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PREFACE.

‘“ The Fatigue of Metals ” is the name which
has been given to the effect produced by oft-
repeated impacts or strains.

Spangenberg’s experiments, an account of
which, translated for VAN NosTRAND’S Mag-
AZINE, i8 given in the following treatise, were,
as will be éeen, in continuation of Wochler’s.
Theresults of these very important experiments
have been before the profession for some years,
but, strange to say, seem to have attracted no
attention ; and tests of iron and steel still go
on for the purpose of determining their elastic-
ity, their elongation under strain, their ultimate
strength and other qualities, while Wohler
and Spangenberg’s experiments show that it is
very doubtful that these bear any proportion to
the durability of the metals.

These experiments prove that there is a limit
of strain within which iron is practically inde-
structible, and that that limit is but little over
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30,000 1bs. per square inch for the best iron.
If, as in some of the braces of the Warren truss,
and other forms, there is both tension and com-
pression at different times, the limit is the sum
of the two strains. They further show the
dangerous character of truss work when there
is ambiguity of strains. It is to be hoped that
the translation of Spangenberg’s book will ex-
cite sufficient interest to lead to a continnation
of these experiments in this country.
S. H. SHREVE.

NEw YoRk, May, 1876.



THE

'FATIGUE OF METALS.

In vols. X., XIII,, XVI. and XX. of
the Zeitschrift f. Bawwesen are publish-
ed the experiments of A. Wohler upon
the strength of iron and steel, with a
description of the apparatus used, a
statement of his views of the laws, and
a mathematical comparison of the differ-
ent kinds of resistance. Wohler, in-
duced by the novelty of the results ob-
tained, requested the Industrial Bureau
to authorize the repetition of his experi-
ments. At the suggestion of Prof. Reu-
leaux, the writer was intrusted with the
investigation.

We quote the laws deduced by Wohler,
and give a brief account of his processes.
He says :

“Rupture of material may be caused
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by repeated vibrations, none of which at-
tain the absolute breaking limit.”

“The differences of the limiting
strains are sufficient for the rupture of
the material.”

Assuming the lower limit of tension
at zero, it follows from this law that the
number of repeated strains necessary
for rupture is inversely proportional to
the greatest tension borne by the fibres
which are subject to greatest strain.

Wohler’s 5pparatus was of four kinds:

(1) For rupture by repeated load.

(2) For repeated bending in one direc-
tion of prismatic rods.

(3) For experiments on loaded rods
under constant bending strain.

(4) For torsion by repeated load
(strain).

The power was transmitted by a shaft
to (1), (2) and (4) by means of an eccen-
tric ; to (3) by a drum on a steel shaft
having ends with conical bores, into
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which the piece subjected to torsion was
fastened with an apparatus of screws.

Apparatus (2) is shown in the diagram
(Fig. 1).

The rod to be tested rests upon the
supports @ and a, which are connected
with the link pieces @b and @, b,; the
latter turning at b, in the cast iron block
¢ ; the first being attached to the short

Fie. 1.

} /3¢ D. 8.

arm of the lever be. The spring dy-
nanometer f, which can be stretched
within certain limits by screws at ¢
and A, prevents the long arm from ris-
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ing when the short is loaded. The
strain is applied by means of the ec-
centric-rod 4. This is connected with
the lever /m, whose fulcrum is at & ; so
that when the rod rises the end m de-
scends, and transmits: 2 bending strain
through m n to the rod V, then to 4 and
b. Six of these machines are set upon
the beds O and O ; 80 a8 to be operated
by the same rod . If each of the six
test rods is to be subjected to maximum
strain, the dynanometer f operates as
. follows :
Let S'=the required maximam tension
per square unit.
b=the width of the test-rod.
h=the depth of the test-rod.
aa,=L
P=the required strain at the mid-
dle ; then we have

P_WS——

This force is borne equally at « and «,,
80 that -g at b acts downward, and is
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balanced by the tension Sof the dynanom-
eter and the excess of weight of the rod
de. If H is the weight of the lever re-

. bd 1
duced to the point A4, then Th=n

P T
And 8=5.—1.

As long as the strain %z on mn is less
than P, the point @ must be regarded as
fixed, and the rod V bends ; but when &
is greater than P, the point & yields,
and while the rod is under bending
strain there is a rotation of V about «,
which is shown at the end of the lever
e.

The rod mn has at the top a stirrup
through which passes the rod to be test-
ed ; and at the lower end is a slot in
which is fixed a pin attached to the lever
{m, so that when the rod ¢ rises a down-
ward pull is caused ; but when it de-
scends the rod is set free and is restored
by its own elasticity to its first position.
In the middle of the rod m n is a screw
with a nut to adjust the length, so that
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only for a moment before the point n
reaches its lowest position, does the
point @ descend. The tension is there-
fore maintained for a very short time.

If the tension is to be restored, not to
zero, but to some minimum value, the
serew ¢ is set down so as to keep the rod
bent the required amount.

In a similar way the limiting strains in
apparatus (i) and (4) are determined,
while in (3) the constant deflection of the
rod is produced by a spring dynanometer
J (Fig. 2).

In torsion each fibre, except those lying
in the neutral plane, was subjected first
to compression, then to tension.

Wohler, after testing a metal to the
limits of elasticity and rupture in the
ordinary way, had rods made of the
same metal, and subjected the first test-
rod of each set to a tension nearly
equal to the absolute rupturing strain.
Each successive rod of the same set of
experiments was subjected to a dimin-
ished strain. It appeared that the num-
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F1a. 2.

u\um n. s.
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ber of- strains required for rupture in-
creased much more rapidly than the
strains diminished.

Diminish the mtensu:y of the Strains
until the number is reached which a
member of any structure, subjected to
repeated stresses, may bear before
becoming crippled, and introduce a

safety factor,—lz (which Wohler makes 1)

and we have the value of the permissible
strain. The practical proof strain is thus
directly determined.

Wohler found that a rod of Krupp’s
cast steel, under a maximum tension of
300 Ctr.* per square inch (German), was
broken in apparatus (3) after 45,000,000
revolutions. If this metal were used in
an axle which had to make 30,000 rota-
tions per day, or 9,000,000 per year;
then for five years’ duration (with co-
efficient ), the permissible working strain
would be 150 Ctr. per square inch.

* A Centner is about 110.2 1bs. Eng. The German
square inch is equal to 1.0603 Eng. square inches.
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Another experiment showed that a rod
of Pheenix iron after a maximum strain
of 160 Ctr. per square inch after 132,-
250,000 revolutions was still in working
condition. Wohler concludes that the
working strength of iron suffering altern-
ate compression and tension is 80 Ctr.
per square inch, for a structure intended
to be permanent.

Numerous experiments establish Woh-
ler’s second deduction that :

Differences of strains at the extremes
of vibration are a sufficient cause of rup-
ture of continuity ; and the absolute
magnitude of extreme strain is effective
only in this respect,—that as the strain
increases the differences which are suffi-
cient to cause rupture become less.

The experiments show that vibrations
may take place between the following
limits with equal security against rup-
ture by tearing or crushing.

bet. +160 Ctr. and — 160 Ctr.
Iron g $

bet. +300 Ctr.and — 0 Ctr.
bet. + 440 Ctr. and + 240 Ctr.

Strain per square inch.
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Steel < bet.4+480Ctr.and 0 Ctr.
Cast. ( bet.+800 Ctr. and + 350 Ctr.

Strain per square inch.

Sspring bet.+500 Ctr.& 0 Ctr.
teel bet. + 700 Ctr.& + 250 Ctr.

not bet. + 800 Ctr.& + 400 Ctr.
hardened. ( bet.+ 900 Ctr.& + 600 Ctr.

Strain per square inch.

Axle % bet. +286 Ctr. and — 280 Ctr. §

And for shearing resistance :

Axle Steel § bet. +220 Ctr.& — 220 Ctr.
Cast. bet.+380Ctr.& 0 Ctr.

Shearing stress per square inch.

Pieces which are subjected to alternate
pull and thrust, as piston rods, &c., must
be about 9 to 5 stronger than those bear-
ing but one kind of stress.

In the Zeitchr. f. Bauw. for 1870, p.
87, Wohler says:

““The results of the experiments give
the following permissible working strains
for permanent structures :—(«) For
forge iron strained in both directions
80 Ctr. per square inch ; in one direc-
tion, 180 Ctr. per square inch, of which
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150 Ctr. at the most may be due to
the variable load. _

“If the constant strain is less than 30
Ctr., the permissible working strain is
diminished.

“(®) For cast steel not hardened,
strained in both directions, 120 Ctr. per
square inch ; strained in one direction,
greatest total strain 330 Ctr. per square
inch, of which 220 Ctr. at most may be
due to the variable stress. (The figures
apply only to dressed rods.)”

Having given an account of the nature
and results of Wohler’s experiments and
of his conclusions, we now pass to our
own experiments.

Tables 1. and IV. contain the results
of our experiments on round and square
iron from the firm of Ravené & Sons, of
Westphalia. Table IV. shows a fair
agreement with Wehler’s Table V.; but
the tests stop at 360 Ctr., because in
‘Wohler’s experiments strains of 320 and
300 Ctr. did not break rods of Pheenix
iron.
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The appearances of the rupture sur-
faces of iron led us to conjecture that
the molecular structure was affected by
repeated strains. Desiring to make
comparison in this respect with a more
homogeneous metal, we subjected to
tests Firth & Sons’ Sheflield steel. The
results are given in Tables II. and V.,
and are compared with Wohler’s Tables
XI., VIIL a and VIL b.

In November, 1872, we tested the
Phosphorbronze of Kiinzel from Hoper’s
Works at Iserlohn. At the same time
tests were made of common bronze from
the Neptune Continental Works. The -
results are given in Tables III., VL and
IX.

In 1873, we received 52 cast steel
bars from Krupp, cut by him from a lo-
comotive axle; the results of experi-
ments on these are given in Tables IL
and VIIL

Few experiments could be made with
Machine IV., because but one bar could
be tested at one time. But the results
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are worth recording (Table IX.), because
they indicate a valuable property of
phosphorbronze.

The diagrams annexed correspond to
the tables. 'With regard to his Table I.,
Wohler says :—‘The number of rota-
tions before rupture increases inversely
as the strain. The irregularities, which
must be attributed to the want of homo-
geneity of material, are so great that no
certain law can be derived from this set.
The deviation is- greatest at 220 Ctr.
Ignoring this case, it appears that the
number of rotations increase more rapid-
ly in geometric progression than do the
loads in arithmetical. With the greatest
strain the number of rotations doubled
for a difference in load of 24 Ctr.; and
it doubled with the lowest strain for a
difference of 10 Ctr.”

To make this clear, Fig. 6 is drawn, in
which the strains are laid off as abscissae,
and the number of rotations before rup-
ture as ordinates. This may be easily
represented as a curve by leaving out the
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uncertain point u (220), and connecting
the extremity of the ordinate of 240 with
that of 200. It is not necessary to re-
gard the point % as taken too high ; for
although %, would be too low, still
we should have a curve agreeing with
Fig.10. Finally, » may be regarded as a
reversion-point, the curve having a form
agreeing with that shown in Fig. 11.
‘Which of these three hypotheses is most
probable can be only determined by at
least three complete sets of experiments
with the same material ; Wohler having
made but one set, except in particular
cases of great doubt. As we shall often
refer to these curves, we only remark
here that the most interesting of the
tables are illustrated in Figs. 1 to 9 on
the diagram sheet.

Table II. contains Wohler’s results
showing the inequalities of Firth & Sons’
tool steel; which is a matter of sur-
prise when it is known that the sections
of rupture were homogeneous in appear-
ance. Weattribute the fact to the pres-
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ence of a large percentage of carbon ;
the steel being intended for tools, not
for axles. For this reason we have not
subjected it to continued torsion.

A decided difference in hardness ap-
peared inrods3 and 4 ; so that the re-
mainder were heated dull-red, and were
cooled slowly under warm ashes, so
that the hardness was made more uni-
form without affecting the strength.

