Exercises of the United States Coast and Geodetic Survey. 
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A Method of Drop Measuring Liquids and 
Suspensions* 

By R . D onald,  B.Sc. ,  N .Z.,  D .P.H.,  Oxf. 

TUE following artiele gives some practical details 

of a method of measuring liquids in uniform drops of 

any standard size by means of ordinary simply drawn 

pipettes quickl y and accuratcly gaged. The apparatus 

was briefly describcd in a communication' to the Royal 

Society in 1913. A more detailed account was in prep­

aration when the outbreak of war restricted work to 

the immediatel y necessary. Under this category the 

method has been brought by the increased importance 

of an accurately quantitative form of the Widal test. 

]'01' the measurement of small quantities graduated 

pipettes have hitherto been largely used. But although 

the worker proposes to deliver small volumes from a 
graduated capillary pipette, and although he displaces 

the liquid column downward the exact amount pro­

posed, yet nature disposes the out flowing liquid in 

drops, and if the last portion expelled does not form 

a complete drop and fall spontaneously at its complete 

phase, then the incomplete drop clings with m ore or 
less pertinacity to the pipette point. Even when allow­

able, touching the pipette point on the SIde of the receiv­

ing vessel is uncertain' in its result.' 

But just in the very conditions where . surface-ten­

sion or capillary force hinders us most if we try to 

work independentl y of it, there that very force will act 

ill our favor if we give it play. Thus, if instead of 

difficultly and uncertainly aborting drops at various 

phases of their formation-eycle we allow the rhythmic 

delivery of mature drops, those drops will be of won­

derfully uniform size. Indeed, for delivering successive 

small equal quantities drop-measuring is superior in 

quickness and in accuracy to any other method. And 

the smaller the quantities concerned the greater is 

this superiority. This may have been more or less 

generally admitted. 'rhe problem hitherto has been 

how to get easily a supply of reliably uniform pipettes. 

That problem may be solved very simply.' 

This method of drop-measuring depends on the fact 

that the size of a drop of a given liquid yielded by a 

clean pipette is determined by the outer circumference 

of the pipette at the level where the contact edge of 

the drop ding!'; round the gl ass, the pipette being held 

vertical or nearl y so, and due allowance being made for 

the rate at whieh the drop is detached and for the tem­

perature. 

The simple process of gaging calibrates quickly and 

efficiently ordinary pipettes drawn from gl ass tubing. 

Thus the dillicu!ty of getting a pipette quickly and 

thorough l y  deaned after use is obviated by the simple 

plan of taking a fresh dean pipette from the easily 

replenished stock. The size of drops producible by 

this m ethod varies from 1/200 cubic centimeter or less 

UJl to th e maximum drop possible for watery solutions 

-namel y, nf'arl y 14 ('ubic centimeter. 

The tubing for m aking the pipettes ought, of course, 

to be such as can be most quickl y worked up--that 

is  to SHY, it ought to be the small est that will allow 

the capacity of pipette for the work concerned. Thus, 

for doing the Wassermann reaction with 1/10 the ordi-

• The [,ancet. 
1 A lso various published articles h ave dealt with some appll­

ea Uons of the method : Donald, R. : Proceedings of the Royal 

Soeiety, B ,  vol. lxxxvi, 1 9 1 3 ,  pp. 1 98-202. Idem : A Comparison 

( of two Wassermann method s ) . The Lancet, June 29th, 1912, 

p.  1752.  I dem : A Method of Counting Bacteria in Water, The 

Lancct,  May 24th, 1913,  p .  1447. McI ntosh , J. ,  and Fildes, P. : 
'1'he Wassermann Reaction and its Application to Nenrology, 

Brain, vol. xxxvi, November, 1 9 1 3 ,  pp. 213, 227. Benians, T. 

