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Tlie discussion of the records of part ii. ant1 inotion of Hyperion. I11 several paljers 111tb- 
part iii., together with the rneteorologicnl data lished during the past fire J ears, Professor 
of tilt: expedition, is in course of pre~taration Asap11 Hall lias shown a remarlizble retrograde 
1,- I'rofessor Tait nncl Mr. Buc*hxn. niotion in the p e r i - S a t u r i  of its orhit. t l ~ e  

periocl of its lerolntion being about eighteen 
years. A t  first sight, this rcsnlt al~pears i i i co~~-
sistent with the law of gravitation ; for it is 

IJUBLICfl  TIOATS OF T H E  IVAUTICIIL easily s h o \ ~ n  that in the case of a body moving 
ALAldATAC UFEYCL'.  in an eccentric orbit, and clisturbecl by another 

IT the first part of this volume, Professor moring in a nearly ciicalar one, tlie secular 
hTencomh presci~ts a detnilctl development of lnotiotl of tile peri-centre will al~vays be direct. 
the perturbati\-e f ~ i ~ ~ c t i o n  which is applicnhle As Titan is lnuch the hrightcst, a i ~ d  iliucl~ the 
to all cases, cxcept es t re~ne ones, in ~vllicl~ n nearest to l I j l~er ion,  of all the satellites of 
general cle~~elopment of planetary inecinalities S:~tnrn, l'rofcssor Semcomb in\ estigatcs the 
in ternis of tile time is soagllt, ancl by 71 hicli i~esnlts of its attraction npon this satellite, 
any reciuirecl derivatives of the f~iilction may and shows that the ordinary tlleoiy of secular 
be fonnd with grcat facility. 111 order to variations 1s entirely inapplicable to tile mntnnl 
afYortl sonie idea of its range of npl~licntioi~, :rction of t l~esc satcllites, aild that me hnre 
he cornpmes this deyclopment n~itll otliers here an entirely new case in celestial mecllnnics. 
liaring tile sanie gilneral okect  : \ iz., those of The ordinary t l lco~y of secular \ ariatioils pre- 
I,aplace, De Po~ltkcoulant, I'eirce, Leverrier. sul~poses that the mean motions of : t n ~  t ~ o  
Ilnnseil, ancl C'ancl~j. The lllethoil of this l)oclies to which it is applied are incommen-
development has previouslj been indicated b j  surable ; so that to nnj g i ~ e n  mean longitrlile 
I'rofessor Scwcoinb, in the Anle~iciocjoz~wlul of tlie one, mill corresl~oncl, in the course of 
of ,~natl~e~isctlics, T l ~ c  seconcl part of time, a e r y  mean longitucle of tlie other. The\ol. iii. 
this vol~un~cof the 'Astronomicnl papers ' co~~ju l i c t io~~s  two thus be of the bodies will 
(1113. 201-34-1) is a determination of those in- scattered tllrongh e\ ery part of the orbit. Cat 
equalities of the mooil's iliotioil n l i i~ l i : L ~ C  four tinles the mean lnotion of IIypcrion is 
yroclucccl by the fignre uf the eartli, ant1 is by nearly equal to thrce times that of Titail : so 
Dr. (+. \I-. TIill, assistant ill the ofDcc of the tliat, if tile two satellites are in coi~junct io~~ at a 
Nu7lticrtl c ~ Z , ~ ~ c ~ ~ ~ c r c .  g i ~ e i i  time, ~rlien II!perion has completeel thlee 

In  D c l n ~ u ~ ~ y ' s  ' Thkorie cln moovement de re\ elations, Titan n ill have completed four, 
la ?.line,' the perturbations of the 111oon by thcl nnd coii j~ulctio~~ occur at  \-el y another n ill 
sun r e r e  Sullj treated ; but srtbortlinateportioni nearly the snnle point. 111 its outer form, this 
of the thcorj- were in sorne cases unfinished, relation betweell the two satellites is some-
:~ncl in others r~ntoucheil. Having x-:-:~itcd 111ore wlint m~alogous to tbat among the satellitcs 
than tcn jears for tllc prolnisecl filling of tllcse of Jupiter : but it is quite different in its caase. 
gaps by li'rcnch :rstroilon~crs, Mr. IIilI ha3 ill I'rofessor Nc\vcoil~b d e ~  elops tlie iiiodificd for- 
this paper taken up, in his nlasterful wag-, the nlnlae applicable to this case ; and anlong otlier 
discnssion of the perturbatioi~s n hich the iiloon res11lts o i  interest is tlie deterillination of tile 
urlclergoes on account of the fignre of the nlnss of Titan equal to pait that of 
earth, the al)preciable character of mhicll n:ls Satorn. 
first brougllt to light by the analysis of Laplace. 
I11 his ' 1)arlegnng der tlleoretisclie berech-
nung,' etc., Hanser~ has clealt with these in- FORCHHEI&fER'S TUNATEL-13C'ILDIiVG
equalities in a very thorough n.3~. ; but Mr. 
IIill has in~estigatecl these pertarbations to the IN  ENGLAND.  

s:une degree of :llgebr:ricnl approximation that Dn. FO~LCEIIIEI\II~~REnglal~tl in \k i ted  the 
Ilelnunay adopted in cleterminii~g the solai per- spring of 1883, by rrliilisterial autlloritj*, to in- 
turbations, \ i z . ,  to terins of tlie seventh order spect ancl rcl~ort upon tlie class of eilgineeriilg 
inclusive ; and liis lnelnoir is thus most a1313ro- worlr represented by tlic title below, confining 
priately entitled ' A supplement to I)elauna> 's himself, for the most part, to tunnels in prog- 
theory of the moon's motion.' reis or receiltly completrcl. Several most in- 

The third part of the same volume (pp. :ll5- structive examples are to be seen tlirre, and 
: < T I ) ,  by Professor Nen-comb, treats of the 
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engineers of other countries can learn inuch 
from their s t~tdy.  

