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1877, ancl held the ofice of high sheriff of 
Hertforilshire and other important public tr~usts 
a t  various times. IIe was treasurer of the 
Geological society for many years, and 11onor- 
a v  or correspoilcling member of inany foreign 
societies. 

In  scientific matters, Dr. Jeffreys had some- 
tliing of the conservatism nat~ural to a person 
of his years ; but his opinions, however firmly 
held, were never expressed with bitterness, and 
his geniality and hospitality bouncl to him in 
friendly ties not only scieiltific men, young ant1 
old, but the intelligent ancl cultured throughout 
his wicle circle of acquaintance. He leaves a 
son, X r .  IIowel Jeffreys, and fire danghters, 
one the wife of Prof. H. N. Xoseley of the 
Challenger expedition. His collection, ~vhich 
for British seas is absolntelj- unrivallecl, pos- 
sessing many of the actual types of Tnrton, 
Alder, aild other early British natnralists, and 
an extremely rich and largely unique Sor th  
Atlantic ancl North Et~ropean series will form 
one of the treasures of the National inuseam 
at  11-ashington, ~vhere a portion of it 113s nl- 
ready bee11 received. n7.H. D~1.r~.  

THE W A S H 1 7 G T O N  NATIONAL ~ l ! f O N b ~ -
,WENT: 

THEhistory of the undertaking which has 
13esulted in the completion of the TTTashington 
monumeat presents a number of iliterestiilg 
and curiolus facts ; and the conrtruction of the 
rnonuinent itself, by reason of the inag~litnde 
of the strtictnre, has involrecl sorne problcuns 
of considerable engineering importance. 

The early history of the monument may be 
saicl to clate from 1783, when cougress resolved 
to erect, wherever the resiclence of congress 
sholllcl be established, ail equestrian statue of 
lITashington; and in 1795, ~vlien it was pro-
posed to build a monumeiit coillillemorating 
the American re~~olution,  theMajor I,'Enhnt, 
designer of the plan by which the city of T\Tasli- 
ington is laicl out, selectecl, and Cen. TITashing- 
ton hirliself approvetl, the site ~vliere the finisliecl 
moliumeat of nrllich we write 1101~stancls. 

After the fail~lre of these and other similar 
plans, the next step was taken in 1833, n-hen, 
lrncler the auspices of the Washington national 
moaument society, the aid of the people of the 
United States was iiivoliecl to raise the sum 

requirecl to erect a great national monument, 
no one to contribute more than one dollar, -a 
restrictioa which mas ren~orecl in 1845. JIoney 
came in slowly; bnt by 1847, $87,000 had beeir 
raised, and it was cletermined to inake a be- 
ginning ; ancl, by authoiitv from congress, 
Presiclent Polk deedecl tlie present site to the 
society. Building was a t  once coinnlencecl, 
but proceeded slowly ; and in 1834 the society 
had spent $230,000, ancl raisecl the monument, 
to a lle~gllt of 152 feet above the base. 

The original clesigil by Robert Xills ilicluded 
an obelisk facecl with white marble, 600 feet 
high, 55 feet square a t  the base, ancl 30 feet 
sqnare a t  the top, snrrounclecl a t  its base by a 
circular rotunda or colunnacle 230 feet in 
diaiileter and 100 feet high, in ~vhich were to  
be placecl stat~ues of tire nation's illustrious 
clead, with vaults beneath for the reception of 
their remains. 

