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THE GUNS OF THE BENBOW. th e same scale-will exh ibit at once th e extraordinary h ole through th e center, and almost analogous in its 
Now th at th e Benbow is approach ing completion in rapidity of th at development as far as regards propor- ch aracter to th e well known prismatic No.1 brown, of 

every respect, and about to be brough t round from tions. It must be borne in mind that at th e close of wh ich most of th e ch arges for many breech -loading 
Oh ath am to Portsmouth for a trial of h er great 111 ton th e Crimean war, only th irty years ago, th e 10 in. S.B. guns are now made up. 'J'h e building up of th ese 
guns, it is not an inappropriate time, remarks th e En- gun was th e h eaviest and most powerful piece of ord- ch arges is most curious. It is like a ch ild's puzzle map. 

gineer, to say a few words in regard to th e power and nance th at Great Britain posEessed, and we were th en A plan is drawn of th e exact number of h exagons th at 
value of h er armament, far surpassing-as it does-th at far ah ead of all oth er nations in respect of armament. will most nearly cover a space equal to th e base of th e 
of any ironclad afloat, wh eth er in th e navy of Great Yet in th e present day th e projectile and battering ch arge. Rows and rows are th en placed upon th e first 
Brit�in or in th at of any foreign power. Th e accom- ch arge only of our most formidable weapon, taken col- layer, always leaving th e central h oles clear above one 
panying table will sh ow in a moment th at th e 111 ton lectively, actually bear an appreciable proportion to anoth er for th e flash to communicate with th e wh ole 
gun distances all competitors. In it a comparison is th e entire bulk of th e gun wh ich was considered mon- mass, as th e sides fit exactly. Th e mass wh en made up 
drawn between th e salient features of our new weapon strous in 1857 , computing to one-th ird of it in weigh t. fits into a stout silk bag, and after being" ch oked" is 
and those of the heaviest natures possessed by France Th e complicated nature of mach inery required to load, put into a long metal cylinder for conveyance on board 
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and Italy-th ese being th e only rivals worth y to be 
compared with it. 

Muzzle Projec- Penetrative 
Country . Caliber. Weight. velocity. tile. power. 

In. Tons. Foot secs. lb •. 
Great Britain. 16'25 111 2,128 I,BOO 32'5 in. at 1,000 yd •. 
Italy . ...... ... 17 104 2,018 1,799 32'3 in. at muzzle. 

France, ... . ,., 14'66 71 1,955 1,180 27'3 in. at muzzle, 

Th us it will be observed th at th e Benbow gun h as a 
greater penetrative power at 1 ,000 yards distance frOID 
th e muzzle th an th e Italian gun-its lllost formidable 
cOllpetitor-h as at th e muzzle itself. Th is would ap­
pear to bp, conclusive. 

Before giving a brief description of th e construction 
and parts of th e new gun-drawings of wh ich we give 
-we cannot refrain from remarking upon th e prodig· 
ious strideswh ich h ave been made in th e development 
of gunnery science since th e period of our last great 

war, both as regards th e dimensions of th e weapons 
employed and th e cOllplex nature of th e mach inery by 
wh ich they are loaded and fired. A glance at th e 
sketch es marked A h erewith , wh ich give th e relative 

sizes of th e modern 111 ton steel rifled B.L. gun and th e 
old 10 in. cast iron S.B. gun of a past age-drawn to 

COMPARATIVE SliES OF ill-TON AtID IO-INCH GUNS. 

fire, and control th e n e wgun can be seen by a reference sh ip, Five h undred and sixty of such cartridges form 
to th e cut. It sh ows th e gun mounted upon its proof ·th e ., unit" for th e Beubow in peace time. 
sleigh at Woolwich Arsenal, and th e powerful double An initial velocity of 2,143 foot seconds was actually 
derrick erected in rear of it, with traversing platform obtained on th e 28 th of March last at th e proof butts, 
working beneath th e davits for raising and supporting Woolwich Arsenal, with the second of th e 111 ton guns. 
th e projectile and ch arge-weigh ing respectively 1,800 Th is was with 850 lb. of German powder only. It is 
lb. and 960 lb,-during th e process of loading; also th e not unrp,asonable, th erefore, to assume th at a h igh er 
duplex arrangement of Stanh ope levers, carrier, and velocity th an th at mentioned in our comparative state­

