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topic from this index, does not preclude its having been dealt with in Volume I.

Abacs, use of, in strength of materials,
921 and ftn.

Aberration, of light, Boussinesq’s theory
of, 1449, 1478, 1482; Sir William
Thomson on, 1815

Adams, IV, 4., on railway waggon springs,
969 (a)

Adularia, hardness of, 836 (d); optic
?.xes of, change with temperature, 1218,
tn.

deolotropy, defined by Sir W. Thomson,
1770; Rankine obtains a 16-constant,
429; wave-motion in aeolotropic solid,
1764, 1778—5; dilatation moduli for,
1776 (a); weblike annulled, 1776 (c),
1777; strain-energy for aeolotropic solid
when ‘skewnesses’ and weblike aeolo-
tropy are annulled and there is no
dilatation, 1778; discussed by Sir W.
Thomson, 1780; conditions for, in-
compressible, 1776 (a), 1779

deolotropy of Density, suggested by Ran-
kine to explain double refraction,
considered by Lord Rayleigh, rejected
by Sir W. Thomson on ground of Sir
G. G. Stokes’ experiments on Iceland
spar, 1781 (a)

After-strain, general remarks on, 748—9;
distingnished from frictional action,
750 (a); not a pure frictional resistance
and masked by term viscosity,1718 (b),
1743; is not proportional to load, 750
(b); chief cause in producing subsi-
dence of oscillations according to
Seebeck, 474 (¢)—(d); in silk and
spider filaments, 697 (b); in glass and
silk threads, (i) p. 514, ftn.; experi-
mentally diseovered in metals by Kup-
ffer, 726, his discussion of, by torsional
vibrations, 784 ; its effect in subsidence
of torsional vibrations, 1744—8; effect
of working on, 750 (b); how influenced
by change of temperature, 756; ne-
glected by Wertheim in torsion experi-
ments on metals, 803, his erroneous
statement as to, for metals and glass,
819; in guns, 1038 (g), 1081; in razors,
1718 (b), ftn.; in caoutchouc springs,
851; is proportional to load in caout-
choue, 1161; in organic tissues, 828—
35; Weber, E. on,formusele,828; stress-
strain relation for final load, linear,
Wundt’s form of after-strain curves,
830; Wertheim’s hyperbolic form of

32—2
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stretch-traction curve confirmed by
Volkmann, 831—2; the curve elliptic
for muscle, 832; controversy between
Wundt and Volkmann, 833—5.

After-strain Coefficient, 734, 739; for
copper and steel, 751 (d)

Air, resistance of, to torsional vibrations,
7217, 735 (i), 1746

diry, Sir G. B., on the strains in the
interior of beams (1863), 666

Albaret, on economic form of girder, 952

Alloys, hardness of, 845; tensile strength,
duetility, hardness, ete. of alloys of
copper with zinc or tin, 1063 and fin.

Alum, its optical and elastic axes do not
coincide, 788, 789 (c); experiments on
the stretch-modulus of, 1206

Aluminium, stretch-modulus of, 743;
density of, (i) p. 531; hardness of,
(1) p. 592, ftn.; absolute strength of,
1162; effect of cold-hammering, 1162
may be beaten to leaves, 1163 ; stretch-
modulus, elastic-limit and density of,
1164; subsidence of torsional oscilla-
tion in wire of, 1746

Aluminium Bronze, absolute strength
when cast and hot-hammered, 1162,
1164

Amagat, his experiments on stretch-
squeeze ratio, 1201 (e)

Amorphic Bodies, elastic coefficients for,
308; identified with isotropic bodies
by Rankine, 467 ; of Saint-Venant seem
akin to Sir W. Thomson's isotropically
macled crystal, 1799: see also Ellip-
soidal Distribution

Amorphism, or confused erystallisation,
115, 192 (d)

Analcine, supposed to possess optical
cyboid aeolotropy by Brewster, 1775
Angers, Church of, factor of safety for

columns, 321 (b)

Angle, stress at projecting angle zero,

, but infinite at re-entering, 1711

Angstrom, A. J., on the relationship of
the various physical axes of crystals
(1851), 683—7

Annealing, effect of, 879 (f); does not
remove aeolotropy, 802; may in itself
produce aeolotropy, 1056; effect on
tenacity, 1070; of wires, 1131; effect
on strength and elasticity of cast
steel, 1134 : see also Working

Anticlastic Surfaces, Thomson and Tait’s,
325, 1671

Apatite, hardness of, 836 (d), 840

Approximation to solution of elastic
equations, doubtful method adopted
by Cauchy (620*, 661%), 29, 8395; by
Poisson (466*); by Neumann, 1225—

INDEX.

6; by Basset, 1296 bis; by Boussinesq,
1422, 1574, 1586 ; by Sir W. Thomson,
1635

Arches, flexure of, 514—7; shift of central
line, 519—20; terminal conditions for
pivoted and built-in arches, reactions,
521—3; temperature effect, 523, 525,
1013; theorem as to symmetrically
loaded, 524; thrust, due to isolated
load, 525, continuous loading, either
along central line or horizontal, 525,
due to change of temperature, 525;
simple formulae and tables for finding
thrust, 526—8; maximum stress in,
529—30; most advantageous form of,
531; general discussion of curved rods
and arches, 534,536 ; historical account
of theory of, 1009 ; approximate treat-
ment of, by Morin, 880 (c}: line of
pressure in, 1009 ; total stress in cross-
section, 1010; stability of, 1014;
braced, 1022; wooden, experiments on,
C. et A. pp. 4—10; wooden arches,
925; cast-iron elliptical, 1011; experi-
mental determination of strain due to
temperature and live-load, 1109; com-
parison with defective theory, 1110;
Collet-Meygret and Desplaces on de-
flection of, 1110

Adrdant, his experiments on wooden
arches, C. et A. p. 4; his theory of
circular ribs, C. et A. p. 10

Armstrong, Sir W., see Bri-Brachion

Arnoux, on axles, (i) p. 610, ftn,

Artery, after-strain in, 830, 832, stretch-
modulus of, 830

Atomic Constitution of bodies, indivisi-
bility of atoms, Berthelot and Saint-
Venant on, 269 ; Boscovich and Newton
on, 269; Saint-Venant on, 275—80,
arguments that they are without ex-
tension, 277—80; atoms as liquid
spheres, 841; vibratory motion of a
sphere of ether surrounding, 868;
theory of Boussinesq, action between
atoms of different molecules neglected,
1447; homogeneous assemblages of
mutually attracting Boscovichian
atoms, 1801—5; single assemblage
leads to rari-constancy, 1802; double
assemblage does not necessarily lead
to rari-constancy, 1803; multi-con-
stant Boscovichian system described,
1803—5: seealso Intermolecular dction
and Molecules

Atomic Weight, relation to stretch-modu-
lus, 717—21; to hardness, 841

Atwood G., on the vibrations of watch
balances (1794), (i) p. 466, itn.

Audé, experiments on earthwork, 1623
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August, E. F., on simple experiments to
demonstrate Taylor’s law for vibrating
strings, (i) p. 573, ftn.

Autenheimer, von, on torsion (1856),
581

Awes, feathered, strength of, 177 (c)

Agxes, ‘optic’ and ‘optical” distinguished,
1218, ftn.; dispersion of optic axes,
1218—9 and ftn.; optic, 1476, 1483:
different sets of rectangular systems
exist in erystal for distribution of dif-
ferent physical properties, 683—7,
1218—20, 1637; Neumann’s theory of
distinction between optical and elastic
axes, 1216—8, 1220; elastic axes do
not coincide with optical for alum,
788 ; optical, thermal and elastic not
coincident for gypsum, ete., 1218—9
and ftn.; diamagnetic, electrical and
other properties distributed about dif-
ferent axes, 1219

Azes of Elasticity, 185, 187 (iii), 137 (vi),
i) p. 96, ftn., 443—51; defined, 444;
orthotatic and heterotatic, 445; euthy-
tatic, 446 ; metatatic, 446, 137 (vi)

Azles, how affected by prolonged service
and vibration, 881 (b) and fin., 970;
strength, 905 ; of railway rolling stock,
calculation of dimensions, 957—9;
McConnell’s hollow railway axles, ex-
periments on, 988—9; flexure of rail-
way axles under static load, 990;
resistance to impact of cast steel, 995,
of ordnance, 996; fatigue under re-
peated flexure of railway, 998, 1000—3,
under repeated torsion, 999, 1000—38

Babbage, C., hardness of diamond varies
with direction, 836 (d)

Babinet, his proof of velocity of pressural,
or sound wave, 219

Baden-Powell, influence of torsion on
magnetisation, 811

Baensch, on simple beams and braced
girders (1857), 1006

Baker, Sir B., on the actual lateral
pressure of earthwork, 1606 ; his rule
for breadth of supporting walls, 1607

Bancalari, R. P., on law of molecular
force, 866

Bar, heavy tension bar of equal strength,
13886 (a): see Rod, Beam, Flezure,
Impact, ete.

Barilari, on statically indeterminate
reactions, (i) p. 411, ftn.

Barlow, P., formula for hydraulic press,
901, 1044 (%), 1069, 1076—7; experi-
ments on wrought-iron beams, 937 (¢);
on combined girder- and suspension-
bridges, 1025

493

Barlow, W. H,, attempts to explain
‘ beam-paradox’ by a theory of lateral
adhesion (1855—7), 930—8, 1016

Barnes, cuts steel with rapidly rotating
soft-iron dise, 836 (k)

Barton, J., on wrought-iron beams, 1016

Basset, A. B., on thin cylindrical and
spherical shells, 1296 bis, 1234

Baudrimont, 4., researches on vibrations
of aeolotropic bodies (1851), 821

Baumeister, his experiments on stretch-
squeeze ratio refexred to, 1201 (e)

Baumgarten, on flexure of solids of equal
resistance, 929 ; on stretch-modulus of
calespar, 1210

Baumhauer, on twinning of Iceland spar,
1800

Bauschinger, his results partially antiei-
pated by Wiedemann, 709—10; on
elastic limits referred to, 1742 (D)

Beam, lines of stress in, Rankine, 468,
Kopytowski, 556, Scheffler, 652 ; uni-
planar stress in, 582 (c); slide intro-
duced into theory, Bresse, 535, Jour-
avski, 939, Scheffler, 652, Winkler,
661—2, 665, Airy, 666; strength of,
increased by building-in terminals,
571—17, 942—5; strength of, given by
graphical tables, 921 and ftn.; for
various forms of cross-section, 927;
transverse vibrations of, when suddenly
loaded, 539; live load on, 540—1;
formulae for statical deflection when
loaded, 760—2; strength of ‘split’
beams, 928; general treatment of,
1006; Thomson and Tait on, 1696;
of variable cross section, flexure of,
929; small beams relatively stronger
than large ones, 936 (iii}; central line
of, under transverse load, really
stretched, 941; supports of beam
under transverse load really subjected
to side pull, 940; cast-iron beam of
strongest cross-section, 176, 177 (b),
951, 1023; strength of various forms
of cast-iron beams, and Barlow’s at-
tempt to explain paradox, 930—S; para-
dox neglected by Morin, 881 (a) ; proper
proportion of web and flanges in
wrought-iron beams, 1016; formulae
for stress-strain relation when stretch-
and squeeze-moduli are unequal, 178;
rupture of, deduced from empirical
stress-strain relation, formulae of
-Saint-Venantand Hodgkinson, 178: see
also Continuous Beams, Rods, Rolling
Load, Torsion, Flexure, Impact, etc.

