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by heating to 6SU,then polarizing again, carefully noting 
the temperature. Fronl these readings the percentage of 
cane sugar present is calculated from the following for- 
mula : 

a - a' 
y = .- --

t 

Here a-first reatling of polariscope. 
a1=second reatllng of polariscope. 

t s tempera ture  of ohseirvation. 

x-percentage cane sugar required. 


In connection with the polal-iscope reatlings I also 
made reciuctions both before and after inversion, and 
thus obtained valuable data in regard to the nature of 
the amylose present, as  well as  securing a check on the 
optical results. 

Following is a scheme of an  analysis which will illu- 
strate the method of procedure : 

RcIL'~/c~'u~I.Took log.  in ~oooc.c .  Of this, to reduce 
ro c.c. Fehling's Solotion, tool; 27.8 c.c. 

Then 1000 : 27.8 = x : .o j  (.oj g = sugar corresponding 
to 10 c.c. copper solution.) 

TVhence x := 1.82. = IS per cent reducing matter. 
PoZoi-izotiuiz. 26.048g. in IOO c.c. gave. . . . . . . .  9 7 O . 8 f  
After inversion at ~ I O  " . . . . . . . .  2O.6-

~-

Difference, = . . . . . . . . . . . . . . . . 1o0°.4 


21
100°.4 + 144 - --'75.2 = per cent sucrose. 

2 

Keirilctioit nj'tii- iizvo'i.rsioii. 
For 10 c.c. copper sol~ltion took 5.35 c.c. 

Then ICOO : j . 3 j  =x : .o j . 

x = 9 . 3 5 ~ .= . . . . . . . . . . . . . . . . . . . . . . . . .q3.jOpercent. 

Deduct 18 per cent d u e  to arnylose = . . 75, jo " 


I)ue to invert sugar.. . . . . . . . . . . . . . . . . . .  

Sucrose by polarlscope.. . . . . . . . . . . . . . . .75.2 " 

Anlylose, water and ash by difference.. . 24 8 " 


Follo\ving are the results of twelve examinations of 
mixed sugar : 

Pcr ccnt Per  cent Amylose. \ r a t e r ,  
No. Reducing Sucrose by Ash,  etc . ,  

Alatter. Polat ircope. by diflerence. 

I . .  . . . . . . . . . . . . .  'k29.70 :::7I .4 28.6 

2 . . . . . . . . . . . . . . .  24.6 64.35 35.65 

3 . . . . . . . . . . .  25.64 68.2 31.80 

4 . . . . . . . . . . . . . .  25.00 64.72 35.28 

5 . .  . . . . . . . . . . . .  22.52 66.80 33.20 

6 . . . . . . . . . . . . . .  24.4, 60.34 39.66 

7 . . . . . . . . . . . . . . .  26.bb 60.7 39 30 

8 . . . . . . . . . . . . . .  25.00 68.6 31,rl.o 

9 . . . . . . . . . . . .  3O.5 59.9 40. I 0  


1 0 . .. . . . . . . . . . . . .  25.8 71.6 28.40 

11 . . . . . . . . . . . . . .  26.6 61.0 39 00 

12 . . . . . . . . . . . . .  18.0 75.4 24.60 


T h e  analysis of mixed sugars is a t  this time a matter 
of great public interest. It is importailt that the public 
be not defrauded by purchasing sugars under false names. 
I t  is true that the manufacturers, as  far as I know, do 
not sell the mixed sugars as strn<~hZ,but when they 
pass into the hands of the retail dealers they are usu- 
ally disposed of as  i f  they were genuine. I do not antici- 
pate that mixed sugars will jeopardize the public health. 
When well ~nat le  they are certainly palatable and harm- 
less. For boiling with fruits, etc., as  in making pre- 
serves, they are cjuite as  efficient as cane sugars. n'ever-
theless a "mixed sugar " shoulcl be bought, sold, and 
consumed as  a mixed sugar, and thus all "\vinking" at  
fraud be prevented. 

: W n e  of these numbers is evidently incorrect. On looking over my notes 
I cannot find the mistake, and 1have no more of the sugar with which to 
repeat the analysis. I thinl; the error is in the per cent of reduciiig mat- 
ter.-H. \V.W. 

COAL D U S T  A S  AN ELEMEYT O F  D A N G E R  
I N  h1INING; SHOIT'N BY T H E  L A T E  EX-
PLOSION IN T H E  ALBION MINES I N  NOVA 
SCOTIA." 

