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accurately 'noted, as is the fact t.hat great variations 
of temperature and humidity in a climate generally cool 
and danip a.fford the conditions most estreniely favorable 
"for w h o n a r y  tuberculosis." Chic! other point,, which 
deserves constant attention in' all our st.atistmiiCai studies 
of medical climatology t,o-day, is this: 
LT numbers seek milder climates aid perisli there, whose! wee8 

ahoul be set down to the country from which they came. 
A chapt,er CSVII) on t,he Pcrmanmce of tJlt Piincipnl: 

Condicion~ of CZimntr is ap ropriat.ely inclucled. -4 suni- 
mary of the literature, so P ar as i t  was known to him, is 
given by the author. "For the whole of the vast: historic 
period," he says, "there have been t.he same desert.s in 
Africa and Asia, the same absence of wat.er in the rocks 
and soil." As to the evidence for and against climat,ic. 

our author ri htly holds t,hnt, "red historj- 
would ~'chm7?' e more valuable t Y ian anything else if it  could be 
relied on, but t.here is great looseness with much esitg- 
geration in everything dating back beyond tlie use of 
instruments." Blod et believes that " the Nort.linien 
found the New En B and coast, 860 yeais ago c1uit.e pre- 
cisely the same in c L a . t e  as now-wild vines growing in 
a very few of the most favored spots, ancl only in these." 
In Iceland and Greenland he finch no evidence of a change 
of climate; only a change in the conditions of people mid 
of government. Dr. Hugh Williamson is quoted as say- 
ing, in 1770, that the wint.ers of the last ha f century had 
been milder than formerly, ancl Prof. Samuel Williams, 
of Harvard College, whose lectures were among the foun- 
dation stones of Anierican meteorology, assert,ed thnt 
"the winter is less severe, cold weather does not come oii 
so soon." These views sound singularly like many that 
we hear expressed in 1913. For Europe and Asia autlior- 
ities are cited, and the need of nccurat.e observat,ions, 

' extendin over long periods, is clearly recognized. The 

back to 1530. 
various tempera- 

ture and ressure data and curves and some niet.eoro- 
logical tab Y es are given. Findly, at. the end, in a discus- 
sion of the climrtt,e of the N~rt,hwest, '~ Blodget st.anda out. 
as preeminently ti ractieal climatologist,. How crisp, 
clear, confident, an encouragin is his asserbion made, 
we must remember, before the ays of our western rail- 
wa network; before t,he reat waves of population hntl 

directed observations were availalde for all this regioii- 
that 'i it is impossible to douht blic esist.encc of favornhlc 
diniates over vast, areas now unoc.cupiec1. " . 

It is thus that I urisli to conclude this ap )rcciat,ioii of 

what I have written niay refresh the iiieniories of those 
who already know the book, and may' st.iniulnte ot,hers 
to turn to the original for the inspirnt,ion which no 
reviewer can hope to give. 

dates of t 5l e breaking up of ice in Russian riveis are given 

In a section on PhpicaJ C'onstmts 

f c? 

ro Iry ed over the West: a efore svsteniat.ic ant1 well- 

Blodget's Clirn~atoloqy of t h  United Btntcs, '1 ioping t,liat 
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IS THERE AN AURORAL SOUND? 
By JOHN OXAAL, ( '1irist.isriia.. 

[Translated by Julius C .  Jensen frum the reprint from "N:iIuren," April, lel3.l 

The northern or polar lights have froni the earliest, of 
times, by reason of t,lieir proniinence in the polar night, 
attracted the attention of man and conipe led h i r i i  to 
esamine and study theni. When it now chanced that 
science undertook their investigation there reniaiiietl cer- 

-- -. . . . - .. ___ . -. __ 
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t,ain attendant phenoineiia which defied all es lanation. 

hare tdways heen sharply defined di B erences of opinion, 
which, aft,er d, can perhaps he scientifically explained. 