II. C. : 'l'h e  Resistance of Various Bacteria to the Disinfecting 

A etion of Toluol, etc. ,  Zeitschrift fiir Chemotherapie, Or.,  Ii, 

1 9l :l ,  p. :12. Donald, R . : A M e t h o d  of Estimating Numerically 

a n d  Qualitatively the Cells in Permanent Preparations of 

Cerebro-spinal Fluid, Folia Hromatologica, Or. B, vol. xvii, 

l U1 3 ,  pp. 1 39-166. Harrison. Major L. W. : Wassermann Test, 

Technique, Journal of the Royal Army Medical Corps, vol. 

x�ii. 1914.  p. 6 1 5 .  Donald. n. : Drop-methods of Counting the 

Cells of Cerebro-spinal Fluid ; the Relation of the Cell-count 

to the Wassermann Reaction ,  Review of Neurology and 

Psychiatry, August, 1 9 14,  p,P. 333-369. Head, . R.,  and Fearn­

sides, E.  G. : 'l'he Clinical A spects of Syphilis of the , Nervous 

System i n  the Light of the Wassermann Reaction and Treat­

ment with Neosal varsan, Brain, vol. xxxvii, September, 1914, 

p. 2. 
2 Even greater uncertainty may be found in ( 1 )  the amount 

removed and in ( 2 )  the amount delivered as a "loopful" of 

liquid taken by a platinum loop--usually for qualitative but 

sometimes for quantitative p u rposes. 

6 ·1<'or delic erinIJ an exact amount of a non-wetting liquid, 
such as mercury, Wright's ingenious capillary 5 cubic milli­

meters pipette is excellent. Also for mea suring, witbont de­

live
'
ring, the quantity contained, capillary pipettes, snch as 

Wright'" multiple dilution pipettes and the hromocytometer 

pipette, have not the weakness above m entioned. Even this 

weakness may be overcome by the skill and care of an experi­

enced worker. As regard" the hromocytometer pipette, its 101 

mark ought t o  be not helow the na rrowest point of the nar­

rowed bore. a s  the upper m pniscus is vigorously drawn up to 

that point by capillarr force. 

• This brief article omits the extensive bibliography of the 

su� ct and the discussion of the physical phenomena con­

nected with drop forma tion . 

nary quantities only two drops, eaeh 1/100 cubic centi­

meter of each serum, are needed. ]'01' this purpose 

Iilpettes with body some 3 centimeters long and 3 milli­

meters in outer diameter suffice. But for measuring 

out the normal saline for 60 or 70 test-tUbes in such 

a micro-Wassermann test some 10 centimeters of tubing 

7 or 8 millimeters in diameter may conveniently form 

the body of each pipette. The stock of glass tubing 

may advantageously be kept covered up from dust and 
fog. 

For making the pipettes a length of tubing suitable 

for two pipettes is heated at the middle and is then 

drawn out so that the capillary portion is nearly cylin­

drical, that is, tapering very gently at the place where 

it is to be cut off when gaged. 

The wire gage used in thh; investigation is the Morse 

drill and wire gage, made by the L. S. Starrett Com­

pany and by other makers, It has holes size 1 to size 

130, from 5.79 to 0.34 millimeters in diameter. A very 

similar commonly used gage is the I.ancashire pin­

ion wire-gage or Stubbs gage. A comparative table 

of the most useful sizes in these gages is given 

below. A capillary is gaged by gently pushing it 

down into the suitable hole until arrested. The capil­

lary is then cut close above the steel plate with a glass­

cutting knife. The gaged pipettes ought to be kept on a 

layer of grease-free cotton-wool in a box lined with 

clean blotting paper. The capillary ought not to be 

touched with the finger or with anything else that has 

a trace of grease. Tubes larger than 5.79 millimeters 

may be gaged by a vernier slide gage, e. g., the Colum­

bia. Holes less than 0.34 millimeter may be found in a 

draw-plate for drawing fine wire. Such draw-plates may 

require to be calibrated by the user-by low-power 

microscope micrometer measurement of holes and of 
capillary or at least by determining, as described later, 

the drop-volume corresponding to that hole. Both wire 

gage and knife ought to be thoroughly freed from grease, 

e. g., by repeated washing and swabbing with benzine 

and grease-free cotton-wool, and to be kept wrapped in 

clean blotting paper. 

