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the juilgincnt of ilio ti'atle ill cliserimiiiating 
het~veen different coals, I reqnestecl one of thc 
largest mi11t.r~ anci sllippers of ailtliracite coal, 
who has for a great many years l ~ e e n  eonnccted 
with the mines o w r  a wide nrca in the region, 
to name a numbcr of coals, mllich, b ~ .  most 
consumers, Terc crcclitecl with being of' about 
cqual value. Spccirnens of tliese coals mere 
collected from onc 01. two hu~iclrecl tons. a s  
they wcrc ready to be sliipped t o  rn:irliet ; the 
amount collcctecl f i r  eac!~  annlj sii .  rnngiug in 
weight from one t o  two liundreti pouncls. wl~icli 
was then reduced h j  tlie ordinary mctliods 1101~ 

commonly used in s a l n p l i ~ ~ g  nrly miircral prod- 
uct for qualitative and quantitative tests. Tile 
number of specin~ens obtained in tliis way 
aggregated thirty-three. The  anal j  sis of each 
individual spcciinen is recorcled in  cletail on 
11. xliv. of my Firs t  yeport of the progress 
of' thc anthracite survcy,' issnecl by the stxte 
printer oil the first of this ~ n o n t h .  F o r  our 
prescnt purpose i t  is  not importarit to  refer to  
thc  results in  detail. 

T h e  table of averages which I havc com-
pilecl shows the mean chamcter of the coal 
obtained from thc  morc irnl~ortant coal-beds 
in  tlie Northern field in thc I iciriity of TYilkcs 
Barre ,  in  thc Eastern middle (Lehigh) ficld i11 
the  vicinity of 13azleto11, in  the  TVcstern middle 
field in the picinity of Shenandoah, ancl in the  
Sonthern field on the propcrty of tlie liehigh 
coal arid navigation company, between i\Iauch 
Cll~ink ancl Tamaqua. Tiiesc results are  show11 
in tlie following table :-

3 ' U.h:~r fo~ i. . . Eastern 111id0Ie . 1 3.713 

5 I l : ln r~ i io t l i  . . . 1C:rsieril middle . 1 4.110 

2 I I'rilnrosc, . . . 1 \Vcster11 ~niclclle . i 3.541 


- -. - .- -- - - - ~~-~ ~ - - .- I- ~ - - -
- ~-

ar erxge of thc t n o  I'rimrose coals indicating 
1.29r-l,, and tlie n l  erage of tlle seven 31am-
~ n o t h  sl)ccirnens 5.4 $$, , lcss fixecl carbon than 
Taylor's average ; tlie minirnum Lised earl)on 
in tlic survey's analyses being 78 as  against 
86 in Taylor's tsblc, :~ilil the survey's masi-  
mum being SS against 32.6. 

These results c \  idcntlj provc, lo,that  the 
s ~ e c i i n e ~ l s  mere collected in  tlie pastnllicli 
for analysis werc sai~ipleil ~ v i t l ~  not sufficient 
cate  ; for with tlie i ~ n p r o v e n r e ~ ~ t s  which h a r c  
hcen nlnclr in  brexker m:~chiricrg, ancl the 
greater cxrc cxercisetl in tlie preparation of 
coal for nmrket, n e  might rc:rsonahl,~ espcct  
to  find the highcr percentages in  the rnorc 
rccent nnalgscs : and,  do ,  tlic necessity of 
c h a ~ ~ g i n gtlie basis upon n~hielr Pennsy1v:inin 
anthracite lias been rated in  tlie past. 

Cr-rartl,c.i A. I\CIII:I,RYEI:. 

IBIPROVEA1fENTS IN TESTING-
ilfACElIATES . 

SOJIEphilosopher has remarked tha t  tlic 
prosperity of a riation is  d i r e c t l ~  in propor- 
tion t o  the success of i ts  people a s  constructors. 
According t o  this maxim, Ari~erica occupies a 
very high place in  tlie list of nations. Wi th  
our almost incxhaustiblc ore-beds, ancl fcrtil- 
i ty  in inventing new processes of m i n ~ n g  and 
working metal, the necessity of becornil~g bct- 
ter  acquainted with the properties of American 
building-materials i s  daily growing more ap-
parent : arid a t  11resent no question is  exciting 

-. - - - - ~ -~ ~- -~~ - .- ~ - ~ - ~ -~ 

~ ~ ~ 
pp~ ~~- - - - . - - . . 