It is this: Are st,rong a.urora1 displays accompanied by 
sound 'E Under what con- 
dit.ions cloos it. occur 8 Report,s of distinct crackling 
noises in connection 1vit.h st,rong, flaming auroras are 
almost Iiuniherless, but,, so far nsjs  known, bhis sound has 
has never been observed 197 those espeditions which have 
been sent out for the express purpose of studying tho 
aurora, alt.liougli t,liere are mnnv accounts in which other 
scient,ists purport, to have heard it. 

Sophus Troniholt made a long series of systematic. 
observnt>ions of t.he aurora, and in old files of Naturen 
arc found various discussions by him; but although his 
at,t,ent.ion was direct.ecl especially to the question of the 
aurornl soiind, liis invest,i at.ions led to no affirmative 

careful ohservations of a siiiii1a.r nature in Trondh'eni, 
but heard no sound. However, it ought to be,pointe d out 
thti.t, a Ciby is not. a favorable location for ohservat,ions of 
t.his kind 

Among the rank and file of the people a strong belief 
prevails that such a sound actually esists. How general 
this belief really is appears in an article in Naturen 
for the year 1S92. In consequence of this belief So hus 
Tromholt, in 18S5, sent out questions concerning goth 
the a.urorn and the auroral sound, to a large number of 
t,hose interested in the subject in all arts of the country. 
Out of 1-13 who answered, no less t i an  P 56, or about 36 
per cent, testified to having heard the sound themselves. 

I t  is not nierely scient;ist,s who, in the course of time, 
have applied thenuelves t.o t,liis problem, and since in 
most cases tlie invest,igat.ioiis hsve given a negative 
result, it is hardly to be wondered at that the numerous 
accounts w l k h  have come mostly from laymen should 
be rega.rclec1 1vit.h skept,icism. It must be remenibered 
t,lia.ts the aurora belongs t.0 that chss of phenoiuena which 
tends in t,he highest degree to arouse the imagination. 
Is it not, possible that one niay be so influenced by the 
sight, of a gloriously fla.ii~hig, rapidly shifting aurora, play- 
ing in colors of slicerest blue, red, green, and violet, while 
rnys of light. suddenly shoot out! ancl disappear again, aa 
to iniagine t.ha.t. one act,ua.lly hears at  the same time a 
crackling, rustling sound 1 Bearing this in niind, it is 
perhaps not unrensoiia~ble taliat one should have been led 
tu yuest,inn t.lie word of scientist.s \vIio, on other occasions, 
linve shown themselves t.o he keen and sober observers, 
and h i s  h i re  con it^ t,o rega.rtl t'he whole phenomenon 
with doubt.. 

Under these circuriistaticm I believe each individual 
observation may have H significance, and I will therefore 
set forth the following: 

On n trip to t.lie most northerly purt of Finland, in the 
itutuliin of 191 1, I remained for some tinie 2 or 3 miles 1 
south of l k e  Enare. On ret.iirning to my hut after the 
d ~ y ' s  work on Oct.oher 10, while my Finnish guides were 
preparing supper I witi iesnd the most beautiful auroral 
clisplay I have ever seen. Several parallel hands, now 
two, now thee ,  which alteniately united and divided, 
streanied across the sky from tlie west through the zenith 
to the east. They were in constant wave motion, one 
instant slow nnrl deliberate anrl the nest'swift and im- 
petuous, while rays of light, darted out froni theni and 
disappeared again. 

'I have in mind ti phenonienon in re ard to w Ei ch there 

What kind of L sound is this 8 

resu1t.s in regard to it,. J!i aakonson-Hanson dso made 

. ~- 
1 Norwegiui m i l s  One Norwegiau mile equals i E u g l i  miles. 
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On the northerly side the bands were of a reddish-violet 
hue while on the southerly, now bluish. now yellowish- 
green. The colors were repeated in each band. 

