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dently studied his subject  ant1 written his book with some 
care, and  with a view to the  requirements and  opportuni- 
ties of those for whom it is intended, and  it will doubtless 
puove useful a s  a n  i~i troduction to quaternions. 

ALEX. S.CHRISTIE. 
U. S. cons^ S. GF.ODISTTCSURVEY,

W,\SHIKGTON, 11, 1881..VOVCIII~I.Y 

F r o m  this  it will be  seen that  P h o l ~ c s ,  on the 	 P I ~ O F E S S ~ I ~ , ~ < ~ ) I ~ A I ~ I Ieven C. I 'ICICERIK(: makes the  follow- 
rnost favorable date,  will be only abcut  14tlistant iron1 ing suggestion in regard to mounting a telescope on a ne\v 
tlie l imb of the  planet .  In 1877 this satellite w a s  oh- plan. I l e  says :-"The small amount of \vork accom-
served with the  I2 jL  rq~iatol- ialof the Morrison Ol~serva-  \vith large telescol~es lias often been the subject of l~ l i s l~e t l  
tory when only 7"  distant. In 111e pl-eseiit opposition the  , unfavoral)le comment,  'This criticism applies with espe- 
satellite \\,~ll t e  rr;uch fainter, 1 tit on the  other  hand t h e  cial force in America, \vllere tliere are nearly a dozen 
brightness of the planet will he c o ~ ~ s i d e r a b l y  telescopes having a n  aper ture  of foot or eyer, besidescliminished. a 
I t  seems possible, therefore,  that  this satellite may b e  seen two of the largest size now in course of construction, ant1 
with glasses of moderate size. t \ ~ oof t~venty-six ant1 t\venty-four inches aperture which 

WASHINGTOS Ahis.,18E1. 	 are unrnountetl and  have heen for several years perfectly UNIVERSITY, 
~iseless.  Among so  Inany it seems a s  if one might be 

-	 , s11;wetl for a trial of tile following plan, wliicl~, if success-E L E h Z E N T S  O F  O U A T E R K I O N S . ' $  
ful, woultl protluce a t  a small expense far more work than 

Uu ,I. S.HARIIY,Ph. I) . ,  Profrssor of Sin heniit~cs,Dnstn out11 	 could be  ol~tained with a mounting of the  usual form. 
College. Suppose that  the  telescope is placed liorizontally a t  

T h e  American uress mav h e  e x ~ ~ e c t e d  I lane rellector in- to  teem for the  ripllt anples to the  meritlian, and  that  a 
t\venty-fire riars elemeAtary  treatises on qua- cii;lecl t g i t s  axis by 4;' is place~l  in fro~;t of it. This  re- 

flector may revolve around al] axis coinc~tl ing\vi t l~ that  of ternions, as work of Professor Har t ly9s  is, we the  telescope. Such a mounting has  I ~ e e n  usetl in transit 
l~ t l i eve ,  the  first of  the  series, it ~ n t r i t s011 this account  , instruments, and  cives much in the  meritlian 
the more attention. The  book has  a cjuite nea t  and  at- I photometer of th; Harvard College Ol~servatory.  'The 
t r a c ~ i v e  exterior, ant1 the mechanical execution is very l~rincipal difficulty \\.it11 a large instrument \voultl 11e in 

the flexure of tlie reflector. This  difficult!. has, liowever, fair, though a few defects in letter press and  enqraving been overcome in a great  measure In rellecting telescopes ary noticeable. T h e  experiment of printing small Alphas  by various ingenious tle~rices. In  the present case, since 
with a n  oblique line through them seems to be  a failure. the reflector rotates only arountl one asis  instead of t ~ v o ,  
Sep 711.45 antl Go. the problem is ~ n u c h  siml~lified. A sliglit motion at  right 

