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an acid solution is likely, not only to live a shorter life, 
but to suffer sooner and more severely from sulphating and 
other diseases. E. P. HARRISON. 

The Physical Laboratory, Presidency College, 
Calcutta, February 2. 

The Invention of the Slide Rule. 
DR. ALEXANDER RussELL's remarks on the invention of 

the slide rule (NATURE, January 13, p. 307) are of great 
interest, particularly his reference to Seth Partridge. 
There can be no doubt that Partridge deserves much credit 
for improving the rectilinear slide rule, but I see no escape 
from the conclusion that the real inventor of the rectilinear 
slide rule is the one who first made two Gunter's scales 
to slide together, for purposes of computation. The man 
who did this is Oughtred. In Mr. Sidney Lee's "Die. 
of Nat. Biog.," article "Partridge, Seth," and in other 
publications, the incorrect statement is made that Part
ridge's book, " Description, &c., of the Double Scale of 
Proportion," first appeared in print in 1671 or 1672. I 
have a copy of the book bearing the date 1662. The 
manuscript was finish,ed .•." Saturday night, August first 
1657." In 1662 Partridge's rules were manufactured, not 
by Walter Hayes, but by "Anthony Thompson, living in 
Hosier-Lane near West Smithfield, in London." 

There is another point of interest. The earliest account 
of the rectilinear slide rule, printed in Germany, is in 
Leupold's " Theatrum Arithmetico-Geometricum," Leipzig, 
1727, p. 71. Leupold says that he had a manuscript of 
ten sheets, describing it, but that he did not know the 
name of the author or the inventor of the instrument. 
Leupold's description consists of translation, word for 
word, of extracts from Partridge's book. Thus a historic 
connection is established between the rectilinear slide rule 
in England and in Germany. FLORIAN CAJORI. 

Colorado Springs, Colorado, February 7. 

Aged Tadpoles. 
THE experience of your correspondent Mr. John Don 

(February 17, p. 458) is no new one. More than twenty 
years ago we had in a small aquarium in the Charterhouse 
Museum a tadpole two years of age. To the best of my 
recollection this veteran never acquired any legs, either 
hind or front, but the head and body were extraordinarily 
large. At the present moment I have in my laboratorv 
seven living tadpoles reared from spawn deposited last 
spring. Of these, three only have developed hind legs. 
These appendages appeared rather suddenly in December, a 
few days after I had supplied, for the first time, some frag
ments of hard-boiled egg. 

The secret of procuring these aged tadpoles is to keep 
the animals in a vessel with vertical sides, and to afford 
as little opportunity as possible for them to wriggle into 
shallow water. I maintain a depth of about 5 inches of 
water in the aquarium, and find that a subdued light 
favoms the health of the tadpoles. Sexual maturity can 
hardly be expected until at least the normal period has 
elapsed, viz. in the third or even fourth year. 

OSWALD H. LATTER. 
Charterhouse, Godalming, February 18. 

Title of the Natural History Museum. 
IN K.HCRE of February 17 you say (p. 465) :-" No one, 

so far as we know, has suggested a suitable and adequate 
title for the [museumJ at South Kensington " (devoted to 
natural history). This is not a difficult question ; I think 
" British Museum of Natural History" is both suitable 
and adequate. BERNARD HOBSON. 

Tapton Elms, Sheffield, February 18. 
~--·----------- ---- --------. --------------···-···-

THE NEW CANALS OF MARS. 

T HE word "new " when applied to a celestial 
phenomez:ion may be used in either of two 

senses. It may mean new to earthly observation, i.e. 
one which has never been seen by human beings 
before, or, secondly, new in itseH, that is, one which 
has had no previous existence. New canals on Mars 
ln the first sense, though always interesting, and at 
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times highly important, are no novelty at this observa
tory, inasmuch as some four hundred have been 
discovered here in the last fifteen years. When 
Schiaparelli left his great work, he had mapped about 
120 canals; with those detected here since, the number 
has now risen to between five and six hundred. Each 
of the four hundred thus added to the list, however 
rich an acquisition at the time it first came to be 
noticed, was not necessarily otherwise remarkable. 

To observe, however, a canal new in the second 
meaning of the word, one, that is, that had never 
existed anteriorly, and to prove the fact, is an astro
nomical detection of far-reaching significance for the 
bearing .it has .upon the whole Martian question. 