'l'l~e>ca u ~ l l y ~ c - in thc order of llic pel.cri~tag?of flsrri c:;sbon in tllc Siicl constitur~rts.:Il.c :!r~.:!~rgecl 

I ~ s ~ l t ,compnl isoil of' tlicse R ill1 t l i o ~ c  I ~ O Ic ntlc~ltion nmoilg our eons t~uc tors  lllan 
a11,>:ldy ~ C ~ C ' I I  'Fa\ 101 for tlie ecl to. ai given 1 ~ y  

l'alitlier-CJ cek basiii. shonrs n iile <?iffel cnccs. 

Tllc two Primlose aild .;even Ma~uniotll  spcci- 

rncns rcportcd in  tllc table for thc Soutllcrn 

firld came fioln tlic I'n~lthc:~-Crccl-t l ~ a s i n  ; the 


that  of thc strciigtli of ~na tc l ia l s .  
n l )ou t  two J ems  ago JPess~  s. I?airbanl\s & 

Co. conccivecl the itic:t of 1oc:lting in  Ken. 
Porl; a b t~rcan  so  arrxngcil tlixt pngi i iee~s ancl 
:dl inlel~estcd co~ild Ir~c iiffh~~clecl an oppoi tttnitg- 
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t o  make experiments ailcl tests oil any ina- 
terial, and t o  give t o  America a laboratory 
tha t  shonlcl speeclily becoille to  our country 
what tile laboratory of I<irlialtly is to  England. 

Fig.  1 sliows the machine now ernployecl in  
their department of tests ancl experiments. 
The  nlacliine stancls on two cast-iron lcgs, 
supportecl by  any  suitable founclation. 011 

these legs there rests a framework of ~5-rouglit- 
iron I - I~eams ,  so  constructed a s  to  give thc 
elitire structure a n  cxcccclingly solicl and firin 
basis. Tliis h a n ~ e m o r k  supports a systcin of 
l e ~ e r s  arrangeel in  a manlier similar to  that 
of an orcliiiaq scale, only l~roportionecl so a s  
to  withstand thc s e x r e  stresses ant1 slioclcs. 
These levers snpport a secoi~clary framevrroili, 
also constructed of I-beams, ancl carrying four 
colamns. On the tops of these columns stancls 
a heary casting, from wliich arc suspenclecl two 
sicle-scrcms, c a r r i n g  the top crosslicad, t o  
which one cnd of the spccinleii t o  bc esalninecl 
mag be attachecl. These sc revs  are  simply 
used as  a rapicl ancl convenient meails of acl- 
justability, so  that  longer or shorter speciiiiens 
can bc testecl. Tliis s js te in -namely, the 
acljusting-scren s and top crossheacl -is sup-
portecl upon the fraincmork of I-beams forming 
thc platform. Beneath the top crossheacl is a 
ceconcl crosshead, also suppoitecl on t ~ ~ o  screms, 
~vliich arc  placed inside the acljusting-screns. 
Thesc scrcms extend clownward through the 
platform, and are attached to two worm-gears 
firmly secured to thc under side of tlic bottom 
fraincmork. T h e  worm-gears rnay be rotated 
in  either clircction, a t  the  pleasure of the  013- 
crator,  by ineans of the belt and gears a t  the  
right hand. T h e  morni-gears ancl screws form 
the straining-mcchanisnl, capablc of appl j ing 
any stress up t o  two hundred thousand pouncls. 
Great  care is taken in the construction, so  that  
no part of this mechanism whatsoever shall 
touch, o r  in  ally other way come in contact 
with, thc platform, save solely anel simply 
through tlic spccimen t o  be testecl: conse-
quently all the strcss proclueecl by thc cross-
heacl on the platforin inclst necessarily pass 

calmcity of two hnndrecl thousand l~ounds ,  
reading t o  ten pouncls. ancl accommodating 
sl,ecimens n p  t o  ten feet i n  length ; or by means 
of the lever a force of tell thousand pounds 
may be esertecl, reading t o  half-pounds, and  
accon~inoclxting specinlens up  t o  five feet i n  
length. 

