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Hamilton observations of September 12, 13, and 14, that 
perihelion should occur at 1910 April 18-63 G.M.T., and 
that the near-est approach to fhe earth should take place 
on 1910 May 19 at a distance of about 0-14, i.e. about 
13 ooo ooo miles. Further, he points out that on May 
18'..4d'. (G.M.T.) the earth and comet will 1?e in he!io
centric conjunction in longitude, the longitude being 
236° 48'; the heliocentric_ latitude of the comet will then 
be -7', so that, accordmg to the pre~ent. elem_ents, no 
actual transit of the comet over the sun s disc will occur, 
but a slight change in the elements .might produce one. 
" At . any rate," he says, " it seems highly probable that 
we shall on May 18 be inside the tail." 

In a communication to the Times (October 25), Prof. 
Newall announces that he observed the comet, visually, 
with the 25-inch refractor, power 214, on O ctober 21. The 
magnitude was about 14-0 or 14-5, and the faint nebulous 
patch had neither stellar nucleus nor definite borders ; the 
diameter was estimated as 10 or 12 seconds of arc. 

At the previous apparations, in 1759 and 1835, the. comet 
was first seen 77 and 102 days, respectively, before peri
helfon; Pr0f. Newall's observation was m ade about 180 
days before the calculated perihelion passage of 1910, but 
he points out that this does not necessarily mean that the 
c,omet is so much brighter at the, present apparition, for 
he · would · probably not have detected it had he not known 
its exact position as indicated by the previous photographic 
observations. 

QUANTITATIVE MEASURES OF THE OXYGEN BAl(DS IN THE 
SPECTRUM OF MARs.-In Bulletin No. 41 of the Lowell 
Observatory Prof. Very describes the methods by which 
he measured the relative strength of the B, oxygen, band 
in the spectrum of Mars, and discusses the results _in their 
relation to the presence of, a nd quantity of, oxygen in the 
planet 's atmosphere. 

As Prof. Very points out, the B ba nd is normally so 
intense, by. the absorption in the earth 's atmosphere, that 
only by a method capable of the minutest accuracy could 
it be expected that any slight extra intensification, due to 
the Martian atmosphere, would become measurable. He 
claims that, over a long series of measures , his improved 
spectral-band comparator is capable of measuring this 
added intensification. Briefly, although a visual examina
tion shows no increase of intensity of . B in passing from 
the spectrum of the moon to that of Mars, the comparator 
measures are surprisingly concordant in showing a positive 
va lue, . in favour of Mars, several times greater than the 
proba ble error; B, in the spectrum of the planet, is 15 per 
cent. stronger than in the lunar spectrum, and the prob
able error _is r-8 per cent. There is, as would be expected, 
a considerable variation among the individual measures, 
but no contradictory results. 

STARS HAVING PECULIAR SPECTRA: NEW VARIABLE STARS; 
-Harvard College Observatory Circular, No: 143, contains 
a list of seven stars exhibiting peculiar spectra, and twenty
eight stars shown to be variable. For each star the posi
tion, for 1900-0, is given, and the class of spectrum in_: 
dicated, whilst a series of notes summarises the observa
tions. Some of the variables · show a long range of magni
tude, in one case amounting to 5-0. 

Circular No. r5r is a similar publication announcing the 
discovery of twenty new variable stars in the · Harvard 
map No. 49. It also describes a star in Taurus, at 

R.A. =5h. 43m. 12s., dee.=+ 19° 2-01
, 

which varies more than five magnitudes, · and exhibits a 
light-curve of the rare R Coronre Borealis type. Long 
periods of normal brightness are followed by sudden 
diminutions over a wide range, the normal brightness being 
10-2 and the minimum fainter than 15-5. 

THE NATAL GOVER NMENT 0BSERVATORY.-Mr. Nevill 's 
report for the year 1908 deals chiefly with the meteor
ological -observations, which, with the time service, form 
the chief work of the observatory, but it is noted that the 
large equatorial telescope was overhauled and repaired, a nd 
some observati_ons were made with it by- Mr. Hodgson. 
Among these was a new series of lunar photographs, for 
the determination of the real Iibra tion, and some sketches 
of the surface configurations of Mars, Jupiter, and Saturn. 
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FIRST Z,,fAGNETIC RESULTS OBTAINED ON 
THE "CARNEGIE" IN THE NORTH 

ATLANTIC. 
THE non-magnetic yacht the Carnegie, engaged in a 

,nagnetic · survey of the oceans under the direction of 
the Department of Research in , Terrestrial Magnetism of 
the Carnegie Institution of Washington, left Brooklyn, 
New York, on her· first cruise, August 21, and proceeded 
direct to Gardiner's Bay, Long Island. H ere several com
plete swings of the vessel were made with both helms in 
qrder to t est the instruments, train thp ,:,bservers, a nd, 

1 ~hove all, to determine whether actual non-magnetic con
ditions had been secured at the various positions of the 
instruments. These tests resulted most satisfactorily, not 
6nly proving the absence of deviations in the three mag
netic elements (declination, dip, and intensity), within the 
errors of observation, at all observation positions, but also 
showing that with the instruments installed and the 
methods of observation employed a high degree of accuracy 
can be obtained. 