Tables IIL and IV. show that Kunzel’s
phosphorbronze has much more strength
than common bronze and brass. Wrought,
%. e. cold-beaten phosphorbronze does not
seem to have much greater strength than
that which is cast. Wrought phosphor-
bronze shows a very rough, irregular frac-
ture, while the cast breaks with a surface
like that of cast-steel, indicating homoge-
neity of material. In this respect, com-
mon bronze and brass more resemble iron.,
Brass is hardly on equal terms with
phosphorbronze in respect to absolute
strength ; there is a closer equality in
respect to bending. With axial strain,
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common bronze and brass broke at 200
and 150 Ctr. maximum fibre tension
when the tension rod was shortened ;
but under transverse load with equal
maximum tension, they bore millions of
stresses. It is obvious that it is not safe
to infer that the behavior of a metal will
be the same under different kinds of
strain. Hence, we cannot agree with
Wohler that it is sufficient to make ex-
periments in one kind and deduce results
for others.

Table IX. confirms our opinion. Com-
parison of Tables III. with I. and IL
shows that phosphorbronze under 250
Ctr. does not bear as many extensions
a8 Pheenix or Westphalia iron under 400
Ctr. and steel under 600 Ctr. Compar-
ing Table VI. with Tables IV. and V.,
we observe that phosphorbronze at 200
Ctr. tension does not bear as many bend-
ing strains as Westphalia, Phenix or
Homog. Iron at 400 and steel at 500
Ctr. The torsion tables show that phos-
phorbronze has a greater resistance to



“LBIuopoou ooaq ¢ *Kmols £104 PALLOY puw ‘ofh ¥ —_..'ﬁ.:.:_. ;.—..?.51_“:.__ 61 3
- — R T S S P
., ! 193J8 P,nOg | ) _.
— — - - - N 281 08F | O
! _ . hayspnog ,
' TR 8F | 0Sh — i — LUK Josk 19 | 9600%9S | 097 | ¢
10138 p,nog _ 10178 p,nOS ,
| o= — — — | 0019811 | &Ly ‘ ¢ | see8Le | SF ¥
00966¥1 | 00¢ | ‘W °‘0¥ | 009 el — — :
,ﬁ 10138 p nog _ Co
| 00%63L | 000 | 00e¥€sS | 005 | oovLlil [ 00¢ | ¥ | S066LF1 | 00%~ ' &
— — | oovLLFL | 08C - = - -
— — | oogreor | ¢g¢ | oooere- | cze ;e i
© | 0ogere |ogs | ooscort |oec | oopesr | o0es 1@ | 936998 |08 | %
— — — — ] oosery |oLg ‘T | 998I8e |GG | 1
aeLie | 009 - - ;
008¥01 | 00L B _ L
5 130 52 | 0 -2 | 1) =2 'y !
a8° |zl 250 |gwd 3ES |zow 38 ° pUE
T2 2] 208 (EEE] 2o (BEH Z| 2% E2E|Z|
mmam. aum qmqm,m anm. mm..m. 35g ° mmm. anm.n_
sk 585l <2 |FEE| "SR |sE5] [ 3R #RE|
. i |
sados Ve JESatey “iod] oo oy sadnay [ g guog p wna
| o1quy,‘ssorqopm I orqey, s3ermom V8.8l veL8l

THELE ‘A ®IAV],



1~
N

- = =l umvor | oer |¥ | mwor | osr ¥
: 191J8 PuUNog 103}8 PUNOR
W e | oeT 8 09.L€8 (11 S 091GL0¢ | 021 | &
19138 punog j
00¥¥E61 08T | € 0181¢1 081 g TIRISG18 081 (4
00188 008 ‘1 0S9201 008 ! 086398 003 I
1D | 1) 130 '
‘aInjdna ‘gour ‘anjdnx ‘qout -aanydnd ‘gout |
I a1030q s8ur | ‘bs 1ad ;0N | o1030q s3ur | ‘bs zod [-oN | a10joq sSut | ‘bs xod | oN i
"PUR(q 3O ON |18 "XBH, [PUSQ JO "ON|"I§ "XBI, [PUdq JOo "ON|"S "XBH )
e | i
‘sBIg ‘9ZUOIg UOWwWo) azuoxqroqdsoyg

‘SSVHE ANV TZNOWY ‘TA TIAV]



28

torsion than Krupp’s cast-steel of 1862
and Westphalia iron. This result was so
surprising that we interrupted Test 3 in
order to substitute the new rod of Test
4, Still we were in doubt, and therefore
substituted test No. 5. Both confirm-
ed the previous results. Should further
experiments give like results, then phos-
phorbronze, which is little affected by
the action of sea water, ought to be em-
ployed in the axles of propeller screws.
The profiles of Fig. 5, correspond to
Table VI. That of common bronze ap-
pears most regular, showing the material
to be of good quality. According to
Dr. Kiinzel (Polyt. Centralblatt, Jan.
1874,) when a phosphorbronze axle is
heated to a low red heat a very soft
alloy of tin and lead is melted out,
leaving the axle hard and spongy.
Perhaps in this phenomenon is to be
found an explanation of the peculiar
behavior of the metal in respect to
torsion. )
Table IV. (divisions 1 and 2) is repre-
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sented in Fig. 3. Both polygons agree
fairly, leaving out of notice rod 1, whose
deflection number is obviously teo large.
Fig. 4 corresponds to the first three
divisions of Table V. The profile of
division 1, is very similar to Wohler’s
Table VII, to which we shall reeur.
Firth’s steel seems to have a resistance
of about 20 Ctr. less per square inch
than the older cast steel of Krupp.
Table VIIL is represented in Fig. 6
While the first two profiles indicate
greater uniformity and strength of
homogeneous iron than of Pheenix iron,
we found that for spindle iron it was
hardly possible to work out a profile in-
cluding the points from u, to »,,, We
went through with 3 sets of tests between
280 and 340 Ctr., and through 2 sets
with strains less than 280, taking differ-
ences of 20 Ctr. We hoped to obtain a
polygon agreeing with Fig. 10, by taking
the arithmetical mean of 3 correspond-
ing rotation numbers; but were disap-
pointed. The great differcnce in the
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positions of the points corresponding to
the same strain, is due not only to the
want of homogeneity in the iron but also
to errors in determining the number of
rotations, caused by defects in machinery.
After these were cured the following
tests were made and accurately regis-
tered : viz. the last 2.7 millions of 16, 17,
18 and the last 2.3 millions of No. 16.
We now give attention to the several
points % which give a profile probably
correct.

The points » and w, fairly agree ; but
rod No. 3, under 340 Ctr. strain could
not be counted, because of an accident
that increased the strain by 8 Ctr. In
Wohler’s Table I. %, and %, may be re-
" jected, the first as too high, the second,
as too low. Whether %, or u,, is the
more correct could not be determined by
two experiments, but we have set u,,
nearer %, and u,. Hence the profile in
Fig 6.

In considering the possible errors, if
the lowest points only are regarded the
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profile w,, u,, %,,, %,, results which seems
probably correct. But the question
must be settled by experiment.

Only the first two divisions of Table
VIII. are represented in Fig. 7; the
third showing too great differences, and
the fourth not agreeing with the fore-
going.

Both profiles are similar, except that
the one corresponding to Krupp’s new
steel is much higher than that of the
old, showing an improvement in the
manufacture.

In No. 6 appears a more careful dia-
gram of the experiments of Table VIIL.,
made with the hope of being able to de-
duce the equations of the curves. This
has not yet been accomplished.

The experiments of Wohler were for
the most part with the Pheenix axle iron
and with tool steel and cast-spring steel.
His tests of rails by torsion (having a
special object in view) are not important
because they are not subjected to that
kind of strain.
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In our attempt to collect the results of
experiments, we received valuable infor-
mation from a paper by Launhardt
(Zeits, des Arch.-und Ing.-Ver. Zu Han-
nover 1873, Heft. IL). He gives the
name of working resistance to that
(greatest) amount of strain which is not
sufficient to break the material after an
indefinite number of applications; and of
original resistance (ursprungsfestigkeit)
to the amount when the material is al-
lowed to return to a strainless condition,
instead of to some minimum strain. He
regards the working resistance (@) as a
function of the breaking resistance (),
the original resistance (), or of the ratio

" S min. _Tts own weight
S max.”  total load
and employs the formula

. ; O—u S min. )
a_u( T * S max.

‘With reference to Wohler’s results for

cast steel

a=500 (1 48 6 b min.

S max.

) Ctr. per sq. in
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And for wrought iron
a=300 (1 + 3 Smin
6°S max.

These formulas are of some practical
value ; but they would be more trust-
worthy if they had been derived by di-
rect experiments on material for bridges.

Wohler’s experiments have required a
period of 12 years; and a time equally
long would be necessary to obtain a
complete set of parallel tests for bridge
material, unless the curve equation for
some material recognized as good could
be obtained. It would then be necessary
to try a few tests only of high strains
upon any other metal in order to determ-
ine with respect to quality, homogenei-
ty and resistance. For example ; as-
suming Fig 6 as such a “normal curve ”
the figure shows that the second polygon
(Hom. iron) corresponds to a stronger
material than does the first, since the
latter at 240 Ctr. strain shows just as
many rotations as the former at 210 Ctr.
And it may be conjectured that the
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working resistance of homogeneous iron

is at least 190 Ctr., while that of Pheenix’

iron is 160 Ctr. If this is clear on a
diagram to a very small scale, it would
be more certain if the normal curve were
known.

Of course the number of rotations w,
diminish when the strains increase and
conversely, Hence we may assume

u=f (%) Substituting in the formula
y=A+Bz+C2'+ Dz’ + &c.

% for y and é for a.

we have .
B C D
u=A+-§-+§.—+S—, + &e.

If we close this series say at the 4th
term, the co-efficients A, B, C,D can be
determined by 4 experiments. If more
experiments, say 8, 12 or 16, were made,
then they would be determined with
greater accuracy by the method of Least
Squares; remembering that if S is infinite

-
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% =0 and, therefore, A =0. As the
experiments show that % increases either
in simple or quadratic ratio if S dimin-
ishes arithmetically, at least 3 terms
must be taken, so that we have

B C D
%= +S! + Si

If Newton’s or Lagrange s formula of

int,erpolation is used, it is better to make

3/—- and 2 =8, glvmg the equation
AS'+bS’+C S—— ; because the suc-

cessive values of S can be taken with
equal differences, so as to simplify the
calculation. Whether the series so found
is sufficiently convergent to determine
the coefficients B, C, D from a few ex-
periments 80 a8 to give trustworthy values
for u, cannot be determined a priori;
for the coefficients of safety must be first
fixed by a great number of experiments.

‘Wohler’s tables require a careful re-
vision., First with regard to division
No. 1, viz, :
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For iron { bet. + 300and 0 Ctr.

bet. + 400 and + 240 Ctr.
Tension per square inch.

Both limits, + 160 and — 160, agree
with Wohler’s Table L. for continuous tor-
sion and. Pheenix iron; the corresponding
rotation-number 132} million is regard-
ed as “ unlimited duration.” If, accord-
ing to Wohler (Zeits. f. Bauw., 1858, p.
446), the maximum duration of an axle
corresponds to & run of 200,000 miles,
and the circumference of the wheel
makes 2,400 revolutions per mile, then
480 million revolutions are sufficient to
wear out the axle, Now, it is not cer-
tain that rod No. 9 of Wohler’s Table
I, after 182 millions, would stand 348
millions more; but it is probable; becaunse
for equi-different strains:the number of
rotations increases in a ratio higher than
the duplicate, and the number of rod
No. 8 is 19 millions. For axle torsion,
these limits hold ; but not for axle com-
pression and tension, as in the case of

%bet. + 160 and — 160 Ctr. S
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piston-rods ; for according to Wohler’s
Table X. a rod of Phenix-iron was torn
apart under a strain of 320 Ctr. after
10,100,000 tensions, and therefore would
not have borne alternate strains of
tension and compression to the num-
ber of 10 millions. -Hence, although
in the tables, to ensure two-fold security
for wrought iron strained permanently
in both directions, the strain 80 Ctr. per
square inch is assigned a8 permissible ;
still this can be accepted omly for the co-
efficient 2, which” must therefore have
another office besides that of compensat-
ing for the non-homogeneity of the ma-
terial. In this regard Launhardt’s coeffi-
cient § seems to be worth testing by fur-
ther experiments; especially for iron
when greater resistance is called for in
one direction than in the other.