The base or foundation inasonry was about 
80 feet square a t  the bottom, laicl at a depth 
of but eight feet below the surface of the 
grouncl, ancl carried. LIP, in steps of about three 
feet rise, to a height of 25 feet, where it is 58 
feet sqnare. The slight clepth to which the 
fonndation was carried was due to tlie anxiety 
of tile building committee to have sonlething 
to show for the inoiiey espendetl. I t  was 
built of rubble masonry of blue gneiss, the 
blocl<s large and of sornewhat irregular shapes 
(nearly as they came from the q ~ ~ a r r y ) ,  l~ ic l  
in a mortnr of hydraulic ceilie~lt ancl stone 
lime, tlie joints ancl crevices filled ancl grouted. 
The shaft of the obelisk was bnilt hollon7, with 
walls 15 feet thick a t  the base ; the well, o r  
hollon interior, being 25 feet scluare for the 
whole height then built. The exterior face, 
to an areinge depth of sixteen or seventeen 
inches, was of llnryland marble, usually called 
alurn-stone. The reli~aining thicliness of the 
~valls mas of blue-stone rubble backing, not 
the best construction for a buil(1ing of such 
enormous weight. 

T o  ascertain the liind of earth that ~vot~lcl be 
uncler the moaument, a well ~ v a s  dug, some 
25 feet deep, in the immediate ~ i c in i ty  of the 
site, ancl the earth l~articularly examined. 
The material was found l e ry  compact, reqnir- 
ing a picl; to break it up, and was pronouncecl 
srritnble for a structure of the liincl. ,It :t 

cleptll of twenty feet a solid bet1 of gravel was 
reached, anti, six feet loner, nater  n-as struck. 
Before tile first coorse of marble n.as laid. 
bench-n~arlis were located from ~vhich to test 
the settlement of the monument. Af'tcr builcl- 
iilg to 126 feet in heigllt a b o ~ e  tlie grounrl, 
the cliair~nali of the builcling committee writes, 



SCIENCE.  


SECTION TlIROlJGH APEX. 

PLAN O F  RIBS. FOUNDATION. 

126' 



148 SCIENCE' .  [VOI,. v., NO. 107. 

in 1853, ' There is no perceptible scttlc~nent ' 
of tlie base, -a  statement mliicli sccnis liarclly 
accurate, jnrlging from what is usual, ancl from 
what appeared later. Here may be mentioned, 
as of interest later, that the architect, Mr. 
IlIills, in 1848, levelled from the top of the 
third course or step of the fo~ulclation to a point 
on top of the inericlian-stone monument near 
tide-water,.planted by President Jefferson, a11cl 
thus cstablishecl a reference b ~ -  which he niight 
detect any settlcnlent occurring in the progress 
of the work. 

On Feb. Pi?, 1835, coilgress llariilg been 
petitioned fol aid, a committee of the house 
approvecl of the worli done, and recom~ilendecl 
ail appropriation of $200,000. But tliis was 
the periocl of the Know-nothing excitcineilt ; 
ancl, on tlie Tery day that the appropriation 
was rccomineudecl, the hooks and papers of 
the monument society mere forcibly seizecl by 
adherents of the Ainericail party, and a new 
board was illegally forinccl from their n?einhers. 
This action again dclaj-ccl progress, a i d ,  clur- 
ing their rule of four years, only fonr feet were 
aclded, bringing the obelisli to tlie height of 
156 feet aborc the base, at  which ele~ration 
it long restecl. On Feb. 22, 1859, this board 
was oustecl bj- the incorporntion by congress 
of :L new JVashington monnment society for 
the purpose of finishing the work. These 
changes probably account for the more or less 
complcte disappearance of the original plans, 
measurements, bench-marlis. etc., which is 
afterwards noted. Thc civil mar soon folloned, 
ancl no actual work was done for many jcars. 
The society remained as custoclian cluring tliis 
lime, and macle some attempts to re-an alien 
public interest. Kumerous examinations wcre 
made by govcrninent oiEcials of thc condition 
of the stone worli, which in some places was 
slightly chippecl at the edges by flush jointing, 
ancl of tlie foundation. 111 April, 1874, Lieut. 
Marshall found that the axis of thc shaft was 
inclined 1.4 inches to the north-q-est. A t  one 
time it Tas liopcd that the bare shaft inight be 
finished in some for111 by July 4, 1876 ; but 
tlie unsatisfactory conclitioi~ of the foundation 
prevented. 

