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they could not fail to  come in contact before vitality is ' 
lost. A lialf hour after contact wit11 the  milt, t h e  eggs I 

s\rell and  become too hard to be brolten by pressure of 1 
t h e  t h u m b  a n d  finger. The i r  specific gravity is now so  1 
nearly eclual to tha t  of salt water  tha t  when the Xvater is , 
a t  rest  they float upon its surface, remain suspentletl in I 
the  water, o r  occasionally sink s l o ~ r i y  to  tli2 l)o:tom. 1 
T h e  least current  will cailse t - ~ e m  to be distributeri 
through t h e  licjuitl. Mr. Earl1 d~scoverecl a smali oil 
globule in each e g g  which serves t h e  purpose of buoying 
it. T h e  i m p r e g ~ ~ a t e t l  e g g  is also so transparerit that  the  
fishermen, who a r e  not usually very observing, would 
nzyer suspect  their presence. T h e  eggs  a re  s ~ n a ~ l e r  ~ h a n  
cqgs of alillost any  other species, ant1 h a r e  a n  average 
t l i a m e t ~ r  of only one-twenty-eightil of a n  inch. I t  h a s  
Ileen est i~natet l ,  it will l ~ e  seen, that  21,952 wo~11d ~ n a k e  
a cubic inch, aud  a quart  of 57$ cubic i n c h ~ s  \voultl 1 
lioltl I ,267,728 eggs. I 

T h e  psriotl oi hatching is greatly influenced 11)- the  I 
temperature of tlie water. T l ieaverage  tem1)erature dur-  
ing the  exper i~uents  a t  Crisfizld :vas Sq' Fahreilileit. T e n  
hours after contact izitll t h e  milt t h e  outline of the  fish 
could be discel-ne I by the nrilietl eye. T h e  fish is foriced 
with t h e  curve of t h e  I~acli  a t  t h e  lowest  point ot t h e  egg.  
I n  fifteen and  one-half hours t h e  fish began hatching. 
In  t-igliteen liours one-half of the  eggs had  hatched, anti 
in twenty hcurs all were out. Exptrirnents  in water  at  
78' Failrenheit silowed tha t  twe;~ty-four llours \Yere nec- 
essary for hatching. A more :.ernarliahle rffect of tem-
l ~ e r a ~ u r e  I11 water  is observable in the case of tlie cod. 
a t  q j '  cot1 h a r e  been hatclied in thirrern days, bu t  in 
water  a t  31" tifry days \rere occupied in hatching. 

T h e  ne\vly-hatched n l a c k e ~ e l  a re  about  one-eighiii of 
a n  inch in le rg th ,  and so  small a s  to  escape through wire 
cloth with thiity-two threatis to  t h e  inch, and  a re  almost 
colorless. T h e  food sac ,  situated ~ v e l l  forward,  is quite  
lai-g-e in propurtion to  the  body, the  anterior Inargln eu- 
ttncliilg to  the iotver j3w.  \\'liile flsating on its back for 
several hours, during i ts  helpless condition, it passes 
safely over t h e  heads of its enemies, aiitl is protectetl from 
being wrecked rn santl o r  weetls. Afler  a few hours, be- 
coinllig more vigorous, it ge t s  to  a depth of a n  inch or  
more below the  s u ~ f a c t  of t h e  water .  After  a day or t\vo 
the  foot1 sac 1s less proniiiient, :inti the  fish esperieuces 
less difficul~y in swimming a t  vdrious deprhs. T h e  youiig 
mackerel hatclied by Mr.  Earl l  were so  hardy t h a t  forty 
were confinetl in a goblet without change of water for 
two clays before t h e  fiyst fish died; o.hers ,laced in Tvater 
i rhich r r r s  allowed to cool aild i n l i ~ ~ e d i a t e l r  I 

where they d o  not n o ~ v  exist, and  to the  countless multi- 
plication dr  them in tlie Cl~esapenlie. T h e  season being 
in mid-sumtner ~vi l l  not  conflict with t h e  shatl season 
of the  Spring, the salinon season of the  Fall ,  o r  the  cod 
season of t h e  \Tiinter. T h e  eggs a re  ~ n u c h  more  abund- 
a n t  and  hatch more easily and rapidly than  those of any 
fish now propagated. I2uring the  tour clays consumecl 
in hatchirig a lot of shacl, fire lots of mackerel coultl be 
hatched,  ant1 during the  twenty-four days necessary to  

'"HE I S L A N D  O F  MONTREAL."' 
B r  \ \ T i ~ . ~ . ~ , ~ h ~Hal -D.  

X considcr;il~lc portion of tlie waters of the Otta~va.  at tlie 
foot of the Lalte of T n ~ o  hiountains, divides on the Island of 
Aiontrcal. Tlie 11r;incli tliat is directed to the l~ortliern part 
of the islancl soon s u b - d i ~ i d e s  on Isle Perrot. There 
rapids are in each of the sul3-branc11es. The  sub-branches 
encountel tlie St. I,a~\,rence 011 its noltliern side at 
two points,-shortly aftcr it lenves the Cascades Rnpids 
and below Isle Perrot, fro111 that island's inner sliora. 
The waters of the St. Idam-rence b o u l ~ d  also, indirectly, 
the soutl icr i~ side of tlie Island of 11Iontreal, flowing 
in tlie sanie ri\-er-bed \\,it11 the Otta~i.a, but beyoi~cl 
or outsiclc its streain. The water of the St. Lalvrel~ce 
is greenish, that of the Ottawa reddish-broivn. The 
two rircrs run side 11y side unmixed to the Ottnlvn's 
lomern~ost mouth, at tlie foot of the Island of 3Iontroal ; and 
thence on~rnrt l  in the samo mannor, with incrensod volun~e  
011 tho part of the Ott;i\va, to Lalco St. Potor, where the)- 
finally minylo. If tlie Ottnmnshould cease to exist and the 
St. Ln~vrenco rerr~ain, what is lionr the Island of lliol~troal 
~ v o u l d  prol~ably-fro111 the high lovol of the tho11 Lake of 
Two i\Iountains, and from a great fall mhicli would, on the 
oxtinction of tlio Ottawa, take place in tho St. La~vronco 
be lo~v tho Cnscndos Rnpids-be ail islal~cl no longer ; but 
if the St. Lawrence ,slio~ild disapponr and tho Otta\iln re- 
m:~in, the Island of Alontreal ivoulcl continue to be an is lal~d 
still. Thoroforo tho n-litel- ib of tlio opinion that 111e Island 
of JTo11tre:il is an island not in the St. La~vrcnce as lias 
lieretofore ljocn held, Ijut in tlic Ottawa. 
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tlietl in a few hours. Mr.  Earl l  also found that a fair per- 

ant1 glycerine for t h e  National ibIiise~im. Ore; half a 
were hatched by T,nrious meillotl; and  vari-

ous times. 
Tlie  apparatus used in these experiments consister! 