W e  c a r n o t  think the  title hao i~ i lv  chosen. T h e r e  is a n  
% & , 1 angles of perhaps 5" woultl Ile a great convenience, a s  

incongruity, i f  not positive i~npropriety,  in assigning to a will 11e s l~o\vn  belo\v, antl \\:oultl probal~ly be insufficient 
scant  test-book intendetl for beginners in the class-room to materially affect the flexure. I t  may be  said that  it is 
a n a m e  associated these fifteen pears with the great  a n d  I more tlifflcult to make a plane surface than one that  is 
classic \vcrk of Hamilton.  T h ~ s  ho~vever,  is an la t te r  of curved. But  the  principal effect of a s l ig l~ t  curvature 
taste. One  of the  most important  a n d  tliftjcult steps in would be to change the focus of the  telescope, the aber-
the  logical derelopment of the calculus of quatrrnions,  to  ration being much less than the  effect of the  varying 
which their inventor gave no  little attention, IS that  of flexure. Let us admit, however, that  the hest tlefinition 
assigning a versor po\ver to avector ,  o r  of represen t~ng  cannot be ol~tainetl, in considering tlie purposes to ~ v h i c h  
rotation by a symbol t h a t  h a d  hitherto been appropriated such a n  instrument coultl Ile applietl \vithout tlisatlvan- 
exclusively to ~ e c t i o n  or  translation. This ,  in the  booli tage.
before us ,  is disposetl of in a few Ilnes, when,  even in a Many atlvantages \\-ill he apparent  on  comparing such treatise where brevity must  he stutlied, it is well ~vort l iy 
of a s  many pages. 'There is, also, throughout the work, a mounting \vith nn equatorial. Great  steadiness woultl 

a n  unfortunate fontlness for the  plane, where  quaternions be secureti, since the mirror woultl Ile the only portion 

arc: often at  a tiisadvantage, ant1 u h e r e  their real power moved, ant1 this ~ v o u l d  be placetl tlirectly upon a low pier. 

ar:d usefulness cannot  be  exhibited. T h e  au thor  niay Instead of a large antl espensive dome \\-llich is moved 
\\it11 tlifficulty, tlie mirror ~voult l  be protectetl by a smallhave iritentletl to  thus  avail hin~self  of the student 's  shetl, of ~vllicli the roof coultl be easily relnovetl. Itgreater  familiarity with t h e  geometry of the  plane, while 1 

introducing him to  a new method ; but it ought  to  be ~yoult l  therefore be  opened ant1 reatly for use in a very 

borne in mint1 that  one of the  chief clainls quaternions short  time, antl ~voult l  quicltly take tile temperature of tlie 
surrountling air. T h e  object-glass woultl he mountetlhave on the  teacher of geometry is that  they a r e  specially clirectly upon a second pier, antl, a s  it 11-ould not befitted t o  free the  student  from the  too prevalent restric- m o ~ e t l ,~voult l  be in very little danger of accident. T h e

tinn of his conceptions to  two dimensions. A curious ex- 	 tube coultl be  made of tin or  other inespensive material, ample of this tendency of the  I12ok IS affordttl near  t h e  
entl in applications to loci. Here  tlie author systemati-	 a s  ~ t s  flexure is of no  importance. I t  coultl easily be  pro- 

cally interprets equations a s  relating to  the  conic sections, 	 tected from the clianges of the temperature so  trouble-
some in the tube of a large equatorial. If preferred it 

n h c n  in reality t h ~ y  frequently relate to quadrics of rev- m i g l ~ t  even be eshaustetl of air, o r  fillet1 < v ~ t h  hytlrogen,olutioo, the  restriction to  plane loci having been eliinin- 1 and the effect of the  changes of temperature thus  greatly atetl in the process of their formation ; and when he comes retlucetl." t o  transform the  proceetling eq~ia t ions  into the  usual 
cartesian forms," instead of substituting a trinomial for T h e  eyepiece could Ile mountetl on a third pier, and 
the  variable vector, he imposes arestr ict lon to  txvo dimen- 	 ~voult l  11e so far tlistant horizontally from the mirror ant1 

ol~ject-glass that  tliere I S  no reason that  it s l~oult l  not be sions by adopting a binomial, and of course comcs out  ~ 
with a plane section in place of the  surface itself. Not- inclosetl in x roolil \vliicli may be warmetl. T h e  comfort 
withstanding these imperfections, Prof. Hartly h a s  evi- in ~ v i n t e r  of worlcing in a ~1~a1.111roo111 \vill be  appreciated 

