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mountains.  Sometimes they a re  ~nauufac tured  articles, /
stones or  blocks of \vood cu t  into some shape lvhich has  / 
a meaning  t i ther  obvious or traditional. 

T h e  un~versal i ty of this tentlency to  connect scnle ma- 
terial objects with religious ~vorsl i ip,  and  the  immense , 
variety ot modes in which this tectlercy h a s  been mani- 
fested, is  a fact which receives a full and adtc;uale ex-
planatioll in our  natural disposition to  conceive of all 
Personal  Agercies a s  living in some form a n d  in collie 
place, o r  a s  having- some other special connection v:ith ' 
particular things in Kature .  Nor  is it tlifficult to under- i 
s tand  h o ~ v  the embodiments,  o r  t h e  symbols, o r  the 
abodes,  \\.hich may be  imagined and  devised by men,  will 
vary accortling a s  their mental  condition h a s  been tle- , 
veloped in a good or  in a w r o n g  direction. A n d  a s  these 
irnaginings and  devices a re  never, a s  w e  see them now 
a m o n g  savages, the  work of any  one generation of men, 
h u t  a re  t h e  accun~ula ted  inheritance of many generations, 
all existing systelns of worship among them must  be  re- ; 
gartled a s  presumably very wide departures from the  con- 
ceptions which were primeval. And this  presumption 
gains additional force when \ve o l~serve  the  distinction 1 
which exists between the funclamtntal conceptions 
of religious belief and t h e  forms of ~vorsh ip  which have 
come to  h e  t h e  expression and  e t~ lbot l i~nent  Inof tliese. 
t h e  Religion of the  highest and  best race:, in Christianity 
itself, we  know the  wide difference which obtains be- 
tween t h e  theology of the  Church ancl the  popular super- 
stitions whlch have been cievelopetl under it. T h e s e  
suprrst i t ions may be, a n d  often are, of the  grosiest  ltintl. 
T h e y  may be  indeed, antl in rnany ca5esare Itnolvn to be, , 
vestiges of Pogan worship which have survivetl all re-
l i g ~ o u s  revolutions and  reforms ; but  in other cases they 
a r e  t h e  natural  and  legitimate development of sorne 
erroneous belief acceptetl a s  part  of the  Christian creed, 
I-Iere, a s  elsen>here, Reason  :vorking on  talse d a t a  h a s  
been, a s  untler such  conclitions it must  a1n.aj.s be, the  
great  agent  in d e g r a d a t ~ o n  ant1 decay. -- i 

-

I \ l E T E O R O L O G I C X L  E L E C T R I C I T Y .  

C i  e t  T gives a description of a cyclone wliicli 
~ a s s e dover Japari on the night of (lie 3d or 4th of October, 1 
1880. i l t  Tokio a rapidity of 4; metres per second 113s 
beell observed, but this had only a rnp id i :~of ro nietres;  
its dinniettr was not very considerable, 2 4 0  ki lon~etres.  The ,.fali of tile tllougll r ap id ,  was far  rronl beilly as 
prompt  as that occur r ing  eigl l t days  of 
the rsland of F ~ ~ ~ ~ ~depressiollof i3 
in 4 )lours, or 18 rnillilnetres per hour ,  lvas observed. ~  1 
indicate that the old theorr of wllirlrvinds is pel-fectly use. 
less to account for ~neteorological pbenonienn. 

T H E  A P E R T l J R E  OF ~IICROSCOPE.OBjECTITIES, 

T h e  last  number of t h e  ~ a u i ? m Z o f  the  R o ) a l  hIicros- 
copical Society is  largely occupieti with a discussion c'f 
this  question by Prof.  E. Abbe,  of Jena,  and Mr.  Franlr 
Crisp, one of the secretaries cf the  Society. 

T h e  subject appears t o  have heen again brought u p  by 
a paper by Mr.  G .  Shadbolt ( P r e s i d e ~ ~ t  of the  Society in 
1856) ,  who claimed to have "demonstrated beyoncl tlis- 
pute tha t  no  objective could have a n  aperture of any kind 
in escess of 180" angular  in air." T h e  grountls on  whicti 

- .~. ~ . 

a l ~ v a y s  a ready definition for the  telescope, t h e  aperture 
of which w a s  simply estimated by t h e  absolute diameter  
of the  object-glass. N o  such  absolute measure is, how- 
ever, possible in the  case of the  microscope-objective, a s  
the  lenses of which it is compc;setlvary in diameter within 
considerable limits, and the  larger lens is  by n o  means  
tlls larger aperture, a s  is readily seen 11y the  comparison 
of t h e  large lenses of the  low powers wit11 the  small 
lenses of the  high powers, n.hich yet much exceed the  
fcrmer in aperture.  