Beam-Engine, stress in beam, 358;
danger of certain speeds of fly-wheel,
359
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Beam-Paradox, 920, 929, 930, 971 (4),
1038 (b), 1043, 1049—53, 1086;
according to Bell does not exist for
large girders, 1117 (iv)

Beckenkamp, verifies F. Neumann’s
expression for stretch-modulus of
regular crystal in case of alum, 1206

Becquerel, E., torsions produce magneti-
sation, 811

Belanger, J. B., on strength of materials
(1856—62), 893

Bell, W., on the laws of strength of iron
(1857), 1117—9

Belli, on gravitation and cohesion cited,
1650

Belt, cylindrical: see Hoop

Beltrami, properties of potential due to,
1505

Bender, W., experiments on hollow axles,

Bending-Moment, safe limit of, for non-
symmetrical loading, 14; how related
to total shear, 319, 534, 556, 889,
1361, ftn.; for beam partly covered by
a continuous load, 557; synclastic
and anticlastic bending stress in
plates, 1702

Bent (= flexural set), how affected by
application, removal, reversal, etc., of
load, 709—10

Bergen, T., on hardness of gems, 836 (c)

Bernard, F., on vibrations of square
membranes (1860), 825 (c)

Bernoulli, Daniel, first attempted prob-
lem of transverse impact, 474 (f)

Bernoulli-Eulerian formulae for flexure,
71, 80; theory of beams justified by
Phillips for curved arcs under couples,
677—9

Bertelli, F., statically indeterminate re-
actions, first suggests need of elastic
theory (1843) and uses experimental
method, 598

Berthelot, on atoms, 269

Beithot, on law of intermolecular action,

08

Bertot, H., on total stress on section of
arched rib, 1010

Bertrand, reports on Saint-Venant’s
memoir on transverse impact, 104

Bessemer, preparation of wrought-iron
and steel, 891 (b) and (e), 1114

Bidwell, Shelford, cited as to variations
of coefficient of induced magnetisation,
1321; on relation of stress to mag-
netisation, 1727, 1736

Binet, on elastic rods of double-curva-
ture, 155

Biquadratic surface for stretch-modulus
of regular crystal, 1206

INDEX.

Bismuth, effect of compression on its
diamagnetic properties, 700 ; hardness
of, (i) p. 592, ftn.

Blacher, gives Clapeyron’s formulae for
springs, 482, 955

Blakely, on the construction of cannon
(1859), 1082

Blanchard, experiments on material
under great pressure, 321 (b)

Blanchet, his researches on waves in
aeolotropic medium referred to by
Boussinesq, 1559

Body-Forces, how removeable from gene-
ral equations of elasticity, 1653, 1715;
removal of, when there is a force-
function, 1658, 1716 (d); when they
may be used to replace surface-load,
1695, ftn.

Boileau, P., on the elasticity of springs
of vuleanised caoutchouc (1856), 851,
1161

Boiler, cylindrical, proper dimensions
for spherical ends of, 125; strength
of curved sides, of flat ends, stress
due to weight of material and of water,
642—5; Joule on mode of testing,
697 (a) ; French formula for strength
of iron plate boiler, 879 (c) ; Prussian,
French and Austrian formulae for
cylindrical boilers, 1126 ; old Prussian
government formula agrees with
Boussinesq’s for collapse of belts,
1555; erroneous results for thickness
of walls of, 961; effect of unequal
heating, 645, 962, 1060; relative
strength of flues and boiler-shell, 985;
strength of materials for, 907—8;
strength of iron and copper stays for,
908; rivetted, 904; how strength of
boiler plates with and across fibre
altered by temperature changes, 1115 ;
cast steel plates for, 1130, 1134 : see
also Flues.

Bolley, on molecular properties of zine,
1058 ; effect of vibrations in producing
crystalline and brittle state, 1185

Bolts, iron, effect of case hardening,
comparative strength of screwed and
chased, 1147

Boltzmann, L., on longitudinal impact of
bars, 203; Iestrede on Kirchhoff (ii)
p. 39, ftn.; his theory of stress on
elements of dielectric criticised by
Kirchhoff, 1317

Borax, optic axes change with tempera-
ture, 1218, ftn.

Borchardt, equations of elasticity in
curvilinear coordinates, 673

Bornemann, on flexural strength, 920 ;
ongraphical tablesfor flexural strength,
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921 ; experiments on wooden and cast-
iron bars of triangular cross-section,
971

Boscovich, his theoryof atoms, (i) p. 185,

280; deprived atom of extension, 269 ;
his theory criticised by Thomson and
Tait, 1709 (¢), by Sir W. Thomson, 1770,
remarks on, 276 ; does his theory lead
to rari-constancy ? 423, not necessarily
if molecules are groups of atoms,
(Cauchy, 1839), 787; his theory used
by Sir W. Thomson to reach multi-
constancy, 1799—1805; single homo-
geneous assemblage of Boscovichian
atoms leads to rari-constancy, 1801—
2; double or multiple assemblage does
not necessarily involve uni-constancy,
1802 ; model illustrating double Bos-
covichian assemblage and multi-con-
stant solid, 1803—4 ; doubts as to its
nature, 1803—5

Bottomley, effect of twist on loaded and

magnetised iron wire, 1735 ; on aeolo-
tropy of electric resistance produced
by aeolotropic strain, 1740 ; on increase
of tensile strength by gradual increase
of stress, 1754

Bouché, 4., on molecular attraction

(1859—60), 870—1

Bourget, on vibrations of square mem-

branes (1860), 825 (¢)

Boussinesq, pupil of Saint-Venant, 416,

1417; Saint-Venant’s views on his
theory of light, 265, on his theory of
pulverulence, 1619, general analysis
of his researches, 292; accounts of his
work, 1417; Flamant on his solution
for transverse impaet, 414, on his
theory of pulverulence, 1610--11,
1625 ; publishes with Flamant a life
anéi bibliography of Saint-Venant,
41

References to: proves conditions of
compatibility for given system of
strains, 112 (1420), proves ellipsoidal
conditions for amorphic bodies sub-
jected to permanent strain, 230;
points out error in Saint-Venant’s
memoir of 1863, 238 ; on stability of
loose earth, 242 ; on solution in finite
termsof longitudinal impact of bar, 297,
401—2; his treatment of thick plates,
322, (i) p. 223, 335; on his appli-
cation of potentials to elasticity, 338,
1628, 1715 ; on determination of local
stretch produced immediately by small
weight striking a bar transversely
with great velocity, 8371 (iv) (1537); his
assumptions in theory of thin plates,
385 (1437—40); his controversy on

thin plate problem with Lévy, 397
(1441, 1522); his correction of error
of Resal’s with regard to flexure of
prisms, 409

Researches of: on elastic bodies
one or more dimensions of which are
small as compared with others (rods,
1871, complement, 1879), 1418—36,
(plates, 1871, complement, 1879,)
1437—40; controversy with Lévy on
contour conditions and local perturba-
tions in thin plates (1877—8), 1441;
theory of periodic liquid waves (with
equations of motion of any medium,
1869), 1442—6; on the molecular
constitution of bodies (1873), 1447;
on the interaction of two molecules
(1867), 1448; on the theory of lumin-
ous waves (1873), 1449; on two simple
laws of resilience (1874), 1450—5; on
geometrical constructions for stress
and strain (1877), 1456—9 ; on hydro-
dynamical analogies to the problem of
torsion (1880), 1460 ; on the stretches
produced by the deformation of a
curved elastic membrane (1878), 1461;
on the transverse vibrations of an
indefinitely large plate (1889), 1162;
Lectures on Mechanics (1889), 1463 ;
on the physical explanation of fluidity
(1891), 1464

Essay on the theory of Light
(1865), 1465; on vibrations of iso-
tropic media (1867), 1466; on waves
in media subjected to initial stress
(1868), 1467—74; on vibrations and
diffraction in isotropic and crystalline
media (1868), 1475—7 ; new theory of
luminous waves (1868), 1478—82; ex-
tension of this theory (1872), 1483—4

On calculation by means of poten-
tials of the strains in an indefinitely
large isotropic medium (1882), 1485;
Treatise on the application of poten-
tials to elastic problems (1885), 1486—
1559 ; strain in an infinite elastic
solid bounded by a plane to which
stress is applied (1888), 1489—96; on
the collapse of rings and controversy
thereon with Lévy (1883), 1554—61

On the application of conjugate
functions to plasticity (1872), 15627
on an experimental manner of deter-
mining the plastic modulus (1872),
1568—9; on the integration of the
equation in conjugate functions of a
pulverulent mass (1873), 1570; Essay
on the theory of the equilibrium of
pulverulent masses (1876), 1571—
1604; on the uniplanar distribution
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of stress for isotropic bodies in a state
of limiting equilibrium (1874), 1605;
on the lateral pressure of a pulverulent
mass with horizontal talus (1881),
1606—7; on horizontal thrust of pul-
verulent masses against vertical walls,
ete. (18825, diverse memoirs), 1608
—2b

Summary of Boussinesq’s work,

6

Bracing Bars, on distorted form of, in
multi-bracing, 1017, 1026, 1028; ex-
periments on buckling of, 1019: see
also Girders

Braithwaite, F., on fatigue of metals
(1853—4), 970

Brame, Ch., on planes of cleavage, 849;
experiments on iron-plate, 1106

Brass, elastic flexures increase more
rapidly than loads, 709 (i); flexural
sets or bents, how influenced by
alterations of load, ete. 709; effect of
rolling and hammering on stretch-
modulus, 741 (a); thermo-elastic pro-
perties of, 752, 754, 756; after-strain
and temperature, 756; relation of
stretch-modulus to density, 759 (e),
(i) p. 531, 824, 836 (b); ratio of kinetic
and static stretch-moduli, 824, of
kinetic and static dilatation-moduli,
1751; slide-, stretch-, and dilatation-
moduliof, 1817 ; thermal effect onslide-
modulus, 1758 (b); thermo-electric
properties under strain, 1646; ren-
dered brittle by sudden atmospheric
changes, 1188; nature of rupture,
1667

Bravais, on homogeneous assemblages of
bodies, 1800

Breguet, on velocity of sound in iron,
785

Breithaupt, attempts to introduce a
new scale of hardness, 835 (d)

Bresse, Researches of : memoir on the
flexure of arches (1854), 514—30;
treatise on applied mechanies (1859—
65), 532—42; on elliptic flues, 537 ;
on solution for long train continu-
ously crossing a bridge, 382, 541

References to: on elastic rods of
double-curvature, 291; his treatment
of elastic rods commended by Saint-
Venant, 153; his formula for beams
of varying stretch-modulus, 169 (e),
515; on approximate treatment of
slide due to flexure, 183 (a), 535; on
the core, C. et A. p. 8, 515 ; corrects
error of Phillips’, 540

Brewster, on double-refraction artificially
produced, 792—3; the principle of

INDEX,

his Teinometer adopted by Wertheim,
794, 797 () ; on production of crystal-
line structure by stress (1853), 864; on
analcine, 1775

Bri-Brachion (? Sir W. Armstrong) on
the cause and prevention of the de-
terioration of wrought-iron (1860}, 1189

Brick, strength of, 880 (b), 1173, 1182

Bridges, deflection of railway viaduct at
Tarascon, 520 (b); transverse vibra-
tions of, 539, 1034—5; effects pro-
duced by a rolling load, 372—82,
Bresse corrects error of Phillips’, 540 ;
repeated loading of, 1035; deflections
of Flemish bridges, 1020; treatises
and text-books on bridge-construction,
883, 885—90, 915, 950; historical
account of (1857), 890; * Ritter’s
method ”, 915 (b); minor memoirs
on, 1004—36

Special Bridges: Tarascon, 520 (b),

1109 ; St Louis, U. 8., (i) p. 358, fin.;
Britannia and Conway, 560, 603, 607 ;
Hungerford, 579 ; Manchester, 1007;
Newark Dyke, 1012; Céln, 1019;
Flemish, 1020 ; Niagara, 1025; de la
Roche-Bernard, 1033 ; over the canal
Saint-Denis, 1034

Bridges, Suspension, form of chains, 579;
oscillations of, 612, 883; impact on,
883; iron-wire for, 904; when, where
and by whom first introduced, (i) p.
55(2)2,5 ftn.; girder suspension bridges,

2

Brill, points out an error in Saint-
Venant’s memoir of 1863, 239

Brillouin, on the elasticity, fluidity and
rigidity of bodies, 1464

Briot, Saint-Venant’s views on his theory
of light, 265

Brittle, defined, 466 (vil), 1742 (c);
metals not rendered, by cold, 697 (c};
state, 1185, 1188

Brixz, on strength of railway-rails, C. et
A. p. 11; on fail-points of uniformly
loaded beams, C. et A. p. 12; erroneous
theory of resistance of cylinder to in-
ternal pressure, (i) p. 712, ftn.; on
strength of stone, 1181; on set in
cast-iron due to heating, 1186

Bronze, gun-metal, effect of head on cast-
ing, 1038 (f), 1050 ; rupture of rings
of, 1044; guns of, 1045; physical
properties of, 1063 and ftn.; stress-
strain diagrams for, 1084 ; torsional
strength of, 1039 (c), 1113, 1166 ; ten-
sile strength of, 1113, 1166

Brooks, C. H., erroneous theory of resist-
ance of hollow cylinders, 1080

Brown, Captain, introduces iron cables
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(1811), 904 ; experiments on wrought-
iron cables, 879 ()

Brown, Samuel, builds first suspension-
bridge in Great Britain (1819), (i) p.
622, ftn.