Summary of Swings at Gardiner's Bay, Long Island , 
N ew York, August 31 to September 2, 1909. 

Ship's head I~ 
Horizon·al intensity in 

" "e:,t declination Dip ___ c_.G_.s,...._"_"_its __ 

M.C. Deflector I North L.C.D.C.1 D,flector 

I I 
Position B Position C Position A ! Position C \ Position B 

I 1 

N. ' II ·41 II '41 72·02 0·1823 0·1830 
N.E. I I '39 II ·52 72·12 0·1823 0·1824 

E. I I '45 II •48 72·u 0·182, 0•1830 
S.E. II ·39 !1'29 j',2 "I I 0·1826 0·1824 
s. 11 ·34 II ·41 72·09 0 · 1825 0·1831 

s.w. II ·33 I I ·28 72·04 o·i824 0·1827 
W. ll ·32 II '40 72·08 0·1822 0·1823 

N.W. II ·46 II '42 72·18 0·1823 0·1822 

Mean ... II '39 rr·40 72·09 I 0·1824 0·1826 

Only one who has had experience both in the observa
tions and reductions of magnetic elements determined at 
sea can appreciate the full significance of these results and 
·can realise the advance made. 

A 

B 

D 

The above. diagram will assist in the interpretation_ of 
the figures given in the above table, and at the same tnne 
make clear the general arrangements of the various instru
ments and the methods used. Consider the plane ABCD 
to be a vertical section through the four instrument posi
tions and the fore and aft line of the vessel. Position A 
is on the bridge above the deck or chart-house, B is in the 
forward observatory, C in the after. observatory, and D 
at the middle point of the chart-house, vertically below A. 
The sides of the parallelogram are about r3½ feet. 

At A is mounted the standard compass, one of a new 
tvpe invented and constructed by the Department of 
Terrestrial Magnetism, and called the " marine collimating 
compass "; it will be found described in the March (~909} 
issue of the journal Terrestrial Magnetism. The basis of 
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the instrument is a Ritchie 8-inch liqu id compass with the 
card, ho wever,. removed, and a n optical collimating system 
with sca le introduced, enabling the observer lo note the 
arc of motion of the magnet system while sighting on the 
sun or star, hence knowing precise ly to what part of the 
arc the stellar azimuth applies. In a ll forms of compass 
azimuth circles hitherto used, the magnetic azimuth of the 
celestial body must be taken from whatever point the card 
in its oscillations to and fro has momentarily reached. In 
brief, practically the same method of observations can 
now be used at sea as on land, wh ere the magnetometer 
circle would be set to some convenient point on the magnet 
sca le and then sca le readings taken of the positions of the 
magnet during the interval of observations. The angle is 
next determined between the circle setting and some mark, 
or the true meridian, and the declination is finally deduced. 
Sim ilarly with the marine collimator compass . The angle 
(say, middle of scale) between the magnet and some celestial 
body, as the sun, is read with a pocket sextant to the 
nearest 111inute of arc at a given tin1c, and then seal(~ 
r eadings of magnet and of watch are taken. \Vith the aid 
of the time readings, the motion of the sun during the 
interval of observation is taken into account, and the true 
azimuths determined, whereas the scale readings give the 
vary ing positions of the magnet system. 

With this instrument, therefore, one is a lmost entirely 
independent of the yawing and rolling of the ship, making 
it possible still to get satisfactory results when with all 
other azimuth circle devices hitherto used at sea observa
i ions would be wholly impbssible, or a t lea st very uncerta in. 

In five to ten minutes a value of the magnetic declina
tion is now obtained possess ing an accuracy attainable 
with previous instruments only by most careful observa
tion and by laborious repetitions extending over .a half-hour 
or more to eliminate the motion of the card. Thus not 
only has the accuracy of declinations at sea been in
creased, but, what is equally important, the time has been 
r educed and the possibility of getting use ful results in all 
kinds of seas greatly extended. 