All hope of completing the monument by 
the centeiinial anniversal>- having gone, the 
nnatter apparently restecl until Auguit, 1876, 
wlien an act of congress mas approvecl, pro- 
viding tliat there shoulcl be apl?ropriated $200,- 
GOO in four annaal instalmcnts, to continue 
construction ; the officers of the society being 
required to transfer the property to thc United 
States, and thc construction of tlic inonuincnt 
to be l~ncler the direction of the prcsiclent of 

the United States, the supervising architects 
of the treasur- and of the capitol, the chief of 
engineers, atid the first rice-president of the 
monninent society. In  tllc examination callecl 
for in tlii.: act, i t  mas T ery cnrionsl cliscorered, 
by levels taken to vhat  was then supposed to 
be tlie mericlian-stone previously referred to, 
that the monument liacl, in tmenty-eight years. 
scttlecl nearly nine iilclics into the grouncl. X 
lively inrestigation by those most interested 
presently clcreloped the fact tliat Gen. Rab- 
coclr, when in clinrge of builclings ancl grounds 
in TTTasllington, hacl, in the course of improve- 
ments, graclecl off mlcl cartcd away the merid- 
inn-stone mon~uneut: so that, aclded to the 
loss of all plans and clctails. Jve must now 
relinquish all hope of kno~~7ingwhether the 
inonuinei~t had settled or not. 

Congress then autllorized the 1.e-enforcing of 
the founclation ; and the worli mas placecl in 
charge of 1,ient.-Col. Thomas Lincoln Casey, 
U.S. engineers, who liacl clerised, ancl has suc- 
cessfully carried oat, the plan shown in the 
slietch. 'rhc ealSth about tlie base, son~e 10,- 
000 cubic yarcls, n a s  first remored. Then a 
trench 4 feet wide, 13.5 feet cleep, eslenrliilg 
23 feet outside of the old foundation, ancl tun- 
nelling 18 feet uncler it,  mas excaratcd. The 
trench was tlien filled with coilcrcte of four 
parts brolren stone, three pnrls pebbles, two 
parts sand, and one part Portland cement, 
mixed by machinery in a cubical box rotating 
on a diagonal axis, ancl then tlioroughly ranln~cd 
in place. TJThen the space tinder the olcl fo~ul- 
clation 1.r-as as nearljr fillecl as convenient, more 
concrete nras put into srnall gunny-sacks, ancl 
ramiliecl home horizontally, while yet soft, 
with a heavy timbcr. The orcler in which 
these trenches were made ancl filled is num-
berecl on tlie plan. A t  first it was inteacled to 
innlie and fill two opposite trenches a t  the 
some time; hut it mas founcl that removing 
144 square feet of the foundation (only 2.5 %) 
causcd a too rapid motion of the colulnn, and, 
after the first four trenches, but one trench 
as made and fillecl at  a time. This sensi-

tireness of the obelisk to distnrbancc appears 
to confirm the opinion that the old foundation 
nTas already carrying iicarly the m a s i ~ n u ~ n  
allowable loncl. 

The effect of cutting these trenches was 
studied by means of a plumb-line suspei~clecl 
from tlie top of the shaft, ancl hanging freely 
throng11 a grncloated metal circle near the 
floor. The greatest inovcnient at  the begin- 
ning of the morli was ;: of an inch. By 
careful watching and ~vorkiiig, tlie original 
deflection of 1.75 inches was allnost entirelg- 
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correctecl. The area of the fou~~clationwas 
increasecl 150 %, or from 6,400 squarc feet to 
16,000 square feet, and was carriecl clown to 
21.5 feet below the original surface of the 
gronncl. Careful levels showed, that, cluring 
the process of nnclerpinning, tlle base of the 
monament settlecl two inches. 