The limits 300 and 0 are derived from
‘Wohler’'s Table V., rod 7, which was
sound after 48 million bendings. The
jump from 360 with 4 millions to 300 with
unlimited number, is somewhat conjectu-



— = —

43

ral; and the assumption is made probable
only by Fig. 8. The assumption derived
from Table X, that for 800 Ctr. strain
the duration is “unlimited,” because for
820 Ctr. strain rupture occurred after
100 million extensions, is not justified
either by the table or Fig. 1; so that
Wohler’s assumption that the ¢ original
resistance,” shown in bending, agrees
with that shown in extemsion, requires
the confirmation of experiment.

The third pair, - 440 and 4240, agree
with Wohler’s Table X. Rod 8 was in
working order after 4 million extensions,
while rod 7 ander ;—g—g strains bore only
2,400,000 extensions. ' It seems unsafe
to draw conoclusions from these results
without further tests.

The 2d division gives results which are
more certsin, viz. : ‘

bet. + 280 and — 280 Ctr. }

Axle steelg bet.+ 480 and 0 Ctr.
bet. + 800 and + 350 Ctr.

Strain per square ineh.
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+ 280
— 280

The limits are more exact, be-

300 C o,
cause for +__é the numbers of rotations

30

rose to 45 millions. Less reliable is
480 800

5 and 50 from Wohler’s Table XIL,
since by 18,, millions, with respect to
12 millions, an “indefinite duration”
was indicated.

The 84 division is :

For un- (between 500 and 0 Ctr.)

hardened | between 700 and 250 Ctr,

spring | between 800 and 400 Ctr.
cast steel. | between 900 and 600 Ctr.

Strain per square inch.

Here there is no doubt, since the 4
experiments were made with the same
metal, and the bending numbers varied
between 44,, and 83, millions, which
may be regarded as ‘unlimited dura-
tion,” in view of the uniformity of the
metal and the number of tests. The
same may be said of the part respecting

®orsion. .
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The experiments with spring steel may
be regarded as conclusive ; and there re-
mained for us only to repeat the tests on
axle steel, and on metals for railway
bridges and permanent way.

[The writer here regrets that his ex- -
periments are incomplete, refers to facts
that caused an interruption of his tests,
and expresses the hope that he will be
able at some time to take them up again.]

We will now consider our subject in
a more scientific and less practical point
of view ; with regard to the aspect and
condition of the surfaces of rupture of
the metals broken during our tests.

In most cases one or more spots of fine
grain were observed upon the surface,
showing the places where rupture first
occurred. The broken surfaces of iron
and steel were often marked by a dark
spot; in other cases there was a smooth,
fine grained spot, and in steel and bronze
this was the centre of a set of radiating
lines. This formed an elliptical surface,
which, in Firth steel, had an oil-like
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smoothness and a lustre under oblique
light; while the rest of the surface was
rough. In Krupp’s steel the elliptical
surface is dull and close grained, the
rest being crystalline and bright. The
ellipse of phosphorbronze is yellower,
and the remainder is dark brown in color.

Fracture generally began on the ten-
sion side near a-corner; but sometimes
near the middle.

The fracture of iron extended only to
the neutral axis, so that the compression-
side had to be sawed apart. Above the
neutral plane, on each vertical section,
appeared a shell-like depression. From
the fact that the compression-side bore
the strain for a longer time than the
tension-side, we infer that the absolute
strength of ‘wrought iron is less than its
resilient resistance; contrary to the state-
ments in most of the books. It does

not occur to the writers that it is possi-

ble that, under repeated bending towards
one side, the resilience of the compres-
sion side as well as its tenacity may
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gradually increase. The rupture of
steel takes place through the entire sec-
tion, apparently by tension, while the
neutral plane is generally higher. This
is due to the brittleness of the metal.
But sometimes there appears on the up-
peredge a plane inclined 45° to the other
rupture planes, which obviously has
been caused by compression. A similar
result appears in the axle steel, tested by
falling weights ; the section being per-
pendicular to the convex side, and fork-
ing at three-fourths the height, so that
the piece forced out is in the shape of an
equilateral triangle.

Phosphorbronze resembles steel in
fracture ; common bronze is like iron.

In the case of two steel rods under
torsion, the rapture plane was divided
into two entirely different parts by a
chord perpendicular to the radius drawn
to that point of fracture which was
the centre of radiation. This is always
on the tension-gide in bent rods, so that
it may be inferred that the rupture of
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heavy (massive), and are so small in com-

parison with the corporeal atoms, and

with the ethereal interspaces, that their
form need not be regarded. The action
between them is repulsive.

II. Among atoms the following forces
operate :

(1) Universal gmmtcmon ;. %.e the
intensity of attraction between two cor-
poreal atoms varies as the product of
their masses directly, and inversely as
the square of their distance from each
other ; and is independent of their ma-
terial constitution.

(2.) Physical attraction. By this .is
meant that force by virtue of which the
same pair of corporeal atoms attract
each other with a force varying direct-
ly as the product of their masses, and
which diminishes very rapidly as the
atoms are separated.

(8.) Chemical attraction, or aiﬁmty, by
virtue of which two heterogeneous corpo-
real atoms attract each other.

(4.) Eithereal forces. Between ether
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atoms repulsion takes place; but between
ether atoms and corporeal atoms there
is attraction, varying directly as the pro-
duct of the masses, and in a rapidly di-
minishing ratio of the distances.

III. Because of repulsion the weight-
less atoms of ether expand throughout
space, penetrating all bodies, but concen-
trate more or less about corporeal atoms
because of their attraction. Assuming
that the distance between corporeal
atoms is very great compared with their
magnitude ; and that the intensity of
attraction between corporeal and ethereal
atoms is very great compared with the
repulsion between ether atoms ; and that
the number of ether atoms in a given
volume is indefinitely greater than the
number of corporeal: it is obvious that
the ether will be disposed atmospheri-
cally about the corporeal atoms, and that
each atmosphere will be of definite form
and limit, so that a large part of the
space between two corporeal atoms will
be utterly void. It would also follow
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that the density of the ethereal envelop
would decrease outward from the atom.
Such an atom with its envelop is called
a Dynamid.

IV. A molecunle is a balanced group
of two or more dissimilar corporeal
atoms having a commeon ether envelop.
As two distinot atoms ean form a mole-
cule A, 8o two like or unlike molecules
-may unite to form a compound mole-
cule B. .

V. Redtenbacher con]ectures that the
radial oscillations of ether atoms, which
cause expansion of the envelop and in-
crease of repulsion are conneeted with
the phenomena of heat, while their con-
tinuous rotatory motion corresponds to
the electric current.

The proposition of III, regarding the
void spaces between atoms, we cannot
reconcile with the hypothesis that ether
fills entire space. We rather adopt
Cauchy’s view; that the intervening
space is entirely filled with ether. This,
Redtenbacher thinks, is the case only
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with solid substances, in which the cor-
poreal atoms attract the ether atoms but
feebly. '

W shall now attempt to establish our
hypothesis heretofore stated, by the ap-
plication of these principles, and by the
results of our experiments.

It is known that most, if not all, of the
important technic metals show a tendeney
to crystallize when cooled from a melted
to a solid condition (especially if the
cooling be rapid). The atoms group
about axes of symmetry, if unhindered.
That is, a crystalline joint is formed.
For example, if melted metal is poured
into a oylindric vessel, made of a mate-
rial which is a good conductor of heat,
so that the metal near the outside cools
rapidly, while that within remains fluid ;
then if the interior molten portion is
drawn off at the bottom, it is found that
the metallic shell left behind shows
crystalline forms upon its surface. This
tendency to crystallize extends through-
out the entire mass when it is cooled.
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This may be regarded as the first nor-
mal condition,* in which there is equili-
brium between the attractive forces of
the several groups of atoms, and tde re-
pulsive forces in the ether envelopes.

If the body has the temperature of the
surrounding air, the radial ether vibra-
tions of both are of eqmal intensity, and
the velocities are equal. Every change
of temperature, therefore, causes a de-
struction of the internal equilibrium, and
- a consequent wave-motion of the groups,
causing decomposition into atoms or
molecules, with a consequent change of
volume, which, if maintained, corre-
sponds to a new normal state. If besides
temperature, mechanical forces are act-
ing, such as compression or tension, the
wave-motions or disturbances of the
groups are either suppressed or hindered;
hence the newnormal state depends upon
the qualitative or quantitative operation
of the external forces.

* Two molecules may be 80 situated that their molecu-
lar forces are in equilibrfum. Such a condition, due to
internal forces only, is called a normal state.
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Cast iron, bronze and brass, are gener-

ally in the first normal state when taken .

from the foundry, but not so wrought
iron-and steel. The latter metals run
through a series of normal states under
the hammer and roller before they are
ready for use.

Experience shows that in the case of
iron, which contains only a small per
centage of coal, hammering and rolling
while hot, when the atoms are in oscilla-
tion and the groupsare for the most part
decomposed, causes a distribution which
produces a fibrous grain. This may
be explained as follows : The motion of
the ether is ' diminished, or turned in
other directions by the hammer or the
roller, so that groupings of atoms take
place ; these groups are brought nearer
each other by the working of the metal,
until the ether envelopes by virtue of
their force of repulsion prevent a fur-
ther approach of the groups. Suppose
the direction of the pressure of two roll-
ers to be vertical, then the vertical di-
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mensions are diminished and the hori-
zontal increased, so that the atom-groups
of some of the vertical series are dis-
placed, and push the groups of other
series in such directions that no external
forces oppose them ; and as a conse-
quence new series are formed, so that,
for example, groups which were at the
corners of ocubes assume a.pyramidal
form.

The square form of a perpendicular
section is changed to a lozenge, then to
a rectangle. Now, if a body of the last
form is broken by slow bending, the
horizontal lamins separate from one an-
other, because the ether in the vertical
series is compressed, and the upper hori-
zontal series are stretched. As this ex-
tension is not uniform the rupture sec-
tion has a fibrous grain. Perhaps, large
crystals have been resolved into smaller,
and these, working in between the larger,
give a fibrous look. But if the rod is
broken by a sudden blow, the rupture
has a crystalline aspect, because the rup-
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ture is due to shearing, and the longi-
tudinal fibres have not had time to be-
come extended.

So it is with steel ; with the qualifica-
tion that the form of the molecules and
the distribution of groups is different.

It ismot possible that working and roll-
ing can force the atoms or molecules of a
crystalline group into actual contact ;
since, in that case the repulsive force of
the ether must be done away with, and
the attraotion of the atoms would become
infinite, 50 that the decomposition of a
crystal would be impossible. Hence, we
may assume that in every group in the
condition under.consideration, there is a
very dense ether atmosphere, which, when
aided by external forces, causes a subdi-
vision into smaller crystals, and then a
reduction of these into atoms or mole-
cules brought into.close contact, 8o as to
produce an amorphous condition. This
decomposition is helped along by the
mutual attractions of the exterior atoms
of two adjacent orystals, and hindered
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by the intervening ether. Suppose two
opposed bands of external parallel forces
uniformly distributed through'a very
thin plane seétion, whose resultants are
P and P, then the external forces will
draw away the crystals @, @, a,,-and ¢,
¢, ¢,* from the middle set b, b, b,, be- .