Browning, C. E., on the tensile stretch
and set of wrought-iron, 1125, 1136
Buckling Load, of struts, under dead-
load, 11, under impact, 407 (2), 1552,
error as to in Vol. 1. corrected, C. et
A, p. 2; of columns, 477—80; on
bracing bars, 1019; theory of, modi-
fied form of Scheffler’s theory, 649—50,
Schwarz, Ritter, etc., on 889; 914, 956;
Rankine on Tredgold-Gordon formula,

469: see also Columns and Struts

Bugfers, railway, formulae for resilience
of, 595, 969: see Springs

Burg, A. von, on Kohn’s experiments
as to repeated torsions, 991; on the
strength of cast-steel, 1130 ; onstrength
of aluminium, 1162

Bursting, of glass cylinders and globes
under pressure, 857—60; of wrought-
iron tubes, 983 ; of cannon, 1038, 1055,
1074 ; of musket-barrels, 1038 (c); of
gutta percha tubes, 1160 ; of earthen-
ware pipes, 1171

Cable: see Chain

Cadmium, hardness of, (i) p. 592, fin.;
thermo-electric properties under strain,
1646

Calcspar, hardness of, 836 (d) and (i);
strain due to change of temperature,
1197 ; experiments on stretch-modulus
of, 1210

Callon, erroneous theory of boilers, 961

Calvert, F. C., on hardness of metals
and alloys (1860), 845; on chemical
analysis of cast-iron after repeated
meltings, 1100; influence of prepara-
tion on elasticity, set and strength of
cast-iron (1853), 1102

Canada Balsam, doubly refractive power
produced in, by sudden turn of stick,
1766, ftn.

Cannon, researches on strength of ma-
terials for, 1037—92, 1113 ; solid and
hollow cast, 1038 (g) ; cast-iron, 1048 ;
resilience of various metals for, 1062 ;
built-up by shrinking on coils, 1069,
1075, 1076—82, 1078, 1082 ; tables of
physical constants for materials for,
1071 (a) ; bursting of, 1038, 1055, 1074;
experiments on guns built-up by coils
of wire round cylinder, 1078; on ex-
treme proof of, 1047 (b), 1092 )

Cantilevers, equality of strength in
straight and curved, 926

497

Caoutchouc, divergency between Wer-
theim’s and Clapeyron’s experiments
on, 192; experiments of Clapeyron on
ratio \/ufor, 610 ; to be excluded from
mathematically elastic substances ?
1326, 1749; slide-modulus of, (i) p.
420, ftn.; on springs with alternate
dises of iron and vulcanised caout-
choue, 851; experiments on elastic
fore- and after-strain of, 1161

Carbon, influence of, on strength of cast-
iron, 1047 (c¢); how amount varies
with repeated meltings of cast-iron,
1100; is not sole cause of difference
between elastic properties of iron and
steel, (i) p. 736, ftn.

Castings, stronger at the periphery than
the core, 974 (¢); influence of size on
relative strength, 1045; effect of dead
head, 1038 (f), 1050, 1060

Catenaries : see Strings

Cauchy, References to reports on Saint-
Venant’s torsion memoir, 1; reports
on Wertheim’s memoirs, noticing that
his value of the stretch-squeeze ratio
is inconsistent with rari-constancy,
787; notices that if molecules are
built-up of atoms, the Boscovichian
atomic theory does not necessarily lead
to rari-constancy, 787, 192 (d) ; a slip
of, corrected by Wertheim and Saint-
Venant, 809; his theory of elasticity
discussed, 1193, 1195; his ellipsoids,
226,1194; suggests variation of angle of
torsion across cross-section of prism,
20; on torsion of prisms of rectangular
cross-section, 25, 29; his torsion
formula wrongly applied by Wertheim,
805—6; his erroneous method of deal-
ing with flexure, 75, 816, and with
torsion, 191, on his erroneous method
of approximation in general, 1225—6;
error in his theory of impaet of bars,
204; on contour conditions for thin
plate 395—6; his general equations
for stress in terms of strain, when
there is initial stress, 129; criticism
of his deduction of stress-strain rela-
tions, 192 (a); Saint-Venant’s views
on his theory of light, 265; on double
refraction, 195, 1214; his theory of
dispersion, 1221, criticised, 549; his
researches on waves in an aeolotropic
medium referred to by Boussinesq,
1559

Cavalli, J., on the resistance of solids
subjected to impulses like the firing
of cannon (1860), 1083—92; on the
strength of stone (1861), 1184

Cement. rupture of, 169 (c): strength of,
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880 (b), before and after immersion,
ete., 1168; tensile, compressive and
transverse strengths of Portland and
Roman, 1169; strength of, ascertained
by flexure, 1170

Cerruti, on application of potential to
theory of elasticity, 338, 1489, 1626 ;
his researches on the equilibrium of
elastic solids, particularly certain pro-
blems in the stress and strain of a
solid bounded by an infinite plane
(1882), 1489

Chalcedony, attacked by rotating iron-
disc, 836 (h)

Chain Cables, first introduced by Captain
Brown, 904

Chains, Links of, general theory of,
618—21; link symmetrical about two
axes, 622; circular link (or anchor-
ring), 623-5; circular link with stud,
626—7; comparison of links with and
without studs, 628; rule as to welding,
629; oval link with flat sides, 630—2;
elliptic link with and without stud,
633—8, 640; comparison of strengths,
weightsand extensions of circular, oval
andellipticlinks, 639; absolutestrength
of chains, 641; strength of wrought-
iron chains depends on shearing stress,
879 (e); absolute strength of links of
iron and steel, 1132; break later at
less than proof load, 1136; effect of
red heat on absolute strength, 1136
testing of, 1154

Chappé, T'. F., experiments on cast-iron
elliptic arches, 1011

Chemical Composition, its influence on
elasticity, 791; how affected by re-
peated meltings, 1100; its bearing on
physical structure, 1047 (c), 1081

Chéry, graphical tables for strength of
beams, 921, ftn.

Chladni, his values for notes of circular
plates tested by Kirchhoff’s calcula-
tions, 1242—3

Chladni-Figures, mode of forming, 613;
uninfluenced when vibrating plate is
placed in electromagnetic field, 699:
see Nodal Lines, Plates, Membranes

Chree, C., on velocity of sound in rods,
437—8; on elasticity of solid earth,
567, 570; on longitudinal vibrations
of rods, 821; on some applications of
physics and mathematics to geology,
1721; on the equations of an isotropie
elastic solid in polar and cylindrical
coordinates, their solution and appli-
cation, 1722; analysis of Sir W. Thom-
son’s papers on the relations of stress
and magnetisation, 1727, ftn.; on

INDEX.

Villari eritical field in cobalt,
1736
Christoffel, on waves in aeolotropic

medium (1877), 1764

Cinnabar, molecular condition of, 861

Circular 4re, expression for normal shift
of, 585: see also Arches

Clapeyron, his formula for springs, 482;
his theorem of the three moments
(1857), 603; his theorem of elastic
work (1858), 608—11

Clapeyron’s Theorem : see Moments, Theo-
rem of three, and Continuous Beams

Clarinval, on hardness of metals (1860),
846

Clark, on iron rivets, 903; on iron plate,
902, 1121

Clausen, on form of pillars(1851),476—80

Clausius, discussion by Saint-Venant of
his views as to elastic constants, 193 ;
criticism of them by Wertheim, 819;
on after-strain, ete., 197

Clay becomes as hard and dense as rock
by great compressive stresses, 1155

Cleavage, Planes of, taken by Rankine
perpendicular to euthytatic axes—a
doubtful hypothesis—451; how related
to hardness in crystals, 839—40; po-
sition of, 849—50; doubtful if they
determine planes of elastic symmetry,
1637 ; produced by continuous shear-
ing? 1667

Cleaving, defined, 466 (a)

Clebsch, References to: his wrong limit
of safety, 5 (c), 1327, 1348 (g9)—(h),
criticised by Saint-Venant, 320; com-
bines Saint-Venant’s flexure and tor-
sion problems under one analysis, 17,
1332, Saint-Venant on, 198 (f); his
treatment of elastic constants dis-
cussed by Saint-Venant, 193; his
treatise on elasticity translated by
Flamant and Saint-Venant, annotated
by latter, 298, 1325 ; his treatment of
Kirchhoff’s Principle, 1253; on thick
plates, 1350—7, on thin plates, 1375—
85; how his treatment of plates is
related to that of Kirchhoff and
Gehring, 1292—38, 1875—9, criticism
of it by Saint-Venant, 383; on thin
rods, 1358—74; how his treatment
differs from Kirchhoff’s, 1257, 1258,
1265, 1270, 1282, 1358—9, from that
of Thomson and Tait, 1691, 1695

Researches of : on the equilibrium
of flexible strings (1860), 1322—3; on
the theory of circularly polarised media
(1860), 1324 ; his Treatise on the Elas-
ticity of Solid Bodies (1862), 1325—90
(eriticised, 1325, 1390); his posthum-
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ous Principles of Mathematical Optics,
1891; on reflection at a spherical
surface, 1392—1410; accounts of his
life and work, 1390, (ii) p. 107,
ftn.

Cobalt, effect of longitudinal stress on
magnetisation, Villari critical field,
1736

Coefficient of Optical or Photo-elasticity,
795

Coefficient of Plasticity (K), or plastic-
modulus, 247, 249, 259 ; does it vary?
1568—9, 1586, 1593: see also Plas-
ticity

Coeflicient of Restitution, or dynamic
elasticity, 209, 217, 847 ; really varies
with masses, sizes and shapes of col-
liding bodies, 1682—3

Coefficients, Elastic, names for in this
History, (i)p. 77, ftn., Tables, 445, 448 ;
Homotatic, 136, 446 ; of Pliability are
reciprocals of coefficients of Rigidity,

zometer referred to by F. Neumann,
1201 (c)

Collet-Meygret, on  bridge-structure

(1854), 1109—12; cited, 169 (e), (i)
p. 368, ftn.

Columns, best form of, discussed by

Claugen, 476—80 ; strength of wooden,
880 (a) ; cast-iron, tables and curves for
strength of, 880 (c), do not obey ordi-
nary elastic theory, 1117 (v), Hodgkin-
son’s later formulae for strength of, 973
(ef. 469, 649—50, 956), relative strength
of those with rounded and with bedded
ends, 974 (a), loss of relative strength
due to removal of external crust, 974
(¢); strength of square, triangular
and circular cross-sections, 974 (d);
on strength of long columns, 978;
empirical formulae for steel columns,
rounded and bedded ends, 978; ditto,
for wrought-iron columns, 978: see
also Struts

425; of Eatensibility (longitudinal  Combes, report on Phillips’ memoir on

and lateral, or direct and cross) and springs, 482

Compressibility, 425; Tasinomic (eu-  Combination of Strains: see Strain, Com-
thytatic, platytatic, goniotatic, plagio- bined

tatic),445; Thiipsinomic (euthythliptic, Compatibility, of given system of strains,
platythliptic, goniothliptic, plagioth- conditions for, 112, 190 (c); proved
liptic), 448; transformation of, Ran- by Boussinesq, 112, 1420, by Kirch-
kine’s use of surface of fourth order, hoft, 1279

432; in any direction expressed sym-  Compression, difficulty of experiments to
bolically, 183; for various crystals, determine squeeze-modulus, influence
1208—5; numerical values, 1212; for of buckling in long and friction in
a material with three planes of elastic short specimens, 793

symmetry, 307; for amorphic boflies, Condenser, spherical glass, strain pro-
282 (8), 808; for equal transverse duced by charge, 1318
elasticity, 308 (a); of wood donot ad-  Conductivity, electric, of iron and copper,
mit of ellipsoidal conditions, 308 (a); how altered by strain, 1647 ; rendered
for bodies possessing various types of aeolotropic by aeolotropic stress, 1740
elastic symmetry, 281—2; experimen-  Cone, very sharp, vibrations, notes and
tal methods of determining, 283, 1205 fail-point of, 1306—7; truncated, im-
—11; expressions for, in terms of pact longitudinal on, 223, duration of
initial stress, 240; effect of initial blow, maximum strain, etc., 1542—4
stress on stretch-modulus, 241; effect  Conjugate Functions, in torsion problem,
of set on cross-stretch coefficients, 194 ; 285, 1460, 1710; used to solve uni-
Lament of, 1781 (c) : see also Constants planar equations of plasticity, 1562—7,
and Moduli to solve those of pulverulence, 1566,
Cohesion, Herschel, Séguin and Sir W. 1570
Thomson endeavour to explain it by  Connecting Rod, stress produced by vi-
molecules of infinitely great density brations in, 583, by variations of pres-
and infinitely small volume attracting sure, 6812
according to Newtonian law, 865, (i)  Conservative systems of Force, 1709 (a),
p. 600, ftn., 1650; supposed by Zabo- 1716 (d)
rowski to depend on absolute con- Constants, Elastic, equality of cross-

tinuity of matter, 867 : see Molecules,
Strength, ete.