earn lever at th e breech , form quite a bewildering maze ment migh t be regarded as normal. Of course th is 
of mech anical contrivances. Th e elevating, loading, greatly increases th e penetrative power of th e projec­
and traversing will, of course, be performed by h y- tile, and th e vis viva or energy stored up in it. Making 
draulic power on board th e Benbow, where the turrets use of th e generally accepted formula-
are open and th e breech of the gun is depressed. be- 'vis viva 

= 10 V2 
neath th e steel· deck for receiving its charge, but the 2g 
mech anism of th e breech -Ioading apparat'usis as sbown wh ere 10 = weigh t of th e projectile in lb. 
in th e engraving. 'v 

= velocity in feet 
Th e principal dimensions of th e 111 ton gun are as fol- g = force of gravity (32'2)1, 

lows: Total length , including breech gear, etc" about we arri ve at a muzzle energy with our newly construct-
45 ft.; extreme diameter, 65'5 in.; caliber, 1625 in.; ed gun of no less th at 57 ,304 foot tons, or nearly 5,000 
length of bore, 487'5 in., or about 30 calibers; diameter foot tons in excess of anyth ing before arri ved at, th e 
of powder ch am ber, 21'25 in, ; capacity of same, 28'610 greatest amount of energy before recorded being th at 
cubic inch es; the charge is 960 lb, of wh at is called ex- of th e 100 ton Elswick gun of 17 in. It is true th at 
peri mental slow powder, of h exagonal sh ape, with a h igh er estimates h ave bp,en given by various writers of 

111 TON GUN, H . •. S. BENBOW, ON ITS EXPERIMENTAL CARRIAGE, 
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t h e ener gy developed by th is weapon, but it must be 
r emembered that th ey wer e conjectural. Lor d Br as­
sey gives it in a table as 61,200 foot tons. As, however , 
in or der to pr oQuce th is abnormal ener gy h e  quotes a 
muzzle velocity of 2,214 foot seconds, wnich h as not 
been obtained dur ing th e gover nment tr ials at th e 

Woolwich butts, th e figur es r esultingfrom these veloci­
ties ar e misleading and untr ustwor thy. Be it as it may, 
h owever, the 111 ton gun stands unr ivaled among its 
compeers, and th e Benbow, Sans Par eil, and Victoria 
will h ave by far the most power ful ar mament afloat in 
all th e navies of the world. We only r egr et one cir ­
cmnstance connected with th e mounting of th ese guns. 

It is th at they shouTd be so entir el ... exnose<1 above th e 
open tur r ets. TIl!s, l1Owever, IS a d'e�ctofth e Admir al 

constr uction wh ich cannot. we fear , be r emedied. 
...... 

LEWIS MUHLENBERG HAUPT. 
BY c. H. H. 

Could th e spirit of l)r ogr ess h ave taken its place a 
h undred years ag o III tne neIghbor h ood of th e mor n­
ing star , and watched the Amer ican continent as it 
slowly turned toward the dawn, it would h ave seen a 
country wear ing still the undisturbed liver y of natur e, 
and unsubdued by the though t of man. In th at gr and 
kaleidoscope, pr airie and for est, mountain and valley, 
succeeded each other in endless variety, and wh en th e 
gilded crests of the Coast Range and Sier r a  Nevada 

finally sank out of sight beneath th e h or izon of th e 
Pacific, the vast ocean th at str etch ed into th e distance 
bore no fleet upon its bosom. Th e dar kness of succeed­
ing night was lessened only by th e r adiance 
of occasional village lamps or savage camp fir es. 