Tlic platforrn of the ~ ~ ? a c l i i n e  con-occnpies 
siclerablc space, being some ten fect long by  
s ix  fcct in  niclth. A s  this platforin is sup- 
portccl on the scale, any ve igh t  which is  placecl 
on it  inlist hc felt by the heam ; and,  in  orcler 
to  test  t11c machine, all that  is necessary i s  t o  
pile on thc platform a series of stailclarcl test- 
meights. 

Fig.  2 is a t r a n s ~ e r s e  section. I Ierc  the legs 
are  s11o~v11 supporting the beams in thc same 
way a s  in thc p r e ~ ~ i o u s  Thc  lower drawing. 
crosslicacl scrcms, k k, carry the ciosshead 
C, ~ h i l c  the screms h ,  cal-rying thc upper 
head, a re  in  front of the columns j , j . A t  
thc left inay be sccn the d r i v i n g - n p l ~ a r a t ~ ~ s  for  
fi~riiisliiag the ponTer to  the lomcr crosslicarl, 
the bclt l 3  being arranged t o  slicle to  aiicl f ro 
on  a tight and  loose pulley. Tllc tight pulley 
conveys the lllotioil of tlie belt t o  the top clriv- 
ing-shaft. 011 this shaft thcrc is a sc t  of 
tllrce gears, arranged in x illaniler very sinii- 
lar to  the back gears of an orcliilary lathe, by 
means of which tlircc different speeds inay 
be  communicatccl t o  the main driving-shaft, I. 
J u s t  t o  the right of thcse three gears inay bc  
seen a set of reversing-gears, so arranged, that,  
by throwing a lever to ancl fro, thc crossl~eacl 
inay be run either u p  or clown, a t  thc will of thc  
o ~ e r a t o r .  On  the driving-shaft, I, are  plaeccl 
two worms, cut, respectively, right-hancled and 
lcft-handed. These match i n  the correspond- 
ing worm-gears ~vhich are  placecl a t  thc bottom 
of the screms 7c aiicl k. Tlie inail1 screms a r e  
c a t  right ancl left handecl, so as  to  turn in oppo- 
site clirections, neutralizing all thc frictional 
stresses of the crosslicad, anrl preventing any 
teildcncy to twist. 

Perhaps the action of t l ~ e  machine can be  
mcll understood by supposing a test-piece i n  

through the specimen ; aiiil oi l l j  this a i n o ~ ~ n t ,  tension. T h e  1)iece is secured in thc top cross- 
ancl 110 more, can be estinlatecl on  the meighing- 
beam. 

A part  of the scale system may be  seen in 
the fi orlt of thc cot ; the encl of one of the large 
levcrs estcncling under the platform, and two 
smaller ones carrying thc strcss from the encl 
of this lercr  t o  the beam. Over tlic larger 
one of thcse levers are  four slnnll coluinns sup- 
porting a hanclle ancl lever. This  apparatris 
is a testing-machinc in  miniatnre. Tile fir11 
power of the machine may be  ~ ~ s e d ,  ahaving 

head, 13, by wedges ; tlic other enel, secnrecl 
t o  the lower crossheacl, C, thereby forming tl:c 
only connection between the platfonn ancl the  
driving-nlcchanism. A s  fast  a s  the screms are  
tnraecl, stress is exerted on the specimen, ml~ich 
is  communicated to  the platform, ancl meigllecl 
by nlcans of the hcain a t  thc left hancl. 