Colladon and Darier, cut steel, chalce-
dony and quartz by iron disc in rapid
rotation, 836 (h), 1538, ftn.

Colladon and Sturm, their theory of pie-

stretch and direct-slide on rari-con-
stant hypothesis, 73; controversy a-
bout, 68, 192, 193, 196, 197, 276, 301 ;
bi-constancy of iron and brass wire,
727; bi-constancy investigated by
stretching hollow prisms, 802, 1201
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(b); Wertheim’s views on uni-con-
stancy, 819; multi- or rari-constancy
of erystals, 1212, 1636; methods of
investigating bi-constancy, 1201 (a)—
(¢); no crucial test of bi-constancy
from tones and nodal lines of circular
plates, 1242—3, nor from experiments
on wires, 1271, 1273, nor from action
of cork, india-rubber and jelly, 192 (b},
610, 1326, 1749 ; Kirchhoff’s experi-
ments on steel and brass, 1271—3;
reference to other experiments, 1201
(e); the 2l-constant model, 1636,
1771—3; Sir William Thomson on
constant controversy, 1636—7, 1709
(e), 1749, 1770; 2l-constant model
as argument for multi-constancy, 1771
—32, leads no further than hypothesis
of modified action, 1773; remarks on
constants of amorphic bodies and on
bi-constant isotropy, 1799; single as-
semblage of Boscovichian atoms leads
to rari-constancy, 1802 ; double assem-
blage to either uni- or bi-constancy,
1803-—5, but certain difficulties remain
to be cleared up, 1803, 1805; views of
Brillouin and Boussinesq, 1464; F.
Neumaunn’s 36-constant medium,
1202, 1216, 1218; relations between
constants required for elastic theory
of double refraction, 1214—5 (but see
Refraction, Double); the Lament of the
21-coefficients, 1781 (c) : see also Inter-
molecular dction, Streteh-Squeeze Ra-
tio, Rari-constancy, Multi-constancy,
Coefficients, Elastic.

Continuous Beams, Bresse's work on,

532, 535; increase of strength by
building-in terminals, 574—7; Dorna
supposes beam rigid and only supports
elastic, 599—602; Clapeyron’s Theo-
rem of the Three Moments, 603, 607,
893; Scheffler’streatment, 653 ; special
cases of, 880 ; general case and special
treatment of five spans, 946; two
spans, mid-support not on same level
as terminals, 947; three spans, dom-
plete numerical treatment, 948; four
spans, complete numerical treatment,
949; general theory of, 949; Clebsch’s
treatment, uniformly loaded, equi-
spanned, 1386 (c); Thomson and
Tait’s treatment, 1696

Contractile Ether, theory of, 1787—8
Copper, thermal effect of stretching, 689,

692; thermal effect of compression,
695 ; thermo-elastic properties of, 752,
754, 756 ; after-strain and tempera-
ture, 756 ; ratio of kinetic and static
dilatation- and stretch-moduli, 1751 ;

INDEX.

thermal effect on stretch-modulus, 752,
on slide-modulus, 690, 754, 1753 (b);
effect of tort on slide- and stretch-
moduli, 1755; no magnetic influence
on strain of wire observed, 688; effect
of electric current on absolute strength
of wire, 1187 ; effect of strain on
thermo-electric properties, 1642—6;
electric conductivity altered by stretch,
1647 ; slide-, stretch- and dilatation-
moduli of, 1817 ; stretch-modulus of,
743, by transverse vibrations, 771, how
related to density, (i) p. 531; tensile
strength of, 1166, (i) p. 707, ftn. ; hard-
ness of, (i) p. 592, ftn., (i) p. 707, ftn.,
836 (b) ; ductility, etc., (i) p. 707, ftn.;
nature of rupture, 1667 ; rotating wheel
of, used to cut glass, 1538, ftn.; stays
for boilers, strength of, 908

Cord : see String

Core, introduced by Bresse, 515, 533 ;
discussed by Rankine and applied to
structures, 465 (e)

Coriolis, on longitudinal impact of bars,
204

Cork, 1749

Cornelius, C. S., on the constitution of
matter (1856), 868

Cornu, his experiments on the stretch-
squeeze ratio and the value of elastic
constants referred to, 235, 269, 282,
284, 1201 (¢)

Coromilas, experiments on stretch-moduli
of gypsum and mica, 1210

Corundrum, cut by quartz sand, 1538, ftn.

Coulomb, comparison of Saint-Venant’s
and his torsion results, 19 ; cited, 800;
on his theory of the thrust of a pulve-
rulent mass, 1609, 1620, 1623

Cox, Homersham, on impact, 165; his
method of dealing with impact con-
sidered by Saint-Venant, 201; his hy-
pothesis for the transverse impact of
bars, 344, 366, 368—371; his hypo-
thesis demonstrated generally by Bous-
sinesq, 1450—5; on the mass-coeffi-
cient of resilience, 1550, ftn.; on
trussed cast-iron girders, 1015

Craig, W. G., on india-rubber railway
springs, 969 (b)

Crane, wrought-iron tubular, 909, 960

Crank, stress in, 681

Cresy, on punching, 1104

Cross-sections of bars remain plane,
difficulty of supposition, in problems
of impact, 414, in treatment of rods,
1687, 1691

Crushing, defined, 466 (a); of cast-iron,
1100: see Strength, Crushing, Iron,
Stone, ete.
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Crystalline Axes, differ for each physical
properiy : see Axes

Crystalline Form, how related to elas-
ticity, 791, 1056

Crystalline State, of iron, 861, 970, 1185;
produced by vibrations, 1189; hin-
dered by impurities, 1189

Crystalline Structure, produced in pow-
ders and soft solids by stress, 864;
produced according to Mallet by pas-
sage of heat through body, 1056; is
the cause of difference between iron
and steel, how changed by tempering
and annealing, (i) p. 736, ftn.; pro-
bably that of most isotropic bodies,
but macled, 1799

Crystallisation, Confused, 115, 192 (d);
Cauchy’s hypothesis as to, 192 (d);
Sir W. Thomson on, 1799

Crystals, problem of their classification
by elastic constants, 451, of monoclino-
hedric system, relationship of their
various physical axes, optic, acoustie,
thermal, diamagnetie, electric and of

hardness (Angstrém’s experiments on
gypsum and felspar), 683—7, 1218—9
and ftns.; directions of various physi-
cal axes do not coincide with those of
elasticity, or with each other, 684,

686; Angstrém holds that elastic axes
of this system of crystals are not rect-
angular, 687 ; optical axes do not in
regular crystal coincide with elastic
but change with pressure, 788, with
temperature, 1218, ftn., 1229 (d)
Bffect of pressure in alteringdouble-
refractive power of rocksalt, fluorspar
and alum, 789 ; why they exhibit no
rotatory power in magnetic field, 698
(iv); hardness of, how related to planes
of cleavage, 839—40; how shape of,
is influenced by change of temperature
1197, 1211 ; stress-strain relations for
various types of, 1203, 1639 ; effect of
uriform pressure on regular and rhom-
bohedral crystals, 1205 ; stretch-modu-
lus of regular, in any direction, 1206
—T7 ; stretch-squeeze ratio of regular,
1208; alteration of angles between
faces of regular, due to traction, 1209 ;
stretch-modulus  for rbombohedral
erystals, 1210 ; change of facial angles
of rhombohedral, due to surface pres-
sure, 1211, relation to thermal effect,
1211; elastic constants of rocksalt,
fluorspar, ete. 1212; distinction be-
tween crystallographic, elastic and
optical erystals, 1212, ftn., 1215 ; Neu-
mann’s theory of change of optical

501

axes with temperature and pressure,
1220; Sir W, Thomson on axes of
crystals, 1637, on regular crystals,
1639, 1780, on principal elasticities of,
1762; .artificial twinning of, 1800 and
ftn.

Cubitt, J., experiments on deflection of
Warren girders, 1012

Curvature, geometrical, of rods discussed,
1669, of surfaces, anticlastic and syn-
clastic, 1671

Curvilinear Coordinates, expression for
Laplacian V2in termsof, (i) p. 374, ftn. ;
uni-constant equations of elasticity in
terms of, 673

Cyboid aeolotropy, Rankine on, 450 (v) ;
Sir W, Thomson on, 1775

Cylinder, solid, under combined torsion
and flexure, 1280

Cylinder, hollow, subjected to surface
pressures, when its material has cy-
lindrical elastic distribution, 120 ;
conditions for longitudinal or lateral
failure, 122; when elastic distribution
is ellipsoidal, 122 ; subjected to inter-
nal pressure rupture first on inside,
1055, 1082 ; bursting of, under external
and internal pressure, 858—60: of
steam-engines, formulae for strength
of, 900; when unequally heated, 962,
645 ; resistanceto hydrostatic pressure,
experiments on, 1038 (c); rupture of
cylindrical belts, 1044 ; five erroneous
formulae for resistance of, to internal
pressure, 1069, a sixth, 1080

Cylindrical Coordinates, equations of
elasticity in terms of, (i) p. 79, ftn.

Cylindrical Shell, Love and Basset on,
1296 bis

Daglish, J., on strength of wire ropes
and cables, 1136

Dahlmann, B., on absolute strength of
certain kinds of iron and steel, 1122

D’Alembert, on statically indeterminate
reactions, (i) p. 411, ftn.

Dalton, elastic properties of iron and
steel due to nature of erystallisation,
(i) p. 736, ftn.

Darier and Colladon, on rotating iron
disc attacking steel, chalcedony and
quartz, 836 (k), 1538, ftn.

Darwin, G. H., on elasticity of solid
earth, 567, 570, 1719—26; on the
stresses in the interior of the earth
caused by the weight of continents and
mountains (1882), 1720; on the
dynamical theory of tides of long
period (1886), 1726 ; on the horizontal
thrust of sand (1883), 1609; Boussi-
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nesq on his experiments, 1609—11,
1623

Davies, on beam of strongest cross-
section, 951, 1023 ; on wrought and
cast-iron beams, 1023

De Clercq, on the distorted form of the
bracing bars of lattice girders, 1026

Decomble, experiments on the rupture of
cast-iron beams, 1024

Dehargne, on galvanisation of iron-wire
for suspension bridges, 1096

Delanges, on statically indeterminate
reactions, (i) p. 411, ftn.

Deloy, confirms experimentally Phillips’
theory of springs, 596

Density, how related to elasticity, 791 ;
to streteh-modulus, 741 (a), 759 (e),
772; to hardness, 1043; to tenacity,
891 (a), 1039 (a), 1047 (a), 1050 ; how
it influences ratio of transverse to
absolute strength in cast-iron, 1086 ;
decreased by wire-drawing,cold-rolling,
etc., 1149 ; indicates ‘ quality’ of iron
but not of steel, 1149 ; how affected
by head and bulk of casting, (i) p. 707,
ftn.; produced in bodies by enormous
compressive forces, 1155

Desplaces, on bridge-structure, 1109—12;
cited, 169 (e), (1) p. 368, ftn.