By 13. C.  HOVEY. 
M y  object, in this communication, is to lay before the 

public by permission of Mr. Ed\vard Gilpin, Inspector of 
$lines for Nova Scotia, the results of his investigations 
into the part played 11)- coal dust in spreacling aud aug-
menting the terrible explosion that took place in the  
Albion mines, near Stellarton, on the Eas t  river, N. S., 
on the 12th of November, 1880. 

Explosions are frequent in the coal mines of England 
and Belgium, causing loss of many lives and the 
destruction of much property. Rut in our own country, 
a s  a rule, we are fortunately exernpt froin such calamities. 
On the other side of the Atlantic there are special causes 
lending to these explosions ; the thinness of the seams, 
the depth of the ~vorkings,  the gaseous nature of the 
coals most prized for their coke ant1 illuminating power, 
all combining to render difficult the great problem of 
producing ventilating currents sufficiently powerful and 
searching to insure the safety of the \vorlimen. 

Within the last few years men of scientific and practical 
knowledge have studied into these disasters and their 
causes, hoping that  some remedy might be found that 
could remove the dreadful uncertainty hanging over the 
lives of those who help to sustain the fabric of modern 
civilisation. It was discoveretl by a rigid inspectio~i of 
all available accounts of explosions, that many of them 
had occurred iu pits known to be, as a rule, not danger-
ous from explosive gas, or declarecl to be free from it 
shortly before the 1no111ent of the accident. Then the 
fact gratlually became apparent that  a seemi~?gly inno- 
cuous constituent of the mines, namely, coal I ~ Z L S ~ ,played 
an  iinportant part in spreadicg and augmenting the 
blasts. I t  was as  if the wadding of a gun was composed 
of an  inflaiiimable m?terial which, on ignition of the 
charge, doubled its effect. 

It is \\,ell-ltnoivn that chemical action is often induced 
in heaps of slack, such as  exist in thick coal workings, 
and that the heat evol~~et l  may be enough to cause igni-
tion. T h e  danger is increased ~ v h e n  the broken coal is 
comminuted, and floats in the air, as in this form, under 
various conditions, it ]nay undergo rapid oxidation. 
Galloway's experiments slioiv that  tvhen the particles of 
dust a re  so fine as  to pass through the gauze shield of a 
safety lamp, an explosion may be caused by their igni- 
tion. Baueriuan states that ,  in the Franco-Belgian col- 
lieries, "several fatal explosions have been traced to the  
firing of coal dust from the flame of a shot, even in cases 
where no fire-damp was present in the workings." 

A brief glance a t  the history of the Albion Mines \vill 
not be misplaced. T h e  main seam, which has been con-
tinuously worked since 1807,attains the remarkable thick- 
ness of 37 feet 6 inches, and is a highly bituminous coal, 
well adapted for gas and coke-making. I t  contains sev- 
eral layers of iron stone up to one foot in thickness, but 
niay be considered as an unbroken mass of coal. 

The earliest workings, now lcno\rn as  " the  Burnt 
Mines," furnished large cjuantities of coal, until they 
were abandoned in 1839 on account of fire, which blazed 
so fiercely from the shafts that the chains used in raising 
the coal tubs, were melted. A ne\v opening, the Bye 
Pit, was worked till 1863, ~vhe11 a fire occurred from a 
shot lighting gas. This was extinguished ; but a short  
time after the gas ignitetl a t  the boilers, \vhich were 
within a few yards of the top of the pit. and the ~ i ~ o r k s  
had to be closet1 up. T h e  Foster Pit was next opened, 
but in 1869 spontaneous conlbustion caused a fire, which 
~lecessitated its abantlonmellt before it was fairly under 
way. 