Furthermore, sufficient attent ion has not always been 
paid in previous ocean magnetic work to a proper. control 
of constants. Thus, e.g., with the compass azimuth 
circles, as usually constructed, there are movable parts 
subject to wear, such as the axes of mirrors or of prisms 
a nd of the azi muth circle on the bowl. The wearing of 
these parts may easily bring about the same effect as 
tl:ough the compass were not mounted in the fore and aft 
line , i .e. introduce a quantity A not due necessarily to the 
ship ·s magnetisr11, but' to ins trumental error. which is likely 
t o vary wi th extent of use of azimuth device. To control 
such errors, all instruments were invariably · dismounted in 
the case of the vessel (the Galile.e ) employed in the l'acific 
Ocean work, whenever a port was reached, and correspond
ing observ8 tions made between land and ship instruments. 
\Vi th the present instrument, there being no such wearing 
pm ts, there will not be the source of error described. 

It may also be pointed out that the effec t of drag of 
magnet system moving in the liquid during changes of the 
ship's head is overcome in the present instrument, as well 
as in the one mounted at C, for the method of observation 
in vo lves turning the compass bowl opposite to the ship's 
ruction. 

At B is the gimbal s tand for mounting an L.C. dip 
circle, as modified for the Galilee work , with which the 
dip is determined absolutely (i. e. in a ll positions of circle 
and needle, inclusive of reversal of polarity by an electric 
coil) with two regular dip needles and aga in by the method 
of defl ec tions, and total intensity is obta ined using two 
deflecting distances. 

At C is a Ritchie liquid compass provided with an 
irr.proved azimuth circle and a defl ect ing attachment, both 
designed and made by the Departm,,;nt of Terrestrial 
l\fognetism. \Vith this instrument declinations arc obtained , 
and · a lso the horizontal inte,nsity of the earth's magnetic 
force, by the method of defl ections independently with two 
defl ectin g magnets, the magnetic moments of which are 
controlled from time to time by shore observat ions when
ever the vesse l is in port , a nd using two deflecting 
di sta nces. Tn these deflection observat ions the yawing o f 
the ship, or the changes in the lubber-line from which the 
deflection angle's arc counted. is controlled by the recorder 
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stationed at 0, who reads the ship 's head by a spare 
Thomson dry compass. The same kind of dellect ing device 
by which the dellecting magnet is brought at right angles 
to the . axis of the deflected card, thus admitting of the 
simple sine-computation formula, is likewise attached to 
the marine collimating compass at A. In the latter case 
the angle between deilected magnetic system and the sun 
(or true meridian) is read with a pocket sextant, thus 
making one entirely independent of the yawing of the 
ship. 

'i'he dec lin a tions obtained at C are intended chiefly as 
some control against any gross. blunders which may be 
made at A ; for a fairly smooth sea they compare favour
ab ly with tho,e go t at A, but in rough seas the great 
s uperio rity of the A results is very ev ident. 

T n brie f, then, the scheme of observations, whenever 
full y carried out , will y ield the following determinations in 
about one hour's time by independent observers, with different 
ins t ruments, a nd at different posi tions on the vessel:-

At .'\.-Declinations (also horizontal intensity when a 
cdcstial body is long enough visible to permit of full sets 
of defl ection observations). 

At B.-Two va lues of dip by the regular abso lute method, 
:ind two va lu es of total intensity and of dip, using two 
defl ect ing distances. 

The horizontal intensitv is determined by -computation 
from the dip and the totaf intensity. 

At C. -Two values of horizontal intensity independently 
with two magnets, and using each time two deflecting 
distances ; a lso, whenever possible , magnetic declinations. 
D, as a bove described, is simply accessory to C, and docs 
not furni sh a ny direct result. 

It is thus seen that an effective cont ro l is obtained for 
each magnetic c lement, and it is for thi s purpose a great 
gain indeed that it is now possible to com pare at once the 
\•alues o f horizontal intensity, for example, got at B and C 
without first wailing until the devi a tion,; are well deter
mined. as has hitherto been the case in all previous vessels 
engaged in magnetic wod,~even on the Galilee, which, 
before the Carnegie, had the smallest deviations of any 
ship. 

Besides the great improvement resulting from having a 
:ion-magnetic vesse l, and from the perfection of the instru
ments themselves, the conditions and opportunities for 
observing have also been materially bettered on th" 
Carnegie . Thus the instruments at B and C are under 
she lter, bei ng mounted in observatories with revolvir.g 
domes and movable s lides, permitting o f both magnetic 
and astronom ical observations, with full protection to the 
observer and instrument from wind and weather. 

Outstanding Diffiwlties.-Thesc are chieflcY due to 
meteorologica l conditions and the state o f the sea. Thus 
in the absence of sun or star no magnetic dec linations can 
be obtained, though dip and intensities may be got even 
in a pouring rain, because of the introduction of the 
sheltering observatories_ It is hoped that some instrument 
based on the gyroscope compass may be soon perfected 
having th e desired accuracy, with the a id of which the 
direction of the magnetic needle may be referred to an 
invariable plane to be controlled whenever a celestial body 
becomes vi s ible . 