But to-day could th at same spir it, with Mer ­
cur y for company, follow th e advancing ligh t 
fr om' ocean to ocean, the same br oad plains 
and lofty mountains, th e same swift r iver s and 
fer tile valleys, would meet th e eye as bflfor e, 
yet everywh er e would be seen th e dominance 
of man, th e master. 'rhe plains ar e yielding 
har vests, the 'moun tains, stores of gold and 
ir on; th e tor rents h ave been br idged and th e 
valleys conver ted into h omes. Swift steamer s 
cr oss its water s, and loaded tr ains its lands. On 
all sides would be seen th e wonder ful r esults 
of h uman activity. No magician h as been at 
wor k, th ough even th e conjur er 's art could 
scarcely have been mor e potent. Back of each 
of th ese changes th er e h as been an idea, and 
back of th e idea a man. The moder n magician, 
>1t whose touch distance is annih ilated and 
busy cities spr ing into being, is th e engineer . 

It is h is collective wor k th at h as ch anged th e 
face of nature. 

It is said th at th e best h istor y is biogr aph y. 
In science and engineer ing as well, the best 
r ecord of ideas is to be found in the lives of 
th e men wh o h eld th em. In presenting, th en, 
a br ief sketch of one of th e busiest of th ese 

wor kers, th ere is given a fr agment of th e h is­
tor y of progress. 

Pr ofessor Lewis M. Haupt, wh ose activity as 
an engineer perhaps entitles h im to be called 
th e successor of Captain Eads, is a native of 
Pennsylvania. He was bmn at Gettysbur g, on 
March 21, 1844. His fath er , Gener al H. Haupt, 
was at that time pr ofessor of math ematics at 
Pennsylvania Coll e ge, but sh or tly after war d 
becoming conne cted with th e Pennsylvania 
Railroad, he r emoved h is family to Harr isburg, and 
subsequently to Philadelph ia. Pr ofessor Haupt's boy­
hood was spent in an engineer ing atmospher e. He at­
tended th e public sch ools for a shor t time, but h is 
health being delicate, out-of-door exer cise was r ecom­
mended in place of th e sch ool r oom. 

As General Haupt now assumed th e contr act for 
building th e Troy and Gr eenfield, Railr oad, and th e 

Hoosac Tunnel, th e son h ad an excellent oppor tunity 
to put th is r ecommendation into practice. He was 
but four teen year s of age when h is engineer ing wor k 
began. Sch ool, h owever , was not entir ely given up. 

The winters wer e' spent at the Gr eenfield and Cam­
bridge Hig h Schools, and later at the Lawrence Scien­
tific Sch ool. From th e latter institutio n h e  was ap­
pointed by President Lincoln, in th e fall of 1863, to 
a cadetship at. 'Nest Point. Four year s later Pr o­
fessor Haupt was graduated and immediately assigned 
to duty in th e United States cor ps of engineer s. His 

first work in th e service was with a party then con­
ducting th e triangulation of Lake Super ior . 

It is gener ally considered somewhat of a disadvan­
tage th at Americans move ar ound so \lIuch , but it has 
th e compensation of affording a wide exper ience. 

Though the sever e climate of th e lake r egion made it 
very soon necessary for Pr ofessor Haupt to apply for 
a ch ange of duty, the experience gained ther e was 
of great value to the engineer and futur e teach er . In 
th e spr ing of 1869 , the young lieutenant was or der ed 

to r eport to General Canby, then in ch arge of th e 
Fifth Militar y Distr ict (Texas). Th e ch ang6 fr om one 
fr ont.ier to anoth er br ough t a cor r esponding ch ange 
of duties. As aid and engineer officer , h is wor k con­
sisted ch iefly in t h e  examination of gover nment b uild-
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ings and militar y r oads. He h ad also occasion to devise 
a sch eme for th e pr otection of. th e Fort Br own Reser ­

yation fr om th e encroach ments of th e Rio Gr ande. 
Again Professor Haupt's wor k was of sh or t dur a­

tion. In th e fall h e  resigned fr om th e public ser vice 
in or der to accept the position of assistant engineer 
and topograpber in ch arge of the sur veys of Fair ­

mount Par k, in Ph iladelphia. He was engaged on th is 
wor k for sever al year s, collating th e data for an elab­
or ate contour map, and locating and constr ucting the 
drives, dr ains, and oth er engineer ing featur es of this 
extended pleasur e gr ound. 