The volume of a drop of a given liquid yielded by any 

given pipette at any one convenient rate of dropping 

and at any convenient temperature may be easily deter­

mined by the worker as follows : A measuring pipette, 

e. g., 1 cubic centimeter or % cubic centimeter, is tested 

by weighing it first empty and then filled to the mark 

with water and laid horizontally in the scale pan. Now, 

as the cut-off capillary is to be j oined to the point of 

the measuring pipette, with 1 centimeter or ll'ss of 

washed bicycle valve tubing, the volume of water has to 

be displaced in the measuring pipette until the lower 

meniscus can b e  seen above the upper edge of the valve 

tubing and the new position of each meniscus has to be 

marked by a scratch. As the lower meniscus strongly 

tends to return to the narrow point of the measuring 

pipette, the volume of water will have to be kept dis­

placed by steady suction with such a device as a glass 

rod lubricated with glycerine and sliding in a short rub­

ber tube slipped on to the upper end of the pipette. 

The rate of dropping-that is, particularly the degree 

of steadiness in the discharge or release of the drop-­

has an appreciable effect on the size of the drop. Rapid 

or sudden discharge produces rather larger drops than 

does steady dropping at a slow rate. When a certain 

slowness is reached further slowing produces no appre­

ciable change in the drop size. ]'01' pipettes as small as 

Morse 80 ( 0.34 millimeter diameter) this constancy is 

reached as soon as slowing reaches 1 second per drop. 

'1'he desirable steadiness of pressure may be attained by 
working against the resistance of a suitably long capil­

lary portion in the smaller pipettes, or against a capil­

lary throttle or a tight cotton-wool plug in the upper 

end of the largcr pipettes in which it may not be con­

venient to have a long enough capillary tip. 

For more exact work, such as stalagmometry for de­

termination of surface tension, my constant-pressure 

stand apparatus' may be used. Also for the fairly exact 

measuring of a few drops of cerebro-spinal fluId in 

counting the cells a hand pattern of the constant­

pressure apparatus· is suitable. But for serological 

work an ordinary rubber teat suffices. The teat, if of 

ample capacity, is best managed, not by having the 

worker's finger and thumb vibrating on the unsteady 

inflated teat-walls, but by steadying the ulnar edge of 

the thumb-tip against the radial edge of the forefinger 

with the teat fundus collapsed between them, compres­

sion on the teat being accomplished by rolling more and 

more of the thumb pulp over the forefinger pulp and 

inflation by r olling contrariwise; 

Using a teat in this way at fairly rapid hand-dropping 

I have, for instance, at my study table just tested three 

pipette points gaged in the same hole ( Morse 75) and 

joined, afl above deflcribed, to a 0.5 cubic centimeter 

pipette filled with tap water. No. 1 gave 41% drops, 

• Donald : Proceedings of the Royal Society, B, vol. lxxxvI, 

1 9 1 3 ,  pp. 1 9 9 ,  201. 

, Idem : The Lancet, May 24th , 1913, p. 1447. 

but the drops formed asymmetrically, indicating slight 

soiling at the non-wetted part of the point ; No. 2, clean, 

gave 40% and again 40112 ; No. 3 gave 40% drops. 

The discrepancy between 81 drops per cubic ccnti­

meter and the 87 drops per cubic centimeter for Morse 

75, as given in the table, is accounted for thus : 1.  The 

study temperature, 11 deg. Cent., is 9 degrees lower than 

the temperature, 20 deg. Cent. , for which the table was 

made. The drop count increases with the fall of the 

surface tension about 14 per cent for each 1 deg. Cent. 

rise of temperature. 2. The trace of "grease" in the 

non-alkaline distilled water makes the drop count rather 

higher than that of tap water. 3. The drop rate, though 

fairly uniform, was less than % second per drop. 

If only a couple of drops, with an interval between 

them, have to be delivered from a small pipette of 

serum, then instead of a teat a few centimeters of rub­

ber tubing may be used, like a teat with a hole in it. 

I f, on the other hand, considerable quantities of the 

liquid have to be dropped, then the pipette reservoir 

may advantageously consist of a separator cylinder held 

vertical in a clamp on a stand. This becomes a con­

venient constant-pressure reservoir by the addition of a 

Mariotte tube." Thin tubing suffices, say, 3 millimeters 

in outer diameter, passing air-tight through a rubber 

cork in the upper aperture of the cylinder. If the tUbe 

passes down to the tapered outlet of the cylinder then 

( 1 )  the liquid, if a suspension, is kept well stirred trom 

the bottom, and ( 2 )  the whole height of the cylinder 

may be emptied at constant pressure. The effective 

"head" of liquid is measured from the lower aperture 

of the Mariotte tube to the d ropping outlet, the tube 

between being kept full of liquid. Various sizes of 

dropping-nozzle may be fitted to the lower end of the 

delivery tube by ferrules of rubber tubing or of cork. 