T h c  rcsults of tests are  so largely clepcncle~lt 
upon thc skill of the operator, that  x r y  natu- 
rally much hesitation has been felt in accept- 
ing then1 a s  conclnsive. I t  h:is been the aim, 



MARCH 14, 1884.1 SCIENCE.  3 15 

in the design of the present machine, that as of the machine coiilcide with the axis of the 
far as possible the machine should do its own specimen. 111making experiments on wrought 
work, thereby elimiaatiag from the result all iron and steel, and upon other innterials which 
personal equation ; and. supposing the machine arc inore or less of a ductile character, this 

to be once correct, all subsequent records objection is not a serious one, as it iiltroduces 
should be correct mechnnicallj-. One of the but a slight error in the results. In  cxpcri- 
greatest obstacles to making accurate tests has ments on caskiron, cast-steel, or materials of 
beell the feasibilit~ of making the axis of stress a brittle character, the slightest cross-strain 
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vitiates thc rcsults, introrlucing strcsscs into 
thc tcst-piccc which procluce an effect not to 
bc calculatecl upon. 

By referring to fig. 2 ,  a clerice for enabling 
thc machine to automatically centrc thc test- 
picce may be undcrstoocl. The top a i d  thc bot- 
tom crossheacls have in thcir ccntrcs a large 
spherical concavit~-. This concavity contains 
a segincilt of a spherc in which the wcdgcs 
for griping the tcst-piccc are placccl. Thc 
spherical segment is made of steel turncd and 
polishccl, ancl tlic concarity is lined with thc 
best anti-friction metal. Any eccentric strcss 
swings the segments i11 their socli-cts, and causes 
thc axis of stress in tlic machinc to coincicle 
with thc axis of thc test-piece. Thc spherical 
segments weigh about two hunclred pounds. 
Thcy arc, howcvcr, carefully supported on 
India-rubber springs, so as to eliminate as far 
as possiblc the mcight of thc scgmcnt from the 
friction in its socket. 13nt s~ipposing, under 
thc most unfa~-orable circumstances, the whole 
wcight of thc segment docs come on the joint, 
the coefficient of friction is not over two per 
cent : consequently a maxirnom cross-strain of 
four pounds on thc test-piece mill cansc thc scq- 
mcnt to swing, and to acljust itsclf to thc axis 
of strcss through the piece. As this wciglit of 
four pounds is less than half the least reading 
of the poise, it may be assuli1ccl to prodncc 110 

sensible effect on the piccc to be examined. 
The most of the testing-iliachines no^ in 

use require a careful preparation of the tcst- 
piece prcvious to an cxamination. If, for cx- 
amplc, it is nrishecl to ascertain the strength of 
an I-bean? or of a channcl, it is necessary to 
send thc shapc to tlie inacliine-shop, ancl plane 
tt piece of one or two inches in area. This re- 
quires much timc anil expense. 'l'hc specimcn 
is then sent to thc testing-machinc nncl brolieli ; 
ancl m11:tt is obtainccl? Sinlply the result of a 
picce cut from thc shapc, which uiax or i1ia-y 
not girc a fair knolvledge of the actual strength 
of thc mcinber in question. TTl~at is wantccl 
at  tile prescnt time is not the stlength of a 
carefully preparccl test-piece, brolien nnclcr spc- 
cia1 circumstances, but of thc actual bar just as 
i t  comes from the rolls in the mill itsclf. Thc 
sphcrical scgmcnts in the crosslieacls of thc 
Fairhanlis testing-machine harc fom. sicles in- 
clined a t  ail anglc of about tnel\e clcgrccs to 
thc axis of the macliine. T v o  of these siclcs 
are cnrrecl, and two are straight. By using a 
numbcl. of mcdges n-it11 backs correspontlingly 
curvcd or straight, an1 piccc, of nrhatsoevcr 
section, may be complctely surrouiidccl 1,y thc 
wcclges, ancl griped on all sicles ; so that a 
channcl, an angle, aild I-beam, a T or a star, 

or, incleccl, any of the shapcs now rolled in the 
mills, may be placccl in thc machine and brokcn 
i11 full sizc. 