In 1872 came another ch ange of occupation. He 
was appointed an assistant examiner in th e Patent 
Office in th e class of engineer ing and ar chitecture. 
Though enjoying r apid pr omotiQn, h e  r esigned h is 
position in a few months in or der to accept th e pr o­
fessor sh ip of civil engineer ing at th e Univer sity of 

Pennsylvania. Up to th is time Pr ofessor Haupt's life 
h ad been spent in gaining experience. He was now in 
a position wh er e he could make good use of it, both as 
a student h imself and as an instr uctor . It is at th e 
univer sity th at h is best wor k h as been done. A pr o­
fessor sh ip offer s unusual oppor tunities to a man of 
ideas. Th e wor k of th e position is itself constantly 
stimulating, wh ile th e leisur e it affor ds per mits h im 
to undertake r esear ch es th at would be quite impossi­
ble to a busy man of affair s. 

• Th e danger of it is possibly that one may be tempted 
to let this outside wor k encr oach too far upon th e 
time that should be devoted to h is students. On 

the other h and, if kept within proper bounds it adds 
gr eatly to the efficiency of the teacher , for it gives 
h im a constantly increasing store of exper ience to 
dr aw upon. In th is r espect, Pr ofessor Haupt has 
been for tunate iu th e utilization of h is spar e time. 

He h as spent th e long vacations of summer in pr ac­
tical engineer ing wor k. He h as held appointments as 
an engineer in rcharge of the light h ouse ser vice in 
making h ydr ogr aph ic sur veys for th e r ange lights in 
the Delaware, as an assistant in the United States 
Coast and Geodetic Sur vey, in charg e of the geodesy 
of Pennsylvania, for five year s, and of var ious wor ks 
on the Nor th er n Pacific Railr oad. 

In 1877 the Engineer s' Club of Ph iladelphia was or ­
ganized, and Pr ofessor Haupt chosen as its fir st pr esi­
dent. It is now one of th e lar gest and most influen­
tial tech nical organizations in th e countr y. The pr o­
ceedings of th e club contain maily of h is contr ibutions, 
the paper s on Inter comIllunication in Cities, Rapid 

'rr ansit, Harbor Studiesl and Proposed Removal of 
Smith 's Island (in th e Delawar e River opposite Phila­
delph ia), being per haps among the most impor tant. 
The titles to Pr ofessor Haupt's numer ous articles and 
monograph s, for h is pen h as be en a ver y active one, 
sh ow a wide range of subjects, but it will be ob­
ser ved th at pr ominence h as been given to th ose pr ob­
lems of engineering wh ich come th e near est to ever y­
day life. 

However busy a man may be, and h owever var ied 
may be h is occupations, fir st pr efer (lnces ar e pretty 
sur e to come to th e sur face if they h ave h alf a ch ance 
to do so. In Pr ofessor Haupt's case, his first pr ofes­
sional wor k was in th e tr iangulation of Lake Super ior , 
and throughout the rest of h is car eer h is attention is 
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constantly r ever ting to th e pr oblems connected with 
water and water ways. At the pr esent time h is name 
is pr ominently befor e th e public, on account of th e 
valuable contr ibutions of a pr acticlIJ ch ar acter wh ich 
h e  has made to our knowledge of th e conditions es­
sential to all h ar bor impr ovements. In h is most r e­
cent paper on the subject, "Th e Ph ysical Ph enomena 
of Har bor Entrances," h e  h as pr esented impor tant 
discover ies and suggested new meth ods for a general 
solution of th e difficult pr oblem of improving the en­
tr ances to all alluvial h ar bors. In r ecognition of the 
mer it of th ese discover ies, the American Ph ilosoph ical 

Society h as just awar ded h im the Magellan pr emium, 
th elh igh est acknowledgment it is in th eir power to 
confer . Th e jealous car e with wh ich th e h onor is 
guarded by tbat conser vative body may be judged 
fr om th e fact th at th e award h as been gr anted but 
twice dur ing th e past forty-five year s. 

