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was convinced, therefore, tha t the action was brought 
about by rays ewanating from the substances with which 
be experimented, nod to t hese raJS the name of Becquerel 
bas been given. Ilere, then, was the commencement of a. 
series of disco,·eries which greatly modified the views 
which bad pre\ been held regarding the material 
constitution of the uni 'erse. 

Monsieur and Madame Curie bad studied under 
Monsieur Becquerel, and at his instigation these two 
brilliant investigators undertook to make a complete 
analysis of pitchblende, from which mineral uranium is 
obtained. The result, as all the world knows, was the 
discover,\' of the radium compounds Nor were Monsieur 
and Curie alone brought into this entrancing 
field of experiment. l:>cientists all o'er the world hM e 
followed, and are following in the same footsteps, 
one adding more or less to the general knowledge ; nor 
did Monsieur Becquerel relax his effor ts . It was but 
quite recently that he gM·e a Friday evening's discourse 
on this fascinating s ubject before the Hoyal Institution. 

Perhaps few scientists of his yeara have received so 
much and such widespread recognition of their achieve-

Monsieur Becquerel was President of t he 
French .\cademy of Science, and Perpetual ecretar,Y for 
the Department of Physical Sciences, a post to which be 
\\as elected as shortl.v ago ac; 29th June last. H e bad 
received honorary degrees from the l:niversities of 
Oxiord, Aberdeen, and Manchester. H e was 
awarded the Rumford )[edal in 1900, and then came the 
grt>at '\obel prize in 1903, as already mentioned. 

He receh·ed his first education at the Ecole l'olv· • 
tecllliique and at the Ecole des l ' onts et and 
was for ten years chief engineer of the Go' ernwent 
D epartment of l'onts et lie was elected a 
member of the Institute in 1HH9, and in 1 9.) was crented 
Professor of Physics at the i\Iuseum of N1\tural History. 
At this institution his son ,J can is now an assistant . 

SIR GEOHGE B.\HCLA.Y BRCCE. 
of the few remaining links connecting railway 

engineers of the present with those great names insepar-
ably associated with the commencement of railway 
construc tion has been severed bJ the death of George 
Barclay Bruce, "bicb took place on Tuesday evening last 
at his house, 64, Boundary-road, St. W ood. l:>ir 
George was born on October 1st . and he had there-
fore nearly his eighty-seventh year at the time 
of his death, "hich came as a termination to a long 
illness commen cing with an attack of congestion of the 
lungs in February las t. H e was the son of Mr . . John 
Bruce, of X ewcastle-on-T:.·ne. a schoolmaster, at "hose 
school he attended until he was fifteen. It is in-
tere!:>ting to note th .. t Sir I saac Lowthian Bell and 
Robert tephenson were also educated there. It was 
perhaps owing to Robert S tephenson, who was, however, 
seventeen years his senior, having attended the same 

that young Bruce when he \eft school entered the 
' tephenl-ons' works, where be served a six years' 
apprenticeship, aften,·ards taking sen·ice with the firm as 
an engineer. This must ha,·e been about the year 1842. 
I t will be remembered tba.t George Stephenson, the father 
of Robert and the owner of the wor ks, did not die until 
184 , so that Bruce had worked under him for some 
twelve years, including the period of his apprenttceship. 
At this time the firm was engaged in the construc-
tion of t he Xewcastle and Darlington Raihvay, and 
in this Bruce had his hare, being later on res1dent engi-
neer-m-charge of the Royal Border Bridge for carrsing a 
continuation of th is line across the Tweed at Berwick. 
This bridge was designed by R obert S tephenson, but for 
t he actual constructiona l work George B ruce was 
en tirely responsible. The line was opened by Queen 
\'ictoria in 1 50, and in 1 51 Mr. Bruce read a paper on 
the Border Bridge before the Institution of Civil Engi-
neers, this paper being awarded a TelCord Medal. 

Almost im media tely a fter this-so soon, in fact, that it 
was before the medal could be presented to him-he had 
set out for India, where he was to be engaged for th e 
next five or six ,years on railway construction in Benga.l 
and l\Io.dras. As chief engineer of the line he carried out 
the Madras Railway with its celebrated bridge over the 
Ca.u,ery, near Tricbinopol_v. ' ubsequently he became 
consulting engineer to t bis line, a position which be held, 
we believe, at t he time of his death. 