P
r = N
a a, a,
b b, b,
c ¢, e,
N : W

-

P

cause the repulsive forces of the ether
envelopes is aided by the external forces.
The squares change into rectangles, and
a motion of the easily disturbed ether is

* For the easier comprehension of this, let a, b, ¢, etc.,
represent cubic crystals, each separable into 8 equal
cubes. .
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induced. It becomes denser in the hori-
zontal intervals. aa, 50, &ec., than in
the vertiocal, a &, & ¢, &o., 80 that there
is a flow from the latter-to the former.
But at the same time a radial motion of
the ether takes place from @ to & and
baek again ; hence the heat phenomena
observed by Wohler in cases of great
strain. Eleetrio and -magnetic phenom-
ena may also occur, since there must be
rotatory motion of the ether on account
of the greater density about the hori-
zontal diameter of the crystal. In the
first stage the equilibrium of the ether
external to the crystal takes place, dimin-
ishing density in a horizontal direction
so that the attraction of the crystal is
less hindered, and the vertical elements
abc, a b, c,etc., approach one another,
d1m1mshmg the transverse dimensions in
the &econd stage. -

The envelops .within the crystal are
induced by their repulsive force to take
part in the equilibrating movement of
the external ether ; but are hindered by
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the attractions of the crystal molecules
or atoms, and can therefore express their
force only by operating upon the atoms
or molecules of the crystal, thereby set-
ting in motion those parts which are ap-
plied to adjacent crystals, since these
suffer a less pressure on the opposite
side. In this way a’ disintegration is
effected of crystals of the first into the
second, third, etc. order so that in the
third stage the material is uniformly
distributed. These three stages are in-
cluded in the short interval of time
of a single stress within the limits of
elasticity, If the forces P and P: cease
to act, then the original condition re-
curs : but in our experiments the strains
occur ‘in rapid succession, and, only
those displaced atoms or molecules which
are in close proximity can reunite into
crystals of the second or third otder.
Here we discover the reason that not only
the number but the time of duration of
stresses has an influence upon rupture.
Perhaps it is not certain that crystal-
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line structure changes to amorphous
with every stress, especially with the
first ; for rods broken after a few strains
show a crystalline rupture. But that
regular forms become smaller and that
the amorphous condition increases, is
shown by the smooth mirror-like ellipti-
cal spots on the broken surfaces of differ-
ent kinds of steel. The molten-like
spots in iron are to the same effect.

A new normal state occurs at each
diminution of crystals, corresponding
to a new kind of elasticity ; so that in-
stead of a single limit there is a series.
But with each change of limit the
strength of resistance increases; and
the raising of the limit by working and
loading is proven by many experiments.

Moll says: ‘The more crystalline the
structure of a body, the less its resist-
ance. The rupture of such bodies is due
to the separation of the small crystal
groups, not to the breaking up of single
crystals. . The cohesion of the molecules
that form a crystal is greater than that
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of crystals with one another. The
strength of 'a body increases as its struct-
ure .approaches the amorphous state
when its atoms have a homogeneous dis-
tribution.” '

Though the tmth of this statement
has been shown by experiment, it will
be instructive to investigate the causes.
Consider a vertical column of crystals a,
b, ¢, etc, each of mass m; which may be
regarded as concentrated at its centre of
gravity. Let ¢, be the common distance
" between the -eenters of gravity ; and K
an unknown co-eﬁicient, then the attrac-
tion of & by a, is

.‘ .'. —K .—T

Suppose each orystal divided into two
equal crystals, e.g., & into o and a",. b
into &' and %', &c., and suppose a' .re-
mains in the pla.ce of @ ; that a’ is dis-
placed thmugh one-half of the s  space ab,
8o as to be distant § ¢ from a’; then a’
is attracted by o’ with the force
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m' ¢
Au=K ps

obtained by putting 3m for m and Je
for ¢ in the above equation. Of course
Ay=A,; hence the attraction of two
adjacent groups has not increased ac-
cording to the law of gravitation, Tak-
ing four groups, a, b, c, d, we have the
following results :

b by a, attractive foroe, K—Z—z;

.
¢ by a, attractive force, K%.

d by a, attractive force, K%n-;,

. m’ 11
Total, S‘=K?(l +7+5

Suppose these groups brokén up into
crystals of half the size o',a"; d’'d’, we
then have :

' ] ! I¢3 1/4m’_ _’i‘:_
a’ by o', attr’tive force, K—1 v =K =
1/4m'_

: . m*
b’ by ', attr’tive force, KT —KTe’



64

1/4m'_ . m’
9/4e 9é
1/4m’ . m'
18/4¢'~ . 16 ¢
1/4m*' . m
25/4¢' 256
14m' ., m’
36/4e 36 ¢

5" by a’, attr’tive force, K
¢’ by o', attr'tive force, K
~ ¢"by a’, attr'tive force, K

d’ by a'. attr'tive force, K

. 1/4m’ m?
1 4 ’ —
d'bydo, a.ttr’tlvbe force, K49/4e’_K49 p

’ £
hence =K~ [1 + 1/4 + 1/9 + 1/16+
' | 1/2541/36+1/49]

We find 8, > 8, ; and as @, 5,¢c,d are
subjected to the same attractive force S,,
while o’ is attracted by a’, 3’ by ¥’, &.,
with the force 8,, it follows that the co-
hesion of @’ with the vertical fibre is
greater than that of a.. But whatever
holds true of one fibre, holds for the sum
of all the vertical fibres of a rod ; and
we may infer that the tensile resistance
of a.rod increases along with the disin-
tegration of the primitive crystals up to
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the amorphous condition. This increased
resistance might be weakened again if
the repulsive farge of the ether increased
in the same ratio. But the ether envel-
ops of the new crystals become. less
dense because of the diminished mass of
the latter ; and the ether in the body is
spread throughout a larger space, since
the specific gravity of a body diminishes
as the volume is increased.

The disintegration of crystals of the first
order may also be due to continuous load,
when sufliciently small increments of load
are added at regular intervals. As soon
as resolution of crystals of the first order
into the second is effected, permanent
extension results ; that is, the first limit
of elasticity is reached But as long as
only a few crystals have parted from the
mother-crystal and are lying in close
proximity, it is possible that these may
be restored with the removal of the
strain, or when it has been reduced to &
very small amount. If the crystals of
the second order have been changed to
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the third the second elastic limit is
reached, and betwedn this and the first
limit the metal is as elastic as before.
This -explains the r’aising of the elastic
limit under increasing tengion,

Knutt Styffe, Director of the Institute
of Technology at Stoekholm, defines the
limit of elasticity as follows : “If a rod
of steel orironis:stretched by continual
increase of load, atfirst 8o’ small as to
cause no sensible permanent extension,
then gmdnally inereased, and allowed
to act for a number of minutes depending
on the ratio’of the increasd of weight to
that of the whole rod : then the elastic
limit is the weight whish produces a per-
manent eéxtension apiounting to about
the ratio of the inerease of ‘weight to the
entire load. Let P represent the total
load ; dP the comstant increment of
load ; L the length aof the rod ; L the
increase of permanent extemsion due to

P+dP, if this acts for 100 d—PI—) minutes:

then the elastic limit corresponds to the
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weight for which aL is approximately

L
dL P

equal to 0,01 ar That is, 100 TP

R
=1 or nearly 1.»

With this deﬁnmon as dMnm, Styﬁe
determines in an arbitrary ‘way one
of the many elastic: limita whioch lie be-
tween the- first normal. and the. final
amorphous state. -

Styfle gives several curves as exam-
ples in whioh .the mpplied weights are
laid off as ordiuates; and the per cents.
of extension, a8 abseisse. One of these
curves is represented in Fig. 12. Ob-
serve the several elevations of - the curve
(in which there is an appearance of peri-
odicity) which may correspond to what
we have called the several normal con-
ditions. Fig. 18 is the beginning of
Fig. 12 to a larger scale: the elastie limit
lies near the point where the curve has
the smallest radius of curvature. These
curves have some similarity to the curves
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3, 5 and 6 ; and possibly some relatlons,
not yet made obvious,

Moll & Reuleaux maintain that the
elastic limit may be changed by a
change in the normal states ; but that in
the case of some metals, as wrought-
iron for example, its magnitude is slight-
ly affected.

Wohler also found in experiments
in bending ‘that the elastic deflec-
tion depends not upon the increase
of the total deflection, but upon the
total load alone. He concludes that
permanent and elastic change of form
cannot depend upon the same physital
property. This opinion we share with
him, for this and other reasons. Accord-
ing to our hypothesis permanent exten-
sion is associated with disintegration of
mother-crystals caused by the ether-re-
pulsion. The diminution of transverse
dimensions, when 3 rod is lengthened, is
proportionally smaller than the elonga-
tion, since under extension the specific
gravity diminishes.
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Elastic extension is due to the fact
that the equilibrium between the attract-
ive forces of the nuclei and the repulsive
forces in the envelops is disturbed: by
the external attractive forces with loss
to the former ; the disturbance disap-
pearing at the same time with the cessa-
tion of the action of external force.
Perhaps we may say that the elastic ex-
tension depends upon the momentary
suppression of the general attraction of
the masses (excluding physical and
chemical forces); and that it remains con-
stant with equal increments of the strain,
because the mass of therod remains con-
stant. . :

Fig. 14, shows that the limitation of
elastic phenomena to certain metals is a
necessary conclusion. The ordinates of
the full curve show the total extension
in English inches of a bar of phosphor-
bronze ; the abscissee correspond to the
loads in English pounds ; the ordinates
of the broken curve represent the perma-
nent extensions. The differences of the
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ordinates correspond to the elastic ex-
tensions which increase from 0, to 22000
1bs., then decrease to 33916 1bs, when
rupture took place. Perhaps it happen-
ed that after the breaking up of the com-
pound molecules, groups of copper, tin
or phosphorus formed, and the groups
of the last-named flowed among the
other groups so as to prevent the ap-
proach of the first' two kinds.

The “above explanations seem to con-
tradict the well-known phenomenon that
extensions generally increase more rapid-
1y as the load approaches the breaking
weight. "W think that this is true only
up to the beginning of the amorphous
condition due to repeated or increased
load. A body is then perfectly elastic,
only so far as this term applies to
bodies not absolutely homogeneous.
While each increase of load induces a
separation of the crystals such that the
sectional area does not diminish just as
the length increases, no increase of
volume can be caused by increase of ex-
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Y

ternal forces after the uniform juxtaposi-
tion of the .atoms. The next addition
of tension, if not too gl:eatz, may cause
only a lengthening parallel to its own
direction and a contraction of cross-dl-
mensions. But the molecu.les of the
cross-section are brought together a8
closely as if pressures from without were
acting. Hence molecules may be forced
out of the cross-rows to form new rows ;
or mew groups are formed, so that the
section is permanently diminished : for
if tension breaks up groups then pressure
maust tend to construct them,

Toget.her W1th the permament diminu-
tion of the section there occurs a perma-
nent ingrease of length and vice versa.
Hence results formatxon wd dl,ssolutlon
to the 1n0re'it‘sé‘ of the. force of “tension.
Finally there comes a load 80 effective
that the . roups have pot tlgne to break
up, and. ruptuge takes place hy means of
shearing. - |

Indicate the breakmg load per square
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unit of original section by P,; this strain,
in case of repeated tensions, does not cor-
respond to unlimited duration ; but pos-
sibly to the smaller value P,, which is
in equilibrium with the amorphous con-
dition, Buit this can hardly be grant-
ed, since P, as ‘soon as ‘brought into
action would cause sadden and various
changes of ‘crystals, so as to -cause an
amorphous «candition in some fibres, not
in others ; so that shedring would be in-
duced and rupture would follow. This
view is supported by the fact that iron
rods which had borne repeated tensions,
when broken by pull were found to
be bent, though before rupture they
were quite straight. This could not be
charged to the excertrie application and
working of the tension, since in most

" cases the curvature was opposite in direc-

tion to that which might be due to
transverse operatidn of the machine.