simply of iloating boxes with b o t ~ o r n s  rnntle of wire 
cloih. 'l'he clot11 uras plated with nickel to prevent in- 
j~lr lous a c  ion of the  sal t  water, and  contained thirty-two 
wires to the inch. A f t i r  it w a s  found tha t  a lot of fish 
hat1 e s c a l ~ e d  through 11, only t h e  shells reinaining to  
Drove tha t  hatching had actu-illy taken place, the  \lire 
ant\ eac\l a l ~ e r t u r e\yere covered \viih coarse cotton 
~h~ bores \rere provide^ covers for llrotec;ioll 
aga ins i  or wictl, or bu t  ,vrr itled ,v,th 

on to  admit  fresh from abol,e, 
7r. he  col13missiol,er has li,ier,sely g,a,ified :it these 

results clue to  the  ingenuity of 3Ir. Earll.  They  open t h e  
way to  t h e  systematic propagation of the  species in waters 

I3.r DR.C I , : ~ .\\.'. liac I I C L .  

e"' 
His fa ther  was phar:nac1st and proprietor of one of the 

1 piincipal drug-stores cf the t o ~ v n  ; he is  described as hav-
1 iilg been unusually proficient it1 tlie arts of his trade, and an 

:trdent l o v e r  of llis sllec,al p r o f e s s i o n  as as ofscience 
ccneral. A Tvealtl,y lTlnIl, comparatively sl,ealcing, be be- I ~t,,e,i great care on little FRIEDRICH,the only surviving 

I child ot six. The oppor t i ln i t~~  offered to tile sickly, quiet 
, boy who 11nd to be Icept from school during the greater 
' part of his boyhood, was eagerly taken advantage of by him. 
1 Test-tubes and retorts almost took the place of play-toys ' with hitn, a r ~ d  his involuntary leisureenabled him to lap the 1 f o ~ ~ n d a t i o n  greatness, r i r  : an ability iur h b -  for his J u t ~ ~ r e  

ratory worl< almost unsurpassed. Thus  it was that his 
yethod: a s  well as  many of the instruinents and apparatus 
L I ~d(:vised, are fourid to-day in evtrylaboratory and are used 
all over the globe wherever chemistrv has an abode. 

1 .'- Read before the A.A .  A .  S.,Boaton, 1380. 
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I n  spite of the loss of time, occasioned by hls  continued 
ill-health, his  sharp, grasping intellect enabled hirn to pass 
with honors  the examination for admission to university 
study (Ahiftri.ir?rte,?r-Ex~~~rterz)the comparatively early age at  
of seventeen (1823). -Ifter five years offurther  practical work 
as  an apprentice and clerk in his father's store and pharma- 
ceutical labratory, h e  went to fZci(ieNiei;y (1828) stlid!-ing ' 

chemistry with GI~ET.IS. After another lustrum spent  in 
various studies, there as  well a s  at R~,uZz'n, and finally at  1 
Bonn, he returned to his hume at h70ble,izz (1833) with the de- 
gree o f P h .  D.* Afterhaving passed his Sfafe's Exaiiiinatiort, 
he married, and had,  at the tlme of his death, two daughters 
and  two sons. T h e  faithful companion of his  life, an ex- 
cellent wife and  mother, also survives him. 

I n  1840 his father died and he then t s o k  charge of the in- 
heritance faithfully, and for seventeen years conducted 
the .17ohiz~n-Apothrrt.E, a s  the establishment mas popularly 
called. I n  18j  7, however, he disposed of i t  in order to de- 

' vote, in retirement, his  entire energies to scientific research. 
H e  did so for a period of about six years, and  then had ' 
the rnisfortune to become involved in pecuniary difficulties 
arising from the failure of a manufacturing establishment be- , 
longing to his son-in-law, in which h e  had been special part- ; 
ner. T h e  honest fulfillment of all his  engagements cost him 
nearlyall his  fortune, and  was the direct cause of  his re- 
rnoving to Bonn, mhere he settler1 in 1864 as  lecturer (Pyi- i 
.i,aidosenf). T h e  chair of Pharmacy becoming vacant a year 
and  a half after his  settlement at Runit b-n;nizr~i*sify, h e  was ; 

appointed to the place. H e  owed this a p ~ o i n t m e n t  to the 
direct influence of Ei!~fei~o~~thcn and  the Eiz-  ~ ~ . Z , ~ \ \ ~ I I , I . I . O ~ ,  
jws.r then Qtireir AUGL-ST,\.The  latter always took a lively 
interest in his welfare, which dated from their long resid- 
ence at h70bCi~- Casfle before the Prince's accession to the 
throne. T h e  Princess  had always been fond of the great 
man's company, his conversational powers m d  his manner  of 
reading b e ~ n g  of a n  unusually high degree of perfection."" ' 
I n  a letter to the writer, his  accomplislled daughter, ,lfi.riss ' 
ANXARIOHR, who acted as  his amanuensis for many years, 
states : 

" In  our  farnil?- circle where h e  felt himself surrounded I 

1))- loving care, I have never seen him other\vise t1i:ru lial,:,y 
and contented. Ful l  of feeling and spar1;ling xritli I iu~nor ,  
he al\rays was al~preciativc of everything that is n o l ~ l e  and 
beautiful in art and natui-e. Z I ~ s i cand poem!- were al\\-ays 
e s ~ ~ c c i a l  ;1Ioz \ R , r ,favorites with him and while UEF.TIIO\-EX, 
I 1 \\.I)\- and \S-~:ni..1< were his ideals in the former, ( ; I I I : ~ I I E ,  1 