His whole life was identified wit h railway construction, 
and it would take a long list to exhaust the numbers of 
lines with which be was more or less intimately con-
nected. but it ma.' be said tha t theJ s preo.d over a w; de 
area. and included railways in South America, Germany, 
and Spain as well as in England a nd India. 

Mr. Bruce was President of the l m;titution of Chil 
Engineers in 1 , a.nd in the latter s·ear be rcceh ·ed 
t he honour of knighthood. Coinciding as the commence-
ment of his term of otl'tce did with the completion of the 
first fi fty _)ears of the reign of the late Queen Yictoria, it 
is not wonderful that the subject chosen for the address 
should have been a comparison between matters engi-
neering as t hey existed a t that time and in 1 ·n. The 
address, as those who beard it will remember, was of the 
greatest interest, and the pictures drawn of the dis-
abilities under which work was carried out a t 
the earlier date were such as to occasion wonder that 
such magnificen t results as were attained could poss ibly 
be achieved. "It is scarcely credible," r uns one passage 
in the address, " but it is a fact that there was not a. 
single crane in Rol>ert tephenson 's shops in 1837. T here 
were shearlegs in the yard, by which a boiler could be 
lifted on to a truck, and there were portable shearlegs io 
t he shop, by the skilful manipula tion of which, a t no little 
risk to life a nd limb, wooden; were done in the "ay of 
transmit ting hea''Y loads from one part of the shop to 
another." _ " There were no small planing or 
machines, which now play so important a. part in every 
engineer's shop. There was only one slotting machine, 
the use of which was very restricted. Wheels were 
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driYen on to their a...-cles sledge hammers wielded b) 
s trong arms alone. ' t eam hammers were, of course, 
unlmown, and only band labour was available for the ordi· 
nary work of the shop and boiler yard, with the exception of 
the punching and shearing machines. . . " 
were the condiLions under which the young engineer 
commenced to work a t his profession, and it must a lso 
be remembered that neither the Bessemer nor the 
Siernena proce1;s of s teel manufacture bad been in,·ented. 
Truly, it is marvellouP that good work was done as 
was by those old-time engineers. 

ir George was a. constant attendant a.t the meetings 
of the Inr.titutton, and until a comparatively s hort time 
ago, at any rate, he frecJ uently took part in the dic;-
cussions on papers, especially when these had to do with 
railway subjects, though there were occasions on which 
he showed clearly that there were many other depart-
m ents of eng ineering on which his knowledge was of a 

order. An interesting point brought out by 
him on one occasion was that the bogie as a pplied to 
locomothes was not of American origin, as ha{} been 
alleged, since bogie engines ha{} in the first instance 
been shipped lo America by Stephenson, largely 
copied there, and re-introduced into tlus countr;>. 
Some figures which he brought forward when discussing 
a paper on a tunnel between England and France by Mr. 
J osepb P restwich , F.R.S., are wor th mentioning. lie under-
stood , be said , that the cost wa estimated at £10,000,000, 
bu t, making allowances, he would suppose it waa 
.£12,000,000. In order t o make it pa,\ 5 per cent., allow-
ing ;30 per cent. for working ex-penses, .£1,200,000 a. year 
gross receipts would be required , so tba.t, a ssuming the 
line to be 2 miles long, it would have to earn .£824 per 
mile per week. The Metropolitan, be said, running 
through the hetlrt of the population of London, earned 
about .£1099 per mile per week; the Lancashire and 
Yorkshire, .£147; the Great \Vest.ero, .£65; and the 
London and Xorth-Western, .£105 ; so that the tunnel, 
in order t o pay only :> per cent., would have to earn 
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thirteen times as much as the Great Western and nearly 
as much as the Metropolitan. lie bad no doubt, he 
added, tha t a tunnel could be made, but '' the idea of its 
being an undertaking that would pa,\ was," he feared, 
"quite chimerical." 

His views on technical education were pronounced ; 
he held that the true function of a scientific education iu 
relation to engineering and m echanical operations was 
the teaching of physical science and those Ia ws of Nature 
that underlie the exercise of a.ll handicrafts, and not the 
teach1ng of the handicraft itself. The latter, he con-
sidered, could be be tter taught, and could only be 
efficiently taught, in the workshop. 

Sir George was one of the very few men of the 
present time who have seen not only tbe:development of 
the raih,ay systems of the world, but were actualls 
ali,•e "hen railways came into existence. for it was not • till four yean; after be was born that the Stockton and 
))arlington line was opened. His death will be keenly 
felt by a "ide circle of friends. 