1)y those \vho have usetl a large telescope in a colt1 cli- 
*: So,  pp. VI I I ,  230. Goston, Ginn, Heath 6: Co., 1681. mate. Tile  result is sure to  be an increased precision in 
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the observations, antl a possibility of prolonging them 
over longel: i1:tervals. A similar effect is protluced by the 
constant tlirectioi~ of the line of sight. Xo especial 011-
serving chair is i~eetletl. There is no liniit to the size of 
the attachments which may be matle to the eyepiece, 
since they need not be moved. This is a great atlvantage 
in certain spectroscopic ant1 photometric measurements. 
A strong ~vintl interferes seriously \\,it11 many observa- 
tions, as it is impossil~le to make a telescope so stiff that 
it ~vill not be shake11 by sudden g u s t s  In the plan heie 1 
prol~osed the mirror aloile is esposetl, nnd its surface is 
too small to give trouble. 

I%y means of a long liaiidle the position of the mirror 
may be regulated from the eye-entl, antl the declination 
of tile object observetl reatl b!- slilall telescopes. If the 
mirror can be movetl at right angles to the nirritliai~ 5 0 , 
fro111 its central position, an object at  the equator may be 
followetl for forty minutes, and other objects for a longer 
periotl. i\'ithout this motion a n  ol~ject may be follo\ved 
for three or four minutes b!. mol-iiig the el-epiece alone. 
Clocltworl; ma!. be applietl to the iiiirror, or less easily to 
the eyepiece. The  focal length may he il~creasetl almost 
intiefinitely if tlesiretl, ant1 certain advantages \\ill be thus 
attainetl in the tlini~nution in tlie defects of tile ohject-
glass, altliough those of the reflector \vill not be affected. 
If the telescope is to be erected at a great elevation tile 
atl\-ai~tagesof tile present plan are at oilce apparent. 
YIai~y nig l~ts  of ol~servation \voultl Ile securetl which 
otlier~vise ~voultl I1e lost o\\-ing to the \viiitl and colti. 
T h e  simplicity in the construction of the building woultl 
l ~ ea great atlvantage, as  a large tlome in so exposetl a 
situation ~vould be kept free fro111 sno\v \\-it11 muc l~  tliffi- 
culty, ant1 migilt be a source of danger in winter storms. 
If fountl impracticable to observe during the \vinter, it 
woultl be possible to have a tluplicate mounting below, 
ant1 reinove the lens ant1 mirror from one to the other. 

It is el-itlent that the saving of cost ~vould be \.cry 
great, not only in the ol~servatory I~uiltling arrd tlome, but 
111 the tube, observing chair, clock\vork, 8 c .  

If a reflector coultl 11e constructetl uvhose surface was 
tlie portion of a paraboloitl ~vliose al~scissa ecjualletl that 
of the focus, the instrument coultl be i11uc11 simplifietl, 
No object-glass woultl then be required, the reflector 
taking tlie place both of mirror autl lens. All the light 
intercepted 11y tlie objective woultl thus be savetl, antl 
but a single surface need be atljustetl and corrected. 
i\'ith the advance i l l  mechanical metllods tliis does not 
seem 11~11olly impracticable, especially \vitli a mirror of long 
focus. Since tlie final correction must allvays be mntle 
by l~antl ,  it maltes but little tlifferel~ce \vliat is the exact 
forin of the surface. 