511111 J . F I ~ ,  STI. \ I<SI ' I : .~F,  etc., were to him as old ac- HO\II..R, 
q : i t a ~ c e s .  l i i s  iionderflil  ~ n n n o r y  cnablerl bin1 to recite 
for I i o r  S I I I ' S  l l a l s  r I V i i a  1 ;  I I I S 
Faltrr; IIOIIER'I I l i ad ,  alld~ilally, I I I~I IJ -other ~ v o r k s  of those 
a n d  other poets. X11d not only was his rccitrition ni:lstcrly 
2nd perfect, liis rcadilig 1)owcr of serious, a s  well a s  of ! 
c o ~ n i c , ~ l  was unsurpassed. . . . . at Ipieces I Ic  ~ o o l ~ l t l  
tile same time nlaster ;in>- dialect, llcw toh im,  in a f e ~ v l i o u r s ,  , 
and his ~ n a n y  frit.nds and acquaintances o\i7e him ni:in!. 
11o11rs of bliss and 1i:ippiness and  man!- a pleasant evening." 

t I : i n  i s f  o  a c o ~ s l i e r  of i t i o n ,  
liis gc~lius-no longcr drag,ged d o ~ v n  11y ~~ccunia i - j -  Ic:lres-
:~tt:iincd full sway. I n  quicl; succession I I ~pul~lislicd t1l;lt 1 
seriesof. ~lotvcsynumci-ous.  ! . e t v c n i ~ i ~ p o r t a n t ,\vori;s \vhicli 
\rill ~ i l a k e  his name immortal. His  lectures also, tliosc :it 
the rn ivers i ty  as well as man>- otliers mhich hc delivered in 
clubs and societies at Ui~irir, Coli~pt,, A706ieizz. Liej;*lii  ;111ci 
other neiglibori~ig cities a11d llis man>- contributions to 
scie~ltificas n-ell :\s other magazines allti periodic:lls n.o11 
l l i ~ i lthe hearts cquall>- of llis studcnts anci his lay-hearers. 
Of tliis the immense throng of pcol)le, l)clo~lging to :ill 
c1:isses of society, th:it attended his f ~ ~ n e r a l .  :i su re  in- \v;~s 

dicatio11. 


8 

* 'L'he holiorary tit le of JI. ,7, ivns confel-red upon h i m  in la ter  y e n r i  ; 

he also rece i \ed  t h e  t i t le  of .l~~~i/i.in~z/,-nr/i.
and \\-as for a p e n o d  u f  over 
tl i lrty yenrs  t h e  hhar iuaceut ica l  nd\ lser  a n d  memher  of tlie / i / i L i i i ~ i  

.lTtt/ir.i,i ( ' ~ > r i i c i l .H e  fur thermore  wnie lec ted  correiponclin: oi- lhonr,rnry 
meiliher h y  several n c a d e ~ n i e i ,  nullierous p h a r  nceuticnl nnd iclentific 
os,ocl;itions in g e n c ~ a l .  a m o n g  t h e  f r~rmer  being t h e  r l i i i t ' i - ~ r . r , i i  f'hrzv-
v , a < c z ~ f i ,(zl ' 4  \.so( i,zf,oa 2nd t h e  / ' / z i l < z d c l j / ~ i a<'<d/, ,,,,zrj+ , ~ / ' ? A , Z ;  . 

liut,  in s p i t ~  of all tliis pr)pi~l:rr rccognitioti, hc \ras not 
a l l ~ ~ ~ r c dto tnltc that cotnrnantli~lq position to  \vl~icli he was 
entitled bj- the qi~periorityof his gcnius. TVe need only re- 
mind tlic reader of DR. XKIS'S letter pul~lislied in S o .  15 of 
" Scri..sc.r,''to suggest the causes fo r thc  o ther~v isca l~nos t  in-
corn~)rehcnsihlcfact that ;\Ioirlc ~-c~n;rincd :in " E.sflsi-Oiil%'it-
ai,i/i.r" L I ~to tlic iililc of his death. T h e  re:1son is ol~vious.  
Even the IIolicn/.ollern ditl not undert;rke scriou? inter \cn-  
tion in liis interest in I-egrrrd to this iiinttcr ; fol ,  . i l t l lo~~gll  his 
1oyalt~-and patriotisln were provet-Lial, his r:idic;il views in 
rcg:rrtl to things tlleological wllich h e  always fearlessly con- 
fesscd, and his unflinching attacks on erroneous viclvs in 
science, reg:lrdiess of what position those \vlio proclaimed 
them rniglit chance to hold,  were sufficient causcs for  the 
failure of tlic polveis tliat be  to promote liis atteilrpts. I-Ie 
remained unclisturl~ed because he recognized nz t iho~i f~~  in 
matters nolitical, hu t  he ~ v a s  not proniotcd, because lie did 
not feel I ~ o u n d  11)- any aufhol-ify in tlieo10gic:~l ancl scientific 
matters, uncontlitionnlly. 

T h e  Eiiifcn~i. desisted from interfering after experiencing 
a resistance on  the part of " C~rlfttsnsi'ni'sft~i*FALI;" against 
~ [ ~ H K ' spro1ilot1on, which he could not overcome. 

\Then 3I11trii scttlcd at Hi~ni? C;zi.i,rlsiiJ, ;is a 1Ui~iz~nf-Doze~rt, 
he as 57 years of : q e .  i. e.. older by sevcr:rl decades thali 
the :rver:~ge of his colleagues, heing the senior of most 
~ n e ~ n b c r s  f~icul ty But more than of the ~ e y n l a r  themselves. 
this, he had ;rlread!- at that time shown his inclination and 
his al~ilit!- to rcforln. naj-, to revolutionize sornc of the n~a i iy  
branches of science ~vliicli he mrrstcred (tlieoretically and  
practically). Tllisivas niore tlian n l i i i ~ c r i t y a l i d  eve11 f;r11ious 
men :%re willing to endure.  And  to just sucli influences 
J IOII I<himself-who knew ;?ll tlie 1-:?rious intrigues ay;rinst 
and reports :?bout him, ~vhicli he never r'lised his finger 
pul~liclj- to lay hare or  refute-attri1)uted the Lad treat-
rilenl which he received. 