On September 30, 1909, when the region of the 
Syrtis Major came round again into view, after its 
periodic hiding of six weeks due to the unequal rota
tion periods of the earth and Mars, two striking canals 
were at once evident to the east of the Syrtis in places 
where no canals had ever previously been seen. Not 
only was their appearance unprecedented, but the 
canals themselves were the most conspicuous ones on 
that part of the disc. They ran one from the bottom 
of the Syrtis (lat. 2cP N ., long 285°), the other from 
a point part way up its eastern side (lat: 17° N., long 
284°), and, furving slightly to the left as they pro
ceeded south, converged to an oasis, itself new, on 
the Cocytus (lat. 5° N ., long 265°), about two-thirds 
of the distance to where that canal meets the 
Amenthes. The Amenthes itself was not visible, ex
cept possibly as a suspicion. With the two fllain 
canals were associated several smaller ones, and at 
least two oases which had never been seen before, 
and from the interconnection of all of them these 
clearly made part of the new piece of Martian triangu
lation. 

The phenomena were recorded in many independent 
drawings by Mr. E. C. Slipher and the director, and 
in the course of the next few days were photographed, 
appearing on· the plates to the eye as the most con
spicuous canals in the presentment of the planet. It 
is opportune that detailed photography of Mars in 
Mr. Lampland's skilful hands should have been so 
perfected as to make this possible ; for the photo
graphs taken by both Mr. E. C. Slipher and the 
director record these canals so that anyone may see 
them. There are thirty images, more or less, on each 
plate, and the canals appear on every image; on 
some more distinctly than on others, owing to the 
state of our air at the time, but recognisably on all; 
for each image had a pose of about two seconds and 
a half, and its definition varied according to the seeing 
at the time. Owing to the grain of the plate being 
much coarser than that of the eye, the two canals 
appear merged in one in the photographic images as 
a single line, its linear character, however, being quite 
distinct to one of good eyesight. 

The photographs of this region taken in 1907 show 
no such feature. 

No remembrance of ever having seen them before 
could be recalled by either observer, both being 
familiar with the planet, except that Mr. Slipher 
turned out to have drawn one of them the evening 
previous. 

The record books were then examined, when it 
appeared that not a trace of them was to be found in 
the drawings of August, July, June, or May when 
this part of the planet was depicted. That they had 
not been observed in previous years was then con
clusively ascertained by examination of the records of 
those years. The record of canals seen here is 
registered after each opposition in a fresh map of 
the planet's surface. This has been done since the 
beginning of the critical study of Mars at this observa-
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tory in 1894- NO\v, when these maps came to be 
scrutinised for the canals, each of them failed to show 
any such features. Nor had any observer previous 
to 1894 recorded them, as the observatory library of 
the subject bore witness. Schiaparelli had never seen 
them, nor had his predecessors or successors. This 
determined definitely that no human eye had ever 
looked upon them before. But, stirring as it is to 
know that one is the first to see a new geographical 
feature on another planet, akin to the thrill of finding 
unknown land in our own Antarctic regions, a much 
deeper scientific interest attaches to the question 
whether a phenomenon previously undiscovered was 
also previously non-existent. For in that case one 
has seen something come into being, with all that 
such origination implies. 

It might seem to persons not versed in the subject 
that its absence on the charts was proof that a canal 
was itself new in the second sense because it was so 
in the first; but study of Mars has shown that this 
cannot be taken off-hand for granted. Several points 
must each be carefully considered. In the first place, 
one must be sure that the phenomenon could have been 
seen before, yet was not. It must be of a size which 

New Canals on Mars, Nuvember 4 (Prof. Percival Lowell). 

could not have escaped detection previously. Now, 
the great majority of canals discovered here were be
yond the hope of detection elsewhere, owing to the 
character of the air, the improvement in instrumental 
means, and the long acquired knowledge of the 
observers. That they were not seen by Schiaparelli, 
therefore, by no means implies that they did not exist 
in his day--or even in the earlier days of observation 
here. We see to-day vastly more than we did in 1894, 
because of the experience acquired since. In the 
present case, however, this possibility of error was 
excluded by the size of the canals in question. They 
were not difficult detail of the order here mentioned, 
but, as I have said, the most conspicuous on the disc, 
canals which no observer of any standing whatever in 
good air could possibly pass by. They would strike 
anv skilled observer of such matters the moment he 
loci'ked at the planet. So far as this point went, then, 
they could not have existed before. 