Little by little the aurora lost its strength antl 1 sat 
down to supper. Some time after-unfortunately I can 
not tell the esact instant-I heard in tlie north a peculiar, 
even insistent, rumbling noise not unlike distant thunder. 
It was so characteristic that I jumped u to see what was 

mysterious auroral sound, and in order to make sure of 
it I asked my two attendants if it proceeded from the 
aurora. They replied in the affirmative and continued 
their work as if it were a well-known and common 
occurrence. 

We nia attribute the sound to other causes. but it will 

so it  could not have been the soughing of the wind in the 
forest nor the sound of falling trees. It was 5 niiles to 
the nearest inhabited place toward the north antl south, 
2 toward the northenst,. and severs1 t.0 the post. road. 
It is not likely that any travelers were abroad at t,liis 
time of the night in the winter’s cold. A river flowed 
past our camp on the south. Its noise could be heard 
constantly, but it was even, continuous, aiitl of a differeiit 
character. 

I wrote Mr. Waenerberg, superintendent of mines in 
Thule, west of Lake Enare, to ascertain whether or not 
the sound had been heard there. He has a long record 
of nieteorological observations, at least 30 years in lengt,h, 
made for the Finnish Meteorological Institute, and is n 
very careful observer. 
On 0ct.ober 10, 1911, we had n very beautiful, flaming ~urora rwer 

the whole dome of t.he sky. but no sriuncl waa heard here. It is when 
the aurora sinks down low over field and forest that it is wcornpanied 
by anoiae similar to that of a roaring and rushing stream. Four times 
i n  31 years have I observed t.his ~ound and report,rcl it t.o varii.lueobe~r\-a- 
tories, of which M r .  Troniholt.’~ is one. 

It is 60 to 65 kilometers from niy camp to Thule; so it  
is not at all unlikely that the sound might be heard at  
one place and not at  the other. Again, it is specially 
noteworthy that this reliable observer also states he has 
heard auroral sound, but  according to his e s  erieiice it. 

I might Again remark that. w-hile t,he aurora flamed and 
played in the most brilliant hues no sound was heard. 

Another phenonienon which I observed a t  the same 
time ought to be mentioned as it probably has some con- 
nection with the sound heard. B s  remarked above, tlie 
display graclually decreased in st,rengtli. The wave nio- 
t.ion became weaker, the definite houndaries disappeared, 
mcl the illunlination became more general. The sky w ~ s  
quite clear before the appegrnnce of the aurora. After a 
little, light clouds began to form near the zenit,li where 
the aurora had been. The t.ransit.ion, which seeniecl quite 
uniform, was eculiar to observe and at  a certain point it 

ceeded from the last rays of the dying aurorp. or from the 
fine, light, newly formed cirrus cloucls. 

According to prof. Stormer’s measurements the aurora’s 
avera e height above the surface of the enrtli is 150 kin., 

the lightest cirrus clouds. Is there, then, any coniiect~ion 
between the aurora and tlie cloud formation mentioned, 
has it in tllis instance dipped down much farther int,o the 
atmosphere than usuel nncl is it perhaps only under these 
conditions that a sound phenomenon acconipanies it ? 

The aurora ap eared like a E ow in the north. 
f?:fu%ine at  once that t K is must be the much-talked-of 

be difficu T t to find a satisfactory on?. The air was calni; 

He replied as follows: 

is seldom so pronounced as to be heard genera r ly. 

seemed difficu P t to determine whet,her the faint light pro- 

and t E erefore much greater than t,he niasiniuni height of 

._ 

2 Norwegian miles. 

Superintendent Waenerberg’s observation, that it is only 
when t.he aurora settles down low over the fields that it 
produces a sound, would seem to confirm this conclusion. 

I hnve exanlined some niuch earlier works on the aurora 
in order t,o ascertain whether or not the older re orta con- 

what I have found. 
I mentioned above an extract from Nnturen, 1892, con- 

cerning answers which Tromholt hntl received in regard 
to this phenomenon. This article was the result of a dis- 
cussion in the Chicago Skandiiiavien in the autumn of 
1893. Several ersons had there positively asserted that 

pressly denfed its existence. So, in several other old files 
of Nnturen we find reports of the auroral sound, viz, in 
those of 1880, lSS3, and 1885. 