It may be shown that the strain cor-
responding to an unlimited number of

. . s 1 .
tensile strains isu = - P,.. Since the
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time of change to the amorphous con-
dition (and therefore ») eannot be deter-
mined in the ordinary experiments, it is
best to_determine %, or the working re-
sistance @ by Wohler’s method, W-ohler’s
question : “Is there any limit of tension
which is perfectly safe?” cannot be
answered .in the affirmative, since that
strain must-be sufficient to produce the
amorphic condition direetly and must not
be great enough to form erystals in the
cross-section by pressure. The use of
iron for girders in buildings need not be
rejected ; yet it is worth while to con-
sider what may be the effeet of the vi-
brations produced by the continual pass-
- ing of vehicles. :

It hardly needs mentlon, in order to
reconcile an apparent discrepanoy in the
experiments of Styffe and Sandberg, that
if the strain P, is applied, rupture must
take place by sudden shearing, beeause the
groups have not time to break up and
pass over to the elastic limits of new nor-
mal states.
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The results of the experiments of the
former on extensions between — 37.7°
and 200° C, were: (1.) The absolute
strength of steel and iron is not dimin-
ished by cold ; being at least as great
at the lowest temperature in Sweden as
at the. ordinary. (2.) The extensibility
of steel and. iron is not less at very low
temperatures than at ordinary. The fact
that car rails and axles break more read-
ily in cold weather, Styffe attributes to
the circnmstance .that the road-bed is
less elastlo, so that shocks are more in-
tense.

In order to test this explanation, Sand-
berg, who translated Styffe’s work into
English, made experiments on steel, the
results of which he published in the ap-
pendix to. his translation. He assumed
that the elasticity of granite does not
vary between the limits of a hot sum-
mer and a cold winter day. He had a
gra.mte rock smoothed and leveled and
placed upon it. two cubical blocks of
granite to serve as. supports for the rails
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to be tested. ‘Each rail was divided into
two halves ; one of which was'tested in
summer at~428° C.; the othef, in winter,
at —12°C.,, by dmppmg upon them a
sphere Weighmg nearly ‘nine centners.
The sections of ten bdrs showed that at
the lower temperaturé iron had but one-
third or one-fourth ~of - the ‘resistance
which it had ‘at the ighet; also that the
tenacity and resistance to bendmg were
notably affected by cold. *

Regarding these results as tmstWorthy,
we explain them as follows’: ‘The radial
motion of ether which appears in the
form of heat, after somre time ciuses the
same disifitegration of crystals as repeat-
ed or increased strains. But cold, like
compression, which is ‘attended with less
vibration, promotes the formation of
groups; these diminish-tensile tesistance,
and make the material brittle oh account
of its crystallme strueture. Sandberg sub-
jected the rails, which had bécome crys-
talline under the influence of " cold, ‘to
a sudden blow; of course they broke
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more readily in winter than in the sum-
mer. On the other hand, Styffe broke his
rods with a hydraulic machine ; increas-
ing the.strain gradually, so that he grad-
ually broke up the.connection of the
orystals, thus. substituting. mechanical
work for ethereal vibrations,

As fibers aré. not.hgmogeneons in their
strueture, they maust contain. & varying
number- of -crystals. Those fibers in
which the arystals are not .so danse, are
more strained by tension so that the
groups are quigkly broken. up. Forced
by the ether they leave the molecular
groups of fuller fibers and seek the fiber
most strained in order to.restere equili-
brium. Henoce the¢ ray-like appearance of
the fracture-surfaces of steel and phosphor
bronze. ‘The fibers nearest the weakest
fiber are more extended, snd are succes-
sively brought beyond the.amorphous
condition so -as to have less tenacity.
The effective seotion- of resistance. be-
comes gradually smaller; and at last the
dynanometer breaks the remaining crys-
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talline section, which therefore has an
appearance a§ if -sawed or btoken with
the hammer.

That bars 6f square section break at
the corners is explained by supposing
that the flow of moleeules to those parts
is less free than to others. In the broken
steel rods ‘there appeared on the upper
edge a small plane (wedge) inclined 45°,
having the appearance of being pushed
out. This is the angle of maximum
shearing effect. ' .

‘rushing proper caunot be produced
by pressure when- it causes approach of
molecules and - formation of crystals.
Separation can be eaused only by shear-
ing, or by *“nickiiig,” or by the increase
of sectional area, from the ends toward
the middle, eausing a deficieney of mole-
cules at” the ‘edge: ~ The last may be
the reason of the sadden fracture of bars
subjected to alternating tension and com-
pressiont, - Wohler says : “Pleces bear-
ing positive and neégative stréins must
be made stronger in the ratio 9 : 5 than
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those strained only in one direction.”
The explanation of this is not easy.
Launhardt’s is not sufficient, for he con-
siders the case in which the limits of
elasticity are. psssed ‘om -both sides.
‘Wohler’s kypethedis -that, the -difference
of strains.suflices for ruptoxe, and that
in the - ense-¢f . alternasing, tenmion and-
comprepsion: this ‘algebreic. difference is
the sum of the numerical values:of the
strains, is aleoinsufficient.~ -

BN RS
A"V B B
4 0B Q

It is probable that if a ﬁbte AB is
stretched longer by the amount BC, there
is less molecular change than if stretch-
ed by a lengsh BD longer than B C; but .
in our opinion’ it ‘does not follow that
BC+BC’ produces the same change as
BD,if €C'=t BD. - Wb ghould rather
believe thatif the elongation B C were
somehow suppressed, the fibre 'would re-
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tarn to its normal condition, and that
the shortening B C’ could not be more
injorious than if it ocourred in the nor-
mal state withomt previous elongation.
The only satisfactory explanation seems
te be-involved in the 4heory.of Mol and
Benleaux  that, .for- the sume normal
state, there are 3w eo-exibtent:limits of
ela.stunty, ohe fornmmn, tbo ‘other for
compresgion, - e

If the elastic limit oﬁ temion is msed
by repeated strain, 4.e., if attraction is

increased and repulsion ¢ dmnmshed then
the elastic limit of oempressipn is dimin-
ished. Hence, if. the- elongation BC
due to tension les within -the elastic
limit, the.equal dompression B.C’ eauses
a permandnt shortening, and after some
time a rupture, But it is also. possible
that compnession- causes & bending tow-
ard one gide or an elongation of sets of
fibers . near the periphery, so that a
new normal state results in shat part,
which reduees -the section of resist-
ance. The case of a rod under repeat-
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ed torsion is not relevant to a decision
of this question, because each- fiber is al-
ternatély vonvex -and eoncave. ~Other
experiments must be made' with new
machines adapted to changing axial or
transversal positive strain into negative.
‘Wemay then ascertain what is the effect
of a greater strain of one kind following
a less of the other. We think it will be
found that our assumption is mot far
wrong, that a slight compression follow-
ing tension is rather advamtageous than
the contrary. ‘

Wohler's observation that between
+ 440 and@ <+ 240 -Ctr,, and between
+ 300 and 0 vibrations may ocour with
equal safaty, requires the confirmation of
further expetiment.

In consequence of the construction of
the machinee for bending and pull the
dynanometér:must first give a strain of
240 Ctr. in th& outermost fibres ; then
the extreie btrain of 440 Ctr.is applied ;
hente a nornial state must result different
from and higher than that which would
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follow the tension zero. It may be asked
what would be the normal state if the
strain 440 were first applied, and then the
strain 240. Perhapstheresult would bethe
same as if the force P, spoken of above
should act. The answer may have a
practical bearing with referenae to bridge
building.: - The weight proper of struc-
ture corregponds to the lower -limit 240
Ctr., and if the rolling- load-increases
the strain by 200 Ctr. the tatal permis-
sible strain is reached. . .Suppose the
weight of structure uniformly distributed,
then the vertical component.is a maxi-
mum at the ends and zero in the middle,
and the tension members at the abutments
are in better conditien to bear external
forces than those in the middle, on-ac-
count of the raising of the limit of elastici-
ty. The former may therefore fdr a total
load of 440 Ctr.have“‘indefinite duration,”
because they may rise from 240 to 440
Ctr. tension ; but not so-of the-latter,
since they pass from: 0 to 440 Citr.
strain ; 300 being the limit. Assuming
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110 Ctr. as-the permissible. strain, we
should ' have 4-fold security st the abut-
ments, but' less:than 3-fold in the . mld-

Ale. 5 o s
We shall row Mkemp# tb:adeount for
the appesateree of the surfades of fracture
T 1

W o

o W w8 woe

surfaces pass over to the amorphous con-
dition ; for each fibre of these rods was
pulled ' during halft a'rotation and com-
pressed’ during - the - other half. The
process may-be as-follows:

If the rupture at @' is theé consequence
of tension, the bending of the rod, since
the most efficient fibre has ceased to re-
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sist, will be greater than if it had turned
through an angle oC bringing a to @, or
to a, (the neutral segtien).while an un-
broken fibre is brought to the top. In
its further progress to @, or from a, to
a, the broken fibre indnees no greater

bending - sinoe the brokem parts sap-
port each ether. . Indeed it is popsible
that the bending is less during the last
balf rotation than during the first. If
before fraeture there has been.a perma-
nent extension of the fibne & and the ad-
jacent fibres, the rod is permanently
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bent downward. After a half rotation
it would be bent upwards, were it not
for the- fact that the stress of the dyna-
nometer acts downward. Butinnocaseis
the upper fibre so. much.bent as it would
be if the-elastic limit of the lower fibres
had been passed. -

It would now seem to be clear that if
the fibre: ¢ is-at she top, the adjacent
fibres reach the maximam. stress, causing
the amorphous comdition of the upper
segment. Upon the side opposite @ the
crystals are -larger than they.are near
the chord.of: division, showing a higher
state of disintegration. . ..

Appeasances: similar to those of steel
are observed 'in iron, but they are not so
sharply defined.

If the equilibrium of the ether and the
consequent amorphizing is in any way
hindered, thers may be other segments

. of rupture.

The rupture of iron and steel under
torsion shows a smooth surface adjacent
to the fracture, while that of bronze is
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shining, and phosphor-bronze is often
dark-broww or blackish en the -apposite
side. This may. be explained by suppos-
ing that after the breaking up of crys-
tals into meoleenles, these partly resolve
into atoms, those: of tin -gathering at one
place, those of copper and phosphorus
at another. .

We must reject the tbeory that iron
is made crystalline-by repeated tension,
since bending and teosion appear, by our
experimenta, to hreak up the crystalline
structure; while. compression :promotes
it. So the.upper parts of rails become
crystalline and hard beeanse subjected to
compression. Whather. irregular shocks
promote crysiallization remains to be de-
* termined by experiment.

The rupture-sections generslly show
in what way breaking has occurred ;
whether by repeated strains or by the
sudden shock of a great load. This may
be of import in discovering tha cause of
an accident, as, for example, whether it
is due to a broken axle or a broken rail.
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This might be determined by an exami-
nation of the peculiarities of the sections
of fracture. = ' '

There remains to consider the possible
effect of heat in impairing strength by
vibration of the molecules. Heat sepa-
rates the crystals, causing change of po-
sition in all directions: and when it is
uniformly distributed, if the amorphous
state occurs, the strains in cross-section
are exactly equal to thos¢ in longitudi-
nal, so that there is either diminution
of section, or re-grouping only, which is
not competent to effect rupture as long
as the aggregate state is unchanged.

We have had Krupp's axle steel hard-
ened and then broken; the grain was
much closer and smoother than in the
same not hardened. But if steel is first
heated and then hardened the rupture-
surface becomes more like that of the
non-hardened, according to the duration
of the heating; while the grain of steel
heated and not hardened is coarse and
globular. So is that of heated iron.
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Hence it wonld seem that red-heat pro-
duces no tendency to form groups, while
a higher heat, long continued, induces a
storm of ether atoms, 8o, t.hat in cooling,
they gather in megular groups; a phe-
nomenon. observed in cast metal,

The experiments of Styffe mentioned
above, which show. that the absolute re-
sistance of steel and irpn at high tem-
peratures, up. to 200° C., does not di-
minish, while that of soft iron increases,
contradict Muller, in the Zeitschr. des
Ost., Ing. u. Arch. ver. (1873) where he
says: When a bndge -member,.in the
course of. twenty-four hours,. suffers a
lowering of .temperature. to the amount
of 15° C,, there is. a change of its length
amounting to 0, 00022. .The elastic
change of length is -the .same up to a
load of one-third the limit, So a change
of temperature has the same effect as a
load.”