The next point to be considered was whether they 
were results of a characteristic of the planet of vital 
import in .its cartography-the annual seasonal change 
which affects all its features. For the world of Mars 
is as subject to recurrent seasonal change as our own, 
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and more markedly so. This change stamps itself 
unmistakably upon all its features, obliterating some 
and bringing into prominence others according to 
the time of the Martian year. Examples of this occur 
in the study of Mars regularly at each opposition, the 
aspect of the disc varying according to a definite law 
dependent on the Martian season. To be sure, there
fore, that a canal is itself new, the planet must have 
been previously carefully depicted at the same season 
of its year, and then when these earlier drawings are 
critically scanned the canal in question not found re
corded on them. Now, the possibility of definite and 
conclusive intercomparison of the sort is not presented 
so frequently as one might think. Mars comes to 
opposition each time later and later by about two 
and a quarter of our own months. This means that 
we meet him in a different part of his orbit at each 
fresh approach, and so at a different season of his 
year. Now, until Schiaparelli's time, it was at or 
near opposition only that his face was studied. Schia
parelli extended the time gr",H<iy, but not until the 
subject was taken up at Flagsfa'ff was the period of 
observation prolonged to six and eight months for each 
opposition ep9ch, thus enabling the same Martian 
season to be recurrently viewed by the seasonal over
lapping of two or more observation periods. 

But even so, the disc is not equally well presented 
in successive Martian years, because of the differing 
distances the two bodies are apart, and the difficulty 
of consequent comparison on the score of size. Still 
another difficulty in the way of parallelism is that of 
phase. Unless the two bodies be exactly opposite at 
the same season of the Martian year in the two cases, 
Mars will show a differing phase at each, and this 
means a different slant in the illumination. This is a 
very important distinction, because the disc shows 
very diversely when illuminated from above or from 
the side, so diversely that faintness of detail has often 
been attributed to intrinsic weakness of feature when 
illumination itself was the cause. 

In consequence, the observer can never be quite sure 
that his data are comparable until he has himself seen 
the Martian disc under like conditions, or nearly such, 
which recurrent presentations demand a lapse of 
fifteen to seventeen years. 

Furthermore, to be conclusive, the observations 
must all have been made by. the same observer, work
ing under like conditions, and grown, in consequence, 
familiar with every detail of the disc, since the per
sonal equation, including by that term the site and the 
instrumental methods and equipment, is always a 
factor. A Martian cycle, that is, a round of about 
sixteen years, must have been gone through by the 
same observer before · definite judgment can be pro
nounced. Such a cycle now stands complete at Flag
staff. 

Examining the records here we find that Mars was 
observed four times previously at the same season of 
the Martian year as occurred during the epoch of the 
appearance of these two canals. The canals were seen 
at this opposition as follows :-

1909 

First appearance Sept. 30 

In l\fa,tian He]. long. 
0 relative of planet Opposition 

chronology 
Northern 

Hemisphere 
277° Jan. 6 4° 50' Sept. 23, 

1909 
Last observed Dec. 12 320° Feb. 17 47° 43' 

The previous occasions on which the canals should 
have been visible, if their appearance or non
appearance were a consequence of the Martian season, 
were:-
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1894 0 Martian date Opposition 
Sept. 8 2770 Jan. 6 Oct. 20, 

to 1894 
Nov. 18 3200 Feb. 17 

1896 
July 25 277° Jan. 6 Dec. 10, 

to 1896 
Aug. 23 3200 Feb. 17 

1898 
July 12 295' Feb. 9 Jan. 18, 

to 1899 
Aug. 23 32co 1''eb. 17 

1907 
Nov. 12 276·5° Jan. 6 July 5, 

to 1907 
Jan. 25 320° Feb. 17 

During all these periods the planet was kept under 
observation at Flagstaff, and during none of them 
were any such canals recorded. We are, therefore, 
sure that seasonal change cannot explain them, and 
that two years ago, and also eleven, thirteen, and 
fifteen years ago, no =ch canals existed. In Martian 
chronology this means that not only did they not exist 
in their present state during the previous Martian 
year, but also not four, five, and six Martian years 
before that. It is also fairly sure that they were not 
in existence thirty and thirty-two years ago, inasmuch 
as S~hiaparelli never saw them. 

Lastly, a further point disclosed by the Flagstaff 
observations must be reckoned with, a point of very 
singular significance. It was long ago discovered 
there that (see Bulletin No. 8 of the Lowell Observa
tory), while the great majority of the canals are 
quickened into conspicuousness alternately every six 
Martian months, first from the south and then from 
the north polar cap, certain ones respond only to one 
er the other cap, remaining inert to the action of its 
antipodal fe!low. To be sure, therefore, that the new 
canals were really new to Mars, the old drawmgs 
had to be examined on this score too. Here again 
the records were decisive. No such canals had ever 
appeared before from the quickening of either cap at 
the time when, had they existed then, they should 
have showed. 