. 

Troniliolt’s large catalogue of auroral observations in 
Norway up to lWS, published by Schroeter, has numerous 
discussions of this sub’ect. I’he earlinst, and in some 
res ects rather unrelia ll le, account is that of Absalon 
Pecersson, P dated December, 1563. This recital is so 
amusing t,hat I vrdl repeat it, here: 

One evening a little before Christmas I witnessed the following 
occurrence which began about 7:30 and continued until fully9 p. m. 
Christern Ulff and a goldsmith and both their wives and ~e~antnte aw 
it also. At f i d  the moon shone clear in the east. Then a dark cloud 
which reached high up into the sky came over it. Presently a bright 
cloud, which shone like a white flame, formed and both remained 
st.ationary for some time. After they disappeared an unusually black 
cloud with scattered cloud wisps all about it approached from the south 
and overshadowed the moon so that it lost its light. After it had 
paseed the sky grew red in the west and fire and flame darted back aud 
orth so that a great noise waa I asked Christern Ulff what 

caused the sound, aa I thou&t perhaps it came from .the Alreich- 
stadselff.3 He replied, “Don t you see it is in the sky? It waa the 
clouds that ran rapidly back and forth.” Afterwards other clouds, 
some black and 8onie white, overcast the moon and then diaappeared. 

On January 18, 1778, Dean Wilse of Spydeberg thought 
he hanrd the a.urora1 sound. 

However, in t,lie large catalogue which contains re or& 

sound recorded. On March 22, 1840, Ihle observed an 
aurora in Haafjord which, according t.o his report, was 
accompttnied bv a peculiar noise. Ihle was a naturalist 
a.nd hnu himself given nn account of his observations 
which hrls been puhlishecl. He is reported to have heard 
t,he sound on t.wo other occasions during t.he same winter. 

It, is also reportctl to have been heard following marked 
(lisplays in Okso on no less than four diflerent occasions in 
t.he course of two niid one-half years, viz, Se teniber 7, 

18.54. Rut, Okso lies far out toward t.he sea, m c l  even if 
the re 1ort.s n.re truc t.liep can not be given niuch weight 
since t. h e ohserwit,ions were made in such exposed places. 

801)hus Tromholt,, who devot,etl ahostd his endire life to 
t.he study of the n~irtliern lights and- who has written 
inuch in regrtrd t.o t.heni, has published in t,he Proceedings 
of t,he Vidctnsknpssel?;kapet, for a paper on the auroral 
sound which coiitnins ninny inter&ng recitals. One of 
t,he most, iiit.erest.iiig of these is perlinps one from Dr. 
Folluni. of Alt,en , who writes : 

between 
Alt,en and Eiautnlieino nearly 1,500 feet above wa level, on & occaaion 
of an exce ,tionally brilliant aurora wit,h gleamin rays of light shooting 
out from t i e  crown I heard a peculiar, faint, cractlin noiee in the sky. 
My companion heard it also and I remember dietinctfy having stopped 
and remarked on the sound. 

A iiiorc’ vst.entied report by Tromliolt’s fat!ier, “ a 
skillful and.+cliahlc m.teord.&d observa about w1i:)se 

tain any accounts of the auroral sound, antl shal P set down 

they hac1 heart P tlie sound themselves while others ex- 

ven off. 

of t.liousa.nds of  aurora.^, there are few instances o P this 

1851 : February 19 antl April 31, 1852: and Fe x ruary 34, 

Once, in November, 1856, on ReBkades, a mountain rid 

8A river near Bergen. 
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tmstworthiness there can nat be the slightest doubt,” is 
d great interest. He purports to have heard tlie sound 
three times in all and says that he is sure it could not 