D’ Estocquois, on molecular attraction in
liquids, 863

Diamagnetism : see Magnetism

Diamond, and graphite, relation of den-
sities and elasticities, 791 and ftn.;
squeeze-modulus of, 797 ( f); hardness
of varies with direction, 836 (d) and ()

Dielectric Polarization, strain due to,
considered by Kirchhoff, 1318—21, es.
pecially, 1318

Dienger, his contribution to theory of
elasticity (1854), 549

Dictzel, on elasticity of vuleanised
caoutchoue, ete., 1161

Diffraction, Boussinesq on, 1477

Discontinuity, remarks on, in mathe-
matieal and physical problems, 1511

Dispersion, Cauchy’s theory of, rejected
by Dienger, 549; is not sensible in
artificial double-refraction, 796; of
the optic axes, 1218 and ftn., 1229 (d);
in uncrystalline media, references to
theory of F. Neumann, of Cauchy
and of O’Brien, 1221; Boussinesq on,
1465, 1481; in metallic reflection,
1782 (b)

Dissipative Function, 1743—4 and ftn.

Donkin, his equation for transverse
vibrations of rods more general than
Seebeck’s, 471; mis-cites Seebeck,
472

INDEX.

Doolittle, 1., on Barnes’ discovery as to
iron cutting steel, 836 (h)
Dorna, A., on statically indeterminate
reactions, 599—602
Double-Refraction : see
Double

Doyne, criticises Hodgkinson’s beam of
strongest cross-section, 1016, 1119

Drum-head, irregularly stretched, equa-
tion for vibrations of, 1800 (c)

Ductile, defined, 466 (vi), 1742 (c);
coefficient of ductility = after-strain
coefficient, 739 : see also Plasticity

Dufour, L., on changes in absolute
strength of wires produced by long-
continued transit of electric currents,
1187

Duhamel, his priority as to thermo-
elastic equations, 1196

Duleau, his experiments on bars of
circular and square cross-section, 31,
191

Dunn, T., on chain cable and timber
testing machines (1857), 1154

Duportail, 4. C. Benoit-, theory of rail-
way-axles (1856), 957—9

Dupuit, on thrust on points of support
of beam under flexure, 940

Refraction,

Earth, Figure of, Lamé’s and Resal’s
investigations, 561—70; elastic equi-
librium of spherical crust of a planet
spinning about a diameter, under
action of mutual gravitation of parts
and with external and internal pres-
sures (Resal’s Problem), 562; shifts
and stresses due to pressures and
gravity, application to case of earth,
563—7; shifts due to spin, 568—70;
times of oscillation of gravitating
liquid sphere of density and size of
earth and of steel globe of size of
earth under ellipsoidal deformation,
1659

Earth, Rigidity of, solid elastic, 1663,
value of ellipticity, 1664 ; earth cannot
be thin shell enclosing liquid mass,
1664, 1738—9; effect of elastic yielding
on precession and nutation, 1665 ; ir-
regularity of earth as time-keeper,
1665; does it yield to solid tides? 1719,
1738—9 ; force-function due to mutual
gravitation, centrifugal acceleration,
and attractions of sun and moon,
1721; shifts due to mutual gravita-
tion, 1722; shifts due to spin and
tide raising influences, 1722; unless
earth be incompressible, strain at
surface would be immense, 1723;
difficulties of incompressibility of
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earth, 1723, of its isotropy, 1723 (i),
of Thomson’s and Darwin’s investi-
gation, 1723 (i); ellipticity due to
tidal action, 1723 (iii); parts due to
rigidity and to gravitation, 1724 (a)—
(¢); numerical values for steel and
glass globes of size of earth, 1724 (d);
effect of solid earth tide on super-
ficial water-tide, 1725; attempt to
determine effect by tidal observations,
1725—6; improbability of evaluating
effective rigidity of earth from tidal
data, 1726 (4°)

Earth, Stability of loose, Lévy, Saint-
Venant, Boussinesq and Rankine on,
242; Rankine’s treatment of, 453;
Holtzmann’s, 582 (b); Boussinesq’s,
1570—1625: see for full references
Pulverulence

Earth, Talus, slope of natural, tables
for various kinds of, 1588

Earthenware pipes, strength of, 1171;
empirical formula for, 1172

Ease, State of, 4 (v), 5 (a), 164, 709—10,
749, 767; for cast-iron, 896, 1084:
see also Elastic Limits.

Easton and Amos, their experiment re-

, ferred to, 164

Ecrouissage, defined, 169 (b)

Edge, of elastic solid, if re-entering
ought to be rounded off to prevent
weakness, 1711

Elastic Curve of Bernoulli, forms of,
traced by Thomson and Tait and by
Saalschiitz, 1694 and ftn.

Elastic Equivalence of statically equi-
pollent loads: see Loads

Elastic Life of materials, Kupffer’s
scheme for investigating, 731; under
slowly increasing load, 1144

Elastic Limits, distinetion between
physical and mathematical, 1742 (a);
how affected by application and re-
versal of load, 709—10, 749, 767;
Morin’s erroneous views on, 878; in
cast-iron, 895—6, 1084; in steel,
1134; in wood, 1157; Clebsch on,
1326 ; discussion of, by Thomson and
Tait, doubtful assumption that a sclid
flows or ruptures when elastic limit is
reached, 1720; Sir W. Thomson on,
1742 (b); limits to sliding strain dis-
cussed, 1742 (d): see also Ease, State
of, Fail Point, Stress-strain Relation,
linearity of, ete.

Elastic Line, when flexure is not small,
172; elementary proof of equations
to, due to Poncelet, 188; at built-in
ends of beam or cantilever has abrupt
change of slope, 188; for initially
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straight lamina, 1694; for rods of
double curvature, 291: see Rods,
Wires, Beams, ete.

Elastic Moduli : see Moduli

Elastic Solid, probable molecular strue-
ture of, 1799 ; when subject to special
types of surface-load or of body-force:
see Solid, Elastic

Iilasticity, as a mode of motion, gyro-
static theory, 1784—6 ; modern theory
of, originated according to F. Neumann
and others in the inability of hydro-
dynamical equations to explain Fres-
nel’s new theory of light, 1193;
Rankine’s distinction between fluid
and solid elasticity, invalid as deduced
by him, 423—4, 1448; short history
of, by Saint-Venant, 162;

how influenced by working, 732 ; of

cast, rolled and forged bodies, effects of
working on elastic homogeneity, 115;
its dependence on density, chemical
constitution and crystalline form, 791 ;
little influenced by set, 1084

Elasticity, perfect, definition of, 1709 (b),
1742 (a); linear as distinguished from
perfect, (i) p. 9, ftn.; limit of linear,
164; relation to temperature, 1709 (b),
1742 (a); is not identical with range
of Hooke’s Law, 1742 (a)

Elasticity, Axes of : see Azes

Elasticity, Character of, (distribution of
homogeneity) symmetrical about three
planes, 117 (a); isotropic in tangent
plane to surface of distribution, 117
(b); for amorphic body, 117 (c); for
rari-constant amorphie body, 117 (d);
ellipsoidal distribution, 117 (c): see
also Ellipsoidal Distribution

Elasticity, Distribution of, round any
point of a solid, 126, 127 et seg., 135;
symbolical method of treating, 198 (¢);
Rankine on, 443—52

Elasticity, General Equations of, have
unique solution, 6, 10, 198 (b), 1198,
(proof for crystal?) 1199, 1240, 1255,
(if equilibrium stabl? 1278, 1331,
1661—2; form of, deduced, from
molecular considerations, 228, on
rari-constant lines from molecular
potential, 667—72, 1195, by Navier’s
method, 1195, by Poisson’s and
Cauchy’s methods, 1195, deduced from
strain-energy by principle of virtual
morents, 1235, discussed by Thomson
and Tait, 1709; in curvilinear co-
ordinates, 118, 673; in cylindrical
coordinates, (i) p. 79, ftn.; in spherical
coordinates, (i) p. 79, ftn.; expressed
symbolically, 134; solutions of, by
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Rankine, 442, by Popoff in cylindrieal
coordinates, 511—2, in uniplanar
polar coordinates, 1711, 1717 (ii), by
Thomson and Tait, 1715—86, in po-
tential forms, 1628—30, method of
removing body-forces from, 1653,
1716

Elasticity, Generalised Equations of,
with initial stress, with large shifts,
190 (a)—(c); involving initial state of
strain, 237; on rari-constant lines,
retaining shift-fluxions of high orders,
234, of fourth order, 549 ; when strain
is not small, C. Neumann, 670, 1249;
Sir W. Thomson, 671, 1661, 1249;
when strain depends on speed of
straining motion, 1709 (@) ; when shiff
is large, obscure treatment of Kirch-
hoff, 1244—8; when squares and pro-
ducts of shift-fluxions are not negli-
gible, 234, 1443—6

Elasticity, General Theory of, Saint-
Venant, 4, 72, 190, 224 ; ¥. Neumann,
1194; Kirchhoff, 1277—9; Clebsch,
1326 ; Sir W. Thomson, 1661, 1709,
1756—65, 1767

Elasticity, Principal, defined, 1761;
six values for aeolotropic solid, 1761 ;
values for cubical aeolotropy, isotropy,
ete., 1762

Elastico-kinetic Analogy, 1267, 1270,
1283 (b) and (c), 1364, 1694

Electric Current, influence if long con-
tinued on absolute strength of wires,
1187; how affected by torsion of con-
ducting wire or tube, 1740

Electricity, distribution of, on dise, ete.,
1510 (c); elastic analogue to, 1630;
Sir W. Thomson on relation to ether
and ponderable matter, 1815—6

Ellipsoid, of optical elasticity, 1218
and ftn., 1483; Cauchy’s, 226, 1194 ;
Lamé’s, 1194, in tangential coordi-
nates, 1326; Clebsch’s treatment of,
1348 (.

Ellipsoidal Conditions, 198 (e); in terms
of thlipsinomie coefficients, 311 ; sup-
posed by Rankine to hold for all
homogeneous substances, 430; hold
for initially stressed isotropic bodies,
1470, 1474; vibrations in medium
obeying, 1559; annul weblike aeolo-
tropy, 1776 (c); adopted for drawn or
rolled metals, stone, ete., 282 (8);
for amorphic bodies, 117 (c), 230;
application of potential of second kind
to elastic equations when these con-
ditions hold, 140, 235; reduce tasi-
nomice quartic to ellipsoid, 139; hold
for amorphie solids, for forged, drawn

INDEX.

or rolled materials, 142; proof of this
on rari-constant lines, 143; identical
with Cauchy-Saint-Venant conditions
for double-refraction, 149 ; applied to
wood, 152, but do not hold, 308 (b});
strain-energy under, 163

Ellipsoidal Harmonics, properties of
proved by Painvin, 544

Ellipsoidal Shell, vibrations of, 544—8,
cannot be entirely dilatational, 548;
bursting of glass globes in form of,
857

Ellis, W. M., experiments on strength
of various metals (1860), 1166

Emerson’s Paradox, 174

Energy, Conservation of, assumptions
made in usual proofs of, 303 ; intrinsic
of body, defined, 1631; potential, of
strained solid : see Strain-Energy

Enervation, defined, 169 (b); 175

Egquations of Elasticity : see Elasticity,
General Equations of

Erdmann, O. L., on molecular state of
tin as affected by vibrations, 862

Ether, Luminiferous, number of its elas-
tic constants, 145—9, 452, 1214;
elastic jelly theory of, 1213—21;
Cauchy, F. and C. Neumann, Lamé
and others on, 1214—86, 1274; under
pressure, 1215; fixed at an infinite
distance, 1215 ; initial stresses in ether
of crystal, 1216—7; MacCullagh’s
views on, 1274; Kirchhoff’s views
on, 1274, 1301 ; Clebsch really makes
rariconstant, 1391; fized at surface of
totally reflecting body by Clebsch,
1393 ; treated as an initially-stressed
isotropice solid by Boussinesq, 1467-—
74; Sir W. Thomson’s views on
(1884), 1766, illustrated by cobbler’s
wax and glycerine, 1766 and ftn.,
1781 (b); difficulty as to transit of
molecules through, 1781 (b); hypo-
thesis of aeolotropy of density of, in
erystals, 1781; contractile, used by
Sir W. Thomson and Glazebrook to
explain reflection, refraction, double-
refraction, dispersion, ete., 1787—S8;
gyrostatic models of, 1806—7, 1816;
equations of motion of ideal, 1811,
compared with those of stressed jelly,
1809--12; relation to electricity and
ponderable matter, 1815—6

Euler, on problem of plate, 167; on
statically indeterminate reactions, (i)
p. 411, ftn.; his formula for transverse
vibrations of loaded bar, 759 (a); his
formula for buckling load of struts,
974 (b) and (d), 977, 979