The fountlation was further strengthened, 
and the pressure dii3tributecl over the whole of 
the new base, by placing a continuous buttress 
of concrete nrouncl the base, from the top of 
the olcl fo~ulclation halfway out on the concrete 
base ; a portion of the founclatioi~ masonry be- 
ing cut away, as  shown in the slcetch, to give 
a goocl bearing. terrace of earth was after- 
wards adclecl, to cover the rough masonry, and 
to still further increase the depth to which the 
foundation mas cnrliecl, and thus to increase 
the resisting-po~ver of the ground against lat- 
eral clisplacement. 

The ncw foui~dation was colnpleted in &iaj., 
1880 ; and on Aug. 7 Prcsideiit Hayes as-
sisted in laxing the first new stone on the shaft. 
On the new portion thc space inside mas en-
larged from 25 fcct tsquare to 31.5 feet squarc, 
to di~ninisl~ the weight by lesselling the tliicli- 
ncss of the walls ; ancl solicl granite baclcing, 
in two-fect courscs to corrcspoud ~vitli the out- 
siclc niarble courses, was substitutecl for thc 
irregular rubble-wo~li. TTThen the n~all  grcm 
co~lsiderably thinncr, marblc n.as used tl~rongh- 
out. The thickness at 500 feet is 18 inches. 
Thc monument rose 26 feet in 1880, 74 fcet in 
1881, 90 feet in 1882, 70 fcct in 1883, and 90 
feet, to which was aclcled the itpes of 55 feet, 
in 1884. 

Eight iron column3 rise in the interior, sllown 
by small circlcs on the plail of the top. Four 
of them are far enough from the wall to sap- 
port the iron platforms and stairways by which 
the moiiuineiit may be ascenclecl : the other 
four act as  gnidcs for an elemtor. Tllcsc 
coliinins hare bcen conncctccl with thc watcr- 
bearing stratum belom the monument, and with 
the mctallic point on thc apcx. 

Several ways of capping thc monument, or of 
constructing the apcs to suit its esposccl posi- 
tion, ancl secure pcrmanence, Terc discussecl. 
The aclol)tccl design was by Bernarcl 11.Green, 
civil engineer. Thrcc s to i~c  corbcls, onc foot 
thick at the cclgc, begin to grow out from each 
sick of the well within the monumcnt, a t  a 
point thirty feet belom the top of the wall. 
They incrcslsc in ~viclth as they asccnd, until 
a t  thc top of thc wall thc inicldlc onc projccts 
six fect, and thc side oncs fonr feet ancl onc-
half each. Frorn them spring stone arched 
ribs, which in turn sapport the roof-covering 

of stoilc slabs seven inches thiclc. Thc lnitldle 
ribs risc thirty feet, and intersect on a cross- 
sllapecl lieyst,one ; the sicle ribs abut against 
one another, aitd a square stone frame some 
seven feet lower clonn. The apes  is termi- 
natecl by an aluminiu~n point. 

After tlle main walls hacl reached their nlti- 
mate height, a lkame carrying a derrick mast, 
which reached to a height of 75 feet, was 
erected on tlie tops of the iron columns. A11 
opening nTas left in the lower roof-course a t  
one sicle ; the stone for tlie roof run out on a 
slnall balcony snpl~ortecl by projecting beams, 
ancl tile11 raisecl to place. When all but three 
roof-courses wcre set (in all, some 14 feel, in 
height), a platform was built around the top, 
supported oil brackets resting oil the slanting 
sicles of the roof, and carried, in turn, on 
beams projecting through the apertures for 
observation left in the lower part of the roof, 
two on each sidc; and the nine remaining 
stones wcre dis1,ributecl on this platform. The 
central clerricli n-as then remored, and a small 
q~iadruped derrick erected on thc platform ancl 
over tlic point of the roof. Thus thcsc stoncs, 
i~~cludingc:ip-stone weighing 3,300 ponncls, a 
nTcre rcadily sct, ancl tlic apes  coxnpletecl Pec .  
6 ,  1884. ll small opcning near the top, afler- 
wards closecl by a stone slab, 1)ermittecl the 
retreat of thc worlriiien x~ho  rernorccl the scaf- 
folding. 