H i s  eldest son, AIR. CARL ~ I I O H I < ,  ;tble chemist, and an 
an accornplisllcd contr i l~utor  to scientific lnagazincs, writes 
feelingl!., about this rnattcr, a s  folloxvs : 

". . . .yet it would be interesting to expose without fear 
or  favor the da rk  doings of that 'o&cinZscirncel ofsuch men 
a s  -, -, -,* etc. These men do not want to re-
cognize anybody a s  their equal who does not sail under  
their colors ; followers and panegyrics are  all they care to be 
surrounded with. But they hate and fear men of an inde-
pendent turn of mind who dare have convictions of their 
own and dare express them, regardless of consequences to 
either themselves or others. Father has, for instance, by 
tiis sliarp and  telling hits of criticism in his ~ o ~ i l l n e n t a r ~  <o 
the 'I'hni-ii7. Hot..' made enemies of the whole oificial clique 
of -, --! -, and others at Bci*iiit. Those men, in- 
stead bcing thankful to a man, far superior to them, who 
has  pointed out  errors, and  slion,n liolv to correct them, 
have persecuted him to tlieir hearts' content. SVhen. 
therefore, the comn~ission for the preparation of the ' Phau-
i>~nc(@ra C;ri-ii/a?iicn ' was to be appointed,  he was excluded 
from the list of commissioners intentionally and ostenta-
tiousiy. The  man who really was the Ai r fo ;  / i l l i n r i r r ~ ~ t ~ a t i ~ , s  
in Gc~.i / lan~~,  \vorks as  author of such unrivalled s tandard 
his ' 1L'il~ai~iizc~pieiz ' the L;i7iz~iil.iztiiiy, ~iniz~ci~~~izii..r. etc.. above re- 
ferred to, n ' ; \ l ;~nualof I-'!larrnaceutical Practice,'"* a .Text -
book on the Art  of Dispensing,'""*and others, was i g n ~ r e d  
i t~sucl i  adisgraceful Inanner. I t  masa  shamcful perfor~nance,  
one that has  no equal in the whole history of Science.'' 

The narrative of tliese occurrences is one of the best il- 
lustrations of l ) ~ .  XKIK'Sviews, a s  expressed in his letter 
to P R I J P .  S.I.OI;I:>, alluded to l~efore.  

Rut, although the illustrious Inan was thus slightingly 
treated by men,  generally far inicr ior ,nonc of then1 superior 
to him,  principally on account of his superiority an^ of 
the fact that n ~ o s t  of his views and arguments  wcrc un-
~- -~ - --

: ' l 'he li5t or ~rnmei-I am iorry  t o  .G~).-eml~r:ice~ sorlre of t h e  most 
r e ~ i o \ v ~ i e < l  : ~ t  and ~ ~ i t e r i t i o r i  n i  Iprofc.sori .Gonn a t  Z<t,>.li~/.>1o111<'s wai 
arn info)-rned, t o  y i \ e  :I detailed accol l l~ l  of t h c  va, ous intriglle5 ainiriSt 
h im ill :i work he  was about  tr, ijtll,li.h, u l i e n  dt:ith overtook bun; to 
accuie  lii i  oer,sctit,,r- a n d  enelnle,, nlid 1:iy nt t l i ~ i r  do81r t h e g u i l t ,  of ha\  ing  
ileprivecl h ~ m  of duc  ricognltion t o  t h e  p13ce and honor,~ r i c lP ~ O ~ O I I O I ~  

of a n  ' (Jidiii, ~ - i v $ . 'nlid t o  jtlhtlfy bclilre tlie yubilc h i i  coniltict of liot 

'4

h a \  il lgunti1 thcli  5toopcd ti ,ans\i  c r  :and l i t u t e  tiic incligllit~cs t k u s  heapcd 

H e  a t  t h i ~  tinie delivered a cour ie  r,f lecturch to Z'r-i,ri E L ,  A I ( . I  -T.\ : ~ t  UIx,n  hi,?', G.  IT. R ,
h l i  lhouie. c o m p r i s ~ n p  expe, imentni  chemis t ry  21ld appl icd  ~ u c i h a n l c ,  
Otrocleli of itearn-enmine. etc..  bc ing prepared  foi- t h i i  special ptit.poiel, .. I . ' / ~ r b z ~ ~ h  f ' h<z~u~~z ,ztr;st./,, ,>TCO~? t i , !;tnubliihed 111 J ; . L  ecli-&r c 

t h e  pri,ir.e and hiibelclc;t son .jv,i /+ ;  ,itt. (; 
' 'lo"' lfi ' i t%15461 t rvera l  trrnei transl.ltrd llito Freilcll 2nd Engl i ih .  c, .~ ",

a t t e n c l ~ n gwhen t h e y  stopped a t  t h e  Cni t le .  1 ,* ' l < e z e p t ~ r ~ k u ~ , , t .  
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answerable, * he was highly esteemed by the independent 
members of the profession at large in Germany. The last 
meeting of the ' German Apothecaries'' Associatio7iJ which he 
attended, reading the inaugural address, was made 
the occasion of quiet and impressive ovations 
which the modest man received with deep feel
ing. The kind and respectful regard with which the 
venerable scientist was treated by almost all the members 
present, was often referred to by him in his family-circle 
with pride and satisfaction during the twelve months which 
were still allotted to him. He felt at that day, if ever, that 
he had not lived in vain, and that the seed which he had 
sown would not be lost, but that coming generations would 
yet profit from and be benefited by it. 

Besides the works mentioned, he wrote the following: 
The Mechanical Theory of Chemical Affinity, etc.;1 General 
Theory of Motion and Force as a basis of Physics and Che
mistry :'2 Manual of volumetric Analysis f edited five time?, 
and last, but not least, a History of the Earth; Geology 
founded on a new basis? which was edited tsvice. 

Of the various improved analytical methods devised by 
him may be mentioned the proposal to use oxalic instead 
of sulphuric acid (GAY-LUSSAC), to determine the relative 
proportion of alkalies and acids contained in a salt; his 
combination : Sodic Carbonate against Iodine-solution ; 
or, better still, Sodic Hyposulphite against Iodine-solu
tion, and his beautiful determination of Chlorine, by the 
use of Argentic-Nitrate-Solution, with Potassium Chro-
mate as indicator ; of the many instruments invented by 
him, the self-acting stirring apparatus, with clock-work 
arrangement, a pill-machine, an apparatus for prepaiing 
infusions by the use of steam, another for extraction by means 
of ethers, and his improved burette, with compressing 
faucet. His Manual of Volumetric Analysis in which these 
devices and many others of like importance are described, 
is considered one of the first standard works in the domain 
of analytical chemistry, and has been translated into various 
languages. 