'When these nozzles do not provide enough resistance to 

slow the drop-rate sufficiently, then a suitable "throttle" 

of glass tube with one capillary end may be fitted in 

the down-tube below the stopcock, or else a second stop­

cock' may be provided on the down-tube and easily ad­

justed, once for all with each nozzle, to give the neces­

sary throttling, the other stopcock being used purely as 

a stopcock. 

This constant-pressure reservoir will give such regu­

larity of drops at any required rate as to allow the use 

of dropping-nozzles even as large as 14.5 millimeterf' 

outside diameter giving 14 cubic centimeter drops. To 
prevent these large nozzles from emptying out, a rubbpl" 

diaphragm consisting of a slice of pressure tubing may 

be inserted a little inside the level of the aperture. 
The drop count per CUbic centimeter of distilled water, 

at 20 deg. Cent., at a drop rat e  o f  60 per minute at-

Diameter in Millimeters. 
Gage No. 

80 

79 

78 

7 7  

76 

7[) 

74 

73 

72 

7 1  

70 

69 

68 

67 

66 

65 

64 

63 

62 

6 1  

6 0  

59 

58 

57 
56 

5 5  

54 

5 3  

52 

51 

50 

49 

47 
46 

43 

33 
28 

· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . ' . . .  
· . . . . . . . . . . . . . . . 

· . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . .  

. . . . . . . . .  , . ,  . . . .  

. . . . . . . . . . . . . .  . , 

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

. . . . . . . . . . . . . . .  , 

. . . . . . . . . .  ' "  . .  , 

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

. . . . . . . . . .  ' . . . . . 
· . . . . . . . . . . . . . . . 
, . . . . . . . . . . . . . . , 
. . . . . . . . . .  . . . . . .  

. . . . . . . . . . . . . . . .  
, _  . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . .  
· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . 

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

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

. . . . . . . . . . . . . . " 
· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . 

· . . . . . . . . . . . . . . . 
· . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . .  

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

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

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

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

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

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

Stuhbs. Morse. 

0.330 0.343 

0.356 0.368 
0 . 3 8 1  0.406 
0.406 0 .457 
0.457 0.508 

0.508 0.533 

0.559 0.572 

0.584 0.610 

0.610 0.635 
0.660 0.660 

0.686 0.711 
0.737 0.743 

0 .762 0.787 
0.787 0.813 

0.813 0.838 

0.838 0.889 

0.889 0.914 

0.914 0.940 

0.940 0.965 

0.965 0.991 

0.991 1.016 

1.016 1 .041 
1.041 1.067 

1 . 067 1.092 
1.143 1 . 1 8 1  

1 .270 1.321 
1.:197 1.397 
1.473 1.511 
1 . 600 1.613 
1.676 1 .702 
1.753 1.778 
1 . 829 1.854 

1.956 1.994 
2.007 2.057 
2.235 2.261 

2.845 2.872 
3.531 3.569 

Morsp. 

Drops pf'r c.c.  
1 :1 1. 0  

1 22 . 0  

1 1 2 .9 

1 01 . 0  

90.0 

8 7 . 0  

8 1 . 2  

73.5 

65 . 5 

6 ;) . :1 

58 .5 

56.5 

54.0 

5 1 . 6  

49.8 

4 R . 3  

4 7 . 9  

4 5 . 0  

;) 8 . 9  

3 4 , 0  

3 2 . 6  

3 1 . 4  

2U. S 
2 8 . 2  

2 7 . 3  

25.5 

20.3 

1 6.7 

tained by constant-pressure apparatus, stand pattern. 

was found to be as shown above for Morse-ga ged 

pipettes. The diameters of the Stubbs holes are given 

merely for comparison with those of the Morse gage. 

Small differences of dropping-point diameter have pro­

portional differences of drop-count. 