0. J. Dalile 
dated March 30, 1910, 

was furnished me through the courtesy of Prof. St.ormer: 
JGght or nine ears ago I witneased from the steamship Erling Jar1 

an extraordinar& interesting aurora. While our shill was crossing 
Vaaga Bay, a little north of Harstad, a brilliant aurora in rapid motion 
WBB seen 80 low down in the‘air that it barely cleared the tops uf the 
haeta. It flamed forth in all the colors of the rainbow and was fol- 
lowed by s eculiar sound, precisel such a sound m would be pro- 
duced by rsbing together a w e l d i e d  skin in the hands. It was 

nation nor t,he mistaking of any sound 011 board, but un- 
Et:L?%e result of the movement of the aurora. I have not.ired 
also on o&er occasions that auroras in rapid motion hanging low in bhe 
atmo here have emitted sounds similar to those mentioned above. 

In%e above-named display it seemed that the auroral rays had x 
horizontal poition and appeared as separate layers, one above the 
other: But the probability is t.hat it was a vertical ra which, by rea 
8on of ita nearness and ita position directly over the d i p ,  appeared to 
to IW to be horizontal and that the higher layers mere the movements 
of the m e  ray wen through this identical ray from below. 

liysicist, Lemstrom, has written a work 
entitled “The I! olar Lights.’? Here also are several nc- 
counts, one by a miner from Got,eborg wlio was in La 1- 
land in 1853. He describes an aurora obstvved at. nig 1 it 
inmidwinter in a temperature of  - Go C!. A hand of rays 
streamed u~ froni the plateau betwt.cn him ancl ndjacciit 
peaks and a rushing sound could a t  t,hc s a m ~  tirnc I)(* 
plainly heard.” 

The well-known Freiicli httlloonist, Rollithr, wlio with 
an attendant ascended froin Paris in 1S70 during thc 
siege and cam(’ down in Lifjrld , Tcleniarken, riqm%s 
that he observed polar light rays throud t.lie liglit. fog 
and, “presently a peculiar rushing souii8 was heard. A 
short tune after, stron alniost suffncating fumcs of NIL 
phur were encountere . 

Lemstrom himself, accxdjng to his own rc nrt, has 

that he is convinced of its esistrnce, and this nssertinn 
is repeated several times. He s ,enlcs of t.lie Lap1andri.s’ 

They my that B rumblin sound can often be heard and since it haa 
frequently been observed % y skilled observers. their belief t.liat it 
actually exists in connection wit,h strong, energet.ic auroras at low 
temperatures is absolute. 

In a work by Prof. Hermaiin Fritz of Zurich, in 1Y81, 
concerning tlie polar lights, there is also collected from 
all sources a great iiuniher of accounts of the auroral 
sound. Upon esaminiiig these we come across. many 
well-known men, even eminent. scientists, who believc in 
the existence of this sound, for instance, Prof. Hansteen. 
We find also in this book various old Norwegian reports. 

One would think since so many well-known and highly 
esteemed men have given suc.11 i d s  utahle evidence of 

be dispelled. But this is so far from being true that, on 
the contrary, many scientific men, for instance, the 
famms explorers, Leopold von B ~ c h  and Slesander von 
Humboldt, assert un ualifiedly t.hat it is iiotliin but 

knows nothing of the auroral sound and that it is the 
transients who have brought tlie belief with tolieni. But 
this iq a singular niisapprelieiisioii of tlic facts, for the 
belief is especially widespread among the natives. Ii The 
Rolar lights have .grown more taciturn,” says Huniboldt, 

since we have learned to observe them more closcly,” 
and that is quite possible, for there arc piobnhly numrr- 
ous false reports .of tlie auroral sound, especially thosr 

The Finnish 

f;, 
never heard tlie auroral sound, but lie specifica \ ly states 

h n  belief in tlie sound in the I ollowing languagc: 

having heard the sound that all dou g t would gradually 

imagination. Hunibo P dt  says the native popu P ation 

that report, i t  as audible at  the time tlie liglits are most 
active and vivid, for it, requires a certain time in which 
to trtivrrse t.hc dist,anc.e to the observer. 