The attempt, first made by him in his Mechanical Theory 
of Chemical Affinity H to promulgate the theory that chemical 
affinity is a mode of motion, inherent in matter, and is 
measurable only in so far as we can measure the heat that 
is liberated and bound up during the union or separation 
of two elements, is one of his greatest efforts. LiEBiGf him
self always valued this work very highly, and it is certainly 
one of the most brilliant manifestations of MOHR'S genius, 
as will be seen from the following extracts: 

" The union of two bodies by combustion always liber
ates a certain portion of this motion which appears in the 
shape of heat. Another portion remains in the product of 
combustion. We are only able to measure the former, not 
the latter, and even of the former we are unable to say how 
large an amount is due to one body and how much to the 
other. If one gramme of hydrogen unites with eight of 
oxygen, 34,462 units of heat are liberated. These indicate 
the amount of motion which both gases contained when 
yet ununited, as compared with the water resulting from 
the union. In the latter itself there is yet a certain amount 
of motion, as its liquidity and its proneness to vaporization 

1 Mechanische Theorie der chem. Affinitat; Braunschweig, Fr. Vieweg 
& Sohn ; 1868. 

2 Allgemeine Theorie der Bewegung und Kraft, als Grundlage der 
Physik und Chemie ; Braunschweig, Fr. Vieweg & Sohn ; 1869. 

3 Lehrbuch der chemisch-analytischen Ti t r i rmethode ; Braunschweig, 
Fr. Vieweg & Sohn ; 1855 (1877). 

4 Geschichte der Erde ; erne Geologie auf neuer Grundlage ; Bonn, M. 
Cohen & Sohn ; 1866 (1875). 

* Many of the suggestions contained in his earlier works were made 
use of in the k Pharm. Germ.'1 by the very men who were his life-long 
enemies, because these and other views were freely and sometimes sharply 
expressed by M O H R . Many of his original ideas on other subjects than 
Pharmaceutics, especially those on Geology\ were also confirmed by later 
evidence ; but this equally did not serve to reconcile his opponents in 
this line of research which comprised nearly all k official geology' in 
Germany. 

t At the eve of its publication, the great chemist wrote to M O H R as 
follows : 

" I am impatient to see your new book, for you seem to have treated in 
it of nearly everything that we need to know something definite about, in 
order to make chemistry a real science ; nobody as yet has really had a 
clear conception of affinity ; we simply stuck to facts, tha t was all. I t has 
been jus t so with the melt ing-po ;nt, the gaseous condition, the boiling-
point, e tc . " 

successfully prove. From the oxygen contained in the 
water we are able to liberate yet another amount of heat by 
uniting it with potassium or with zinc, because potassa 
and zinc oxide are more apyrous than either potassium or 
zinc. Now, it is impossible to know what portion of the 
34,462 units of heat comes from the hydrogen, and which 
from the oxygen, and furthermore, what amount there is 
yet in the water. Therefore, we cannot reduce to an abso
lute measure this property of chemical affinity, only the por
tion that is liberated in the shape of h at. 

"Thisexample also shows how enormously more efficient 
the motion that bodies contain as chemical affm'tv, is than 
that which they contain as heat. The water produced (9 
grammes) contains 9 u. of h., while the mixture of both 
gases before union, contained only 2 ^ u. of h. (the specific 
heat of hydro-oxygen-gas being o 25). But, since there 
was a development of 34,462 u. of h. during their union, by 
combustion, it follows that the motion existing in the mix
ture as chemical affinity, is 15,316 times that contained in it 
as heat." 

Again : 
" If iron develops heat while oxidizing, the dense condi

tion of the oxygen in the resulting ferric oxide is certainly 
an effect due to chemical affinity, but the potential energy 
of the oxygen is no longer found in the oxide ; it has been 
separated. The heat liberated during the combustion of 
the iron in oxygen-gas is the surplus of motion which iron 
and oxygen contain more than Ferric Oxide." 

And again : 
" If carbon and oxygen unite to form carbonic acid, there 

is no change of volume, and so it is with a mixture of 
chlorine and hydrogen. Their specific gravity after chemi
cal union is the same as before such union took place, be
cause their volume remains unchanged ; yet a great amount 
of heat has been liberated. 

u Thus it is not true, as has been formerly assumed, that 
we may compare—for the purpose of measurement—chemi
cal affinity to mechanical force by calculating the amount 
of force necessary to compress a mixture of gases so as to 
give it the density possessed by the product resulting after 
chemical union has taken place. (Hydro-oxygen-gas 
against water." 

The quintessence of this unique volume is contained in 
these two theses : 

1. Loss of chemical affinity or liberation of heat always 
means : Higher specific gravity, higher melting point, higher 
boiling point, insolubility, chemical indifference, rigidity and 
development of but little heat on combustion. 

2. Increase of chemical affinity and absorption of heat 
always mean : Lower specific gravity, lower melting point, 
increasing solubility, proneness to chemical combination, soft
ness, development of much heat on combustion. 

Mr. CARL MOHR, in a biographical sketch of his father's 
life and works, says of them :* 

"These two axioms comprise almost the whole range of 
chemical processes, and they are a mechanical theory of 
chemical affinity, in the very same sense that we have a me
chanical theoiy of heat. 

" A s an example to illustrate the first thesis, the reader 
needs to be reminded only of the chemical relation that 
exists between acids and bases : sulphuric acid against 
alkalies, such as caustic potassa or quick-lime. The pro
cess of saturation is accompanied by the liberation of con
siderable heat ; the products have a very high melting 
point and are chemically indifferent. 

" T o illustrate the second thesis, a good example is the 
formation of carbon sulphide. As is well known, this pro
cess requires a considerable expenditure of heat, and the 
product thus obtained is volatile at a temperature far below 
the degree of temperature required for its formation. This 
heat, taken up by the carbon sulphide, is contained in it as 
chemical affinity, and is evident by its low specific gravity, 
its low boiling point, its proneness to decomposition, and 
the increased development of heat during the combustion of 
its elements." 