Fmally, we refer to the dlagrams. In
all the polygons there is a point from
which the ordinates increase very rapid-



88

idly. This may be compared with that
one in Styffe’s curve, Fig. 18, which cor-
responds to the shortest radius of curva-
ture, in the vicinity of which lies the
limit of elasticity, We may conjeoture
that the sbacissa corresponding to this
point, . ¢., the load, anawers to some im-
portant eondition of the metal, possibly
to that in whieh the irregniar erystalline
structure becomes more regular. It may
be that; up to this point, the number of
strains necessary for rupture depends up-
on the specific nature of the rod, while
it afterwards depends upon the general
properties of the metal. Hence it may
happen that irregularities of the poly-
gons are more frequent before this point
is reached. That non-homogeneous met-
als may be improved by repeated strains
is not impossible. Suppose, for example,
there is a thin section of slag running
across a rod. This may be broken up into
several parts by small tensions, which
may be disposed by the motion of the
ether into a direction parallel to the ten-
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sion, so that the decomposition of crystals
is less hindered.- The attraction of homo-
geneous moleeulés to: both .sides of the
section may be diminished, but not de-
stroyed; angd there may be an equilib-
rium between the foree of attraction and
the repulsive force of the ether inereased
by the aetion of external forces. A
greater external force would break the
rod at-this section.
" The less obvious this point in the pol-
ygon the more homogeneous and pure
the metal. This appears in Fig..9. And,
from Fig. 7. it may be inferred that
Krupp’s steel is now much more uniform
and stronger than that of 1862.. . -
Time dnd space forbid further pres-
entation of facts supporting our hypoth-
esis. It is to'be hoped that others will
pursue the subjéct farther. ' -
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FREE HAND DRAWING. A Guide to Ornament.
al Figure bnd Landscape Drawing. By an Mot Stu-
dent. 28000, boards,sssasmeceseecssossosserccses 0
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HOWARD, Earthwork Mensuration on the Basis of
the Prismoidal Fonnlhn. Conumlngumphudhp

bpt-nviz‘o method of obtaining Prismoidat contents
Mm;mxend%y l-"lam &m% 5
. Howard, C. E., Richmond, Va. Il-

Wlx
vo, oth............... [

GRUNER. The Manufacture of Steel By M.
Gruner, = Translated from the French, by Lemx
Smith. with an on the B

the United Stat the translator. llwmadby
Lith mphedd:'w{bgpmd e,

8vo, clath..
AUCHINCLOSS. Link and Valve Motions Stmplified.

plates, toi ether mith 3 Travel Scale, and namerous
useful Tables. By W. S Auchincloss. - 8vo, cloth. .
VAN BUKEN., Iuvesti of F las, for the
streng‘r of the Irop parts of Steam Machinery. By
an Buren, Jr.,, C. E. lustrated, 8vo, cloth.
JOYNSON. Designing and Construction of Machine
Gearing. Iilustrated, 8v0, Cloth.seasesee.vereesnne
GILLMORE. Caignet Beton and other Attifitial Stone.
Q.A.Gdlmon, Major U. & Corps Engineers.

9platu,\nm 8vo, cavesvreesncvtasipee
SAEL'IZER. T htteo 0 on‘ astics in c ‘*‘ﬁoj’w&h

nmo,cloth.... tessacaneensecerpoescennanacisrien
BUTLER (W. F) Ventilation of Buﬂdlm By W. .
Butler. With ill 18mo, boasds .. ... coen
DICTIONARY of Manufactures, Mining, Machinery,
almxih‘he Industrial Arnts. By George d. 1amo,
Cloth.e.eeeceerecssoseecansanes secnseassasene veee
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BARBA (J..)“'rho Use of Steel for Constructivé Pur-
Bo.u; thod of Worki A ud Testing
lates and Brass. Witha byL Houey,

C. E. 1amo, doth.......... vetecransastcsnanaos
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GILLMORE (Gen. Q. M) Traa.ﬁse on Limes, Hy- ’

aulic C ements, an& apm on Practieal
Engmeermk Engmeer ent, No. g,
conmmng cports "of numerous xperiments con~

ducted im New York City, dunngﬁre years 1858
1861, inclusive. By Q. A. Gillmoré, Bvt. M.{\ u.,
U.S. A, Major, Corps of Englneera. With nem-
erous illustrations. x vol, 8vo, clotht....ecunnan.
HARRISQN. The Mechanic’s Tool Book, with Prao
tical Rules and ggestlons for Use of M inists,
Iron Workers, and others. arrison,
associate editor of the * Amenmn Amsan ' Tlus-
trated with 44 engravings. ramo, cloth............
HENRICI (Olaus). Skeleton Structures, upecnlly in
their application to the Building of Steel and Iron
Bridges. By Olaus Henrici. ith folding plates
and ag-mns 1 vol. 8vo,-clotheiceicaanecceascnns
HEWSONS Prmm es and Practice of Embank
ing Lands from River oods as applied to the Le-
vees of the Mississippi. By William Hewson, Civil
Engineer. - 1 vol. 8v0, clothecciivecencieasiiaannae
HOLLEY (A. L) Railway Practice. - American _and
European Railway Practice, i m the economical Gen-
eration of Steam, iuctudi Matedials and Con-
struction of Coal-burning hmkn, Combustion, ﬂ:e
vamsb‘e ]?y?' '“nﬁ Heaony_beed d
ing, Suppi ng a ee -'w;te!, e!u, an
h anlf Coke-burning E
Coal mg. and in femmnt Way, mclndmz
Road—bed, Sleepers, Raas, J'mnt-faslemzﬂm Street
Railways, etc., etc. By Alexander L. H P.
With 77 lithpgraphed, plates. 1 vol. falio,
KING (W. H.) Leuons and Practical Notes an Stnm,
the Stum Engine, :ﬁnllﬂs etc,, etc., for Young
neers, d and others. By the
éate W Hnﬁ(mg. uU. ISJ ga Revised by Chief
ngineer J. W. King, vy. Nineteenth edi-
tion, enlarged. 8vO, Gloth ceevveeaciciiereenranens
MINIFIE (Wm.) Mechamcal Drawing. ATexl-Book
of Geametrical Drawing for the use of Mechanics
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ané Scheols, in which dne Definjtions and Rules oA
Geometry are familiar g uptlgmed, the Practical
e

Problonu are arunged, most simple to the

complex, and in their description technicalities

are avoaded as much as possible. With jllustrations
for Dra .Phns, Secuons, and Elevauons of Rail-
waysand ﬂ anl cal
Drawing, and an ﬁuay on Linear Penpecuve und
Shadows. Illustrated with over 200 diagrams en-
graved on stesl. Wm. Mivifie, Architect. Ninth
edition. With an prmdxx on the Theory and Ap-

plication of Colors, 1vol 8vo, cloth,..ccvvuieeei. $4 00

“It is the best work on Drawing that we bave evar seen, and is

upodnlly & text-book of Gnnutrlo-l anlu for the use of I’.ehuneo

sad Schools, Ko young Cabi-
vet-maker, Mfllwright, or o.rpnur, mu be without it." seScient{fe

~—— Geometrical Drawing. Abridged from the octavo
edition, for the of ools. Illustrated with 48

!
!
|
1

|

steel plates. edition. 2 vol. 12mo, doth...s 2 oc
STILLMAN (Paul.) Steam Engine Indicator, and the
Improved Manometer Steam and Yacuum Gauru—-
their Utility and Application. By Paul Stillman.
New edition. 1 vol. 1amo, flexible cloth........... 1 o0
SWEET (S. H.) Spedal Report on Coal ; showing its
Distribution, Classification, and cost dellveredngver
different routes to various points in the Sme of New
York, and the principal cities on the Atlantic Coast.
By S. H. Sweet. ith maps, 1 vol. 8vo,doth veee 300
WALKER (W. H.) Sctew Propulsion. Notes on
K Propulsion : its Rise and History By Capt.
W. H. Walker, U, S. Navy. 1 vol. 8vo,e]oth.. wee 79
WARD (J. H.) Steam for the Million. A
Treatise on Sheam a.nN mﬁ‘:pplmtx:;o;n to the ful
Al es ally to Navigation.
Cor:ﬂ.:’man‘c:lee‘i'l U: Navy. Newaod revlud edmon.

1 vol. 8vo, cloth....... D teesees IGO
Wi CH lius). A Manual of ical Me-
asa?uAcs- éJu]luh)us Wen!a::ch, Ph. Translated

from the fonrth augmented and improved German
od:?on, with an lnm;‘:i':lemon to the us, by Eek-
ley B. Coxe, A. M., Mining Engineer. 1,100 pages,
and go3 wood-cut illustrations. 8v0, Cloth <cvs.e-e. 10 00
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DIEDRICH. ‘The Timory uf Strains, a Compends
the calculation Mmedonnfan dgepe?{o:il{n
“'t“. Cranes, with ihe spphmﬁuof 'lngonometrla

tion in regard to-tha Ruuluns strains for a perman<

‘entL“dl.ud.lnm (Permunuul

nt tinve. ol DS dndx

Illumud numerous plft’&’and ) .

t¢edne ouvsietnesorrenevery totf!"'.‘o..

WILL'I&MBON R.S.) Onthé useof meter on

8 ys and Reconnoissances. Part L, etabxdlogy

in its ion with Hyp ty. . Baro-
%ayx '

metric, Hypsomgtry.
Wi Tiasirative 1ok oo
Wi ustrative i
No. 15, Professional Papers, C:t‘;: %nwz
2 Vol 4t0, Clothe.esceneiinrseneansonsinacnsascnss
POOK (S. M.). Method ing the Lines and
Draughting 'V iea by _Sail or Steam.
Including a chapter on’ Laying off on the Mould-
Loft Floor. By Samuel M. Pook, Naval Construc-
tor. 3 vol 8ve, with illustrations, clothisser..eeeee
ALEXANDER (J. H.) Universal' Dictionary of
Weights and Measures, Ancient Modem, re-
duced to the standards of the United States of Ame-
rica, ByJ H. Alexapder. . New edition; enlarged.

2 Vol 8¥0, Glothy e canesnesccanssessareancaseronaas

WANKLYN, A Practical Treatise Rxamination
of Milk, and its Derivatives, utter and
cess. By J. Alfred Wanklyn, M. R. G 8., 12mo.
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RICHARDS' INDICATOR. A Treatise on the Rich
ands Steam e Tndicator, with a:bAtﬂnendxx by
¥. W. Bacon, M. E. :&no.d exible,

PORTER (0 T) A Tmmi: on the R:elnrds Steam

tnon of Fono in the Steam Engine. B Charle- T.
Porter. Third edition, revised and en&rged. 8vo,
illustrated, Clotheesessecceceiceeressacsaccacsennes
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POPl_induodem Practioe of the Electric TelemA

L. P Ninth -editi ised and
fally i cotheicereieens 4......... tz 0o
“ There f¥'na othér of this kihd 1 the English Tanguage that con-

tains fn 80 speall s ln mmed pradiical urmnlon {u the lpp“-
cation or gulvanic dom-tcu to Selegraphy. It shoald -be iu the hands of
every due {nterested i felegraphy, or sbe use of- B-n-h- Mo\hr pur-

BAS‘_SIE1 (P. Bo}' Waod and its }Jaea AA:J:M Bgok

or the use 1, tects, -

gmaﬁ'ﬁm&ﬁ;&n hyPB._ n.
pwards of 250 iflustrations. 8v0, ClOth..eessee.. 1 s0

SABINE. History and Progress of the Electric Tele-
f‘% wnh dual 1608 of wma of the apparatus.