'!: Read beforc the A. A. A..S., Cincinnati, 1881, 
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A t  length the  Foorti itsPit w a s  won out, and,  ~ v i t l ~  
grea t  puiilps antl engines, For~netl one of tile fitlest coal- 
mining t s t ~ l j l ~ i h r n e ~ l t s  T h e  \;entilation ,\;as in .Anlerica. 
effected by a large Guihal fan, similar to those u s e < \  in ' 
the Pennsylv:i~i~a l l ines ,  and c a p a t ~ l e  of circulating 1 
120,000 cuhic feet of air per minute t l ~ r o u g h  the ralnifi- , 
cations of the  milie. T h e  wolI<;ligs cf  the Focrd P i t ,  1 
which is ntm-ly 1,000feet deep,  extent1 allout 1,800 ~;ai.c!s 
to  the nri-th, ancl 1,700 yarcls to llle liaying al l  i ~ ~ l l l l ,  
average breacith ot - 5 0  yards. T h e  gallcrics \-aliz(] ill 

height from g to I; feet, being (!riven In lllc upper 1,alt 
of the  i e l n l ,  the l o ~ v t r  part ileilig left for later ol)el-aticns, 

- . . _ - - _ 
cleaned and given to the  men after being examined by 
tlie shot-firers, a n  open Ilght hat1 been kept  burning for  
years, a s  it !\.as consideretl a safe place, being 
within a few feet of the  boitcm of the  shaft. But  
h ~ l - ea ~c . io i~ f l ' a7~  place, clernolislii~ig the esl~losion tool; 
callin, burning the horses l)et\vcen tile s l ~ a f t  antl the 
cnilill, ant1 fatally inj~iriliy the lanip-man by igniting liis 
oil-soaltetl clotliing, so  that  11e tlietl in a few clays. T h e  
effect of tlie esl~loiiotl did not extentl far into the north 
side, and soiiie of the men there \\-ere ignorant o f ~ t l i e  
elisaster until ~varnetl  by the  over-man to leave the pit. 

Sfc0Iltl:ll-y e ~ p l ~ ~ i ~ i i s  evtracteti, o r  generated c:Lus?tl I,!; 
$.:ls, arc nearly al\vaj-s In the vicililty of the  1-iriliiai.y one ; 
11ut liere is a case where the secoiitl Tvns half a niile from 
the hi-st, wit11 a n  intel-\ cning space of at least a qual-ter of 
a ~ilile I<nol\-n to be free fl-on1 gas,  I~ccause lnrn \\-el-e in it 
\\7itii  lailil-is \vilich sho\vetl no intlications of its presence. 

T h e  igiliticn of these volun~es  of clust n-oult!, no doubt ,  
haye clone serious injury ro the  shafting, lrnd not t h e  
latter heen \vet nntl intleetl saturnte.1 wit11 n.ater oozing 
unc!er pressure t h r o u g l ~  the upper s t ra ' a  into the shaft ,  
a ~ i t l  then falling to the  hotto1~1 ; so tha t ,  al thcugh elte-
\'here the  1iii11e was  a very clry one, it \\-as here in such a 
concl~tion tha t  the  flame ~ v o u l d  be extinguished a s  so011 
a s  it touchetl the tlarnp walis. T h e  necessiiyof watering 
dusty mires  l?as been llointetl out by Insrector  Gilpin, 
anti this IS said to he praciisetl in sonie of the  Belgian 
collirrits. T h e  present instance shows that  such a pre-
ca~ltlo11\voultl lent1 to leduce the  range of the explosion 
of the  tiust. 

A t t e n ~ l ~ t swere m?c!e to restore the  \-e~itilatinn of the  
workings in the  Albion h l i n c ,  \ rhen  tlie presence of a 
large fire \\-as tlisco\ erttl,  ant1 t l i ~ s  niade it necessary to 
'dootl the  galleries. In about  48 hours af!er the  explosion, 

T h e  v e n t i l a t i ~ n  thrcugli L!;C sourli ride w a s  m?iilrailieti 
a t  the  a le rage  ra:e ( . f  .-5,ooo cubic feet per  minut,:, 
Shol tly before the  accitlci,t r t i r  ri-ctl tc, I we:lt entirply 
through the  collic:y, in con;l,nt>y with JIr .  G;lpin a ~ > ( l  tile 
o\rennau, ant1 11-e lemall;td the l)erfectjc,ll of  l I l e  \-elltil;-
t ion, and  the cctistquent abselice of deleterious gases,  
even in tile r e n ~ o t t s t  bortls. 