The great principle underlying all this reasoning is that 
of " the conservation of energy and the correlation of forces," 
of which, as we have shown, he was the first exponent.f 

* ArcJiiv der Pharmacie; Vol. 216, 1880. 
+ See the paper published in No. 17 of " S C I E N C E . " 
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The work, a s  may he gleaned from the few quotations 
given above, abounds in a variety of new and original ideas, 
many of them elaborated, others rather fragmentary, but 
all of them bearing the stamp of the author's genius and 1 
containing an inexhaustible source of information and 
elucidation on  the somewhat abstract subject of chemical 
theory. It may be added that does not approve of h l o ~ ~  
the modern valuation of atoms, but uses exclusively the 
old formulz.  I 

The Alcqemeine Theo~ze ,  etc., is written in the same vein, 
in fact it is introduced by the author as a supplement to the 
former, the ' hIech. Theory of Chem. Aff.' I ts  purport is , 
to lay out the different regions of physics as far as  they re- 
l l t e  to motion and force ; it also gives an outline of the 
method by which the correlation of forces and especially its 
grandest practical achievement, the ' JIechanical Theory uf 1 
Heat, '  should be made the basis of natural philosophy. . 

NOHR insists particularly on the complete e rad ica i io~  of 
the wrong use of the two words : motion and force : 
" Motion (actual eneuKi1 of the English writers) implies a 
change of piace, and consequently force (potent ia l  eneujy) 
comprises those states in which a change of place does nor 
obtain." (1. c. p. 12). 

Sieam force is therefore a correct expression and desig- 1 
nates the tension (potential energy) of the steam. -1s soon 
as the piston moves, the tension disappears (potential is  
convtrted into actual energy). In  the fljing wheel and the 
balancier we have motion (actual energy) and not force 
(potential energy) when ' running empty,' but rrotion nlzd 
force, when there is some work done at the same time " 
(Ibid.) 

The translation of these few passages will suffice to 
show the principal aim of the author:  T o  obt:,in perfect 
clearness of expression by distinguishing between the two 
forms, to either of which every *causa e$ciensl in nature 
belongs, viz., force (potential energy) and motion (actual 
energy). Prompted by the same desire, he makes these 
divisions in classifying those ' cause  eficientes,' to wit : 

--. hl-oTrous.. . -"A. . . . . . 
I .  Motion o f  6odies or puo,rruessive naotio~z. 
2. Lig/it and Heat  in the state of radia~.ion or radiatinz 

motzon. 

3. Conzmo7z, conducted heat or conrhcted nrotion. 
4. Galvanisvz or fluwine. nzotion. 
5 .  Chemical A$nity or clin,rring i~zherent motion. 

B. FORCES. 
I .  Gl~avi fy .  
2.  M a t  netisnz. 
3. Ekct>*iciQ. (Statid.) 
4. Cohesion." 
This division is based on the property of introconvtrsirn 

which is peculiar to the former, not to the latter. The five 
' motions' are introconvertible and also convertible into 
either of the latter (the forces), while these are only conrer- 
tible into the former. 

The reason for his peculiar view that heat does exist  i n  two 
difeuent fop-ms of motion, he states in these words : 

" After due consideration of the matter in quest 'on, I 
feel compelled t o  separate >,adiatin:- froin co)zducted heat 
Radiating heat is not really heat: it Goes !lot expand bodies; 
it does not act on the thennometer nor on the ther~no-elec- / 
tric co lu~nn.  That is what conducted heat does. The fact 
that radiating heat is converted into conducted heat, as  soon 
as it strikes a body which does not reflect it, is no reason 
why we should declare the heat-rays to be heat alrrady, for 
the luminous rays and the galvanic current must undergo , 
the same change (before being capable of acting on the 
thermometer or on the thtrmo-cleciric column.) The mode 
of motion obtaining in the heat->*aj, differs SO r:ldically f rom 
that in conducted heat, that the separation adopted above 
seems to me fully justified. The circumstance that the 
heat-ray does not penetfate the differeot fluids of our eye- j
ball, or if it do penetrate them, is not transmitted t l~rough ' 
the optic nerve, constitutes only a mechanical difference as 
compared with the visible ray of light, and we justly con- 
clude that this depends entirely on their d~fferent wave- 
length," 

The manner in which the various modes of motion and 
of force are measured by means of the application to 

-

them of the mechanical theory of heat, is particularly 
dwelled upon. From this it appears that of the f ive modes 
of motion, two only-mechanical motion (of bodies) 
and heat are reducible to absolute measurement. These 
two may be compared by means of the unit of heat, ex- 
pressed in kilogrammometers. 

Another line of thought which ~ ' I O H Rhas first dared to 
follow and to pronounce upon, is the one dealing with the 
real value of the use of mathematical expressions in natural 
philosophy. 

H e  holds that the value of mathematics is only second- 
ary, and is, as  a rule, greatly overrated. H e  says:  

. . . "For,  such propositions are proved by logical 
reasoning only, not hy applied mathematics. A formula is  
nothing but the mathematical expression of the true inward- 
ness of certain phenomena, as  it has been previously found 
by intellectual observations and reasonings. What is ob- 
tamed as a result through tht: formula, is in it from the begin- 
ning ; it is not at all a discovery made by the mathemati-
c an. If the first equation is  wrong, the conclusions arrived 
at will be wrong. The ancient mathematicians who knew 
nothing of algebra, logarithms and the differential calculus, 
had to reason logically exclusively ; even the lack of the 

' 
Arabic numerals was a great drawback to them. That we 
are able, by the help of all these adrantages, to d e j u c e  
q u ~ c k e r  and more accurately a number of relations from a 
given equation, orlly diminishes the intellectual merit of 
our work but not rEe practical value of the result. Mathe-
matics have only one object, to wit: to evolve from certain 
given conditions the unknown quantity." 

It cannot be denied that there has been. of late, an 
ubrious tendency to overestimate the value of mathematics 
in the philosophical investigation of physical problems. 
And it is not the least ot RIOHR'S many merits that he has 
conclusively shown that their importance i s ,  secondary 
only, and that their intrinsic value is far below that of logi- 
cal deductions. " A  mathematician can never discover a 
new law in physics ; that is done by observations only and 
by the Logical reasonings, based on  such observations." 