On the ot,her hand it is not always when the aurora 
drops down moderately near the earth that it can be 
heard. There are nunierous accounts of the polar lights 
which, judging froin the observers’ descriptions, have been 
very near t,he surface of t,he enrt,h a a d  which according 
to t.liese descript,ions have not been acconipanierl by any 
sountI. 

In a work on t,he height, of the aurora by Clevehnd 
Alhc in Terrest.rid MR netism, 1895,. are cited a great 

against. the ninuntains and hence very near the earth, as 
for instance, t.hat. of the well-known polar explorer, Parry. 
Sir William Hooker saw t.he smie phenomenon at  Ben 
Nevis, Scot,land. General Sabine observed t in  aurora that 
wns so low that. it lay like a foe  over the ground, through 
wliicli lie walked. Ga.lle, the Tanlous astronomer, saw a 
cloud growth following an aurorn. n n d  also R display very 
siiiii1a.r to t.liat which I observed in Finland, and I cite 
Gnlle’s ohservnt,ions here because t,he account of such a 
i i i~ i i  surely ought, to be given great weight. It seems 
therefore inci:int.rovert.il>le t.1in.t the aurora, under certain 
conditions, may reach down into t,he atmosphere at  least 
t.o the nltit,ude of t.he cirrus level, cipprosiinat,ely 6,000 
niet.ers. 

EDITOR’S  NOTE.-^ a letter froni the author, dated 
(.!hristisnia, November 37, 19 13, he adds : 

* * * It will perhaps interest. VOll to hear that the only Norwegian 
nirniber of the Pcot,t. Antarctic Ekpedition. Mr. Trygve Gran, once 
heard a peculiar noise att.ending an -4urora Borealis [i. e.,  Aurora 
Australis] ancl Mr. Gran also told me that the party of Lielit. Campbell 
had repeat.edly heard 8uch a noise. 

nuniher of rep0rt.s of suc 5 i displays which have been seen 

THE mTEOROLOGICAL ASPECT OF T m  SMOKE 
PROBLEM.’ 

By HERBERT H. KIMBALL. 

THE ATMOSPHERE AND ITS CONTENTS. 

dtmospllerie pws.-The t.errestria1 atniosphere con- 
sist.s of a iiiisture of gases t,liat ning be divided into two 
quit,e dist.inct, classes: (1 ) The denientnry gases, such as 
nit.rogen, hydrogen, osygen, and t,he ga.ses of the argon 
group; (3) t,he compound g;itses, such a.s vapor of water, 
aininonia, ozone, carbonic acid gas, et.c. 

The gases of the first group are practically fixed in 
amount w4t.h res ,ect to one anot.her at any given level (l), 
while t.hose of t. e second group are constantly varyin 
not only with respect to t.he atniospheric conditions, suc 
as t.emperat,ure, pressure, and huniidit.y, but, also with 
respect, to place. This is especia.lly t.rue of gases gener- 
ated in the processes of conibust,ion, which niay be 
almost unknown in thinly inhabited districts, but which 
have to be taken into account in the ntniospheres of large 
cities (2). 

The ases of the atmos liere hold in suspension con- 
siderab P e yuantit.ies of so r id and liquid particles. The 
latter consist irinci ,ally of condensed water vapor, 
forming fog p c  I d  clou s, which may hold in solut,ion sub- 
stances of various kinds, including some acids, as has 
been shown by nunierous analyses of rain water and 
snow. The s o h  particles niay be divided into several 

a i 

1 Condeenssd. with additions and revision. from Smoke Investcytion Bulletin No. 5 
MelIon Institute of Industrial Reseamh and School of Speclac ndustrms. Universitj! 
of Plttsburgh, 1913. 