Euthytatic Azes, 446, taken by Ran-
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kine as basis for classifying crystals,
451

Ewverett, his experiments on stretch-
squeeze ratio referred to, 1201 (e)

Ewing, on coefficient of induced mag-
netisation cited, 1814; on relation of
strain and magnetisation cited, 1321,
1729, 1731, 17357

Expansibility, Coefficient of, by heat,
for brass, 730, 823

Eaxtinctivity, 1782

Extraneous Forces: see Stress, Initial

Fabian, C., on extensibility of alumi-
nium, 1163

Fabre, concludes from experiment that
central line of a beam under flexure is
really stretched, 941

Factory Chimneys, stability of, 463

Fagnoli, G.., erroneous treatment of
problem of body resting on more than
three points, 509

Fail-Limit : see also Fail-Point, general
equation for, 5 (d)—(e); experimental
determination of relation between
shearing and tractive, 185; in case
of combined strain, 183 ; modified for-
mula for, 321 (¢)

Fail-Point=(Poncelet’s point dangereuz),
5 (e); in case of torsion it lies near-
est to axis of prism, 23; relation to
Yield-Point, 169 (g); for flexure, 173,
177 (a), not necessary at point of great-
est stress, C. et A, p. 9 (b) and (¢);
of feathered axis, 177 (c); for torsion,
181 (¢); for a cantilever, 321 (d); of
uniformly loaded beam, C. et A, p. 12

Failure, to be measured by strain rather
than by stress, 1327, 1348 (g)—(%),
1386 (b); difficulties of maximum stress
difference adopted as limit by Thomson
and Tait and by Darwin, 1720; on
maximum stretch limit to safety,
1742 (b)

Fairbairn, Sir W., on collapse of globes
and cylinders, and strength of glass
(1859), 853—60; on useful metals
(1857), 891; his * Useful Information
for Engineers’ (1855—60), 906—10;
on tubular cranes, 960; on application
of iron to building purposes (1854),
911 (a); on iron ship building (1865),
911 (b); on collapse of tubes and flues
(1858), 980—5; on repeated loadings
of a plate girder (1860), 1035 ; on effect
of repeated meltings on cast-iron
(1852), 1097—1100; on tensile strength
of wrought-iron at various tempera-
tures (1856), 1115; on densities pro-
duced by enormous compressive forces

T. E. PT, IL.
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(1854), 1155; on solidification of
bodies under pressure (1854), 1156;
on strengih of mixtures of cast-iron
and nickel (1858), 1165; on strength,
rupture-surface, ete. of stone (1856),
1182 ; on punching resistance, 1104

his experiments on strength of
plates rejected by Mallet, 1066, dealt
with by Morin, 879 (d), by Love,
902; on effect of repeated meltings on
cast-iron by Hawkes, 1101

Fatigue of Metals, 169 (g), 970; Sir W,
Thomson’s sense of term, 1748

Felspar, axes of, optic, acoustie, thermal,
diamagnetic and electric, 686 ; hard-
ness of, 686, 840

Films, translucency of thin metallic,
Sir W. Thomson’s discussion of,
1782 (¢)

Fink, on increased resistance of wooden
beams to flexure when subjected to
traction, 918; on formulae for the
flexure of bridges, 1036

Finley, J., builds first suspension-bridge
(1796}, (i) p. 622, ftn.

Fire-Boz, strength of, 908

Flamant, pupil of Saint-Venant, 416;
translates Clebsch with Saint-Venant,
298 ; writes memoir on longitudinal
impact with Saint-Venant, 401; on
absolute strength, (i) p. 117, ftn.; is-
sues posthumous memoir of Saint-
Venant, 410—4; publishes with Bous-
sinesq a notice of Saint-Venant, 415;
gives an account of Phillips on springs,
508; throws Rankine’s researches on
loose earth into geometrical form,
1571; his discussion of pulverulence,
1571; his application of Boussinesq’s
theory of pulverulence, 1606, his ap-
proximate formulae for that theory,
1611 ; his numerical tables for thrust
of pulverulent masses, 1625; his 7é-
sumé of Boussinesq’s theory, 1610

Flaws, Ritter’s error as to, 916 (b); Lar-
mor on, 1348 (f); case of rotten core
in torsion, 1348 (f), 1430

Flezure, list of authors dealing with
subject before Saint-Venant, 70; his-
tory of problem, 315

Saint-Venant’s treatment: some
results for, given in Torsion Memoir,
12; when load plane is not one of
inertial symmetry of cross-sections of
prism, 14, for prisms of rectangularand
elliptic cross-sections, 14; distortion
of cross-sections, 15; of prisms, Saint-
Venant’s chief memoir on, published,
69 ; strength of beams under skew, 65,
171 (a) ; Bernonlli-Eulerian formulae

o
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for, 71, 80; Poisson and Cauchy,
erroneous theory of, 75 ; general equa-
tions of, Saint-Venant’s assumptions,
77—179, 190 (d) ; integration of general
equations, 82—4 ; errors of Bernoulli-
Eulerian theory, 80, 170, 1349 ; limited
nature of load-system admitted by
Saint-Venant, 80—81; form of dis-
torted cross-sections, 84, 92 and
frontispiece to Part (i); total deflec-
tion, 84; treatment of special cases,
85; cross-section an ellipse, 87, 90 (i):
a circle, 87, 90 (ii): a false ellipse, 60,
88: a rectangle, 62, 93—6 ; deflection
when slide is taken into account, 96;
distortion of cross-section, 97; of prism
with any eross-section, 98; comparison
of Saint-Venant’s and the ordinary
theory of flexure, 91; elementary proof
of formulae, 99; load not in plane of
inertial symmetry of cross-section,171;
position of neutral line and ‘devia-
tion,’ 171; elastic line, when flexure
not small, 172; rupture by, and fail-
point in case of, 173; of beam of great-
est strength, 177 (b); when stretch- and
squeeze-moduli are unequal, theory of
rupture, 178; elementary discussion
of, 179; combined with torsion, 180,
183, for circular section, 1280, for
elliptic section, 1283; approxzimate
methods for flexural slide, 183 (a);
producing plasticity, 256

Clebsch’s treatment: 1382—47, he
criticises Bernoulli-Eulerian theory,
1349; Morin’s superficial treatment,
881 (a)—(b); Roffiaen’s treatment of,
925, 1090; unpublished memoir on,
by Wertheim, 820; Kupffer’s first me-
moir on, 747, his doubtful formulae
in case of loaded rod, 759 (e), criticised
and corrected, 760—2

‘Circular’ flexure, dealt with by
Saint-Venant, 11, 170, by Thomson
and Tait, 1712; flexure of rods or
ribs with curved but plane central
line by couples, 677—9; initial form
of bar, which will become straight
under flexure, 919 ; resilience of, 611;
rupture under Saint-Venant’s theory
(178) applied to cast-iron, 1053 ; rup-
ture of cast-iron girders, 1081 ; flexure
of girders under not accurately trans-
verse loading, 1036; experimental de-
termination of stretch-modulus by,
728—9, 1289—90; wooden bars under
flexure have increased strength if sub-
jected to traction, 918; effect of re-
peated flexural loading on bars, 992,
on railway axles, 998, 1000—3, on

INDEX.

girders, 1035; stress-strain diagrams
for flexural loading, 1084

Flexural Rigidity, C. et A. p. 8, 1687
and ftn.; determined for plate of
isotropic material, 1713

Flezural Set: see Bent

Florimond, on brittleness produced in
brass by sudden changes of atmo-
spheric temperature, 1188

Flow, of ductile solid, 233, 1667 : see
Plasticity

Flue, elliptic dealt with by Bresse, 537,
by Macalpine, 538, by Winkler,
642—5 ; formulae for collapse of boiler-
flue, 980—5; empirical formulae based
on Fairbairn’s experiments and due
to Grashof and Love, 986—7 ; strength
of, deduced from ring, 1554—5: see
also Tubes

Fluid, nature of stress in, 582 (a);
elastic analogue to the stretching of,
1709, ftn.

Fluid Action, as factor of intermolecular
force, 424, 429, 431, 1448

Fluidity, hypotheses as to, 1464 ; coef-
Jicient of, with Rankine =\ -pu, 424;
with Kupffer = after-strain or vis-
cosity constant, 734, 738—9, 748—9

Fluor Spar, double refractive power
under compression, 789 (b) ; hardness
of, 836 (d), 839; elastic constants for,
1212

Fly-wheel, danger of certain speeds for,
359 and ftn.; stress due to spin in,
646 ; influence of spokes, 647; full
theory, 584—8

Forbes, G., on rupture of glaciers, 1667 ;
as poet, 1781 (c)

Force, analysis of, as applied to elastic-
medium, isorrhopic and rhopimetric
axes for, 455—7; removal of body-
force from elastic equations, 1653,
1716; Saint-Venant on, 294 ; Bous-
sinesq on, 1463

Forcive, circuital, defined, 1810 ; discus-
sion of, in jellies, 1813—4

Forgings, much weaker when large than
original iron, 1128

Fourier, on waves of transverse vibration
in infinite plate, 1462, in infinite bar,
1534

Fowke, F., experiments on strength, set
and elasticity of various woods (1856
—67), 1158—9

Fracture, nature of, classified by Ran-
kine, 466 (a); of hard and soft bodies
by Torsion, 810, 1667; of cannon
under internal pressure, 810, 1055 ;
in brittle and in viscous solids, 1667,
1720 ; general remarks on, 1720; of
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cast-iron, copper, zine, tin and alloys,
(i) p. 707, ftn., 1099, 1100; whether
¢ crystalline’ or ‘fibrous’ and how
such may be produced, 1143 ; effect of
concentration and distribution of
stress in determining nature of
fracture, 1143: see also Rupture,
Stone, Iron Cast, ete.

Framework, Ménabréa’s principle of
minimum work of elastic stresses,
604—6; Ritter’s method, 915 (b);
supernumerary bars, single node load-
ed and attached to any number of
fixed points, 1387 ; case of nodes in
bars themselves, 1388 ; isosceles truss
with vertical strut, 1388 ; experiments
of Morin to test stresses in, given by
theory, 881 (c); wooden, C. et A. p. 5,
925, 1022 : see also Girders, lattice,
ete.

Frankenheim, among first to give valu-
able results for hardness (1829), 836

9)

Franz, R., on the hardness of minerals
and a new process of measuring it
(1850), 837—40

Fresnel, on artificial double refraction,
793 (iii) ; his researches on light con-
sidered by F. Neumann to be starting
point of modern elastic theory, 1193 ;
Cauchy-Saint-Venant conditions for
his wave-surface, 148-—9; his laws
of double refraction deduced by F.
and C. Neumann and by Lamé from
elastic jelly theory of the ether, 1214
—6 ; his laws deduced by Boussinesq,
(Ist theory) 1472—4, (2nd theory)
1476, (3rd theory) 1481, 1483 ; by Sir
W. Thomson from eyboid aeolotropy,
1775 ; his laws do not follow from
hypothesis of aeolotropy of density,
1781 (a) ; deduced by Sir W. Thomson
from theory of initial stresses, 1789—
96 : see also Refraction, Double

Friction, fluid, equations for, given by
Poisson (1831), Saint-Venant (1843),
and Stokes (1845), 1744

Priction internal of pulverulent mass,
1587, slope of natural talus for various
sands and earths, 1588; in sand,
1609 : see also Pulverulence

Friction of solids, 1744: see also Vis-
cosity

Friction, rolling, explained on theory of
elasticity, 156

Frolich, his views as to rays referred to
by Kirchhoff, 1311

Frost, influence on absolute strength of
iron, 697 (c), 1148

Fuchs, on crystalline forms of diverse
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kinds of iron and steel, (i) p. 736,
ftn.

Fusinieri, on statically indeterminate
reactions, (i) p. 411, ftn.