]'01' measuring ollt rapidly a number of small equal 

volumes either of living cultures or of sterile liquids, 

7 A Mariotte tube was nsed by Rosset, Bulletin de la SociH� 
Chimique de Paris, vol. xxiii ( 1 9 00 ) ,  p .  245. 

• Such Reparator cylinders with two stopcocks may be ob­
tained from Messrs. BaIrd and Tatlock, Cross Street, Hatton 

Garden, E. C., London. 
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nutrient or otherwi�e, into cultures the dropping 

pipettes may easily be sterilized. The plugging mate­

rial may be either cotton-wool or aHbestos fiber. Ster­

ilization may be done either before or after calibration. 

If sterilization precedes calibration the capillary may 

be lightly flamed before use. If sterilization follows 

calibration the pipettes may be kept in the copver ster­

ilizing can. Plugging with vreviously ignited asbestos 

fiber has the advantage of allowing �terilization of the 

whole pipette to be done quickly over the B un�en flame 

and of altogether obviating the development of tarry 

fumes from overheated cotton, which fumes would r('n­

der the dropping point "greasy," and might have apvre­

cia ble antiseptic action. 

Energy Transformations During Horizontal 
Walking* 

By Francis G. Benedict and Hans Murschhauser 

No FORM of muscular exercise enters so universally the 
lives of all individuals as does horizontal walking, but 
most of the earlier r('searches on the energy transforma­
tions consider walking on a horizontal plane as incidental 
to or as a base-line for the work of ascent, particularly 
in connection with mountain climbing. From the funda­
mental contributions of Zuntz and Durig and their asso­
ciates, it has been concluded that for an individual walk­
ing on a horiwntal plane the energy required to move one 
kilogramme, either of body-weight or of superimposed 
load, one meter in a horiwntal direction is equivalent to 
0.55 gramme-calorie. These workers likewise noted the 
distinct influence of increased velocity upon the energy 
requirement for the same amount of work. 

Prior to a direct calorimetric study of the influence of 
walking in a horizontal direction, as well as the work of 
ascen t and descent , the present study was made to elab­
orate the earlier researches on horiwntal walking. A 
modified form of the universal respiration apparatUl; was 
employed and a speeially designed treadmill. The fac­
tors measured were the oxygen consumption, the (larbon­
dioxide production, the respiration-rate, the distance 
walked, the number of steps taken by the subject , and 

without food,  in Table II .  It will be seen from the latter 
table that the average value found in 1 10 periods with 
these two subjects was, in round numbers, 0.5 gramme­
calorie . 

'I'he results obtained in experiments after a meal 
showed that the ingestion of food raised somewhat the 
resting metabolism but was without material effect upon 
the forward progression constant of 0.5 gramme-calorie 
per horizontal kilogramme meter. 

In the prolonged experimen ts without food, in one of 
which the subject walked 22 kilometers, successive peri­
ods showed very little , if any, change in the constant, 
thus suggesting the absenee of a fatigue effect. Singu­
larly enough the 22-kilometer experiment with food 
showed a distinctly lower constant than the comparable 
experiment without food on the preceding day. 

The influence on the constant of an increase in the 
rapidity of walking and particularly of the change in 
type of locomotion from walking to running is shown in 
Table III .  I n  calculating these values, the metabolism 
in the standing relaxed position was used for the basal 
metabolism. It will be seen that with increased velocity 
the height to which the body was raised, the number of 
steps, and the length of each step were all increased. The 
constant for the motion of forward progression was also 
increased in value, especially at the highest speed. 

A more profound effect on all the factors of locomotion 
is noted when the change was made from walking to run­
ning. With essentially the same speed for each method 
of progression, the height to which the body was raised 
in running was nearly double that in walking ; the number 
of steps was increased 20 per cent, but the length was 
correspondingly decreased. Of most significance is the de­
cided fall of 15 per cent in value of the constant, i. e . ,  from 
0.932 gramme-calorie for rapid walking to 0.806 gramme­
calorie for running. Since in running the body is lifted 
much higher than in walking, this is surprising. On the 
other hand, in the walking experiments there was, as is 
customary with trained walkers, considerable arm motion 
which was absent in the running experiments. Basal 
experiments made while the subject was standing still 
but swinging the arms in essentially the same am­
plitude and rhythm as when walking showed a great 

TABLE I 

HEAT-CARBON DlOXIDE OXYGEN SUBJECT NO. AGE NUDE WEIGHT HEIGHT PRODUCTION PER MINUTE PER MINUTE 
PER MINUTE 

'Y,s. kilos. cm. ce. ce. cals. 