He first describes and illustrates the method 
of constructing the portion of the Lonclon 
undergrouncl railnray between Alclgate station 
and the Mansion house, by the way of the 
Tower. The difficulties encountered from gas 
and water p i l ~ s ,  sewers, ancl founclations of 
buildings, arid the necessity of providing for 
tlie continuance of street-traffic, callecl for in- 
genious contrivances, by means of which the 
construction m:~s successfully carried forwarcl. 
Beton or concrete was used for the inrert, 
beton or brick for the side-walls, and brick 
arches covered the top. All varied in thicliness 
to suit tlie circuinstances of the case, ancl the 
superincumbent load. 

Kext follows an account of the building of a 
tunnel in London for the Iiidland railway, 
with ill~~stratioiisof the timbering employed 
in the work, and the tuni~el  cross-section 
found best adapted to resist the pressure of 
the London clay. A brief description of a 
contemplated subway under the Thaines at 
TJTool~vicllis then given. 

The tunnel under the Mersey, between Birli- 
enhead and Liverpool, a little less than a mile 
long, cormnuaication between the ends of which 
was opened early in 1884 ; anel the Sever11 tun- 
nel, not far from Bristol, to be four miles and 
a half in length, and now well ailvanced. -oc-
cupy in description about one-half of this report. 
The drainage-tunnel below tlie main tunnel 
under the aiersey ; the arrangements for puinp- 
ing ancl ventilation ; the introduction of Col. 
Beaumont's machine, which had p r e ~iously 
bored fire thousand linear yards through challi 
in the proposed tunnel under the 1i;nglisli Chan- 
nel, and liere bores a hole seven feet in diam- 
eter through the sandstone rock, -are well 
clescribed. The Sever11 tunnel is prosecuted 
with drills clriven by compressed air. Prog-
ress has been hiriclered from tiine to time by 
the influx of nater ,  even to the extent of com- 
pletely flooding the worlis. The pumps re-
quired are consequently very powerful, having 
a capacity of eighty-two thousand six hundred 
cubic metres in twenty-four hours. 

With the exception of two pages deroted to 
an intercepting or trunli sewer at Brigliton, the 
closing pages are devoted to an account of the 
examinations and investigations alreadx ~naile 
in regard to a tunnel under the English Chan- 
nel, between Dover and Calais, the present 
state of the project, and the possibilities of the 
scheme. 

'rhe book is handsomely priutecl, and the 
illustrations are verr clear and explicit. 

Is a lecture at  Johns IIopkins on the place of 
the scierlce of hygiene in a liberal education, Dr. 
Billiilgs states the objections to the establishment 
of such a course, as follows: first, that there is no 
esisting demand on the part of s t~ tde~ l t sfor it ; 
second, that the subject is not yet on a scientific 
basis ; third, that  the present courses of instruction 
given in tile chemical, physical, and biological de- 
parttrlelits of the ltniver4ly, include all that a ~vell- 
educated irlarl need lai-~ow of this subject, unless he 
proposes to lnalre i t  a specialty ; fourth, tha t  the 
students have no time for any studies additional to 
the course already snpplieil. To the first objection 
Dr. Billings replied, that tlie same might be said as 
to other branches of the curriculun1, -- that the ma- 
jority of shldents do not ltnow what they ought to 
study, -and that the question is, whether the time 
has not collie to create the delnand, and for the uni- 
versity to lead the way in tlle matter. The second 
objection is only partly true. Tlle general rule holds 
good in man, as it does in the laboratory, that like 
caases, under like circuinstances, will produce like 
effects. Tl'lica it has been shon7n in a nun~be rof 
well-nlarlred cases that  polluted water has been the 
rneans of spreading typhoid-fever, that overcrowding 
and foul air precede epidenlic typhus, that scarlet-
fever or diphtheria has been conveyed to a village by 
infected clothing frolri a distance, we have enough 
information to enable us to advise in similar cases, 
although we also know that nlen have dl.unlr sewage 
with iinpu~lity, and that unprotected children have 
slept in the sarne bed with a scarlet-fever case and 
have not talcen the disease. 

-The foundatio~ls ullder the stone piers support- 
ing the iron bridge, twenty-five feet above low-water 
level, by which the lTTabash, St. Louis, and Pacific 
railway crosses tlle Kanlialree River, have lately been 
giving trouble. The bed-roclr of shale is hard and soft 
in places in the short space of a few feet. The three 
piers were built when the water was high, and were 
placed on platforms of four thiclinesses of pine tim- 
ber twelve inches square. Before these platforms 
were located, some of the loose material was removed; 
but i t  would appear that  the foundation was dug 
deepest in the centre, and tlie rapid current of high 
vater  washed under and disturbed the piers. I n  
order to fill the space, g i ~ e  a firm bearing over all the 
bottom, make the piers thoroughly durabl::, and at  
the same time not interrupt or interfere wit11 the traf- 
fic over the bridge, the application of wooden wedges 
was suggested and carried out by 1'. E. Falcon of 
Chicago. By a strong jct of water and other appli- 
ances, the sediment and loose material were cleared 
away by divers from under two timbers a t  a time, and 
the bed-roclr was cut away to a level. Oak timbers 
-were fitted to the cavity; and a double rom of broad 
oalr wedges, to insure a complete bearing from the 
middle of the pier to the outside edge, was drive11 
between the oak timbers and tlle pine platform by 
Ineans of a steel bar weighing eight hundred pomlds, 
suspended from the briclge by wires, and adjusted to  