In any case it would be a great atlvantage that tlie 
mirror coultl be reground, repolislietl, or resilvered wi th  
out 111ovi11g it from its place. It woultl only be  neces-
sary to place it horizontally, antl the grinding machinery 
could be kept permanently near it. If plane, tile perfec- 
tion of its form coultl also Ile testetl at  any time 11p setting 
it on etlge, ant1 viewing the inlage it reflectetl 11y a colli-
mating eyepiece attachetl to tlie large telescope. ~ lno t l i e r  
methotl woultl be to place a heliotrope a few liuntlretl 
yartls to the north or sout11 oi it, antl the light from tliis 
woultl form an excellent ai-tificial star, availai~le whenever 
the sun slione. 

The  greatest atlvantage is the rapitlity with which ob- 
servations coultl be matle. KO more time would be lost 
in identification tllan with n transit instrument, so that a 
large number of objects coultl be examined in the course 
of a single hour. Any one who has worl;ed with a large 
telescope kno\vs ho\v much time is lost in opening ant1 
closing tlie dome ant1 in fincling antl identifying minute 
objects. 

Let us now consitler to \vhat purposes a large telescope 
rnountetl as suggested might be applied. 

I .  Sweeping. For  the tliscovery of new objects this 

for the tletection of new double stars, of nebulx, of red 
stars, or of objects having singular spectra, as  planetal-y 
nebulx, bantled stars, and variables of long periotl. 
Suppose tliat the fieltl of view hat1 a tliarneter of some-
\\hat over oiie iniiiute of time, ant1 that a sinall inotor 
\vas attachetl to the mirror ~ \~hicI i  woultl move it uniformly 
over 5 in tleclination in this time, a i~t l  tile11 bring it 
quickly back to its first po-ition. Tile ol~server \voultl 
then have presentetl to him a series of zones 5 0 long antl 
one minute ~v i t l e  The  saeeps  shoultl overlap by a snrall 
amouiit, so that the entire region coultl be coveretl in a 
single evening. Tile observer coultl liave a few secontls 
rest bet~veen each zone, \vl~iIe the motion of the mirror 
\vas reversetl. If an object of interest \vas suspectetl, it 
could be locatetl by merely noting the tiiiie at 11-liich it 
n a s  seen. The right ascensioi~ \voultl lie given tlirectly, 
antl tlie declination ~voultl Ile fountl by interpolation from 
tile tiiiie of beginning a i~t l  entling thc sweep. An esami- 
nation of the object ant1 a deternlination of its exact 
locarioi~ sl~oultl be matle on another evening. 

2 .  hIeasures of position. For many purposes ~~os i t i ons  
coultl be tleterminetl with this instruinent as  in a transit 
circle. It would generally be better, however, to make 
the measures tlifferential, leaving the inirror at  rest ant1 
observing tile transits of the ol~ject to Ile tleterniinetl ant1 
of two or more companion stars. 'l'he methotl of tlie 
ring inicrometer might be en1ployet1, 01 so111e iilotlification 
of that v i th  inclinetl lines. In tile latter case tile zero of 
position could be fountl by the tralisit of precetling stars, 
by setting the reticule by a tlivitled position circle, c r  per- 
haps better by lceel~ing it in a fisetl positioi~, tletermining 
tile tlirection of the lines once for all, antl applying a cor- 
rection for the tlecli~~ation Starsof the ol~ject  observetl. 
coultl be coml~aretl tliffering nearly a degree in tleclination, 
as the eyepiece coultl be iiiovetl \vithout tianger of tlis- 
turbing the reticule. For  the same reason tlie star  coultl 
be follo~\~etl overfor three or four minutes, antl its transit 
a great number of \\,ires ol~servetl. It is here assuii1eti 
tliat the tlistortioii protlucetl by tlie mirror is not very 
great. A slight tiistortion woultl (lo little h a r ~ n ,  as  i t  
would be the same for all stars of equal brightness. If 
the stars differ greatly in brightness, tlie ol~serl-er slio,,ltl 
tleterrnine his personal ecluation bet\veen them in any 
case, antl the same operation \vould eliminate tlie effect of 
the tlistortion. T h e  large aperture of tile instruiilellt 
~voultl permit the observation of stars quite beyontl tlie 
reach of any ineritliai~ circle. The  faintest asteroitls 
coultl thus be reatlily measuretl, aiid could prol~ably be 
follo\vetl in many cases on successive evenings to their 
statioilary points. Zones of stars coultl be obsrrvetl very 
conveniently for the formation of charts or catalogues, 
for the tliscovery of asteroitls, stars with large proper 
motion, &c. 