I. . . . . . . . . . .  29 69 . 7  180 223 280 1 . 34 
II. . . . . . . . . . .  31  68 . 3 177  214 258 1 . 25 

TABLE II 

SUBJECT WEIGHT WITH 
AVERAGE RATE INCR EASE IN HEAT BEAT OUTPUT PER 

NO. NO. OF PERIODS 
CLOTHING 

OF WALKING OUTPUT OVER HORIZONTAL 
PER MINUTE STANDING KILOGRAYKETER 

kilos. meters cals. gm.-cals. 

I. . . . . . . 53 73 . 10 75 . 9  2 . 81 0 . 507 
II . . . . . . . 57  71 . 45 71 . 5 2 . 52 0 . 493 

TABLE III 

(a) 
METHOD OF NO. OF AV.F .. RAGE 

PROGRESSION PERIODS DISTANCE 
PER MINUTE 

Withaut/aad meters 

Walking : 
Slow . . . . . . . . . . . .  57  7 1 . 5  
Medium . . . . . . . . .  6 106 . 3 
Fast . . . . . . . . . . . .  7 144 . 1  

Running . . . . . . . . . . .  15  147 . 5  

the height to whieh the body of the subject was raised 
in the up and down motion of walking. The val1les for 
the resting metabolism as determined for both the lying 
and the standing relaxed positions were taken as base 
lines for comparison with the values obtained with the 
subject while walking. A few experiments were made 
when the subject was walking :J.t a high rate of speed and 
likewise when running. 

The preliminary observations were made on one sub­
ject by Dr. Carl Tigerstedt of Helsingfors during his 
short sojourn at the Nutrition Laboratory. A more ex­
tended investigation was carried out on a second subject 
with special emphasis upon change in velocity and the in­
fluence of food,  induding experiments with uncontrolled 
diet and diets con taining a preponderance of protein, fat, 
or carbohydrate. A few experiments were prolonged for 
the purpose of studying the possible in fluence of fatigue .  

The metabolism found for the standing relaxed posi­
tion, with the subject in the post-absorptive condition , 
is given in Table I, and for walking at moderate speed, 

* From the Proceedings of the National Academy of Sciences . 

(d) (e) (b) (e) BEAT 
AVERAGE AVERAGE LENGTH 01' (COMPUTED) 
RAISING NUMBER OF STEP PER 
O F  BODY STEPS 100 a HORIZONTAL --

PER MINUTE PER MINUTE C KILOGRAM� 
METER 

meters ems. gm.·cals. 

2 . 94 1 1 1  64 . 4  0 . 493 
5 . 87 131 81 . 1  0 . 585 
7 . 75 152 94 . 8  0 . 932 

13 . 75 182 81 . 0  0 . 806 

increase in the resting metabolism. The use of this base­
line reduces the progression constant for walking to 0.780 
gramme-calorie with an average speed of 144 meters per 
minute. This debatable procedure seems to emphasize 
the fact that for the most economical transport of the 
body, with or without superim posed load, some type of 
gait which reduces to a minimum the elevation of the 
body and the extraneous arm motion is most desirable. 

The details of this research are reported in Publiration 
No. 231 of the Carnegie In stitution of Washington. 

A New Bunsen Burner 

A RECENT issue of the Chemiker Zeitung contains a 
description of a new form of Bunsen burner for which 

special a dvantages are claimed. There are two con­

centric tubes mounted on a suitable base, and the 

air is drawn down through the annular space between 

the tubes, being preheated in its passage. Gas is sup­

vlied in the usual way to a jet at the base of the inner 

tube, but the amount of gal> admitted can be regulated 

by a pointed screw that controls the gas vassage before 

the jet is reached. The air suVply i� adjusted by screw· 

ing the outer tube up or down, thus opening or cl osing 

the passage a t  its base, connecting with the inner burner 

tube. Both tubes are opened out cone shape a t  both 

top and bottom. This form of burner gives a short, 

thick flame that completely envelops a crucible ; but if 

a long, slim flame is desired, a short length of straight 

cylindrical tube is slipped into the inner tube of the 

lamv. 
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