Like most valuable discover ies, Professor Haupt's is 
so simple th at th e only wonder is th at the engineer s 

wh o h ave been spending such lar g e  amounts on at­
tempted h ar bor impr ovements had not long ago found 
it out for th emselves. He h as sh own th at bar s ar e th e 
r esult of th e incr easing semi-diur nal action of th e 
flood tide as it is affected by th e gener al tr end of th e 
coast line and compressed towar d th e bight of th e 
th r ee large bays extending along th e Atlantic coast 
fr om Cape Sable to Cape Flor ida. Th e mean tide at 
th e salient points of these capes is between one and 
one and two feet. It gradually incr eases along their 
flanks to its maximum value at th e gr eatest distance 

from th e ch orn. joining th e points. The ebb 
ehannels and th e cr ossings over the bar ar e 
moulded by th is component. To pr event in 
par t th e compr ession and deflection of th e ebb 

ch annels, Pr ofessor Haupt h as pr oposed a bar ­
r ier of peculiar for m, wh ich is designed to pr e­
vent the land fr om being car r ied into th e chan­
nel by th e flood. It is so constr ucted, h owever , 
as to fr eely admit th e flood tide to the inner 
bay, and concentr ates t h e ebb. Th e length of 
th e proposed bar r ier is ultimately to be about 
one-h alf th at of th e pr esent jetty system. Th e 
latter , it is contended, does not fulfill the con­

flicting conditions of th is admittedly difficult 
pr oblem. Th e meth od seems to be ver y siIn-
pIe and efficient, and if carried into effect migh t 
reasonably be expected to accomplish much for 
our alluvial h arbor s. 

Pr ofessor Haupt is th e auth or of sever al 
standar d wor ks on engineer ing SUbjects. He is 
also actively connected with a number of pr o­
minent societies besides the Engineer s' Club. 

\Vh en th e sch eme for r eor ganizing th e public 
civil wor ks was under discussion in 1885 , h e  was 

one of th e delegates and was assigned impor t­
ant duties. Th e r esult of h is investigations 
was publish ed in LiPlJincott's Magazine. His 
system of movable dams for use in tidal water s 
is familiar to 1lI0st of th e pr ofession. 

As a teacher , Professor Haupt can best be 
judged by h is r esults. He h as been a ver y busy 

man outside of th e univer sity, but h is wor k 
th ere h as gained r ath er th an suffer ed by th is 

activity. It h as br ough t th e student into 
actual contact with the pr oblems of the times. 

It has undoubtedly been a gr eat h elp to th em, 
and h as given th em a wor king efficiency unat­
tainable by mor e abstract methods of instr uc-

tiol!. Th e depar tment of civil engineer ing r anks 
among th e fir st in an institution wh ich enjoys th e dis­
tinction of number ing among its faculty some of th e 
most eminent men in Amer ica. 

. .. , . 

The ElelDents not Patentable. 

In arguing th e Bell teleph one case befor e th e COIU­
missioner of Patents th e oth er day, Rober t G. Ing er soll, 
one of the couns!;l, closed his argument with th e fol­
lowing pertinent r emar ks, wh ich it will be well for all 
in ventor s to r emem ber . The concl usions are sound and 
as applicable in other cases as th e one on which th e 

lear ned counsel made th e application: 
"I do not believe any man can patent th e idea of 

sending speech by electr icity. He can patent devices 
by wh ich th at can be done, but h e  cannot get a patent 
on the ligh tning. A man can patent a water wh eel 
but he cannot patent the water , or say to th e water you 
cannot turn any oth er wh eel but mine. A man can 
patent a windmill, but not th e wind, and any man who 
caumake a better mill may use the same wind, be cause 

we do not get our entir e stock of wind fr oIll th e Patent 
Office or fr om the attor neys on th e oth er side. Wind 
is the free gift of all politicians, and, looking at th e at­
tor neys of the Bell people, without wind wh er e woul" 
your case be ? " 

. 

••••• 

IT is said th at a finely polish ed luster less sur face call 
be pr oduced in steel by r ul>lbing, after temper ing on a 
smooth ir on sur face with some gr ound oilstone till it is 
per feetly smooth and even, after wh ich it sh ould be 

laid on a sheet of paper , and r ubbed backwar d and 
forward till it acquir el'l a fine dead polish. 
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