Probably the tlefil~ition coultl not be sufficiently good 
for the measurement of the closer tloul~le stars, but if 
~ l o c l t \ ~ ~ o r kwas attachetl, faint coinpanioi~s coultl be men- 
sureti, or approximate positions of the coarser pairs tle- 
termined very rapitlly. The  positions of nebula. coultl 
also be observetl with a l.ie\v to detecting their proper 
motion. Stars having a large proper niotioil might be 
observed, antl tile ol~servations so arrangetl that any very 
large parallax ~voultl be tletectetl. A similar search for a 
large parallax of variable stal-s, short-periotl binaries, 
minute planetary nel~ulx ,  or s t u s  having singular spectra, 
iniglit lead to interesting results. Tile argument that 110 

ordinary star is very near does ilot apply to s i~ch  objects. 
3. Spectroscopy. The  increaseti tlimensions \\7liic1i 

coultl l ~ e  given to tlie spectroscope, antl its s t e a t l i l ~ e ~ ~ ,  
would compensate in a great measure for a tlefcct ill 
tletinition. Ey Zollner's reversion spectroscope the slit 
mig-ht be tlispensetl with, ant1 also the necessity of cloclc- 
o r SO many stars coultl be observetl in a single even- 
ing that systematic errors could be in a great measure 
eliminatetl, ant1 as the spectroscope ~voultl not I)e move(\, 

i n o u ~ ~ t i n g  It liiigl~t be used , we sl~ould have a great assurailce that tlie tleviatioi~s \\-erepresents especial advantages. 
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real. Of the 6000 iiebulze liitllerto tliscovered we know 
ziothing of the spectrunl of more than 300 or 300, \viiile 
the observation of all the others with a large liorizontal 
telescope woultl not be a very forniitlal~le untlertaltiiig. 
It \vould also be interesting to observe the spectra of all 
the clusters. It is possil~le that sonle may consist qf stars 
having singular spectra, or even of tlisconnectetl nebulous 
niasses, in fact forming clusters of planetary nebulre. 
Tlie interesting- tliscovery 11y L3r. Copelant1 that Burn- 
ham's tlouble nebula in Cygiius is gaseous, shows tlie sniiie 
tendency to aggregation iii these botlies as  in stars. Oh-
servations of tlie spectra of all tlie red stars ant1 variables 
woultl also prol,al~lyleatl to interesting results. 

4. Photoi11e~l.y. Slloultl tlie instrunlent l ~ e  devoted to 
photometry nuiiierous proble111s suggest tlieinselves. 
Variable stars could be ol~served near their nliilimum 
when too faint to be itleiitifietl ~vitli a11 equatorial \vitliout 
great loss of time. Faint stars in zones or faint coin-
anions to briglit stars coultl be measuretl very rapidly. 

T h e  relative light of all the asteroitls \voultl 11e a11 interest- 
ing lxol~leni. bIany coarse clusters appear to consist of 
stars of nearly equal brightness. Their lig-l1t comparetl 
with their tlistaiices apal-t might aitl our stutly of their 
formation. Xiiother useful ilivestigation woultl he to 
measure the brightness of all the nehul2r. 