Fusion, its influence on hardness, 1042

Galopin, on double refraction, 154

Galvanisation, its influence on strength
and duectility of iron wire, 1096 ; does
not increase strength of certain iron-
plates, 1145 (iii)

Gaudet, on steel, 897

Gauss, his theorem as to inextensible
surface proved by Boussinesq, 1461

Gay-Lussac, on magnetisation produced
by vibration, 811

Gehring, on aeolotropic plates (1860),
14115 ; comparison of his researches
with Kirchhoff’s, 1292—3 ; cited by
Clebsch, 1375, 1412—3

Gems, tested by hardness, 836 (c)

General Equations of Elasticity: see
Elasticity, General Equations of

Generalised Hooke’s Law : see Hooke’s
Law and Stress-strain Relations

Geological Problems, application of
elastic theory to, 1577 with 1583,
1664—5

Germain, Sophie, on plate problem, 167 ;
criticised by Kirchhoff, 1234

Gilbert, vibrations, regular or irregular,
develop magnetisation, 811

Girders, stress in bars of braced, 651,
1004—6, 1027 ; wrought-iron plate,
953 ; economic form of, 952 ; relative
strength of cast- and wrought-iron,
954, 1008 ; Warren, 1012 ; deflections
due to impact, temperature, ete., 1013;
repeated loading of plate-girder, 1035;
theory of braced girders, 1022; form
assumed by bracing bars under strain,
1017, 1026, 1028

lattice, compared with plate, 1017,

1019, 1021, 1026, 1027, 1028—30 : see
also Bridges, Beams, Arches, ete.

Giulio, his results for helical springs
reached by Thomson and Tait, 1693

Glacier, nature of rupture, 1667

Gladstone, T. M., on superiority of
malleable to cast-iron girders, 1008

Glass, thermal effect of compression,
695; thermo-elastic properties of,
752; effect of compression on electro-
magnetic rotatory power of crown and
flint, 698; double-refractive power
under compression, 786 ; after-strain
in threads of, (i) p. 514, ftn. ; crushing
and tensile strengths of flint, green
and crown, 855—6; crushing strength
of cubes of, 856 ; ratio of tensile and

33—2
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compressive strengths, etc., in bars
and plates of, 859; compressibility
of, 1817; slide-, stretch- and dilatation-
moduli of, 1817 ; ratio of kinetic and
static dilatation- and stretch-moduli,
1751; resistance of cylinders and
globes of, to external and internal
pressures, 857

Glazebrook, criticises Saint- Venant's
views on light, 147, 150; his Report
on Optical Theories, referred to, 1221,
1229, 1274, 1301; explains double-
refraction, dispersion, ete., by con-
tractile ether, 1788

Globes : see Spherical Shells

Gobin, experiments on pulverulent
masses, 1610—11, 1623

Gold, thermo-elastic properties of, 752;
after-strain and temperatare in, 756 ;
stretch-modulus of, 772, (i) p. 531,
82)4; hardness of, (i) p. 592, ftn., 836
(

Gore, on electro-torsion (1874), 1727

Gough, his results for india-rubber con-
firmed by Joule, 693

Goug)h-Eﬁect, in india-rubber, 693, 1638
(iv

Gouin et Cie, experiments on rivets, 879
(d), 903, 1108; on steel, 897; on
iron-plate, parallel and perpendicular
to direction of rolling, 1108, 1121,
cited, 1104

Grailich, J., his sklerometer and de-
termination of hardness of Iceland
spar (1854), 842—4

Granite: see Stone

Graphical Tables, for strength of ma-
terials, 921 and ftn.

Graphite, relation of its elasticity and
gensity to those of diamond, 791 and
tn.

Grashof, criticises Scheffler on struts,
etc., 653; on combined strains, 924 ;
on increase of strength of beams due
to building-in terminals, 943—4;
criticises Scheffler’s treatment of this
topic, 944 ; on strength of thread of
screws, 966; his empirical formulae
for Fairbairn’s results for tubes, 986

Gravitation, value to be measured by
transverse vibrations of a vertical and
loaded rod, 742 (b); attempt to
explain cohesion by aid of law of,
865, 1650

Gray, F.,on Tredgold’s formula for cast-
iron cylinders, 962

Green, his theory of light, referred to
or criticised, (i) p. 26, ftn., 1274;
his conditions for propagation of
light, 146; his theory of double

INDEX.

refraction criticised, 147, 193, 229,
265, 1473
on initial stresses (‘extraneous
pressures’), 130, 147; criticised by
Sir W. Thomson, 1779, 1782; used
by Sir W. Thomson to explain double
refraction, 1789—97
his form of strain-energy, demon-

strated by Sir W. Thomson, 1632
his strain-energy function deduced by
rari-constant theory and Lagrange’s
process, 229; on a possible modifi-
cation of its form, (i) p. 202, ftn.;
Saint-Venant accepts his reduction of
36 to 21 constants, 116; criticism of
his deduction of stress-strain relation,
192 (a)

Green’s Theorem, (in analysis) used by
Kirchhoff, 1312

Greenhill, on elastico-kinetic analogue
referred to, 1267

Gun : see Cannon

Gun-metal : see Bronze

Gutta Percha, thermal effect in, 689,
692 ; bursting of tubes of, 1160

Gypsum, optical axes of, (i) p. 472, ftn.,
change with temperature, 685, 1218—9
and ftn., 1229 ; dispersion of its optic
axes, 1218 ftn., 1229 ; acoustical and
thermal axes of, 685 ; hardness of, 685,
836 (d) and (i), 839 ; behaviour as to
electricity and magnetism, 685;
stretch-modulus of, 1210

Gyrostatic Medium, used to explain
optical phenomena of quartz, 1781,
1782, 1786 ; equations of propagation
of disturbances in, 1782 (a), 1785 (a)

Gyrostatic Models of Ether, 1806—7

Gyrostatic Molecule, 1782 (a)

Gyrostats, 1785 (b) and ftn. ; in motion
used to form an elastic medium, 1784

H., memoirs on continuous beams with
numerical tables (1858—60), 946—8
Hagen, his experiments on stretch-
modulus of wood, 152, 198 (¢), 308 (a)

Haldat, De, sound vibrations have less
effect than irregular vibrations on
magnetisation, 811

Hamburger, on longitudinal impact of
bars, 203, 210, 214

Hamiltonian Principle, used by Kirch-
hoff, 1256, 1277

Hammering, effect on stretch-modulus
of brass and iron, 741 (a): see also
Working

Hardening, of steel in water reduces, in
o1l increases strength, 1145 (i)

Hardness, of materials, early history of
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subject, 836 (a)—(k); scales of, for
metals, 836 (b), for minerals, 836 (d);
varies with direction, 836 (a) and (e) ;
use of metal and diamond scribers,
836 (f) and (g); varies with speed
of scratching or tearing substance
(rotating soft-iron discs cut hardened
steel, chalcedony, and quartz) 836 (h);
first scientific sklerometer used by
Seebeck, 836 (i); problems to be con-
sidered in testing hardness, 836 (j);
definition and analysis of, 837—8;
ray-curves for hardness in various
directions, 839; laws connecting hard-
ness with planes of cleavage in crystals,
839—40; relation to atomic and mo-
lecular properties, 841; use of sklero-
meter, 843 ; scale of hardness of metals
and alloys, 845, 846, (i) p. 707, ftn.;
Wade’s method of testing by indenta-
tion, 1040—2; experiments on cast-
iron, wrought-iron and bronze, 1042
—3; relation to density in cast-iron,
1042-- 3 ; for hardnessof variousmetals
and minerals: see under their titles

Hart, erroneous theory of shrunk-on
coils for guns, 1071 (D)

Haughton, discovers tasinomic quartie,
136, orthotatic ellipsoid, 137; dis-
cussion on his views as to elastic
constants by Saint-Venant, 193; his
experiments on impact referred to,
217; cited by Rankine (as to 7y =72),
428

Haupt, H., on resistance of vertical
plates in tubular bridges, 1015

Hausmaninger, on longitudinal impact
of bars, 203

Haiiy, R. J., scale of hardness (1801),
836 (d)

Hawkes, W., on repeated meltings of
cast-iron, 1101

Hawkshaw, J., on absolute strength and
deflection of cast-iron girders, 1007

Heat, attempted explanation by trans-
lational vibrations of molecules, 68;
explanation of its effect in dilating
bodies, and the nature of coefficient
of dilatation, 268; stretch due to
thermal vibration, 268 ; thermal effect
depends on derivatives of second order
of function giving intermolecular
action, 268 ; diagram of possible law
of intermolecular action, (i) p. 179;
phenomena of, accounted for by
molecular translational vibration, 271;
theory does not appear in accordance
with speetral phenomena, 271; de-
duction of pressure on surrounding
envelope from this theory, 273 ; Saint-

509

Venant rejects kinetic theory of gases,
273; passage of, produces erystalline
structure in metals, 1056: see also
Eaxpansion, Coefficient of

Heat, Blechanical equivalent of, obscure
treatment by Resal, 716, by Vogel,
717, by Kupffer, 724—5, 745—6, 823

Heat, Relation to Elasticity : see Ther-
mal Effect, Modulus, etc.

Helix:: see Springs, helical; prinecipal
helices of wire, 1692

Helm, G., Die Lehre von der Energie,
cited, (i) p. 501, fin.

Helmholiz, von, remarks on Kupffer’s
treatment of mechanical equivalent of
heat, (i) p. 501, ftn.; generalises Huy-
ghens’ Principle, 1312 ; on change of
density and on stress due to magneti-
sation, 1313, 1315, 1316

Henry, on strength of stone, 1180

Heppel, J. M.,on Three Moments Theo-
rem with isolated loads (1859), 607;
erroneous treatment of web and flanges
of iron girders, 1018

Hermite, reports on Saint-Venant’s me-
moir on fransverse impact, 104

Herschel, his explanation of cohesion by
gravitating molecules adopted by Sé-
guin and Sir W. Thomson, 865, (i)
p. 600, ftn., 1650

Hertz, on the impact of two solid elastic
spheres (1882), 1515—7, importance
of this investigation, 1140, 1684

Hes;,6 on elastico-kinetic analogy, cited,
1267

Heterotatic Axes, 445

Heterotatic Surface, 445, 137 (v); has
no existence for rari-constancy, 137 (v)

Hodgkinson, account of his life, 975;
G. H. Love on his work, 895; re-
searches on strength of cast-iron pil-
lars (1857), 972—5 ; his ‘Experimental
Researches’ translated into French,
1095; on the elasticity of stone and
crystalline bodies (1853), 1177; his
experiments on stretch-modulus re-
ferred to, 169 (¢); on Emerson’s Para-
dox, 174; his experiments on beam
of strongest cross-section criticised by
Saint-Venant, 176, rejected by Moll
and Reauleaux, 875; experiment on
his beam of strongest cross-section,
927; his beam referred to, 951, 1016,
1023, 1031; his experiments on com-
pression criticised by Wertheim, 793;
his formula for cast-iron questioned
by Bell, 1118; his experiments on
cast-iron beams cited by Barlow, 937
(a) and (d); Morin’s graphical and
numerical presentation of his results
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for compression of wrought- and cast-
iron, and his results for cast-iron pil-
lars, 880 (c); on cast-iron pillars, 972
—5; on elasticity of stone, 1177; his
mass-coefficient of resilience, 1550, ftn.;
his empirical formula for longitudinal
impact confirmed by Saint-Venant’s
theory, 406 (1)

Hofmann, necrologue on Kirchhoff, (ii)
p. 39, ftn.