The canals in question, therefore, proved to be, not 
simply new canals to us, but new canals to Mars. In 
the canal system they are novae in fact or function, 
and as such are the most important contribution 
to our knowledge of the planet of recent years. 
For let us see what they imply. In form they are 
like all the other canals, narrow, regular lines of even 
width throughout, running with geometric precision 
from definite points to another point where an oasis 
is located. This oasis resembles all the other oases, 
a small, round, dark spot. They partake, therefore, 
of all the peculiar features of the canal system, fea
tures which I have elsewhere shown make it im
possible of natural creation, that is, of being the result 
of any purely physical forces of which we have cogni
sance. On the other hand, the system exactly 
resembles what life there . would evolve under the 
conditions we know to exist. The present phenomena, 
then, show that the canals are still in process of 
creation, that we have actually seen some formed 
under our very eyes. 

Thus, on every point which had to be considered, 
the records furnished conclusive evidence that the 
canals in question could not have existed in past 
Martian years in the condition in which we observe 
them to-day. Their previous non-visibility could not 
have been due to any of the causes which might 
possibly affect it, to wit :-(1) \,Vant of size; (2) any 
personal equation of the observer; (3) improved instru
mental or atmospheric means; (4) distance (all these 
are negatived by their striking conspicuousness); (5) 
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phase ; (6) regular seasonal change; and last (7) uni
hemispheric seasonal change. 

It will be perceived that the proof that these canals 
are novae has been possible, and only possible, through 
the long systematic work done on the planet here for 
the last fifteen years. Without such a complete system 
of records the certainty that the canals in question 
were new canals to Mars could not have been reached. 

PERCIVAL LOWELL. 
Lowell Observatory, Flagstaff, A.T. 

PROPERTIES OF POLONIUM, 

THE statements regarding polonium which 
appeared in the report from Paris reprinted from 

the Times in NATURE of February 17, must have 
surprised many readers to whom polonium has been 
a familiar substance for the last ten years. It may be 
of interest to review briefly our present knowledge of 
polonium and the bearing of the recent work of Mme. 
Curie and Debierne upon it. 

Polonium was the first of the active substances 
separated from pitchblende residues by Mme. Curie. 
V:irious methods of concentration were devised by her, 
W(th th~ r E:sult that preparations of polonium mixed 
with bismuth were early obtained many thousand 
times· mor.e active than uranium. Marckwald later 
separated from i5 tons of pitchblende . about · 3 milli
grams of intensely active material which he ·called 
radio-tellui-iurn, since it was separated . 'initially with 
~elluriu.m a? an iml?urity. By dipping a .copper plate 
mto ~·. solution of tl11s substance, he obtained .a deposit 
of weight · not . more than 1 / 100 milligram, which was 
far incire . active than an equal weight of radium. It 
was soon recognised that this preparation was identical 
with·. pcilo11ium, for it gave off the typical· a· radiation, 
and had : :the characteristic : rate · of . decay_· of · that 
substance. Unfortunately, Marckwald was ··ncit aware 
at the ·tiine , oL separation of the great imp·o·rtance of 
testing ,vhether lead appeared as a prociiict-·of ·trans
formation· of, polonium. Before such . an· experiment 
could : be made, the . polonium had to a la.rge ·extent 
been · transformed. 

Polonium is one of the numerous transition elements 
prod!,iced •during ' the · trar-tsformati6n' of , the ·urariium
radium · series. · It is· half-transfotmed in about 140 

days, eniitting a_ particles· during the process. Ruther
ford showed in 1904· thai: polo11iurrt was in · reality a 
transformation product of radium itself. Radium at 
first changes into the emanation, and then successively 
into radium A, B, C, D, E, F, radium F being 
identical in all respects with the polonium directly 
separated from a radio-active mineral. vVhen the 
radium emanation is allowed to decay in a sealed glass 
tube, the walls of the tube are coated with an invisible 
deposit of pure radium D, radium E, and radium F, 
but the amount of the latter to be obtained in this 
way is far too small to be weighable. 

The amount of polonium present in any radio. 
active mineral can easily be calculated. Since the 
radium a nd polonium (radium F) in a mineral are in 
radio-active equilibrium, the same number of a particles 
are expelled from each per second. Since polonium 
is half-transformed in 140 days and radium in 2000 

years, the former breaks up 5000 times faster than 
the latter. The maximum amount of polonium to be 
obtained from a mineral is in consequence only 1 / 5000 

of the amount of radium. In 1000 kilos. of pitchblende 
containing 50 per cent. of uranium, there are present 
170 milligrams of radium. The weight of polonium 
is about 1 / 5000 of this, or about I /30 milligram. It 
is thus obvious that to obtain 1/10 of a milligram of 
pure polonium, several tons of high-grade pitchblende 
must be worked up. The most natural source of 
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