In the apl~lication of physics to astronomy do~111tless 
many other p ro l~ l e~ns  mill suggest themselves. 'Thus 110 

satisfactory results have been ohtainetl in the attenipt to 
measure tlie lieat of the stars \\it11 tlie tasimeter. T h e  
use of this iiistrmn1eiit woultl be vastly simplifietl iE it was 
placetl on a solitl pier near tlie grountl, \vas not movetl 
(luring tile observation, ant1 coultl be perfectly protectetl 
froill other changes of teliiperature than those n~liicli it 
Ivas intentlet1 to ~neasure.  

As  either of the problen1s proposetl ahove ~voultl occup). 
the ti~iie of a telescope for at least one year, it is ol~vious 
that there coultl he no tliflicultyin lteeping sucll an instru- 
ment occup~etl indefinitely. 

Tlie liorizontal mounting is especially adaptetl to a11 
elevatetl position, ant1 \voultl permit the use of ;Ltelescope 
\\.liere an equatorial mounting \\~oultl he quite impractica- 
ble. 011 the otlier liantl, to an amateur, or for purposes 
of instruction, an instrunient which could Ile set cluicl~ly 
from one ol~ject to aiiotl1er, ant1 n.1iere tlie ohser~ei-s neetl 
not 11e esposetl to the coltl, xoultl offer iiiany atI\rantages. 

--- --. -

ON MAXIMUM SYNCI-IRONOUS GLACIATION." 

By TT'. J. AIcGEE. 


111 tlie development of knowledge of the c o s ~ i ~ o s ,  
the 
tendelicy has  ever been to loob at  first upon all phe- 
nomena as  mystical ant1 iiicompreliei1sil1le; and only 
after repeatetl ol~servation and mucll str~cly has it been 
decided that any class of phenomer~a may be tlie result 
of the operation of the itlentical laws whose existence is 
est:rhlished 11y every-clay observation. Thus,  in geology, 
catastrophisrn prevailed long, but finally yieltletl to a 
rational uniforniitariatiisln ; in general I~iology tlie idea 
of special creation has only given \Yay to that of deriva- 
tion nrithiii the memory of a chiltl; a ~ ~ t l nntliropologyin 
the inystical view yet geiierally prevails. T h e  narrolv 
tloiliain of glacial physics, as  embodied in the glacial 
theory, is still in the transitional stage. IVheii that  
tlleory was first acceptal~ly propoundetl 11y Agassiz, tlie 
tletails were so va~ ied ,  the yecognized relations so unique, 
and the whole conception so grant1 and startling, that  
eval  rhe more conservative of those who early became 
its atlvocates, forgot for the time the necessity for keep- 
ing,all a s su~ned  data within the bountis of actual obser- 
vation or legitinlate inductioii ; ailtl lience not the least 
valuable of the later contributio~ls to the theory are those 
which bring out its relation to establishetl laws. Such is 
the aim of the ~neinoirs bearing the above title ; the par- 
ticular phase of the subject discussed being that  kiio\xn 
a s  the " ice-cap theory." 

Tlie conclusion of l'yiidall that  such a supply of heat 
as  may be i~ecessary to produce large quantities of 
aqueous vapor, and an area of sufficiently low temprra- 
ture to not only condense but congeal the vapor brought 
to it, are the first requisites for glaciation, is adopted a t  
the ouiset;  but it is shown that while the regions wliich 
turnisli and those wliich congeal the vapor may be con- 
tiguous, they must be quite distinct. There is no otlier 
substance than water in the solitl state wllicll will 
abstract heat frolli the su~~erf lu i tantvapor \\-it11 such 
facility as  to form, ~ h r n  spreatl over tlie surface, a con- 
denser of sufficient power to meet the recjuirement of 
glaciation; autl such a contlenser must so far exceed in 
capacity any t a s  that may ever be placed up011 it, that it 
will ii~ciueil'i'afeQcondense and congeal all moisture that 
may be brought to it by a&lial currents ; for if the vapor 
is not i~nmetliately coiitleiised i t  will cut off radiation 

The  impossil~ilit). of ol~serving far fro111 the m e r i d i a ~ ~  from tlie ice belotv, and thus accelerate nlelting ; and if 
woultl 11e less important witli a larg-e instrumelit, where 
the number of ol~jects to select froill is very great. 