E 8econd edition, with ad-
om. umo, ereetuiaereernns teesssesciences 1 28"

BLAKE. CeramicArt. A ?ott Porce-
Tites, Term Cotta and . Blake,
Uoth Commissioger, Viensa Exhnbmou, 1813 8vo.

secveserentesssecnrarninee serecsesarsens 2 oo

BENET. Electro-Buallistic. Machi au,v and the Schult:
ngmh-col Beoet, Captain
g‘u Armpy. Illustrated, second edi-
m,m cssteccincorncssaspravivribiactises 3 00
MICHARLIS The I-e Boslenge “Ohronograph, with
three Lithograph fo latuof illnstrations. By '
Brireet, % ; First Lieyteuant
OXPYy S. Army, 4to, cloth..ceeve... 3 00
ENGINEERING F'AOTS AND FIGURES An
lmnmlkegm

ng and Comstruction. 3863. mbg
61. 68.- Ful!ytllmumdo 6 250

per vql, each volume sold ely'.........‘.....

HAMILTON. - Useful Information for Raﬂvw Men.

Compiled by W. G- Hamilton, Engineer. Sixth edi-

i d enlarg P

08e0qeeseteRRsccstnttesereertseervece 3 OO

STUART (B.) How to Become a Successful Engineer.

Bemg Hiants to Youths mtendmg to ulopt the Pro-
Sixth edi 12mo0, b teeesiaces %0
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STUART. The vail and Mili l‘.ngmun of Amer-
ica. By Gen. £. B Stuart: ith o lncly axecutud
portraits of eminent enginoers, and illustrated by
engravings of some of tahn mast important wosks con-

strocted in America. eloth............u..... s oo
STONEY. The Th of Strains in Girders and simi-
lar structures, wi w;iurvmons on tha application of

Theery to Practice, and Tables of Strength and other
&opemu of Materials. By Bindon B. Stoney, B. A,
ew and revised edition, enlarged, witb numerous
engravmé on wood, by Oldham. Royal 8vo, 664
pages. Complete in one volume. 8vo, cloth. cees 12 80
SHREVE. A Treatise on the Strength of es and
Roofs, f sing_the of
for tt - ron | = 32
Tri , Bowstring, Lemcula.r and other Truns.
from ‘and .aovmg loads, with practical a -
tions and examples, for the use of Studentsan
neers. By Samuel H. 8hreve, A. M., Civil Engmeu.
87 wood-cut illustrations. ad edition, 8vo, cleth... 5 00

MERRILL. Iron Truss Bridges for Railroads. The
method of calculating straing in Trusses, witha care-
ful comparison of the most grommcnt Trusses, l;n
10 etc., etc. y
Brevet. Col. lelum E- Merrill, U. S A. Major
Corps of Engineers, with nine lithographed
Illustrations. - mcloth...‘..................... s oo

WHIPPLE. An l‘.lemenury and Practical Treatise on

£ 1

Bridge Building. ed and im edlﬂon
of the author’: s v§1 By S. le,
inventor of the lnpple Bndges, &c
8v0, Cloth..cecenieoiieniienctannss tesesassaens + 400
THE KANSAS CIT'Y BRIDGE. Wx'.h an acconnt
of the Regimen of the Mi River, and a descrip-
tion of the methods used for ouuilng in that River.

By O. Chanute, Chief Encmecr and Gcar%e Morri-
so{n, Assistant ineer. [Illustrated with five litho-
graphic views twelve plates of plans. 4to, cloth, 6 0o
UBOIS (A. ) The New Method of hical Statics.
y A. J. is, C. E., Ph. D. With 60 illustra-
N nons. 8vo, clo!h... creeesas sosevnianons teresese 300
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NAC CORD- A Practical Trutue oa the Blide Valve
(I ds the action of the

L’wmmt wpon tive Slide Valve, and- explaining the
Practical gromm of laying out the movements.
ad.apnnz the valve for its vauous dutles in the steam
engine. ' For the use of B ngneefs(M raughtsmen,
Machinists, and Stadents of otions in ene-
ral. By C. W. Mac Cord, A. M., Professor of Me-
chama Drawx?g Stev:ns hmmte of Technology,

plates. 4t0,cloth..ccoeincaneiiiianaciinnas

KIRKWOOD. Report on the Filtration of vaer
Waters, for the unpaiy of ctities, as practised in
Europe, made to the Board of Water Commissioners
of the Cn,y of 8t Losis. By James P. Kirkwood.

30 double plate eng gs.  4t0, cloth,

PLA'I‘TNER llamzl of 3 ualitative and Quantitative
Analysis with the ipe. From the last German
edition, revised an enl By Prof. Th. Richter,
of the RohyLal Saxen -Mining Academy. Translated
by As-zunt in the Columbia
nont of Mines, “Now ir assisted by John H.
Caswell. .Illustrated with 81 wood cuts, and one
hthoilr:phxc plate. Third edition, re\u.sed, s60 pages,
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PLYMPTON. The Blow A Oude to its Use

in tl:le Determination of and Mlaren# Com-

ile ﬁ'om urces, e ton,

* & Pro e’szor of P{:y egFScxenceyu:\p the

Pol mc luutute, rooklyn. New York, ramo,

PYNCHON. Introduction to Chemical Physics, design-

ed for the use of Academies, Colleges and High

Schools. Iflustrated with numerous enganngs,and

containing copious experiments with directions for

Hepam them: By Thomas Rufles Pynchon,

A., feasor of Chemistry and Natural 8di-

ences, Trinity College, Hartford New edition, re-

viud and enlarged. and iNustrated by-&;nllunnnom
Crown, 8vo. cloth.sescorsasceniianne
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ELIOT AND STORER. A mpondtm Manual of
ualitative (Chemical Analysis. y Charles W.
iot and Fraok H. Storer. Rdvned ‘with the Co~
%p'enmot‘ the suthors. By William R. Nichols,
of Chemmﬁlm the Massachusetis Insti-
tute of Techuology ustrated, s3mp, . chlh....... $1 50
RAMMELSBERG. Guide to a course of Quantitative
Chemical Analysis, especially of Minerals and -Fur-
nace Products. Illustrated by ?l!n By C. F.
Rammalsberg. Translated. by J
8v0, clothsvecsracoscceccrsecannne cevesasnenss seee 3 28
DOUGLASS and PRESCOTT. Qullaﬂve Chemlﬂl
Analysis. A Guidé in the Practal
istry, and in du Work of Analysis. By Sy B.
lass and A. B. Prescott, of t?e Uuwenay of chhr
gan. New edition. 8vo.
JACOB. Onthe Desigoing and Conﬁu:hon of Storage
Reservoin. with lubleund Waed Cuts representing
&c., 18mo, Ceresrerenise 4ain. - s0
WAT'[“S Dictionary of bhtmm New and Rewised
edition complete in 6 vols 8va cloth, $62.00 Sup—
plementary volume sold separately. Price, cloth... 9 oo
RANDALL. Quartz Operators Hand-Book. By LM
Randall. New edition, revised and emlarged, fully
illustrated 1smoy cloth ...... tetecssiisacassccas B 00
SILVERSMITH A innl )hnd~Book for Miners,
Bists, most re-
i ts in t"hl dismtegrati
uon, lmekmx, and of the i recious oren. with
a comprehensive Digest of the Mini gl.am. Greatly
augmented, revised and corrected. ulius Silver~
b, Fourth edluou. Profnsely |lluacnted. umo,

ceveesaes . [ X
THE USEFUL METAI.S AND THEIR ALLOYS.

ining Jurisprudence,

. :nd Menll c Chemastry employed in the conver-
sion of lrot:“g: Tin, Zinc, Aotimony and Lead -

orea, with the'lr app emom to the Industrial Arts.

d
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JOYNSON:- The :Mstals used in ecmungion. Iren,
Steel, Bassemeyp Metal, etc., etc By F. H. Joynsone
Illustrated, 23m0)GhOM. -« cvavs csotrsgmrecyoranee

VON COTTA. Treatise on Ore .~ By Born-

hard Von Cotta, Prafessor of Ggology in tl?e’iyyl’l -

School of - Mines, -Freidbetg, T
from. the d G by Frederid

75

Prime, Jr., Mising Engineer, and revised by the au- .

¢« thor, with sumerous illusirations. 8vo, sesene
GREENE.’ Graphical Method for the Analysis of Bridge
Trusses, extended to continuous Girders and Draw
Spans. By C. K. Greene, A. M., Prof of Civil Engi-
néering, U v of Michig i dby s
folding plates, 8vo, cloth..c.ccaveiiiiiiinierinaes
BELL. Chefnical Plienomena of Iron Smelting: An
experimental and practical examination of the cir-
which ine the capacity of the Blast

Furnace, The' Temperature of the air, and the
proper condition of the Materials to be op d
upon. By L. Lowtkian Bell. 8vo, clothesescseacce

ROGERS. The Geology of Pennsylvania, A Govern-
ment survey, with a general view of the Geology of
the Unired States, Essays on the Coal Formation and

2 00

6 o0

its Fossils, and a description of the Coal Fields of -

North America and Great Britain. By Henty Dar-
win Rogers, late State -Geologiet of P

Splendidfy ilustrated with Plates and: Kpgravi

the text. g vols., 4toy cloth wlth«Poannooﬂ

BURGH, Modern Marine Engineering, applied to
Paddl2 and Sgrew’ Propulsion. Consisti%g of 36
solored plates, 459 Practical Wood Cut Illustrations,
and 403 pages of descriptive matter, the whole being

an exposition of nt ames
Ve ko, a8 e g b e
and other celebrated firms, by N. » Eogi-

in
aps. 3o o0

ice of
P. Serd
neer, ;hick 4to, vol., ¢loth, $25.00'; half Mo cve s 30 0O

CHURCH. Notes ofa Metallurgi ] Journey in Etrope,
By J. Ai Church, Engnnrﬁ Mines, 8vo, cloth.....
11 -
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BOURI]‘E. Tlu;ae ‘Enm:&lnnﬁmq
applicauions met, avigation,
Railways, and , with “ the th

ve:iu tions rupq:tmg theot.l(me Power of Eﬂe::

and the proper proportiens of sieam engines. Elabe- -

rate tableiof the pight dirsersions ol’evw p;rt, md -
nstruetions for themmufz m .

Qltleli .
By Johuognum Eel xhe m{nh edmol} of ".A
Treatige on the Steam. bﬁme. by the * Artizan
ﬁ?b " 1umtrated by 38 plates au 546w0qd cuu-‘:
s B T AP
STUART. _The Nawal Dry Dacks. of -the. United
?f‘th ByS bglulem  Studrt e%“ Eumer-m-wnf
e U, Thustoat CRGIRVAN
on steel, Founhedmon.doth.......?.‘........-,n 6 oo
ATKINSQN. ﬁnmpl 'quwggr on t,l;e

FOSTER Submanne Bluun n Harbor,
Massachusetts. emoul ? Tovqgt and Corwin
Rocks. By J. G. Foster, Ligut.-Col. of Engingers, -
U. 8.’ Llustrated with seven p]ates, 410,
doth.... e ciesesemiiieectuerseisbdiiceie 3 50 |

BARNES Submaring Warfate, offénsive f defensive,
including a dlscuszdon the oﬂenslve do Syv—
tem, its qffects upon lu-l}hdSh ymzm
ﬂuenoo future mal Lient.- om-
i 8..-Barnes, 1. 8. twenty. litho-.
grnplncphm and manywbpdon.s. 8voy cloth..sns . 5 0C
HOLLEY. A Treatise, on Qrdnance and Armor, em-
bracing ducripuons, di and p -
opinions concetning the materials, fabnmmh, re-
qmremem.s. capabxlmes. and endurance of Eu:ogen
A&mm Guss, for Maval, Sea Coast, and iron
and their Rifling, Projectiles,. and
Breed\-boadxhrge.‘aho resulu of expenmem,s against
armot, th an appesdix refer- -
ring to Gun Ootton,'Hoo Gnm, ‘etc., ete. By
Alexander L. Holley, engrav-
ings, and 547 Tables of Ruuln, etc., avo, roan. 10 00
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SIMMS. A Treatise on'the Prisiciples and Practice of
Levdh showing” its application to* 'purpooes of
eeribg and the Construetisn of Roads,

&c. By Frederick W. Simms, ©. B From the sth
don edition;” nvined and eomeml whb the addi~

tion of Mr. Lawes's' Practicat. Exam for setting
out Railway Curves. Hiustrated three Litho~

BURT. ey to the Solar Compass, and Surveyor's
comprising all the rales necessary for

use mthe ﬂeld also description of the Linear Sur-
veys and Puphc Llnd System of the United States,

Notes on ;t;o wfo; an suthit osr'
a sur o m, 24€. . Nﬂ )
p\l‘:;'w '30.. ock'et

form, tuck. uuu"nu.u.---u--n-unu-uur .

hic plates aad ‘wood culs. - 8vo, cloth. $2 50

$ %

THE PLANE TABLE. Tts udes x% Topograpbical .
?Sur-

Surve ng, from the Papers of the
vey. ‘IMusteated, Bro, clothiivesenoiteleas .......r

3 o0

u“ This work giv':m . u-en&xon of m 'Plne ’l‘nb!o,, mbloyud at the

JEFFER'S. Nautical . Surveymg. By W. N, Jeﬂ‘en;

T Whasratlons Svo, b

50

CHAUVEN E’!‘. New nrethodof Luwhar ‘Db- .

tances, and wdme&%doflin the geror

and rate of & t ronomater, ual wititudes. - By
W, Chanvenet, LL.D. avo,a{uh

BRUNNDQW.T Sp'ﬁerml Astronomy. By F. Bruspow,

Ve evetavsovrany

2 00

hy the author from the second -

Germaa edition.  8vo, cloth..ovavenecariieii, ..