On the morning of the (:isaster the  night at^^^^^^^^ 
re1)ortecl the 111iiie ro be free frorn gas,  excel,t in small 
ant! harmlcss c~unntitits. From what  soul-ce, then,  
originatctl the  ~ e r i f sof explosions tha t  began n.ithiu an 
hour  from the tinie this ~ e ~ o ~ t  of tn t l r r  s a f t t y  wzs lilatle, 

1 

1 

I 

a n d  cont i i~ued  at  intervals until the luiiie l>sca~ile a fur l i -  
ace,  whose flames czultl be su;;tlced ollly by tmi , ty ing  
into i ts  b u r ~ l i t ~ x  ~ v a t t r s  of the  atljacentc h a m b c ~ - s  tile 
r iver?  TT7as there s9:ne s~:tltie,i tsu(1ation of gas fro111 tile 
?olid coal, or was this erl:losioli clue t o  the  hrilig of coal 
dust  fro112 a ?afety-Iam]~ or tile flame cf a hlast ? 

None of tlie forty-four Illen ~ v i i o  I\-itilessetl tile 1)cgin- 
ning of the  catzsiio1>]1c escaped to tell t\le story or ex-
plain t h e  my-stery, anti those rescued f rom illore tllstalit 
galleries had V,uc conjectures t o  offer. T h e  \vo!-I,n:en 011 

(
1 
; 

I
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receivlllg t h e  assurLnce t h a t  the  lilille \\.as free froill gas,  I a trench had been cu t  t h t o ~ t g h  to  E a s t  River, and t h e  
received t!ieil- ortiers, tlescentletl tile tila\villg shalt, re- ' 

ceivecl tl-ielr s:!fety-l;t;nps a t  t11e l a ~ i i p  callill aild a of 1 
tlienl \\rent icto tilt. 17ortll sitie \vol.l;inqs 2nd tl1e rest \\tent 
into the south sitle di1,i antl \x,aitetl f o r  their tools to be  
sen t  in for distribuiic~n, l i t  tliis m o ~ n e n l  the  exl,losion 
tool< place t h a t  Ivas iirst notice(] a t  the  [an-shaft, n.ilere 
it i,iew the cover of the ian-drift off, :anti about  or;e mil>- 
ute later  it \.,,as ap;,airnt a t  the tlra\ving shaf t ,  having 
traveleci in the  ant: cazc e,l'f/i a l ~ din the  otllrr iyqnhisf 
t h e  ventilating current. 

T h e  o n l i  i~rlrlitio~ral facts ilifinitely ascrrfai~iecl  \+ere 
gathered by a n  exploring part  let1 by hlr .  Gilpin, \vl-,o, 
shortly after the  origi~lal  exl;losion and  at the  risk of ]if?, 
descendetl illto the  ]:it allti 1;enetrated a s  fa r  a s  the  after-  i 
dalnp woLllc[ a]lo\\r t!lr.iil to go. Tlie  locality n,htrr: the  
u~lfortunara \vorl<~iien \vl10111 they trietl to save m7ere 

water \\,as let in a t  the ra'e ot 15,003 galions per ni in~tte,  
until, \\-iil~in a week, ;ill t h e  \ iorkings wele  fillrd. This ,  
(.f course, matie f u ~  ther investigations impossible, antl 
co:liir7g ~ 1 1 1  h e  l<no\vri beycntl what  has liere heen 
tol(l. 

T h e  s u l ~ j e c l  is one cf acltr~owledged importance. 
Tilere Iilr\-e been frequent explosions in f louri~ig mills, 
said to  he at tr ibutable to  the ignition of flour dust .  A t  
a late 1ilet.tiilg of the  iL3aiichtster Geologic31 Society, (in 
England),  experiments n-ere niade to show that  even iinely 
l~owtlererl slate ivill sprcail the  f l i ~ n e  of gas  explosions. 
Since the prepnration of the present paper, a report has  
been nlatle b?iore the  rcyal commission on acc ide~l t s  in 
ri~ines, by .Mr. F. A. A b t l ,  Chemist lo  the  British \Tar 
Dep:rrtment, i n  n iiich it 1s ciaimetl, a s  demonstratetl,  tha t  
coal-dust is 1101 only a fiercely 1 ~ ~ 1 r n i n g  whenagent ,  but  
s u i ~ r n t l r i l  in 1-r currents may operate a s  an e s ~ ~ l o t l i n g  
agtl i t .  11 operates, aslde [roll1 its inflamrrlabil~ty, a s  a 
finely tliritletl scllid, in " tlererrnining the ignitioil of only 
small l )ropor~ions c,f i i~e- t l?mp antl air, anti c o r ~ s e q u e ~ i t i ~  
ill tle\-tlo[?illt: exp!osii.e effects," a: r., ~1l:tler circumstances 
\\-lli?h, i n  the a b ~ e i ~ c z  of the  dust ,  woultl be at tended 11y 
no  ( l a o g t ~ .  -_p~--~~--