Sincc thc coinl)lction of the founclation, ancl 
tllc resumption of building the shaft, somc 
slight settlement has takcn plncc, increasing 
regularly and nniformly with each adclition of 
a few courses of stone, After a few mceks 
from any suspension of builcling, settlement 
has always ceased ; and llarcily a perceptible 
inovcnlcnt again occurrccl until after some 200 
tons' mcight had been aclclccl, when the same 
process of scttljng mas re1)catccl. Altogether, 
in the aclclition of 400 feet in height, and about 
34,000 gross tons, 32,000 tons of which are 
in tlic earth terrace orcr the foundation, the 
scttlcment was tn o inclics. Thc cntire scttle- 
mcnt, clue to underpinning the founclation ancl 
completing thc supcrstr~~cturc,is about four 
incllcs. The nlorcinents of the plu~?lb-lincs, 
of which there were t-vo, -- one from the lieight 
of 1.18 feet, and thc othcr from 259 fcct, -mere 
but trifling. Cllanges in thc~n  were infreycnt,  
ancl l~robably not always, if often, clue to actual 
Icaning of the shaft. 

The morlin~cil were protcctecl against injury 
from falling by a strong nct suspencled around 
the ontsicle of the shaft ; and, sincc tllc rcsuinp- 
tion of construction by the Unitccl States, thc 
only acciclcnt has bccn tllc brcaliing of thc  
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arm of ollc of the men. The cost thus far is 
$1,188,000. The completed itrncture ~veighs 
81,000 tons. 

I11 this coniiection, some of the hciglits of 
notable structures m a  he of interest : Ton-er 
of I'isa, 179 feet ; Bunlcer lIill mon~imcnt, 221 
fpet ; Great mosque, Cailo, 282 fect ; Trinity 
spire, New yorl<, 28 C feet ; Campanile, Flor- 
ence, 230 fect ; top of capitol, 'CTTashington, 
307 feet ; AIilaii catheclral, 355 fect ; St. Paul's, 
London, 365 fect ; Aiitncrp cathedr:il, 402 
feet ; 1,utheran BIananliirche, Lnbeck, 430 
feet;  St. Stephen's, Vienna, 441 fect ; St. 
IZollos chimney, Glasgom, C50 feet ; Great 
pyramid, 450 reet (originally 485 feet) ; St. 
Peter's. Rome, 435 feet;  Strasbourg cathe-
clral, 4(iS feet ; Cologne cathedral, 511 feet ; 
Pl~ilactclphia city 1r:~11, to be 535 feet ; JT7ash-
ington moauinent, 5.5.5 feet. 

Illally meinorial stones vere contributed b ~ -  
the states, and by different org:inixations in 
this country, and b r  foreign countries. Some 
folty of these sloiles were set in the interior 
faces. One hunclrecl still remain in the store- 
house, aiid mill probably be affixed as slabs 
to the interior nralls in convcilient places. 

CITL ~ ~ L C S  Gncr-NE.14;. 

THE E L E C T R I C  L I G I I T  FOR LIGHT-

IITOUSES ,4hTD SEBRCEI-LIGHTS. 