\Vere one to wait for a calm or a fairl v smooth sea it 
would occur quite frequen tly that no magnetic results 
would be forthcoming. In fact, on the entire recent 
October passage of the Carnegie from . St. John's, New
foundla nd, to Falmouth, England, there was not a single 
day which would fall in the usual category of favourable 
days of observation, but, instead, on nearly every day there 
was a gale. the sea was rough, the vesse l yawed through 
an angle of rn° or more, and rolled through a n arc of 20° 

to 30° and more, and yet observations \Vere secured on 
every day except one. That utilisable magnetic result~ have 
still resulted under such very adverse condit ions is due to 
the p<' rfection of the instruments, the cutting clown of 
time req t1ired for observations to get a des ired degree of 
accuracy , thus reducing to a minimum the condition of 
stea<liness o f ship, and, of course, to the ski ll of the 
obse rvers. Still furthe r improvements are being striven 
fo,· with regard to independence, of steadiness o f ship. 

It is thus seen that while the endeavour is steadfastlv 
held in mind to measure the magnetic elements at sea 
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with every possible precision, the improvements made, and 
yet to be made, are along the line of reduction in time 
required to achieve the desired result-in other words, 
towards simplicity. \,Vith proper instrumental means and 
methods it need not require any more time to make 
accurate observations than to get indifferent results with 
in struments not adapted to, the conditions to be met. 

As a proof of this is given below the table of results 
of the work on board the Carnegie from September 1 to 
October 18, or in about six weeks' time. After the tests 
in Gardiner's Bay referred to above, the vessel proceeded, 
under the command of \,Vm. J. Peters, to New London, 
Connecticut , to have some slight a lterations made. She 
left this port on September 11 bound, for St. John's, 
a rriving there September 25. Here the director rejoined 
her, having left the vessel in Long Island Sound to attend 
the meeting of the British Association at Winnipeg, 
Canada. 

After the necessary shore observations, the Carnegie set 
sail, f,rom St. John's on October 2 dirnct for Falmouth, 
England, arriving there on October 14, having had favour
able winds. Owing to the lateness of the season the 
Hudson Bay cruise for this year had to be abandoned. 

vessel. The installation is in the charge of the chief 
engineer, Mr. D. F. Smith, who has had both theoretical 
and practical experience with gas engines. Mr. Carl 
Smith, an acknowledged gas-engine expert of the techno
logical branch of the United States Geological Survey, is 
consulting expert in connection with this work. Should 
this type of engine be made a practical success for marine 
purposes, even thoug)1 it be but for auxiliary uses, it will 
be a valuable achievement, being the most economical form 
of motor now employed. 

The Magnetic Results.-In submitting now the magnetic 
results obtained to date, it should be stated that the com
putation and revision of results goes on apace on board with 
the observational work, not only that possible, errors may 
quickly be detected, but also that the results may be made 
known promptly. It is the intention, hereafter , to publish 
the results at intervals of about three months. 

Accuracy of, Magnetic Results.-In general, the ,declina
tions given may be taken as correct within 0-1°, and only 
in but a few instances, when the conditions of sea were 
unusually bad, will the error be 0-2° ; under , favourable 
conditions the observation error in declination with the 
marine collimating compass, for th o; mean result will be 

Deck view of tr.e Carnegie, showing the chart he.use with Marine Collimator (A in diagram) in the middle and the two observato·ies. 
The forward one is uncovered; and inside it position B of the diagram, where the L.C. Dip Circle is mounted j inside the after 
observatory (the covered one) is mounted the Deflector and Compass (Position C). 

After the completion of the harbour and shore observations 
at F a lmouth, the Carnegie, continuing under the command 
of Mr. Peters, , will proceed to Madeira, and will return 
early next year to New York via Bermuda, the diredor 
returning to Washington. 

Personnel.-Besides the director of the department and 
the commander, of the vessel, the scientific and navigation 
staff is composed as follows :-C. E. Littlefield, sailing 
master; J. P. Ault, E. Kidson, R. R. Tafel, observers; 
Dr. C. C. Craft, surgeon and observer; and D. F. Smith, 
chief engineer. The ship's personnel, includes, furthermore, 
two watch officers, two cooks, eight seamen, and one 
mechanic. 