By t h i s  defining the proper limits and the legitimate 
which mathematics should occupy in natural phi- 
hfOHR has rendered an invaluable service 

to n ; k e ~ u u s  students of nature. Great numbers of such 
have been frightened by the many hundreds of pages filled 
with mathematical folmulz,  w ~ t h  which we now see treatises 
on physics so  profusely interspersed. 

A perusal of this so~newliatfragmentary work does not fail 
to leave the impression in the mind of the reader what a 
great tllisfortune it was that the author should have been 
called away before he had given us a more complete and 
comprehensive treatise on the subject ; numerous requests 
addressed to him \\-it11 this view were invariably met, as  we 
are informed, bj- a modest dccline, on the ground that 
much was to be done before this could be ventured upon. 

II is  immense capacity for progressive thought is best 
illustrated by quoting from one of the "A$$endices," happy 
after-thoughts, to this work. There he sa>-s : 

I n  determining the conception of the word force in con- 
tradistinction to motion : qravity, cohesion and magnetism 
seem to be without nily inherent motion, as we have no in- 
dication that them is s i ~ c h  motion. On the contral-y, the 
tension of cornpressed air, thc action of an explosive mix- 
ture, ctc,, appear in the form uf inherent molecular motion, 
which could appear dead only in comparing it to mechan- 
ical motion (of solid bodies). I n  a compressed gas there 
is perceptible heat and chemicnl xffinitj- (motion). The 
pcrccptible heat acts on the tlicrmometer on]?-, but not as  a 
force on the \rails (of the enclosing vessel), while that 
amount of hcat which is available for expansion, and which, 
while the (movable) wall of the enclosure (piston in c\.lin- 
del- of stcarn engine) is I-eccding, is actually used fo; ex-
pansion, implies tension tlircctcd o u t ~ . a ~ d l y .  Since, there- 
fore, we recognize in this the effects of actual energy (mo-
tion) as lieiny of the same nature as those of potentla] en- 
ergy (Jibuce-gravity, for instance), acting by pressure or 
tension (supported or suspended weight), the question 
arises 7vhether nzncnetisiic, y12rrviQ altdcohesio~z aye not dz fe l -  
ent  f o r ~ ~ z s  oJi- rriz i??hei,ent molecular niotio~z o f  which we have ,  
as yet,  not the sli,yhtest concejtion." 

This idea has occupied his mind during the last years of 
his life partichlarly, and lie has published one of a sel-ies 
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of articles" on the subject of cohesion ancl tlie atomic itlieory, the lattel of which lie attacks with all the acuteness 
we are wont to find in his writings. 

In  regard to MOIXR'S Gesehzrhte d e ~  E d e ,  which he rightly 
calls : GeoZoOey o)t a new  basis, it is impossible to say little, if 
it should be spoken of at all. Suffice it, however, to state that 
it is not what is usually called Ne$fzr)tisi?r what MOHR advo- 
cates ; it is  free from any kind o f "  ism," as the man who 
wrote it himself was. But in thegenerally accepted plutonistic 
geology, fire plays such an omnipotent ~dZe,that any deviat- 
ing view, any appreciation of the true state of things geo- 
logical, is believed to deserve that name from ttie outset. 
The so-called Neptunism of MOHR has, however, nothing 
in common with the impossibilities of the Old Neptunistic 
Sctiool of WERNER and his followers. 

There is this radical difference between the views, a s  yet 
generally accepted, and those advanced by h l o ~ ~  : 

His aim is to show i n  wha t  manizer the several minerals 
and rocks, composing the outermost, accessible strata of 
our earth, have been formed ; the yzcestiun o f  t ime he consi- 
ders to be not only irrelevant, but also very difficult of as-
certaining. His firm conviction of the falsity of the nebular 
hypothes~s and the previous fluid state of the earth and the 
present molten state of its interior has been strongly sup- 
ported of late, not only by other savants,  but by a number 
of facts and reasonings. The foremost among the former is  
embodied in the results of careful measurements of temper- 
ature in the deep boring (4052') at Spe~~'mbervnear He?-liiz, 
conducted by the most learned and expe:lenced m ~ n i n g  
officials of the Prussian Government. They show that the 
old supposition of I" C.  increase of temperature to each 
100' is fallacious, and that this increase diminishes con. 
stantly in going down. Here is the table : 
Depth. 
700 Rh. ft. 
9m 

I I00 
1300 
Ijoo 
I700 
1903 
21w 

3390 

Temperature. 
~j654" Ktaumur 
I7 849 
I9 943 
21 537 
23.830 
2 j  623 

27 313 

28 go6 

36 756 


Increase per loo fc. 
1.097" R. 2.4680 F. 
1 . ~ 4 7  2.3j6 
0.997 2.243 
0.546 2.128 
0.896 2 018 
0.846 1.904 
0.795 1.789 
0.608 1.368 

While for the lowest roo feet it was : 0.445' R. (I.OOI" F.) 
"This  would make the final rezult, a s  stated by h l o n ~ , "  

says Dr. KLEIN," "very well founded, nay, indisputable, 
viz. : ' that the increase of temperature wi l l  cease oltu~~ethel*;' 
not at a depth of jooo  or ~ O O O ' ,as  ~ I O I I R  will have it, but, 
at all events, at a depth considerably below ~oo,ooo'." 

Thus,  in addition to the many astronomical, physical and 
chemical reasons, which are irreconcilable with the ntbular  
hypothesis and with the theory of the molten interior of the 
earth, derived from this hypothesis, M ~ H R  has pointed out 
an irrefutable fact which s u p p o ~ t s  this position.*" For, 
continuing the slight increase found in a proportionate 
ratio, at the point where there \v~l l  be no more increase, the 
terrlperature actually obtaining will tall much below the 

'plutonic '  origin. The several properties which the one 
kind possesses are not found to be properties of the other, . . 

and MOHR, therefore, takes strong ground to deny their 
fiery origin. 