PEIRCE. 'System of ;-dyue Keehamu. By Ber-
jamin Peirce. 4to,

COFFIN: - Navigation and Nautical ny.  Proe
s:o red for theuse.of the U. 8. Naral Aeldmyny. By

f. J. . G Coffin, Fifth edition, 58 wood cut illus-

tationse 13m0, JOth eeeeveresvocssoniarrarsecers

NOBLE (W. H.) Useful Tables. Compiled by W. H.
Noble, M. A,, Capmn Royal Artillery. Pocket
form, cloth..ceeeuieccreccnecaannes eerevae taaens
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OLARK. Theoretical N Ind N | Astron-
or‘n&. By Lieut. Lﬁm ‘lnk. w. 8, llnstrated
43 Wood Cutsy  8vD, Cloth.e. . usecicrsesccscs $3- 00

HASKINS. The Galvanometer and its Uses. A Man-
ual for Electriciand and Studemts, By O. H. Has-
kins. 13m0, pocket form, MOFOCCO. . «assssiiecss 8 30
MORRIS (E.) Easy Rules for. the Measu: nt of
Earth worL tz ﬁnm of the Prismoidal ; rmula.
gythl'.llwood orris, C. K. 78 Hlustrations. 8vo,

........... JE N T

BECKWITH. Observations on the Materials and
Manutactare of TerrasUbttd, Stone Ware, Fire Brick,
Porcelain and Encaustic Tiles, with remarka on the

roducts exhibited at the London Internatiomal Exhi-
Emon, 1871. By Arthar Beckwith, 0. E.  8vo,

PAPCr e et sacescsaiasvssssosstasrasonsacerantonnes 6o

MORFIT. A Practical Treatise on Pure F. ars, and
the chemical conversipn of Rock Guano, Marlstone:
Coprolites. and th; Crudg Phiosphates of Lime an

Alumina to various valuable products.
By Campbell M II.D with:smmtnuve plates,
8vo,'doth...'............s....... ceeviecss 20 00

BARNARD. Tne Metric System of Wel(lm and
Measures. An address delivered before the convoca-
tion of the Ummty of the State of New York, at
Albany, m By F. A..P. Baruard, L
Pyesident umb\a College, New York. Sem&
edition from the revised edition, printed for the Trus-
tees of Columbia College. Tinted paper, 3v0, clath 3 oo

— on Muachinery and Processes on the In-
dustri Mm:uof the Bxact Sciences,
ByF. A P , Lb.D. Paris: Univesal K+
position, 1867- Il d, 8v, clothee cseaweseseae $ 00

ALLAN. of.Anbn. Prof W. fore
merlynfwury Dr ity, s:8mo, b'rds g0

ALLAN me W) S th of Beams under Trans-
verse ly Prof. W. Allan, author of * Theory
of An:hei " Wlth illustrations. 18mo, boards..... 50
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MYER. llmﬂnfﬂglh , for the use of al officers
in the Fnld. and for Military and N: Smden:
Military Sc etc A new edition en
illustrated By . General Albert foer (‘hlef
Signal Oﬂ'leer of the army,

Corps during the Wu' of the Rebellion. 1emo, 4!
plates, full Roat...cevvvescesacrocencsedioirvnees

- WILLTAMSON. Practical Tables in Meteorology and
Hypsometry, in connection with the use of Bar-
:lmeter By bcl R. S. Williamson, U. S. 410,

OtR . eecvecroscscsnccareresvovscnsecsscrnscences

CLEVENGER. A Trmm on the Method of Govern-
as

oomplm Mathetmatical, :Astrosamical and Practical
Instructions for the Use of the United States Sur-
E:,yo;;‘u l?m the Field. By S. R. Clevenger, Pockct

Jeesnssecsrossasscttnertrsancs

PICKERT AND METCALF The Artof Gnmmg.
How A uu'od vmh

f oolon, d Pickert
of and sfpham
and Abraham Me meﬁ.llly illustnmd with
zntlnted plates of the varions woods used in interior

ishing. Tinted paper, gto, cloth...c.cveeevannee

HUNT. Designs for the Gamnys of the Southern En-
, trances to the Central Park. By Richard M.
With a description of the dslgm 4tos doth..‘...

LAZELLE. Ope Law in Nature. By Capt. H. l(.
Lazelle, U. S. A. A new Corpuscular Theory, com:
prchendmg Unity of Fo(ce, dentity of Matter,
mlhlupleAmQuunuuon.apletn P'hyn-

cal Affections or Modes of Energy. zamo, do(h. .

ZORFIELD. Water and Water Supply. By W. H
Corfield, M. Prafessor ty and
Public Hnlth at l}mnmty College. London. 18mo,

T T PR R PP Y P R PRy teesrsssreiencene

1s

§ 0O

2 50

3 50

10 00

s oo

T 30
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D. VAN NOSTRAND'S PUBLICATIONS,

BOYNTON. - . of Weat. Poy
and &"

Wﬁj ”ZM ‘}rgm f'.he

416 -pp. 8ve
pnn:? on tinted paper, beaunfnlly :llustrated mth’
36 maps ang fine 'IT

taken on the spot by the utbcr Exu'a

cl becasiesrengiennesaiinciednntuntereccrgiasas $3 50

WOOD. Weat Paint being a cbllection of
Legends, Stori sgf‘p ?tocok' m‘u S. Mlhhry
Academy; By n;nx(i{ A o

2 coj ap.
mnﬁiypmﬁ I tnted paper. %?leofpglqt .....

WEST POINT LIFE. AP&m boforedn Dia-
lectic Bociety of the United States- Academy.
,}.llust;aégd with Pen-and-lnkf!éeet:hes pxmm

‘0 which is a ny Iavens, !
oblang 8vo, ax fﬁpage illnxmuom,,M. rassmes

GUIDE TO WEST POINT and !he "8 "Military

Academmy, with mape and’ eagravings 18mo, blue
cloth, flexible..sveieresarrennns ivpdtebind

KnthNRIYJ llﬂlétg‘y Recard ofB Gi EﬂhnvA mtmm Ia
nited States A et
Colonel and Ca; m mxd SmtesryArulle:y,
Lata Gelonel and Brevet Brigadier Gen United
States Volunteers Val. t mow rea ol 2 in
press. Bvo, per volume, cloth......ocviiiiiiniaas

HAMERSLY. ﬁeeord: of Living ‘Officers of the U,

S. Navy an arine from official
sources. ] late Ligutenant
. S. Manne Oorpc. kemod on, 8vo, cloth...
MOORE.* Portrait Gallery of the Wat. CI Mxliwz
and Naval, A record,
goore. 6o lno m:l.
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PRESCOT'!‘ Ottlines of Proximate Ouune Annlyu. .

for the Identification, Separation, dnd Quanti

oante Compound "By aih ““n"‘b'&' P:.?‘f‘...,.
nic vom; . sCott,

g?Chemutry, Uni b?nhpn, . smo, clath...

PRESCOTT. Oheniical Bxamination of Alcoholig l.i’-
guofs A Mavual of the Constituents of the Distilled
pmu and Fermented Liquors of Commerce, and
their Qualitative and Quantitative Determinations.

By Albert B. Prescott, 12mo, cMth.ceeeccinisnaens

NAQUET. Legal Chemistry. A Guide to the De-
tection of Poisons, Falsification of Writings, Adule
teration of Alimen -nd lermcenual Sabstan~
ces; Analysis of d examination of Hair,
Coinl, Armis and Staing, as elmd to Chemical Ju-

ence, for the U-e of Chemists, Physician:

La ers, Pnasmacista and ‘Translated wi

ons, including a list of boo and Memoirs on

Ten , etc. irom the French of A. uet. B
P. tershall, Ph. D. with a preface by C.

handler, Ph. D., M. D, L L D. 12amo, clozh....

McCULLO %}e ta? Treatise on the Mechan-
ical 'nuoq of uthan ication to Air and
Steam Engines. By , 8vo, doth....

AXON. T:shg,eclmm Friend; 2 goelllecﬁoh n o: Re-
cel al actical jons il to q"'
mﬂronzmg—(!ﬁenvr%gi)aw_ngl—m;;;
city—Gil@ing G es— Wy—

- odall Phw‘ p“"%?‘ R aiwars G
Stean ‘{‘dwaphv—‘ruidermy

-— Vamuhes— Waur—?rooﬁng and Miscellaneous

Tools,—Instruments, Machines snd Proessf=s oon-

nected with the Chemieal and Mechanics Aris; with

uumerous diagrams and wood cuts. Edited by Wil
jam E. A, Axon. Fancy clothececeoccsaons crvecs
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D. YAN NOSTRAND 8 PUBLICATIONS,

ERNST. Manual of Practical Mili En%men
pared for the use o thoCadeuo the U. S. 1
Academy, and for eer Troops. By Ca
Erust, arpl of Engineers, Instructor in %ncnul
Military Engineering, U. S. Military Academy. 192
wood cuts and 3 lithographed plates. 1amo, cloth..

BUTLER. Projectiles and Rifled Cannon. A Critical
Discussion of the Pnnclpal Systems of Rifling and
Projectiles, with Pncnml nom for their Im-

ovement, as embraced in to the Chiefof
gdmce. U. 8 A. By Ca Iolm S. Butler, Ord-
ce Corps, U. 8, tes, 4t0, cloth....0u0e

BLAKE. Reportupon the Precious Metals: Being Sta-
uml Notices of the pnnc:P:l Gold and Silver pro-
n%reglons of the World, Represented at the
Exposition. By William P. Blake,

m.munaner ﬁ'omthe State of California. Svo. cloth

TONER, Du:uon‘:? of Elevations and Climatic Regu-
tﬁ;of the Uth hSndte:. Cont:lm:i '119 addition to
evations, the Latitude, Mean, Ann empenmre,
and the total Annual Rain fall of! nuniloculmen,
a brief introduction on the OrograpB ic and P'll“y'
Peculiarities of North America.
M.D. 8v0, clotheuecanecnrnss evereenaenceen

MOWBRAY. Tri-Nitro G)gcennq as_applied in the
Hoosac Tunnel, and to Submarine Blasting, Torpe-
etc, Being the result of six year's
obsenn m pncuee dunnf the mlnufacmre of
this exp) Mica
B]ntmg Powder. Dynnmntel ; with an account of the
vanouc Syltems of Blasting by Eletﬂélcl Priming
Explo-wes etc., etc. &eo‘?u
M eo Y ive Ch : ‘,'mh thnyleen
tions, tables and appendix. rd Edition. Re-
written. 8v0. €loth. .. ¢ ccieetenrecensncreniatensee
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This book should be returned to
the Library on or before the last date
stamped below.

A fine of five cents a day is incurred
by retaining it beyond the specified
time.

Please return promptly.
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