faint ancl yellow as the gas-lamps a t  zt distance 
of less than half a iiiilc. Tlic extent of the 
arc-lights was only five bloclis, ailcl the tiACas1Iry 
builclii~g at one end, ancl patent office at the 
other, prevented a ~ i c w  from a greater clis- 
tance ; but tlicrc call be no cloubt, that. if the 
relative rates of absorption hacl coiitinued in 
the same ratio for n greater clistauce, the arc- 
lights woul(1 hrtve alipcarecl fainter than the 
gas-lamps at a clistance of ilot niucll orer half 
a mile, ancl ~ ~ o ~ i l c l  h a ~ e  entirely clisappeared 
long before the latter. Tlic arc-lights arc said 
by the compaily to be of about two thousand 
canclle power, and the gas-lights probably equal 
between fifteen aiid twenty cailcllcs ; so that 
the enormous clifference of absorption under 
these circmnstances is evident at a glance. 
'Yo be silre, this was a very tlricl; fog ; but 
this is the rery condition of things where pene- 
trating power is most necessary for liglltllonse 
lamps, ancl n-here the arc-light seeins to fail 
utterly. 

For search-lights, in naval warfare, as pro-
tection against torpedo attack iu thick weather, 
and for other similar purposes, the case is just 
as bad. or even worse ; f i r  the light ~ n n s t  trav-
erse the necessary distailce twice, - to the 
daugerous object, and thcn reflectecl bacli to 
the shili. For determining the best quality of 
light for submarine search, esperiments upon 
the sclective absorption of sea-water for vari- 
ous liiilds of luminous racliunt elldrgy would 
seem to be desirable. 

TIIL rccent experiments in 11:ngland ( N c i t ~ ~ ~ e ,Professor 1,:ingle-y has shonrn, within tlie last 
rol. s s x .  p. 362), npon the relative merits of 
electric, gas, ant1 oil lights for ligl:tho~~se 
illumination, 11a~ c called attelltioil to the verj 
marked failure of the arc-light to penetrate 
thro~igh:r misty or foggy atmosphere ; t l l~ sfail-
ure being clne to the I igoroub absoi~ptioa of the 
blue r:iys of the spectrliln such ail atmos- 
phere, -lays in wliich the arc-light is espe- 
cially iicli. A very stilli-ing ease of similar 
Ciilure was liresented to tile writer's ilotice a 
few evenings ago. One of the streets of TTTash- 
il~gtollhas recent1 been lighted by arc-lights on 
e:~cll sicle, upon posts sel era1 feet higher than 
the gas-lamps ; so that, in 1ool;ing along the 
street, tlie rows of electric lights nbore the gas 
ofl'er a gooil opporturnitj for con~pnrison. For 
several nights both weie liglited ; ancl one of 
these nights chanced to be cstreinely foggj~  for 
a few honrs in thc e ~ e n i a g ,  tllc g ro~~n i l  being 
coverctl wit11 slush from melting s ~ l o ~ v .  For 
this reason I -nreiit out of lily nray to see the 
effect upon these lights, and was rewarded by 
the siglit of the arc-lights -overpo~eringly 
I~rigilt close a t  Iinud -becoml~lg almost as 

year or two, that onr atmoslihere absorbs ~nnch  
inore of solar radiant energy than has been 
heretofore snp~osecl, ancl that this is w r y  
largely in the blue end of the spectrum ; so 
that sunlight, if n-e mere rid of our atmos-
phere, nroulii be mnch bluer than nrc see it.  
IIe 113s shown, too, that this talies place by 
cliff~~sionof the light by reflection in all direc- 
tions from particles in the atmoslihere, so that 
we get about half our claylight from the sky, 
even in a perfectly clear (lay ; anrl that this is 
tile caltse of the blue qlq-. 

Tile saine esl)lanation is suficient to account 
for all the l~he~lomena redof the ~ ~ o i l d e r f ~ ~ l  
afterglows following the sunsets of a J ear ago, 
if n-e call explain the presence of reflecting 
particles i11 a more or less stratificcl arrange- 
inent (I<ml;atoa dust, very likely) a t  an un-
usual height in the atmosphere. These would 
reflect suillight to us in inucll greater amount 
and for mnch longer (semi-intermittent) inter- 
vals than the orclinary clnst and clo~lcls a t  a 
lower level of the atmosliliere ; ancl this selec- 
tive absorption nrould accoulit for the n,ondcr- 