Arnong these properties, demonstrating their crystalline 
origin, may be mentioned the following : 

I. That Feldspar, Augite, Hornblende, Mica, Rock-
crystal, Quartz, etc., a s  well as  the rocks which are com- 
posed of these minerals, all show minute cavities contain- 
ing water which are not found in rocks that have undoubt-
edly been molten, such a s  Obsidian and other lavas. 

z. That the specific gravity of the silicic acid contained 
in them is greater (2, 5-2. volcanic rocks - 6) than that in 
(2, 5-2, 3).

3. That by meltingthese crystalline rocks (Basalt, Granite, 
etc.,) their specific gravityis reduced in the same proportion. 

4. That petrified wood, fossils, and other pseudomor-
phases of organic origin, and even organic matter unchanged 
(Asphalte in Granite), is found to be enclosed in them. 

5. That the crystalline rocks decay much easier and 
quicker than the volcanic molten rocks. 

6. That Inany chemical actions, combinations, etc., would 
be impossible if a molten condition was presupposed, etc. 

These and other properties of less importance undoubt-
edly form a strong array of proofs against the 'plzctunic'  or 
fiery oriqin of the Silicate Rocks. 

The formation of lime-deposits takes place according to 
~ I O H Rin the ocean bj- the following bio-chemical processes : 

The sulphate of lrme contained in the sea-water is assi- 
milated by the marine plants (Akeand Fzrczts especially), 
and by them decomposed in the course of their vita1 pro- 
cesses. While the sulphur enters into albulninous com-
~ o u n d s .the lime unites with carbonic acid. and both go to 
;arm of the plant itself. The plants skrve as nolr ish-  
ment to the myriads of mlnute animals (Rhizupoa'a and Ful-a-
ncinijP1-a),which populate the oceans, and while the carbon-
ate of lime serves to build up their shell, the sulphur is 
eliminated by their bio-chemical process as sulphurous and 
hydrosulphuric acid. These shells which lie from 10 to I,; 
feet deep at the bottom of the oceans, are the chalk and 
lime-beds of the future. 

The presence of organic matter i r ~mctcoritic masses and 
the absence of carbon in meteoritic iron are pointed out by 
RZOIXR as  further proofs against the plutonistic and in favor 
of the crystalline origin of the heavenly bodies. The chap- 
ter on these mysterious visitors from the celestial spaces is 
the longest and certainly one of the most interesting. 

His  views, especially in regard to the constant metamor-
phosis of rock-strata, are in fair way of becoming generally 
accepted-although his name is not a s  yet mentioned in 
connection with them.* 

Another theory which refers the formation of coal-fields 
to the deposition of immense masses of sea-weeds and 
tangs at the bottom of the ocean, has been greatly sup-
ported by the d~scovery that Iodine and Bromine are re-
gularly found in the smoke-black from chimneys where 

melting point of lead ; this had been predicted by h l o ~ ~  coal is burned. 
on other grounds, before the measurements made at Sjei= 
e n ~ b e ~ yhad been published. 

Chemistry, especially, is ingeniously applied to geclogy in 
MOIXR'S work, and from the chelnical constitution and 
physical properties of the various minerals and tile rock- 
formations which they compose, conclusions are arr i \ed at 
which throw a new light, in many cases, on the probable ori- 
gin and subsequent metamorphosis of the vrrious cornpo- 
nent parts of tile surface of bur globe. l'o mention only 
one important result, we may refer to the different properties 
of the Silicate rocks having volcanic origin, as compared 
with those having, until lately, been sunr~osed to have a 
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* LIEI<I< . 'S"Anrnlen ." Val. 135, 1 S j 9  ; 1111. 1 4 3 - 2 1 3 .  
N o T E . - T ~ ~  rest of ;his ceries which the editor of the z l i> i r .~ l t ' i zde-

clined to pub l~ rh ,  are those mentioned in tlie fcot-note on p. 20: of Yo .  -- . 
17  of this jburnal. 

" D i r  f i r t s~hr . i t t ei i i ~( : t .o lo~ ie .~1874.- ' j j ;  j .  j j .
* ': In  a future  article thi, subiect will be xhauativelv treated. and tlie 

position, taken I > p V o ~ c e i < ,  &1o<1<and R i l ) ~ r \ ' ~ i . i ~,,;regard~ E A  to  tlie nehu- 
lar hypothesii,  a s  well as that ot .Sir \\ I I  L I .AXI  T I ~ O \ I \ O I  I 'OL.I .EI ,  
SI\I<OL.P, ~ I E I I K I .  to  the t.nrtli's molten In- Huh1 and others in regard 
terior, will he thorouglily treated of and critici7ed. A 1ettcr.also. from tlie 
pen of cine of Americi 'stir-t astlonoiners will be quoted, in whlch this emi- 
nent sc~ent is t  states his vieus on the subiect in .; innnner which adds the 
nddi t ionalseight  of h~., bnperior authorit? to theev idw~ce  adducedagailiat 
this Hypothe5is. . \ . . 

The book abounds in new and original researches 
as well as  in bold deductions : and even those who do not 
agree with the author will find in it an almost inex- 
haustible source of information, and \\.ill experience that 
great delight which the writings of a grcat thinker always 
give to an impartial reader. 

In conclusion, it may Se sxfely said that ~ I O H R  belonged 
to those whose wtitinys and the results of whose lal~ors will 
not lose interest as time passes, but will rather he more and 
more generally appreciated. H e  has said or written but 
very little that h t  was forced to revoke; on the contrary, 

I 
manv of his views have stood against the attack of time 
and 'of his adversaries, and many of the I ~ t t e r  have bcen 
fOrccd to  that he was right. 

Personally, as  has been mentioned already, FKIEI)RII .II  
hIo~rRwas ihe must amiable of men, and ; h c ~ ~ d i t o r  of thc 
'G~LYI , '  was a near friend ofhis during many DR.13. I < I . I : I N , \ v ~ ~ ~  
years, rightly says of him (in a prliate letter to the writer): 

" In every respect ~ Z O F I R  was a man \'ho would he an or- 
nament to any period of Human tlistory." 

--- ~ -- -- -

': Strata of Shale,. hlica-Scliiit. C:<!careou, S c h ~ s t  and Gneiss not in-1 f rccl~~ent lyare  so un'lformly rpread out ,  in tlie same locnlity. t h ~ t  there  
can be no clo~ll-it of their coniinon o r i ~ i n .  
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