
pri-ing that nt tlie outset Koch spoke of the 
swarms of rods, slrniqht or slightly cnrved, 
wliich he found in tlie intestiiics of cholera 
patients as bacilli : and, incleed, the fact that 
these rods y ere capable of clevcloping into 
spiral filalnents could 0111~ be deteri~~inecl by 
lj~otracteil obserratioiis aurl b~ inakil~g pure 
cnltnres. I t  seems to me that some of 1iocl~'s 
critics, ancl especially Ray Lankester (see his 
paper in Nutwe, Uec. 23,  1S84), nre ~ilnking 
altogether too ~iiuch of this w r y  pardonable 
mistake, nhiclh has no sl~ecial hearing npon 
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the real qnestioii a t  issue, :znd cannot weaken 
ocr co~~iidcncein tlic candor :ind scientific ac- 
ciuacy of a lnail to  ~ ~ l i o m  3ic SOn c  deeply 
indebted, and nrhosc scientific rcpntation is  
cstahlislietl upon a film foundation. 

Rny Lo~llicstcr is unquestioiinblg light nrhea 
lie says that our 1~non.letlge of the bacteria is 

ciine~i froix m~liich tile clrnmi~?g .i\as inacie was 
one of spntnm from a patient with pnerunoaia. 
I think it hartlly necessary to insist that tile 
bacilli in fig. 2 are not morphologically iclen- 
tical with the ' coinnia bacillus ' of ICoch as 
shon,n in fig. 1 : ancl 1 may say here, that, 
clnring my sonie~vllat extended bacteriological 
studies, 1have never ei~counterecl an organism 
which seems to me to be iclentical with that seen 
in the slicle above referrccl to. Should such an 
organism be fo~ind, it vould not in tlie least 
nreaken the experimental e\~icleiice relating to  

the specific pathogenic ponrcr clninietl for this 
s~ii i l lnin.  13~11 v e  innst insii;t, in any case, that 
this experimental eviclcilcc shall mcct the lnoit 

still in its i n f n n c ~  ; bnt, so far as this 1~110~1- 
edge goes. it is donbtftil ~ l l e t h e r  n~ iyman living 
call spcalc with inore ar~tlioiity than cnn tlic 
cliicoveici of the tubercle hacilln,. 

'rlie amplification in the figures illustrating 
this pal)cr is exnctlg t~~cn ty - f i r e  hiundrcil cliaiiic- 
te1.5, :~ncl mas ohtninctl vi th ntl~nirablc defini- 
tion by the use of Zciss's one-eighteenth inch 
liomogcncons inliliersion objecti~e npoii n Pow- 
ell ant1 Lealaiicl's large stand, ~iit11 a liigh eye- 
piece, ancl the dra\~-tnLe cxtcndecl one inch. 
The ineasurcmcnt rras maclc by projecting the 
lines from n stanilard stage-micrometer, rulecl 
by Professor Rogers of Ca~illxiclge, i\l:~ss., upon 
a slicet of paper in the esnct position in which 
the tlrn~ving n-as made, Ly means of the same 
objective, eye-piece, and c:lmern luciiln. Fig. 
2 n-as 111acle in the snine vny,  and relxesents 
curved bacilli, m-hicll rcscin1)le the - comma 
bncillns,' ancl n,hich are. pcrllaps, identical 
ni th those described hy Prof. T. 1%.Lcnis as 
found in the healthy hummi montli. 'l'lie spe-

iigid esactioils of science. Ccrtninly, Koch 
fully appreciates this, nnd is (loiilg his utmost 
to comply with the conditions which he hns iin- 
posecl npon himself. IT-e are tlicrcfore not able 
to sympnthizc with the captions spirit of so111o 
of his critics. S o r ,  in the absence of n detniletl 
report, al-e v e  prcpxrcil to admit that tlie Eiig- 
lish cliolcrn commis.;ion llns clcfinitely settlctl 
the question ns to the etiological ~ d l eof the 
' coininn bncillns ' clnring the comparatively 
brief tinic which has been cleroteei to the in- 
vestigation ; ancl, in view of the contrndictor~; 
testimony now before us, me cnniiot do o thc~-
wise than consider the cinestion still slcb j7~dice, 
and wait pnticutly for dctnilecl reports nnd ad-
ilitioual experiinr~ltnl c~idcnce .  

GEC\K~;E31. b r c n x n ~ ~ ~ ,  
Szwgeon U.8. nmzy. 