Auxiliary Propulsion.-Of considerable interest in marine 
circles, aside from the magnetic work on board this vessel, 
are the experiments being made in the perfecting of a 
producer-gas engine for marine propulsion. Such a plant
and an almost entirely non-magnetic one-is aboard the 
Carnegie, of 150 horse-power, sufficien t to drive her at six 
knots ' speed in calm weather. This engine has already 
proved a , useful adjunct to the vessel's equipment, facili
tating the entering and leaving of ports, and such tests as , 
were made at Gardiner's Bay requ iring swinging, of the I 
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about ± 0,05° (see the Gardiner's Bay results). About the 
same statement as made for the , declination applies to the 
dip. The horizontal intensities, as at present given, may 
be assumed correct within 1 unit in the third decimal for 
the severe conditions encountered on the greater part of 
the cruise thus far; for fairly good conditions of the sea 
the error need not be more than 5 in the fourth decimal. 
and may be made less, as shown by the Gardiner's Bay 
\Vt>rk. 

In making these preliminary statements, it should be 
remarked that every possible source of error is considered
in other words,, absolute accuracy, not relative accuracy. 
is meant. For example, when it is declared that, given 
fairly good conditions, it is possible to get the dip on 
board the Carnegie within 0-05°, i.e. within three minutes 
absolutely, this means more than may at fit'St appear. 
Thus dip circles- especially ship dip circles-hav.e instru
menta l corrections exceeding frequently, the relative error 
oi observation. , Accordingly, the dip circle on the Carnegie 
has been compared, not only with various observatory dip, 
circles, but also with a n earth inductor at \,Vashington, for 
the range of dip from + 88° to - 60°. Further control will 
be had at the various ports of call during the progress of 
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tb work. This serves as an illustration of the care re
quired and being taken, not only with th.is form of magnetic 
instrument, but with every instrument used aboard. 

We have preferred to underestimate our absolute accuracy 
ra~her than to overestimate it. In any case, it may be 
said that the magnetic elements are now being obtained on 
t?e Carnegie with sufficient accuracy, not only for prac
tical demands, but also for purely scientific ones. 

Were we able to choose the time to observe and wait 
for fairly smooth sea, the magnetic elements could be 
determined at sea with an accuracy practically the same 
as in the determinations for land magnetic surveys. 

Diurnal Variation Corrections.-No corrections for 
diurnal variation need, in general, be applied. The attempt 
is being made to 1<et the magnetic elements at such times 
of the day when these corrections are small or are of the 
order of the error of observations; Thus, for example, the 
most favourable condition for the declination work is 
when the sun is low, i.e. early in the morning or late in 
the afternoon, and at these times the diurnal variation 
corrections are small and frequently of opposite sign. 
Should there be evidence of magnetic disturbance during 
the observations, or as may appear later from observa~ 
tory records, the observations, if necessary, will be 
rejected.' 

Corrections of the Present Magnetic Cliarts.-The table 
requires no explanation other than is already given in the 
headings, with the exception of the last three columns, 
which exhibit the quantities to be added to or subtracted from 
the declinations scaled from the lines of equal magnetic 
declination (" variation of the compass "), first, as given 
by the British Admiralty chart, 1907; next, by the United 
States Jlydrographic Office for 1910; and, lastly, by the 
Deutsche Seewarte for 1905. 1 In all cases the values 
scaled from the charts have been referred to the present 
time with the aid of the secular variation corrections as 
given on the respective charts. It will be seen that, in 
the case of each chart, the corrections are usually less than 
1°, and, considering the miscellaneous data at the disposal 
of the makers of the charts and the uncertainty of the 
secular variation reductions, the general correctness of the 
charts is most -gratifying. 

However, one fact, revealed by the prevalence in sign 
of the quantities appears to be of sufficient practical 
importance to require attention. The data given in the 
table apply pretty closely to the tracks followed by the 
Transatlantic steamers between New York and England. 

Along the portion from New York to a point somewhat 
beyond Sable Island the corrections for each chart are 
positive, amounting in the maximum to r½ 0

; they then 
change sign, with eastwardly progression, reaching a 
negative value of nearly 1°. In other words, for the track 
pursued by the Atlantic liners from England to a point 
off Sable Island, the present magnetic charts, in general, 
show too large westerly declination, whereas on the re
mainder of the route to New York the charts give too small 

Geographic Positions.-Equal care is bestowed upon the 
determination of the geographic positions of the points 
where the mag1ietic observations are made. The astro
nomical observations and computations are. made in dupli
cate, and at times in triplicate, by the observers, and thus 
the positions are effectively checked. Six well-tested 
chronometers are carried aboard. ·with the methods 
followed, it wot1ld appear that the errors in the final posi
tions assigned tvill, in general, be less than three minutes 
of arc in latitude and in longitude. 

' westerlv declination. 

Magnetic Results obtained on the "Carnegie," September r 
to October 18, rgoc;, in the North Atlantic Ocean. 

No. 