In c o n s e q u e ~ ~ c e o f  thts  difficulty, t h e  angle of t h e  pencil, 
a s  it emanates fl-01x1 the  object, and  prior to  i ts  transmis- 
ciou through the  objective to the  image, came to  be  very 
generally consitleretl a s  the  proper measure of t h e  aper- 
tu re  of the  objective. Tliis w a s  a t  a time when dry or  
air ohjectives weregeneral ly known, immersion objectives 
co t  having been brought into ortlinary use. 

B u t  even with air o1:jectives the  angle of t h e  radiant  
pencil did not  afford a t rue cornparison,-\vhicI~ could only 
be m a d e  by t h e  srites of the  a11gles ; but when immersion 
ohjectives were originatetl-that is, objectives in which 
~ v a t e ror oil replaced the  air  in f lont  of the objective-the 
use of t h e  a ~ i g i e s  became very misltatling, for  now three 
angles might  all )la\-e the  came number  of degrees a n d  
yet tleuote vti'y differe~lt values, accortling a s  they a re  in 
air, water ,  o r  oil. 

I t  therefol-e became necessary t o  find a subst i tute for 
the  angles in the comparison of aper tures ;  for al though 
it was  no  doubt  possible to hear  in mind t h a t  Sz" in air 
was  less aper ture  t h a n  8." in water ,  ant1 tlie latter less 
than  83' in oil, yet the  u:e of the  same figures inevitably 
t f n d e d  to  produce confusion in the  ~ l l i n d s  of ~~i ic roscopis [s  
-so much so  t h a t  it was  stoutly maintainec! by one party 
that  t h e  apertures In the  three cases w e  ha!-e referred t o  
were itlentical because t h e  angles were t h e  same.  

A solution of t h r  difficulty was  disco^-ered by Professor 
Abbe ,  who pointed out  tha t  the  t rue  definition of aper-
ture (in its legitimate meaning of "opening ") w a s  ob-
tained when \ r e  comparetl the  diameter of the pencil 
emerging from the  objective wit11 the focal length of t h e  
objective. 

I t  will be  desirable to esplain somewhat more in detail 
h o ~ vt111s conclusio~l  is al-rivet1 at-as given in Prof. Abbe ' s  
l)al)?r.' 

Taltillg i n  the first case a si?zglc-lens Inicroscol)e, the 
nulllher of rays atlmittetl lvitllin one nleridional plane of  
t h e  lelis evitlelltly i n c r e a s e s  as t h e  (liameter o f  lells 
(all other  cii-cumstances remaining the same),  for  in the  
microsco11e we have a t  the  back of the  l t n s  the  same cir- 
r u ~ n s t a n c e s  a s  are in front in the  case of the  telescope. ~ ~ , 


, ~ ~ ~
T h e  larger or  smaller nuniher of emergent  rays will, 
therefore, be  properly measured by the  clear d iameter ;  
ant1 a s  n o  rays can  ~ ? j ~ e 7 : y ~ ,  have n c t  firstthat  been 
i~iJmz'fteci, this niust also give the  measure of tlie admitted 

Suppose no\\, that  t h e  focal lengths of the lenses com- 
are no t  the  same,-what then is the proper Ineas-

ure of the  rays ndmittetl ? 
If  the  two lenses h a r e  equal o p e n i ~ i g s  bu t  different 

fhcnl lengths, they transmit  the  saIlie number of rays to  
~ c l u a lareas of an image a t  a definite distance, because 
th ry  would atimit the  same nuinber if an object were sub- 
stituted for t h e  image-that is, if t h e  lens were used a s  a 
tel~scopc-object ive.  But  a s  the  focal l e n g t l ~ s  a r e  cliffer-
en t  the  ampiificatioll of t h e  images is tlifferent also, and  
equal a r e s s  of tliese images corrrspond to  different areas 
ot tlie object fro111 ~vli ich the rays s r e  collectetl. There-

hIr. Shadbolt  rested his demonstration are disposed of in . tore, the  higlier-power lens, ~ t i r h  the salne ope~i ing  a s  the  
detail in the papers now pi:blished ; b u t  \vi:ll this  aspect i o ~ \ , t r  p o ~ v e r ,  will a d ~ l l i t  agl,cntci. l l u m l ~ e r  of rays in all 
of the matter  w e  (lo not  propose to  deal, cor,fining our- from the  same object because it admits  t h e  sirlize number  
selves to the  more gfi leral  consideration of the  subject, I a s  t h e  lat ter  from a s?i?nll t r  portion of t h e  object. T h u s  
apart  from any c o ~ ~ t ~ o v e r z i a l  if tlie focal lengths of the  two lenses a r e  a s  2 : I ,  a n d  t h e  matter. 

T h e  Ixoper definition of the  aperture of a microscope- first amplifies N cliarneters, the  second will amplify 2 N 
objective Lvas, fc r  a long  time, a s  is well I tnonn,  a very with t h e  same distance of t h e  image, so  t h a t  the  rays  
vexed one  a m o n g  microsccpists. T h e  astronomer has  ~xrhich a r e  collected t o  a given field of r mm.  diameter  of 