LIGIITIIOUSE ILLi711r'I~VdflTS. 

L% P A ~ l T . I A ~ I ~ S T ~ L R T  llot the placedocnm~ntis 
where one ~ ~ o u l dnaturally loolr for facts of scientific 
value: hut, in a return prthlislied h i  the Ellglish honse 
of commons on the 11th of Decenlbrr last, there is 
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much i~iteresting iriforn~:rtioli on tlre subject of liglit- 
honse ill~uniliants in the form of correspondence 
between the Board of trade, mhicli has general super- 
visioli of the lights of Great Erisain; the Trinity 
house, which ninnages the E~rglislr light,^; and the 
Comrnissiorlers of n o r i h e r ~ ~  lights: who have control 
over those of Scotland. 

I t  nlay be renleinbcred that in 1883 it was proposed 
to make exhaustive tests of the relative value of 
petrolenm, gas, and electricity, as illnn~iriants for 
iighthouses, by comparing the several lights in actual 
operation together at the Sonth Foreland station; and 
the lighthouse authorities of all three kingdoms had 
arranged to act conjointly in prosccutilig tbe es-
~~e r imen t s .TVhen, Iiowerer, the conditioris nncler 
vvhich the trials were to take place were formulatecl, 
the representatives from Irelaud considered that tliese 
~vouid place the system favored by the Irish autbori- 
ties -the TITiglram gas system- at  a disadvantage, 
arid refused to take further part in the proceedings. 

Dr. Tyndall, who had for gears acted as scientific 
adviser to the Trinity honse, but liad p ~ i o r  to this re- 
signed, then w o t e  certain letters to the newspapers 
on the subject. These letters allpear, says the Board 
of trade, to assert the superiority of gas, as used in 
Mr. Jfighal-u's burners, as a lightllouse ill~imirrant; 
i~nd,  further, t.o iuiply that tlie engineer of tlre board, 
Xr. (now Sir ,Tames) Douglass, has not been entirely 
tlisinterested. The Board of trade therefore aslced for 
a full report of the views of tlre English and Scotch 
lighthouse boa~,ds on tlre wliole question; and their 
replies, which give a fair idea of the present state of 
developrnerrt of illnminants adapted to tlris special 
purpose, may be talren to be the defence of tlle board 
against Dr. Tyndall's strictures. 

Frorrl the leariled professor's statement, it appears 
that  in 1869, when he n a s  sent to Ireland to inalce 
l~imself acquainted with the gas systern of lighthouse 
illun~ination, colza-oil mas used in the Trinity-honse 
lamps; and this was superseded, a t  a vast savir~g to 
the country, by rr~ineral oil. Mr. Wigllani had suc-
ceeded in roda acing a gas-lamp superior ill power to 
the best oil-lamp tlien extant. The gas-flamc shoved 
a prornptit~ide of action and a pliancy of adaptation 
unattainable mitll oil. Ey  a sin~ple automatic ap-
paratus, the gas-fnnle conld be made to send forth 
flashes in any desired succession, and of any required 
duration. Long and short flashes conid be combined 
so as to render the identity of a lightl~ouse ulilnis- 
takable, or enable it to spell its own name by the 
Morse alphabet. Further, Mr. TVigha~n had sur-
rounded his central ' bunch ' with rings of burners, 
to  increase tlre liglit in thiclc n-eather. 111 a few sec- 
onds a light,-lrceper conld pass froni 25 jets to 4S,and 
thence with ey:ial rapidity Lo 68,$8,ant1 firrally to 108 
jets, a11 these flanien being under the most perfect 
con1,rol. The best oil-flames the11 lrnown were feeble 
scintillations, compared with the flame of the 10s-
jet bnr~ler.  Dr. Tyndall adds to his olvn the tes- 
timony of illany others as to the valiie of the Wigham 
system as then exan~imed, and proceeds to describe 
a later visit to the lighthouse at  Galley Read, which 
is now, he says, without a rivai iii tlre world. 111 

tlris light the i,efr;rctirig-le~ises of four first-orcle~ 
apl)m.ati~sare fittetl one above anotkier in the same 
lantern, with a, in the focns of eaell 108-jet b u r ~ ~ e r  
apparatus. I t  had already bee11 visited by the Elder 
brethren of the 'Vriiiity liouse; and their engilieer'i 
report,, he claims, was tlrc only oue unfrieiidly lo tlie 
light. I n  spite of the almost unariialous opinion in 
its favor, the Trinity house decided in favor of a si-i- 
~vicli bnrner consun~ing nlinel.al oil (Sir James Doug- 
lass's patent,). Finally, Sir James, says the doctor, 
recogiiized the merits of the gas systern, and decideti 
to adopt it, but for the extinction ratlier than ~vitl: 
the co-operation of Mr. TVi~ham. 