,,, =' I Z ;;;;. r ...... _:§0 Variation Charts 
-~ .:3 z' I Corrections of 

d t 11;;: i I ~s 1- I ~'o P p ! British U.S. Ger, 

--1- ~;:,~Ii 7;:2 ,ept. J-;:-'1~ 1]-:~1 +i-4 \ +a".s +i2 
2 41 o 71 I 131 12·3 

1 

72·0 0·182 : +o·6 ', +0·3 +o·6 
3 40·9 70'4 14: 12'CJ , - -ro·S i +0·9 +0·7 
4 40·7 69"4 14 1 12"8 I 71·7 I 0·185 +0·22 +0·4 +0·4 

40·9 68·9 151 13·9 71·9 I 0~2 +o·B I +0·4 +0·7 
6 40·9 68·4 ,6, 14·4 I 

0
_
181 

+o·8
1

· +0·3 +o·6 
7 41·3 66'4 17

1
1 16'2 71·9 +o·8 +0·3 +o·o 

8 42·0 6r"r 2'J 20·2 0·177 +1·1 +0·7 +o·S 
9 42·5 61·2 21! 20·8 0'176 +1·3 +o·6 +o·6 

IO 42"8 60'8 211 21'4 72·5 'I 0·173 +1·4 +0·9 +0·4 
II 43'3 58'9 22 23"7 72"7 0°l]I +1·5 +0·7 +1·3 
12 45·5 55·7 '..?31 72 7 0·169 
13 -4.]"3 52·6 251 73·5 l 0'158 
14 47·6 52·7 28' 29 75 73·5 ] 0'159 o·o i o·o o·o 
:5 47·8 51·4 Oct. 3! 30·4 +0·2 - 0·2 +0·9 
I6 48'2 50·4 3 73·5 I 0·157 
17 48·4 48·0 4! 31·8 ' +0·4 +0·3 
18 48·5 47·7 4i 31 ·s 73·0 I O~l +0·2 +o·r 
19 48·7 46"5 51 31'8 - -0·1 -0·2 

20 48·9 45·5 S! 32·1 72·5 ] 0·161 -o·r -0·3 

21 49"6 37·5 7 71 ·2 0'168 

22 50·3 32·1 hi 30':2 70-; 0'171 - 0·4 _, 0·4 

23 50·6 28·8 91 29·0 - 0·1 -o·S 
24 50·6 24 ·o 101 26·6 -0·6 - o·g 

-0·4 
-0·7 
- o·S 

25 50 6 22·2 IOI 69'2 0· 174 
26 50·5 19·2 
27 50·3 17·2 
28 49·9 u·g 

II 24 ·s -0·2 

11 I 22·9 68·3 0·180 -0·9 
12: 20·3 67'4 0·185 - 0·7 

29 49·6 9·3 
3° 49·s rs 
31 so·o 5·0 

1 3i 19·7 +0·2 

13! 18·6 66'3 0·190 o·o 
14 17·5 +o·r 

-o'r 
-0"1 

32 50·1 5'0 18 17·8 66·5 0·187 +0·2 

I 

No. I in Gardiner's Bay; No. 14 at St. John's, Newfoundland ; No. 32 in 
Falmouth Bay. 

I- Magnetic Sto_rms and Nortlurn Li'glz.ts.-lt so happened on board the 
Carnegie that no magnetic observations were in progress during the severe 
portions of the magnetic storms of September 25 and Octoher 18-10. No 
Greenwich time signals could be obtained at St. John's from Heart's Content 
0n the morning of September 25 on account of heavy earth currents. 
Nort~ern lights were seen between 8 and 10.30, local apparent time, of the 
evening of September 21 in latitude 43° N. and longitude 60½" ,v. of Green· 
wich. A glow of white light with occasional streamers extended upward 
about 10° above the horizon from a low bank of cumulo-stratus clouds. The 
di~play was in. the magnetic north. 'I he evenings of ~eptember 22, 23, 24, 
and 25 were cloudy or foggy. 
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It ca"n readily be seen what the effect of these systematic 
errors of the charts would be on the course of a vessel 
sailing from England to New York if, during the entire 
passage, no sun or stars were visible, as sometimes occurs, 
so that the course of the vessel would have to be shaped 
entirely by the compass and the log. At the end of the 
2000 miles of the ,!<feat circle route the vessel, off Sable 
Island, would be about thirty miles too far north of her 
regular track, and if the set of the current were in the 
same direction the vessel would easilv be exposed to ship
wreck. From Sable Island to New York the effect of the 
chart errors, being reversed in sign to what they were 
before, would be in the opposite direction, i.e. the vessel 
would be put out of her true course in a southerly direc
tion. 