VOIDS, SHRINKAGE, AND WEIGHT OF 
CRUSHED STONE. 

2l5 

The Che..ter stone is a rather coan.cly grey hme-
btone of the lower carboniferous group. That from Johct Is 
a compact, fine-grained of the_}: iagam 

The Kankakee stone 1s a coarse-gramed arg11laccous 
limestone of the Xiag.Lm group. The specific granty of tho 
... tone was determined with great care in every instance, an<l 
the absorptive propertu.: · were carefully studied. In a rm ·iog 
at the percentage of vo1d" the crusher product was sepamtcd 
into d ifferent sizes, £rom t hat passing a Ecreen to the 
commercial "3in ." stone. The percentage of \hLs 
determined both by Ulilng the specific gravity method and b\ 
pouring in water, the ono being a-. a check on the 
Some of the vessels 10 the coot1.med 27 cubiC 
feet· others had volume." of from 2.6 cubic feet to 0 .694 cubic 
feot.' It was found that the d1>otance of drop 10 filling tho 

had considerable mfluence on the amount of vo1ds. 
'l' ho drop varied from shovelling to a fall of 20ft. in . heigh t.. 
The 20ft. drop invariably gave a le.-.s percentage of vo1ds tht\n 
a drop of even 15ft. H was found that the voids 
"1 th the l-ize of the stone 

Owing to the cWierence found between stone as loaded <\nd 
its size at its dest inat1on, wagon;. and cars were fi.lled and 
carefully measured at fhcd distances. For t he s.1.ke of com-
parison, the experiments were made as nearly n:. posstblo 
under the same conditions. The sl;\tc of the roads, the rate 
of driving, the amount of shuntmg, were aJI carefull y 
watched. Tho measurements proved that for \ngons about 
half the set tlement occurs in the first 100ft . , and that tho 
settlement at ha lf a mile is practically the same as that at n. 
mile. W1tb cars pmctically all tho !'ettlement takes lllace 
during the shunting and the first part of the journey. This 
part of the work, however, seems not to be very conclustve, 
and can only be 1n a general way . 

In order to find the weight of the crushed rock a t the ond 
of the tnp, the point at which the engineer u:>ually receaves 
1t, the measurement" were cont10ued with the same caro. 
The figures !-how a very considerable !'ettlement. All condl-

of weather and moisture were carefully not<>d, as th<N· 
affect the conveyance ns well as the stone. All the figures 
ngreo in a general W<\Y on t hese points-the weight of _sc reen-
ing-. is greater than that of coancr ;.lone, and the wetght of 
3in. stone is greater than that of 

Obsen ·atJons were a leo made to determine coeflicie1..1b b) 
which to dt!duce tho weaght por unit of volume of crushed 
stone when the weight or a u01t of solid stone or the specific 
gravity knO\\ n. ACtor ... tudying this for all the 
different s11es. a mean wa., taken for each sazc. From th11> 1t 
was found that the co< llic1ent by wh1ch to multiply the 
weight of a cub1c foot of hmestono to nbtain tho weight of ;\ 
cub1c yar<l of the crushed ;.tcne i, for screenings 15.5, for 
2in. to }in. 11.6, and for S1n. to 15.2. The mean of all 
these is 15.1. It will be not1ced that the coetlicit!nt is 
largest for finest ;.tone and smallest for the intermediate 
size. This seems to prove that tho weight of r.c reeniogs 1 ... 
greater than that of coarser st one, while tho we1ght of tho 
intt>rmediate size is than that of ei ther size 

I'< r C(!nt of l'u nnt 
• o1<l.... of 

Size of t-lonc. 

IIi n. o,cr. C.. .. 40 9 , 46.8 12 7 

10 0 396 461 0 0 .. 
,1n. scr .. 1 - 42 2 -17 ,1 9.1 8, -1 

iin. scr. C.. . • 43 0 45 6 11 .8 10.6 

.. ,J 0 0 - - 9.7 

1 'in. to 111. h 0 -15 .7 86 -
-17 ll %2 6,6 7 -1 

Wt:ia<ht, lh. per culuc 

- _, 
2430 2b97 -
2303 2533 2659 29)5 

24-12 zm 2546 2850 

2652 2882 

2325 

2315 2386 2.)92 2in. to ,f •• 

2m. to <' .. 
21n. to Jin. ,J 

2.tin. to in h 

46.6 46.6 9,2 - 1231-1 2582 

95 -0 

5.4 22tl0 12300 I 
44 3 42 9 

2!in. to Uin. h . . 46 2 43 4 

3in. to 2in. ( .. 46 1 45 1 8.2 7 0 2.569 2348 2545 

.. ·' .. .. 47 5 46 1 7 8 2553 

The above table has been compiled !rom the bummMy 
of the various results given by Professor Baker. In the 
C stands for (.hester, J for Joliet, and K indicate.. the stone 
{rom the Kankakee quarr). 