The Trinity house relllies at considerable length, 
giving iri full the result of its investigations into 
the ~ io r t l i  of the TVighani light. From these obser- 
vations, the Elder brethren derired an  opinion that 
one promine~rt objection to it is, that the higher 
powers of the single burner are obtained by inere:%s- 
ing its sizc. The diameter of the 28-jet flame is foul. 
inches alid a quarter; that of the 48 is five inches 
and seven-eighths; and so on, ~ l n t i l  a diameter of 
eleven inches and an  eighth is reached with tlie 108- 
jet burner. Then, as the prisms of the optical appa- 
ratus are ofadjusted to a focns within the co~~f ines  
the srnall flame, i t  follows that  a great portion of the 
enlarged flame is extra-focal, and distril~uted in di- 
rections not intended by the designer of the appara- 
tus. This efl'ect is not particularly important in a 
fixed light sllon.ing all around the horizo~i. BJ-far 
the greater number of fixed lights, however, require 
to be either strictly confined in angular riidth, or 
marlced rvith color within particular bearings, ~vhicll 
is accoa~plished by interposing fixed vertical screens. 
opaque or of colored glass, close to the glazing of 
tlie lantern. Directly the diameter of the flame is 
enlarged, the screen will no longer cut off tlle light 
wit11 precision oil its appointed. bearings: the ex-foca! 
rays of white liglit rvill stray into the sector ~vhicl? 
shonltl be darlc or colored, and destroy the means of 
guidance for which the light is intended. 

The dianieter of the oil-burner being coiistai~t, an:i 
its flame more compact than the TZTigham burner, -
for instance, the six-wick oil-burrier, four inches and 
three-eighths wide, being eyual in power to the 48-jet 
gas, five inches and seven-eighths wide, - j t  f o l l o ~ ~  
that oil is, according to tlre facts before ns, more 
suitable for in~portant niceties of direction. Occul-
tation-that is, the sn i lde~~and sliort eclipse, a! 
regular intervals, of an otherwise continuous light -
is effectively applied with eitlier source of illumina- 
tion, but in the Wigham system is applied to flashing 
lights in a novel nianner, as an adclitiollal rneans of 
identiiicntion. -4 lizllt sllolving one long flash erery 
ini~iute, is, by ocolltatiori at short intervals, made to 
sllow a number of sliort fi;tslres instead of the long 
one. TVillr a wide~iilig buvner, the l u rn i~~ons  beai~: 
becoines broader, and the rimliber of flashes see11 ill 
each series beconles greater; so that the c,xpansion of 
a burner i:~r~ol\-es a change in that distinctive charac- 
ter upon whic l~  l.hc observer niost relies. A t  Galley 
Head this 11ncerla.inty as to the lumber of flashes 
had been observed. 
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These considerations led the Trinity lloi~se to tlle 
opinion that the Wigham gas system in single form 
could. in a very few cases be employed at  its higher 
powers ~vithout risli of perplexing the mariner; that 
the highest power at  wllicli its single bul.ni?r could 
be used under every required condition Tvas also 
obtainable by oil; tliat its special novelties in dis- 
tinctiveness, as introduced at  Galley Heail, would 
only be available at  wiclely separated stations; and 
that  where space and considerations of expense per- 
rr~ittecl the use of gas in triform or qnadriform, elec- 
tricity would also be aclruissible, and, by its suitability 
for optical treatment, would be better adapted for 
p~roducing the effects required in coast illunlination; 
arid, finally, its o ~ v n  experience with the two gas- 
lighted towers at  1Tasborough was not such as to 
encourage a more extended applicatio~i. 

The Commissio~lers of nortllern ligllthouses, in 
answer to the letter of the Board of trade, send a 
report froni DIessrs. Thomas Stevenson and J. A. 
Crichton, which, in the main, agrees with that of the 
Trinity house. 