For a vessel going eastward the effects are just reversed; 
hence on the course from New York to Sable Island the 
tendency of the chart error would be to set the vessel to 
the north ward, hence again towards the source of danger ; 
thereafter the vessel would be set to the southward of her 
outlined course. So that, if proper allowance were not 
made, a captain would have his vessel turned off towards 
Sable Island or Cape Race, whether he came from till' 
east or from the west. 

It appears to be known to some captains, at least, that 
there. is some such systematic change which, jud1<ing from 
conversations had with them by one of the present writers 
(Bauer), during various Atlantic voyages, is ascribed by them 
to a systematic change in their ship deviations. Two cap
tains have told him, independently of each other, that after 
their compasses had been carefully adjusted they have noticed 
bv repeated observation a systematic change in the deviations, 
which reversed in sign when Sable Island was passed. 
The effects would be opposite for the eastward and the 
,vestward cruises. The deviations referred to by these 
captains are the differences between chart values and those 
observed with their adjusted standard compasses; hence 
thev are not pure deviations, but are the sums of ship 
deviation and chart error. The work of the Carnegie has 
now proved that the cause of the systematic change and 
reversal of ship deviations encountered by these painstaking 
captains was due, in part at least, to systematic errors in 
the variation charts. 

The corrections for the chart of the lines of equal ma~
netic dip (British Admiralty Chart of 1qo7 and the Deutsche 
Seewarte of 1905) are genera\lv less than ½', being some
timns plus and sometimes negative. 

The lines of equal horizontal magnetic intensity as laid 
l The latest chart of the Deutsche Seewarte is not at present to hand. 
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down on the British Admiralty Chart for 1907 are in error 
by amounts rtaching 16 units in the third decimal C.G.S., 
and those of the Deutsche Seewarte for 1902 (the most 
recent chart not being available to us just now) reqmre 
corrections running up to 12 units in the third decima l 
on the values obtained by the Carnegie. A part of this 
error is, of course, due to secular variation, but the major 
portion appears to be due to defective data. For both 
charts., there are five negative corrections, amounting in the 
maximum to 4 units in the third decimal , four zero values 
and thirteen positive o·nes for the " B.A." cha rt, and two 
zero a nd fifteen positive Gorrections for the " Seewarte " 
char.t. On the average for the Atlantic, from Long. Island 
to Falmouth, the chart values are too low by about r / 45th 
part of the value of the force, even at times amount
ing to ro per cent. to 20 per cent. In the Pacific Ocean 
the intensity charts gave, in general, too high values by 
about 1/25th part. 

Since the above was written the Carnegie has been 
swung in Falmouth Bay, observations of the three 
magnetic elements (declination , dip, and horizontal in
tensity) being made on eight equidistant headings. The 
mean results of the entire swini( are in excellent ' agreement 
with what would be deduced from Rucker and Thorpe's 
magnetic charts of the British Isles applying secular varia
tion correc~ions as deduced from the . records of the
F almo·uth Magnetic Observa tory. The declinations and 
dips agree within two or three minutes, and the horizontal 
intensity within 1/20ooth part. This again proves that 
there are no deviation corrections of whatever nature to 
b,, applied to the Carne.1;ie results; also that the instru
mental constants have been well determined. We have 
here also a satisfactory proof that if the distribution of 
magnetism is uniform, as appea rs to be the case he.re, the 
sea values, upon careful measurement, will be found in 
agreement with the shore values. 

L. A. BAUER. 

W. J. PETERS. 

THE ANALYSIS OF SOUNDS USED IN 
SPEECH. 

THE characteristics of the simpler sounds which form 
the elements of speech have been studied by many 

physicists. At first, attempts were made to reproduce the 
vowel sounds synthetically; Helmholtz achieved .noticeable 
successes in this endeavour, but by. themselves synthetical 
methods can never be quite satisfactory, since it is neces
sary to prove that the ear does not possess properties 
similar to those possessed by the eye ; it is well known 
that two mixtures of light may produce identical effects 
on the eye, although the component waves may be quite 
different in the two cases. 

Many . attempts have been made to analyse complex 
sounds, but the results obtained up to the present have not 
been quite conclusive. Dr. Erskine-Murray used a thin 
membrane stretched slackly over the small end of a conical 
tube; a li ght mirror was adjusted so that it was rocked 
to and fro by the motion of the membrane, a nd a beam 
of light was reflected from this on to a revolving mirror 
and thence on to a screen . Such an arrangement is very 
sensitive for sounds of low pitch, but . it is mechanically 
unsuitable for analysing .sounds of high frequency. 
Hermann , McKendrick, and Bevier have attacked the 
s,1me problems by analysing _phonograph records, and have 
obtained much useful information; but there . is small 
:eason to suppose that a phonograph record, however good 
1t may be, affords an exact equivalent to human speech. 