Much time and labor have bccn spent to 
accomplish the ponTer of autographically rc-
cording, at each instant of time cluring tlic ex- 
periment, thc amount of stress, and the effect 
produccd thereby on the specimen. To  the 
best of thc anthor's li-nowlcdgc, Profcssor 
Thurston of the Stevens institute was the first 
to originate thc idea of making a testing-ma-
chine in such a manner as to recorcl graphically. 
I n  1876, at  the Ccntcnnial exhibition, Professor 
Thnrston exllibitcd a machine dcsigned to 
malcc tcsts in torsioil ancl to rccorcl the action 
thereof. As a matter of history, i t  may bc 
stated, that, while engaged in examining mate- 
rial for the East Rivcr briclge in 1877, the au-
thor designed and built the first tcsting-machine 
to autographically rccord results of the expcri- 
inents in othcr stresses than that of torsion. 
While this machinc, being the first of its kind, 
as necessarily cr~ide and impcrfcct, it gave 

fol somc Scars very satisfactory rcsults, ancl is 
still in Ilse by thc Bridge company. Tt'hilc thc 
l~rescnt machiiic is essentially cliffercilt from 
the one just mcntionecl, the principles cinployecl 
are the same as those dcvisecl for thc East  
Rircr briclgc. 

Referring to fig. 2 ,  it  mill be seen that the 
battery G is attachccl to the top of the acljust- 
ing-screnrs I L L .  These scrcns arc caref~ully 
insulated from the rest of the machine. As 
soon as tllc test-piece is placed in the top cross- 
hcacl, it becomes thcrcby coni1ectecl with the 
battery. On the lon-er end of the spcci~ncn 
may he seen a small clamp, carrying an electro- 
magnet. Onc encl of the nirc of this nlagnct 
is in coilnection . i~ith tlic specimcn, mhilc thc 
other elicl of the nirc is joinecl to a little bind- 
ing-screv on top, lo which the othcr pole of 
tlic battery is attached ; so that tllc culrcilt 
actnaling this inagnct flows through the test- 
piecc unclcr cxamination. I t  nrill also bc seen 
that tllc magnetic clutch, m, for holcling the 
ilriring-belt on the tigllt pulley, is also included 
in this part of the battery-circuit. TVhen the 
rnpturc of thc test-picce occurs. the current is 
brokcn, thc magnetic clutch is released, tjle 
belt slides by illcans of tlle counterpoise weight 
to the loose pulley, and the testing-machine 
stops. On thc top of the speciiiien ilcarcst to 
the ultper crossheacl is attachcd a sccollcl clamp, 
carrying a sinall slleavc or pnlle~-. Arouncl 
this pulley, parallcl to thc specimen, ancl at- 
tachecl to the arniature of thc lomcr clamp 
magnct, p:~sses a flexible stcel tape, y, that, 
after passing alongsiclc thc sltecimen, rlulls 
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down to a pencil or stylographic pen that is 
carried on a sliding-track placed over a metal 
cylinder carrying a sheet of cross-section 
paper. It is obvious, that, as fast as the 
specimen elongates under the action of the 
stress, the pencil is drawn along the ways of 
the cylinder parallel to its axis. 

Figs. 3 and 4 show the beam and register- 
ing-cxlinder. In fig. 3 it will be seen that the 
beam consists of a single bar, sustained on a 
stand at one end, and enclosed in a guard at 
the other, while on this beam there rests a 
semicircular brass box forming a poise. Along 
the top of the beam, there is cut an exceedingly 
fine rack ; and the motion of the poise is ob- 

the motion of the poise with the motion of the 
cylinder exactly, so that, in a given travel of 
the poise along the beam, the cylinder may 
move a corresponding quantity. Of course, 
the ratio between the two movements is simply 
a matter of proportioning so as to accommo- 
date the ordinary cross-section sheet to the 
circumference of the cylinder; but an exact 
and constant ratio is a very important point. 
Inside of the poise are two large wheels, about 
eight inches in diameter. The wheel placed in 
front is graduated with a series of numbers. 
The pinion carrying the poise along the beam 
is an inch in circumference, and consequently a 
single revolution of the pinion carries the poise 