From the paper read by Sir James Douglass before 
the British association in IIonlreal may be gleaned 
a f e ~ v  facts as to the relative powers of the best lights 
now in use, which are not ~nentioiiea in the corre-
spondence just described. He states that the first 
electric light used in an Englisll liglithousc in 1858 
mas of 700-candle power, whereas an intensity of 
50,000-candle units is now found to be practically and 
reliably available for the focus of an optical appa-
ratus;  so that, with regard to intensity, this luminary 
outstrips all conlpetitors. Compact flames are now 
being produced froin oils and coal-gas, having an 
intensity of 1,500 to 2,000 candles; while, mith tlie 
108-jet TYigham burner, an intensity of nearly 9,000 
candles has been reached. TVith regard to economy, 
mineral oil has the advantage of all its rivals up  to 
the  maxinlum intensity at  which an  oil light is prac- 
ticable, and has the further adriantage over electricity 
or gas in its ready application at  any station, how- 
ever isolated, and in many cases where the use of the 
otlier illumil~ants would be impracticable. H e  pro- 
ceeds to show that fised lights are no longer to be 
considered trustworthy coast-signals, owing to their 
liability to confnsio~l wit11 otlier lights, and t.llat the 
period of a light sllould not exceccl half a minute; 
further, tha t  time should not fornl an elenle~rt in the 
detern1in:rtion of the clistir~ctirc clraracter of a light. 
On the coast of Eriglancl tlie Trinity house is con- 
verting all fixed lights to occulting, where local dan- 
gers are required to be covered with red sectors, or 
sectors of danger-light, Por this the electric light 
is eminently adapted. 111 cases where this local rnap- 
ping-out of tiangers is not required, flashing lights, 
in consequence of their higher iuteusity, are being 
adopted. 

Heferring to of newt , l~e  optical a ~ ~ p a r a t u s  the 
Eddystone lighthouse, he  describes it as consist,ing 
of two superposed tiers of lenses mith a six-wick 
Douglass oil-burner in the focus of escli. In this 
respect a part of Mr. \Vigham's systern has assuredly 
been copied. TVith a clear atmosphere, the lower 

burner ouly is worked : ~ tits minirnu~n illtensity of 
about 400-caridle nnits, giving all intensity of the 
fiaslles of the optical apparatus of about 37,000 can- 
dles; but in tliicii weather the full power of the two 
1,unlers is put in action, with an aggregate inten-
sity in the flashes of the optical apparatus of about 
159,000-candle units. 7'1iis intensity is about 23 
times greater tlian that  of the fixed light latterly 
exhibited floni the old toner, and about 2,380 ti~lles 
the intensity of the light originally exhibited in the 
sanie tower, at  about the same cost, from tallow 
candles. 

T H E  ESSEX DENEHOLES. 

TIIE word ' denehole ' uiearls de~zhole,' and is 
pronou~iced' dnnehole.' Those of ICent and South 
Essex may be descr~bed as consisting of narrow ver- 
tical shafts leading to artificial chalnbers excavated 
in tile challr, tlieir depth T a r j  ing \\.ith the distance 
of the chalk beneath the surface. They are found 
singly, in groups of twos and threes, or in larger col- 
lections of perl~aps fifty or sixty pits. 

Our illustrations show t n o  types of the varieties of 
forrll exhibited by deneholes. The beehire shape is 
especially cornmon in  tlie shallower pits, which are 
wholly, or almost wholly, i n  chalk. A drawing of a 
pair of such pits discovered in a chalk cliff at  Cray- 
fold blichfields is g i ~ e n  (fig. 1). Their depth was 

thirty-seven feel,, and the greatest width eighteen feet. 
The walls showed no signs of illeta1 picks, and the 
challr bloclrs ]nust have been prized out, but they mere 
well a r ~ d  symnletrically worked. In  one mas a layer 
of very hard clay, washed irito a cone at  the bottorn, 
and containing flint flakes, scrapers, and a ' core : ' 
above that a layer of lLoman pots and pans ( a  Saniian 
dish, etc. ) rested, followed by some very fragmentary 
and coarse potsherds and confused rubbish, appar-
ently irltel~ded to fill the hole up  to the surface of the 
ground. The sister-cave did not show an equal strat- 
ificatiol~ of dibris, and appt?ared to hare  fallen in at  
an  early period. 

Of the deeper denelioles existing i ~ i  Ilangman's 
Wood, one (fig. 2) is eighty feet deep. I n  three ex-
amples a t  IIallgman's Wood (not figured) there were 
six chambers, while in two at  Uexley only three 
chambers radiated from the shafl. A final stage in 
denehole evolution seems to have been the removal 