For some time past Mr. G. Bowron, of 57 Edgware 
Rocid, has devoted attention to the construction of an 
oscillograph which projects on a screen a curve represent
i.ng the sounds produced by a gramophone; a bdef notice 
of this oscillograph was given in NATURE. of May 21., 1908 
(vol. lxxviii , , p. _6g). The curves obtained are very in
structive, and they appear to possess as much detail as 
those obtained bv the elaborate method of Prof. 
:VIcKcn<lrick; but tJ{e problem of the analysis of the sounds 
used in speech can sc::ircely be solved in this way. 

The best curves representing · vowel sounds have been 
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obtained by Mr. Duddell; some of these are published in 
the Journal of the Institution of Electrical Engineers (vol. 
xxxix., No. 186, 1907, pp. 545-6). They were obtained 
by speakin.g into a " solid-back " ·telephone transmitter, 
and transmitting the periodic current obtained thereby 
through the high-frequency electrical oscillograph invented 
by Mr. Dud<lell. The regularity of these curves is very 
striking; a perfectly definite curve corresponds to each 
vowel sound, and with some practice it would be possible 
to decipher a telephone message by inspecting the curve 
which corresponds to the telephone current. It may be 
mr ntioned, in passing, that th e analysis of the sounds 
which constitute . speech is now acquiring commercial 
importance in cdnnection with the problem of telephone 
transmission. 

Mr. Bowron has constructed an acoustic oscillograph 
intended . to show the vibrations comprised in ord.inary 
speech ; but although this gives some interesting informa
tion, the curves obtained are not nearly so good as those 
obtained by Mr. Duddell. The arrangement used . is some
what like that due to Dr. Erskine-Murray, but the slack 
membrane is replaced by a ferrotype telephone diaphragm. 
In practice it is found that Mr. Bowron 's oscillograph does 
not give good curves for sounds of low pitch ; this is due 
to the fairly high frequency of the natural vibrations of 
the diaphragm. It has been pointed out by . Mr. A, 
Campbell (Jour. Inst. Elec. Engineers, vol. xxxix., Nq. 
186, p. 533) that even a microphone transmitter has certain 
definite free periods, and that sounds of the correspondin.g 
pitches are greatly reinforced. Mr. Campbell's experi
ment_s in proof of this are worthy of mention here. A 
~olid-back microphone is put in circuit with a battery of 
6 volts or 8 volts and the primary circuit of a faircsized 
spark coil. The secondary of this co il is connected to a 
reflecti no,- electrosta6c voltmeter reading up to 10 volts. 
The deflections of the voltmeter afford a sensitive indica
tion of sounds received by the microphone. If the nectrly 
pure note of n stopped orgnn-pipe be. sounded, a deflection 
of the voltmeter is produced, and if the oitch .of the note 
be gradually raised the spot of light rushes · off the srale 
when the note attains certain definite frequencies. This 
arrangement mii:(ht be used with ndvantnge in cases where 
me:asurements of the intensiti P.s o f sou nds nre niquired. 

There can be little doubt thctt much remctin s to . be done 
in connection with the analvsis of the sounrls used in 
soeech. Thus the curve obtained by Mr. Duddell for the 
oo ~ound in " coo " scarcelv differs from a sine-wctve 
curve ; a slight ::i.Iteration of the mouth introduced the 
octave of the fundamental vibration. According- to the 
acceoted theory of vowel sounds, each vowel is distinguished 
by the rei nforcemMt of those partials which lie near to 
r•.rt:ain definite pitches. The qu estion could be answered 
rleFn;tely if we pMsessed a diaphrctgn which would vibrate 
indifferentlv for a ll pitches; an\! since the drum of the ear 
does this, it may be hoped that we may be able . to realise 
the conditions necessary to the . solution of the problem. 

EDWIN EosER. 

HEAT TRANSMISSION. 
A PAPER on heat transmission was read by Prof. 

W. E. Dalby before the Institution of Mechanical 
Engineers on Friday, October 15. The object of the re
search was to place before the · members a general view 
of the work which has been done rela ting to the trans• 
mission of heat across boiler-heati ng surfaces, and in 
carrying this out more than 500 papers have been read 
and abstracts of the more important prepared. 

In a furnace heat is transmitted by three methods 
simultaneously, viz. radiation, convection, and conduction. 
It is extremely difficult to analyse thf; results of experi
ments, so that the heat transmitted by each of these 
methods may be stated separately. Formula, of simple 
type have been devised . to express the results of defini,te 
sets of experiments ; the application of such formuloo. should 
be strictly limited to cases in which similar conditions 
prevail and fall within the range of the original experi-
ments. · 

1n discussing radiation, the author gives Stefan's law 
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