tained by a pinion placed inside of the box and 
gearing into this rack. At the end of the beam 
may be seen the mercury-cups for making an 
electrical connection as the beam rises and 
falls. The operation of this piece of apparatus 
is substantially as follows. The clock-work 
motor contained in the poise, for driving it to 
and fro on the beam, is connected with the 
mercury-cups by means of some brass strips 
placed in the rear of the beam. These strips 
are connected with two electro-magnets on the 
inside of the poise : consequentljr, when the 
beam either rises or falls, one or the other of 
the magnets is excited, the corresponding train 
of clock-work is thrown into action, and the 
poise rolls to and fro until a balance is re- 
established. This motion of the poise to and 
fro on the beam is exceedingly simple, the 
knotty part of the problem being to correlate 

one inch along the beam. The front wheel is 
secured directly to the pinion-shaft, so that 
there can be no back-lash between the two; 
and, being eight inches in diameter, one revo- 
lution of the pinion causes this dial-wheel to 
travel twenty-five inches of circumference. A 
motion of one inch along the beam corresponds 
to a weight of four thousand pounds. The dial- 
wheel being eight inches in diameter, and sub- 
divided into four hundred parts, each of these 
parts corresponds to ten thousand pounds. The 
rear wheel of the poise is constructed in pre- 
cisely the same manner as the front wheel, 
excepting that the marks on the dial are re- 
placed by little strips of India-rubber, so that 
the wheel presents a series of teeth alternately 
made of India-rubber and of brass. On this 
wheel, there presses a brass commutator-strip, 
so arranged as to include the cylinder,in its 



SCIENCE. 

electric circuit. As soon as the poise com- 
mences to move along the beam, this wheel, with 
its insulated spaces, commences to turn under 
its commutator-strip ; and with every passage 
of a tooth under the strip a current passes into 
the cylinder. Inside of the cylinder are two 
toothed wheels, mounted 011 the central shaft, 
and capable of being ratcheted round by means 
of a little lever arm and pawl, operated by a 
magnet placed directly under each of the wheels. 

locked up in a way to be absolutely exterior to 
any control on the part of the operator. 

An old proverb has said that the proof of 
the pudding is in the eating.' In fig. 5 may 
be seen a half-dozen curres corresponding to 
as many test-pieces. The vertical scale gives 
the stresses, while the horizontal scale gives the 
normal stretches, of the pieces under exami- 
nation. The .two steel curves bear to each 
other a strong resemblance. Each commences 

One of these wheels is intended to drive the 
cylinder in one direction, and the other in a con- 
trary. One electro-magnet is connected with 
the mercury on the bottom of the beam, and 
the other in the mercury-cup on the top. As 
a consequence, as soon as the beam makes con- 
nection with either cup, the poise commences 
to travel : the corresponding electro-magnet 
acts, and rotates the cylinder in one way or the 
other. The cylinder might be placed in New 
York, and the registering-cylinder in Cincin- 
nati, and the two work absolutely in harmony 
with each other : so, should it ever be deemed 
expedient, the cylinder may be enclosed or 

with a line slightly inclined to the axis of 
stress at a constant tangent. As soon as 
the elastic limit is reached, a sudden point of 
inflection occurs. Very soon, however, there 
is a second point of inflection, and the c1lrv-e 
takes on a parabolic form. The steel curves, 
as well as that given by the specimen of Ulster 
iron, may be taken to be tj-pica1 forms obtained 
from the material which is nearly homogeneous. 
The lines are quite true, and without any spe- 
cial irregularities, until the masimum stress is 
reached, shortly before the specimen breaks. 
The stress then co~nmences to decrease, owing 
to the rapid redilction of area of the piece; 



FIG.  6 . --x~U?'OGIL.~FHII! KGCOILD ON Ti'AT1tLI.\S1<8 'rEH'L'INa-IfhCHISE. 
Vertical senie, 10,irilO lbs. to tlie ini:h; liorizontnl scali., ~iormaletrctch. 
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and with the reduction of the stress, the curve 
drops, until very shortly the specimen is rup
tured, and the apparatus comes to a standstill. 
The other three curves are those given by a 
piece of boiler-plate and of a specimen of 
muck-bar, and are very good examples of the 
value of the autographic method. As is well 
known, both boiler-plate and muck-bar are 
decidedly non-homogeneous ; and as a result 
we have curves here that are exceedingly 
irregular, especially after passing the elastic 
limit. While they bear a general resemblance 
to the previous ones, they are full of points 
of inflection, turning and twisting about, and 
giving one an idea that the specimen consisted 
of a bundle of threads or fibres which gradually 
parted under the action of the stress, giving 
any thing but a constant and uniform action. 