I-Ii:3TORY OF XLH.4ZES'S IiROBLEII.  
A b ~ r r a c tof a p?per read brforz rhe Xme~icnu .Association fa; rbe 

A~Y~,ICC,, , , , I II  . \ ~ I P I I ' ~ ,1881,by  SIAI<LLTSofs,:ic~,ce, C~~.cillliari, 

H.\I~T:R.U. 5. Co.i ir  A ~ L )  S L T ~ < \ - ~ . Y . 
G E O L > E T ~  \Vaii i i i~~-
to", n.c. 

Xlhazen's  prohlern is a n  optical one a t~ t l  w a s  illus 
s tated by the  i l r a l ~ i a n  .Alhazen for whcln the  proble~n  is 
named. " a ~ ? / ? i 2 2 i 2 0 ~ ~ ~ $ 0 1 ' 1 i fG~UL' IC  tz7itli t 3 @ ( 1 2 j r d  of vziib?~ 
Z I ? I C ~ Z L ~ ~ ! J /I I '~s?(T?IIJI .O?IZ the c~iiipi. of i z  co?zvtZ.t. s$/lci.I'cnZ 
1  '  t  i L f $ i  or^. T h e  solution 
of this  ~ r o l i l e m  iiivol\-es tlie soluiion ol  the  fo l lo~vi t~g  
gec~netr ical  !~robl in i  no\\-generallv l<no\vn a m o n g  ~ n a t h e -  
~i iat iciansa s  .\.lhazeii's prohiern. f ~ ~ o g . s i ! ~ r c'~ / -o i i z  points 
2 9 )  thc$laiic of t~g i z~c i z  i i ~thecZj,~.lt.d r a a  Ziqzcs / i i ~ ~ f l . ~ ? ~ q  
czi-cz~?itft~~-elmii2ahi9{,o- cpunl t i93 k s  with fhe ta?<yeni ~ I Z C Z  

lillown to be  ~ r a s  1,200 y a ~ t i s  south of tt,e shaf t  ; a n t  ~11: 
point rtaci-ecl b y  lhe par:^ \\.as only about 600 )-ar(ls in 
that  tlirection. 

I t  was  evident !.l!at the  ilalile oT the  exl)lcsion hat1 not  
reached a.; a s  this, for  tlleie 1vel.e 120 mailcs c f  fire 011 

t h e  tleatl hotlies of men ailti hot-ses fsu~:t l ,  nor  \\-as the 
sl~liutereti ~;-octl-!voil< chari-etl. l'Jie\. carrietl I ~ v o  cor-1,ses 
to the  surface f;lr exari;ination, aiitl it  \ ras  fcur~tl  tha t  one 
of these tlietl o l  the aftei--tlaml~, and tile other  froin being 
daslird against some t iml~er .  

T h e  walls ot :he i:allelirs had been snTepr.clear o f  
timber, a i ~ t l  r~reseri t td tile nl,l>earance of liavinc been . 
brusheil ~viili 'n I~rooni .  T h i s  \$a; d u t  to t h e  pass:~ge of 
great  \-olun>rs of dust \vhicli lay 011 the  floor of the  
level in ma\-es niicl clinits, illto ~:il:icll tlie pai ty o f ~ e n  sanli 
up l o  their- knees. ;\ iiini!ar eifcct n7ns \-1s:hle in the 
mine level, 1,r:t not to s o  grent a degree ; a s  it n.as clamper 
about  the  floor, ant1 floiil the effects observeti it would 
a p l x a r  that ,  ~vli i lc  the  e s p l o s ~ c ~ i  o long each level 1:assetl 
simuliaiieous:y, it hat1 greater poLver in t h e  lower one, a s  
t h e  doors were b l o ~ v n  to\~,art l  the  uppel-, or main level. 
Clouds of t h e  liner p;rrticles \yere carrietl u p  tlie shaft, 
and  were swept on into t h e  North-side levels. 

At the  lamp-cabin, where t h e  safety lainps were 
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1 tlrtr.iwn a t  thnt$oz?it. 
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