Captain A. I'. H . Desborougb reported to tbe 
llome-otlice on a fatal 4.!xpl0!1ion of gelignite which occurred at lbe 
f;\CI.o• y of e nod Ha.rve}, Hos:in, in \larch last. It 
appeni-s that the fatality bllppened '" hoo a 50 lb. box of 
Will> being placed in n cart. Some of tho had n 
!rigos of exudation, and, n" thu oxplosi\'t wn..• congealed at tho tuuo 
of the accident, the O).Udcd mtro-glycoriuo would be frozen. Tho 
inRpector says that, one of tbo projecting wire 
(the wiro of tho cardboard pnckngos containing tho 
oxplo.;ivo.", which had not properly bcon clinched down) havo cornu 
in contact v. ith a congo!\lt.-d tilm of ni tro glycerine, ,utficiont huat 
might be gun orated to cause an oxplo.<tion. " Tho llorue-ollico'" 
chemical advi,ors, even in tho light of the accident, roportod that. 
tho $1llllplo oxamin'ld by them •bowed "exudation decidedly n.oro 
than is du.•irable, though hardly dllngerous, not by 
freezing nnd thawing.' 

PROFE SOB I RA 0. BAKER, of the State University of 
I llinois, author of "A Treatise on Masonry 
hn:. just is;.ued t he result of a sot of careful 
made by trained observers to determme the actual proport1on 
of void.-. in rock. were al!\o made on 
the shrinkage or of the cru;.hed material in trans-
portation, as well al> on th" actual weigh t!>. From result:. 
ho has prepared a t.et of tables for the purpose of ass1st1_ng con-
str uctors in e:.timating what has now become a vo_r:y lDl,)?Ort-
ant item on m o:.t contract!:i---crushed stone. It believed 
that th is i:. the fin.t time that trustworthy results have been 
published on the :.ubject. 

Dunng the past two seasons the quarry ru n has boon care-
fully watched at the quarries at Chester, and 
all of which are situated within a short distance of Chicago. 

THE l .:>cunrtllt.\TEO h-.TITI"Tlii:S ArTmJuuu •· E:s•.l:O. EMt,. -
'J'ho following is a pro' i'<ional programme of I for 
tho session 190 -9 :-On October 11th, addre'-s, 
entitled "Some Probloms of the otor Car," ''ill be gi\'eu by 
'lr. Dugald Clerk : on 11th, a paper entitled '' .\. Com-
plete Test of a :'llodern Petrol Engine' - Pov.or, Thermal and 
)Jechanical Efficiency, Exhaust Products at Powen. and 
Speeds will be rcud by lfr. Bertram and on 
December 9th, a paper ontitled " How the Wetght of the Molor 
Car is made up'" will be read by O'Gorman. 'l'hu 
following papers and da-.cu. sions have heon arrunged for tho 
general of tho lru;titution in 1909 :-)tr. 1''. H. Hoycc.., 
" Causes of \\ear 1n )lotor Machinory ; " G. H. Haillio, 
"Carburot.tor Bxperiments : ·• Horatio Ballantyne, " 1'ho 
Cbemi:;try of Petrol ; " .Blount, "On '(lCCifyiog the 
Quality of Petrol ; " .\1 r. !-'. R ·. Bircham, "Tho lhe of Smllll 
Internal Combw.tion Engine:. for )Iarine Work, ' )Jr. I ... .\.. 
Legros, "Transmi.:,:,ion ' )Jr. E H. " ) lotor 
Cab:.," and a dbcu,•ion on " \ ah e Setting," introduced by 
Max R. l..nwrenco, 1\I.J. )lech. E. Dr. W. Wat..c;oo, of the Hoyal 
College or 'cience, South Keoo<ington, ha:; promi,.ed to give a 
paper on " Petrol Engine Experimuut$." 