In conclusion, a word as to the practical ac
curacy of the lever testing-machine may not be 
out of place. The machine under considera
tion has been subjected to severe use for nearly 
two years, during which time its sensitiveness, 
even wrhen loaded, has not risen so high as the 
least reading on the poise. From this, and 
from long practice in similar scale-work, it may 
be safely stated that the testing-machine, with 
proper care, may have an exceedingly long life. 
The attainment of absolute accuracy in any 
depai^tment of investigation, would, if it were 
possible, be an extremely desirable result; yet 
even our best experiments are simply close ap
proximations to the truth, and it will be granted 
that it is desirable to make all of our improve
ments commensurate towards an absolute stand
ard of accuracy. I t is of no importance to 
carry the weighing-power of the testing-ma
chine beyond the possibility of the measure
ment of the bar. For example : supposing the 
tests most frequently made are those of bars 
having about a square inch of cross-section. 
In a piece of iron an error of a thousandth of 
a square inch of cross-section corresponds to a 
possible inaccuracy, in the stress produced on 
the bar, of fifty pounds ; while the correspond
ing quantity in a steel bar corresponds to about 
seventy to ninety pounds. There are very few 
lathes in the country in which it is possible 
to turn a bar so exactly that it shall be per
fectly round," and that there shall be no varia
tion from one end to the other of more than a 
thousandth of a square inch. There are few 
men that are capable of manipulating any lathe 
to produce such a result; and there are still 
fewer gauges that are capable of measuring 
even a perfect bar so as to exclude the possi
bility of an error as great as a thousandth of 
a square inch. Now, if it be impossible to 

measure our bars to within an error of fifty 
to a hundred pounds in the testing-machine, is 
it of any importance to refine the machine 
beyond this reading? In the lever sj^stem 
of testing-machines it is perfectly possible to 
obtain a machine which will uniformly and 
constantly give readings which shall not have 
a greater variation than from five to twenty 
pounds ; and, if our bars can only be measured to 
fifty or a hundred pounds, would it not be wiser 
to spend money in refining the gauges rather 
than in refining the machine ? Again: when 
the consideration of the tests on the full-sized 
members occurs, or bars direct from the rolls, 
carrying with them the scale, and other imper
fections from the mill, the possibilitj^ of meas
uring to a thousandth of a square inch becomes 
absurd, and two or three hundredths is the 
nearest approximation that can be made. In 
making a test of an ordinary I-bar, of, say, 
five or six inches of cross-section, it is certain 
that the bar has any thing but an absolutely 
uniform section from end to end ; and how long, 
may it be asked, would it take to measure that 
bar from end to end, so that the least cross-
section could be obtained for the record ? And 
again: in actual experience it has been fre
quently found, that, having obtained what is 
supposed to be the least cross-section, the test-
piece may break in a totally different place. 
I t will be conceded that practical engineers 
care very little for test-records beyond the hun
dredth's place of figures ; and what the country 
wants at the present time, is not so much test
ing-machines constructed with a theoretical 
refinement of accuracj^, as a large number of 
practical machines, so that one may be located 
in every iron-works in the country, and means 
to carry on the experiments and to obtain 
from these machines a practical knowledge of 
what America's constructive materials really 
are. A. V. ABBOTT. 

NEW METHOD OF MOUNTING REFLEC
TORS.1 

I T is well known to all who have given at
tention to this subject, that the optical perform
ance of great reflecting-telescopes has not 
been proportional to their size, and that the 
mechanical difficulties of keeping a large re
flector in proper figure in different positions 
have been apparently insurmountable. A plan 
of supporting a large mirror, devised by Mr. 
Henry, has been adopted in Paris, which it is 
hoped may obviate this difficulty. I t consists, 
in principle, in supporting the mirror upon a 

1 Extracted from a report to the secretary of the navy on 
improvements in astronomical instruments. 