There are certain purposes to which this nlomlting 
coultl not be atlvaiita~eously applietl. The  stutl!. of close 
tloub1e stars ant1 otlier objects requil-ing- long examination 
alltl very perfect tlefinition coultl be better left to other 
instruments. T h e  sun, moon, ant1 planets can also 
generally be better ol~servetl off the n~eritlian. If, lio~v-
ever, the entire time of an instruinent can 11e employeti to 
atlvantage, and it can collect several times as  much 
material as an instrument of the usual form, it is no 
evitlence against its trial that there are certain prol~lems 
to wliich it cannot be advantageously applied. 

T h e  working force required for such an instrument should 
collsist of at  least one observer, an assistant to record, ant1 
a. nunll~er of copyists and computers to prepare tile work- 
iilg lists, retluce the obse r \~~ t ions ,  for the prepare them 
press, and read ant1 checlc the proof-sheets. ,4 large 

the vapor is only condensed but not congealed it ~ i ~ i l l  fall 
as  rain, and every pound of it will melt 143 pounds of ice 
before it is itself frozen. The  ~ittegri;/J~ of the contienser 
hc?tce de$eicii.s oit its crz$acitJf l i e i i ~  far i i c  exccss of tht. 
wovk 2 ?/z(z,I, 661CCZZLL,~~ a coil-z~jot t  lo  iC/eljfO~nt. NOW if 
denser formed of an ice-sheet 1.200 or 1,400 miles in 
dia~neteron any part of the g-lobe be  assumed, it is mani- 
fest that the tendency of the accumulating ice will Ile to 
form an annular belt of n~axirnum thickness, gradually 
attenuating toward tlie center of the a r ea ;  for if  the 
vapor-latlen air were not in~metliately robbetl of ~ t s  n1o.s-
lure in sweeping over tlie condenser, the marginal por- 
tions of the ice would soon be destroyed. 13ut no matter 
how perfect tlie condeuser, glaciation can riever occur 
unless there are ample quantities of vapor supplied to it ; 

volumt. of ralual~le ol~servations could thus 11e ~~rotlucetl  
every year, \vhicli \voultl require at  least tlouble tlie time 
and money to protluce Ijy tlie saiile telescope mountetl 
ecjuatorially. 'l'lie tlifference in tlie amount of ~vorli  will 
be el~itlent ~ v h e n  lve compare the nuiiiber of objects 011-

ser\zetl \\.it11 a transit thoseinstrument per night, ~ \ ~ i t h  
observed \vith an equatorial. A liuntli-etl ol~jects in vari- 
ous decliiiatioiis might 11e examiiletl iu n single evening, 
\yliile it is seldolu that tlie same number could be identified 
alld measured by an ecjuatorial in a week. 

and the greatest ~~ossibleaccumulatlon of ice a t  any lati- 
tude lnay accortlingly he regartled as proportional to the 
moisture conveyed thither. I t  follows that the greatest 
possible acc~~mulat ion  of ice in polar regions can never 
have been nearly as  vast as  that at  lower latitudes 
during- tlie quaternary ; antl intleed it was probably never 
much greater than at  present. Geological evidence, so 
far as  accessible, cgrroborates this vie\\>. 

Similar conclusions are  reached by an independent 1111e 
of investigation. TVithin an  estensive area coveretl by 
ice or snolv, both aerial and aclueous currents would be 
either stopped or so rnodified 9s to be practically inopera- 
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