Hollow Prisms, torsion of: see Torsion

Holtzmann, C., on distribution of stress
(1856), 582

Homogeneity, defined by Cauchy, 4 (9);
semi-polar distribution of, 4 (5); dif-
ferent distributions of, defined, 114;
spherical, cylindrical, n-ic distribu-
tions, 114—5

Homotatic Coefficients, 136, 446

Hooke’s Law, Kupffer confirms Hodg-
kinson that it does not hold for cast-
iron, 729, 759 (d), 767; does not hold
for stone and cast-iron, 1177; nor for
caoutchoue springs, 851, 1161; nor
for elastic fore-strain in organic tis-
sues, 831—2; controversy between
Wundt and Volkmann as to form of
stress-strain relation for organictissues,
833—5; Hodgkinson’s experiments
show that it holds for stretch-traction
in wrought-iron, 793 (i); for stretch-
traction in cast-iron, the stretch in-
cereases more rapidly than the traction,
793 (ii) ; for squeeze-pressure in cast-
iron, Hodgkinson’s experiments not
conclusive, 793 (iii); is not satisfied
for small stretches or squeezes accord-
ing to Wertheim, 796; receives no
support according to Wertheim from
isochronism of sound vibrations, 809:
see also Stress-strain relations

Hooke’s Law, generalised, 4 (¢), 169 (d) ;
reasons for, 192 (a); Morin’s experi-
ments on, 198 (a); Saint-Venant ap-
peals for proof to rari-constancy, 227 ;
deduction of, 299; is reached through
a non-sequitur in case of Cauchy,
Maxwell, Lamé and Neumann, 1194,
Sir W. Thomson, 1635—6; its rela-
tion to elastic-limits, 1742 (a)

Hoop, distortion and stress in a heavy
circular hoop resting vertically on a
horizontal plane, (i) p. 448, ftn. ; col-
lapse of, when subject to external pres-
sure, 1554—6; stress in, when rotated
round central line, ete., 1697 (b)

Hoplins, his formulae for shear proved
by Potier, Kleitz, Lévy and Saint-
Venant, 270, by Boussinesq, 1458,
1604; holds that earth cannot be

INDEX.

liquid mass enclosed in thin shell,
1664; his views on the rupture of
glaciers, 1667

Hoppe, R., on flexure of rods (1857), 593

Houbotte, on deflection, set and rupture
of plate girders (1856), 1021; testing
machine (1855, first hydraulic?), 1153

Hughes, S., on beams and girders (1857
—8), 950

Hugoniot, on impact of elastic bar, 341

Hugueny, F., experimental researches
on hardness of bodies (1865), 836;
criticises Franz, (i) p. 587, ftn,

Hunt, T., on railway springs, 969 (d)

Hunter, J. B., his specimens of Liiders’
curves, (i) p. 761, ftn., and frontispiece
to Part (ii)

Huyghens, on grouping of molecules in
Iceland spar, 836 (a), 1800; on hard-
ness of Iceland spar, 836 (a)

Huyghens Principle, generalised by Helm-
holtz and demonstrated by Kirchhoff,
1312; form of it used by Clebsch,
1400, 1406

Hydraulic Presses, formulae for strength
of, 900—1, 1076—8 and ftn.

Hydrodynamic Analogues to torsion pro-
blem, 1419 (c), 1430, 1460, 1710

Hydrostatic drch, 468

Hypothesis of modified action, 276, (i)
p.- 185, 305, 1773 ; accepted by Boussi-
nesq, 1447; leads to bi-constant for-
mulae, 1448

Hysteresis, 1735

Ice, strength of, 852; melting of, under
pressure, motion of, as a plastie solid,
1649; rupture of, 1667

Iceland Spar, hardness of, varies with
direction, 836 (a), 839, 844; as to
whether it obeys relation between con-
stants required by Neumann, 1214,
ftn.; artificial twinning of, discovered
by Baumbhauer, theory of, by Sir W,
Thomson, 1800

Impact, history of theory of, 165; Poin-
sot’s memoirs on, 591; coefficient of
restitution on Newtonian theory, 209,
847; unsatisfactorily treated in text-
books, 1682—4; calculation of maxi-
mum shift and principal vibration due
to, in case of any elastic body, 1450

5

Impact of Solid Elastic Spheres, Hertz’s
theory, area of contact and duration
of impact, etc., 1515—7

Impact, Transverse of Plate, 1068; maxi-
mum velocity of shot, 1068 ; maximum
velocity of impact, 1538 ; shift of plate,
1545 ; on circular, 1550 (b)
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Impact, Longitudinal of Cone, by second

cone, 223 ; by massive particle, 1542—4;
maximum velocity of impaect, 1542 and
ftn.; duration of impact, 1542; maxi-
mum strain, 1544

Impact, Longitudinal on Strut, of neg-

ligible mass, which buckles, 407(2),
1552

Impact, Longitudinal of Bar, 202, 203;

history of problem, 204; Thomson
and Tait’s, Rankine’s proofs of special
problems, 205, 1683 ; of bars of same
section and material, 207—8; compari-
son of Saint-Venant’s results with
Newton’s for spheres, 209; diagrams
of compression, ete., pp. 141—2; Voigt
and Hamburger’s results disagree with
Saint-Venant’s theory, 210, 214;
Voigt’s ““ elastic couch,” 214; of bars
of different eross-section and material,
211—213; duration and termination
of impact, 216 ; loss of kinetic energy,
209, 217; Haughton’s experiments,
217; elementary proof of results, 218;
of two bars, one very short or very
stiff, 221; of two bars in the form of
cone or pyramid, 223; of bars of
different matter, one free and the
other with one terminal fixed, 295 ;
solution for case of impelling bar
being very short or rigid, 296 ; solution
in series corresponding to that of
Navier and Poncelet, 296 ; solution in
finite terms, 297; of elastic bar, by
rigid body, 3839—341; history of
problem, 340—1; Young’s Theorens,
340; contributions of Navier, Poncelet,
Saint-Venant, Sébert, Hugoniot and
Boussinesq to problem, 341; graphical
representation of, by Saint-Venant
and Flamant, 401—407 ; Boussinesq’s
solution of the problem, 401, 1547—50;
duration of blow, 403; shifts at various
points of bar, 405 ; stretches at various
points of bar, 405; maximum shifts
and squeezes, 406; repeated impact,
407(1); tendency of impelled bar to
buckle, 407 (2); curves giving laws of,
411—3; comparison of graphical and
analytical results, 412; Young’s theo-
rem for, 1068; F. Neumann’s investi-
gation of longitudinal impact of two
bars, priority of publication belongs
to Saint-Venant, 1224—5; Thomson
and Tait on, 1683; infinitely long in
one direction, 1541; Boussinesq’s
treatment of problem, 1547—50; non-
impelled end free, maximum strain,
duration of impact, kinetic energy,
1549 : non-impelled end fixed, mass-

coefticient of resilience, maximum
strain, etc., 1550 (a)—(b)

Impact, Transverse of Bar, 63, 104, 200,

231, 342, 361; first attempt by D.
Bernoulli (1770), 474 (f); report on
Saint-Venant’s memoir on, 104; rela-
tion of Saint-Venant’s researches to
those of Cox and Hodgkinson, 104—5,
107; analytical solutions for vibrations
of bar with load attached, when a blow
is given, 343--354; Cox’s hypothesis
for transverse impact, 344; transverse
beam, struck horizontally, 346—348;
functions required when beam is not
prismatie, 349 ; beam doubly-built-in,
350; cantilever receiving blow at free
terminal, 351; non-central blow on
doubly-supported beam, 352; case of
free bar with impulse at both ends,
353; with impulse at one end, 355;
carrying a load at its mid-point and
load receiving blow, 355—6; nu-
merical solutions for, case of doubly
supported bar centrally struck, 362;
representation by plaster model, 361;
nature of deflection-curves, 362; de-
flections tabulated, 363; maximum
stretch, 363 ; Young's theorem nearly
satisfied, 363 (cf. Vol. 1. p. 895);
Saint-Venant’s remarks on the direc-
tions required in future experimental
research, 364; vertical impulse on
horizontal beam, 365; hypothesis of
Cox compared with theory which
includes vibrations, 366; true for
deflections, not for curvature, 366,
871 (iii) ; mass-coefficient of resilience
v determined for a variety of impulses
to bar, 367—8; general value of +,
368; general value of deflection in
terms of vy, 368 ; approximate value
of period of impulsive vibration, 369 ;
beam projecting over points of support
and struck at centre, 370 (b); ¢ solid
of equal resistance” for central impact
on beam, 370 (c); maximum stretch
as deduced by Cox’s method inexact,
its true value for several cases, 371 (iii);
stretch due to impact of small weight
with great velocity, 371 (iv); curves
giving laws of, 410—11, 413—4; gra-
phical measurement of maximum
curvature of bar, 413; Boussinesq on
Saint-Venant’s solution, 1546; Fla-
mant on Boussinesq’s solution, 414;
when bar is loaded, 1539—40; safe
stretch, 1546; maximum velocity of
impact, 1537; duration of impact need-
ful to ensure injury, 1091; obscure
treatment of problem by Lemoyne, 965
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TLinpact, Transverse on Suspension Bridge,
883

TIinpulse, Gradual: see Impact and Resi-
lience

Impulsive Deflection, formula for, e.g. in
case of carriage springs, 871 (ii); in
case of circular plate, 1550 (c) : see in
general Impact

Impulsive Loading, of bars and axles,
991—1003

Incompressible Elastic Solid, equations
for,1215,1652; with cyboid aeolotropy,
1775; conditions for in terms of thlip-
sinomic coefficients, 1779, of tasinomic
coefficients, 1779

India, iron made in, tensile, transverse
and erushing strengths of, 1120

India Rubber, vulcanised, heated by
loading, 689; thermo-elastic proper-
ties of, 693, 1638 (iv): see also Caout-
chouc

Inertia, Moments of, for trapezia and
triangles, 103

Initial Stress: see Stress, Initial

Intermolecular Action, as funetion of
intermolecular distance, 169 (a); dia-
gram of possible law of, (i) p. 179; New-
ton treated it as central, 269 ; sums of,
difficulty in dealing with, Poisson and
Navier’s errors, 228; hypothesis of
modified action and influence of aspect
on, 276; Boscovichian theory does
not admit of aspect, but does of
modified action, (i) p. 185; change of
sign in, 276; modified action leads
to multi-constancy, (i) p. 185 ; Newton
and Clausius consider it a function
only of distance, 300; influence of
aspect on, 302-306 ; argument against
modified action from small influence
of astral on terrestrial molecules, 305 ;
forms for law of, suggested by Berthot
and Saint-Venant, 408, Weyrauch on
law of, C. et A, p. 1; law of force for
liquid molecules, 863; moleculartheory
of Séguin, 865; molecular law of
Bancalari, 866; molecular theory of
Cornelius, 868; molecular law of
Bouché, 870—1; Boussinesq on
action between molecules, 1447—8,
1463 see also Molecules, Atomic Con-
stitution of Bodies, Constants, etc.

Iron, difference between various kinds
due to nature of erystallisation, (i) p.
786, ftn., ratio of kinetic and static
dilatation- and stretch-moduli (? wire),
1751 ; thermal effect on slide-modulus
(? wire), 1753 (b); general use of for
Hoors, girders, roofs, ships, ete., 891 ( f),
907—911

INDEX,

Iron Bolts, effects of case-hardening,
cooling, ete., 1145 (iii)

Iron Cables, strength of links of, 879 (e),
1132; attempt to take account of
traction of manufacture, 897

Iron, Cast, thermal effect of stress, 689,
692, 695, 752, 756; coefficient of ther-
mal expansion. 1111; set produced by
repeated heating, 1186; after-strain
and temperature, 756

hardness of, (i) p. 592, ftn., 846,
(i) p. 707, ftn., 1042—3
stretch-modulus and density of, (i)
p. 531; variation of stretch-modulus
with specimen and manner of its load-
ing, 1110; difference between stretch-
modulus at core and periphery of bar,
experimental values, 1111; inequality
of stretch- and squeeze-moduli, 971
Hooke’s Law does not hold for, 729,
759 (d), 767; stress-strain relation for,
895—6; Bell’s proposed law of stress-
strain, 1118; stress-strain curves for
traction in, 879 (a), for flexure, 1084
—-5; elastic limits for in temsion and
compression, 875, 951; state of ease
for, 895—6; torsional set of, 1039 (c)
relation of chemical to physical
constitution, 1045, 1047 (¢) ; molecular
constitution peculiar to shape of cast-
ing, planes of weakness, 1057
strength of, ratio of tensile and
compressive strengths, 176; absolute
or tensile strength, 899, (i) p. 707,

ftn.; 1039 (a), 1105, 1122, 1166,
not increased by mixture of nickel,
1165; difference between values at

periphery and core of specimen, 1111,
crushing or compressive strength,
1089 (e), 1100; rupture by compression.
169 (c); transverse strength of, agrees
with tensile strength for large but not
for small specimens, 1117 (iv), value
of, 1039 (b), 1105; torsional strength
of, 1039 (¢), when skin change of elas-
ticity is included, 186; of bars of
differentcross-section, circular, hollow,
ete., 1039 (d) ; relation of crushing and
tensile strengths, 1039 (e), of tensile,
transverse, crushing and torsional
strengths, 1043, 1049, 1051—--3, 1086;
influence of casting, mode of prepara-
tion, ete, on strength, effect of hot and
cold blasts, remeltings, maintaining
in fusion, casting under a head, ete. on
tenacity, 891 (a), 1038 (a)—(c), 1039
(@), 1049, 1058—9; transverse and
tensile strengths, how affected by slow
or rapid cooling, 1038 (b), by pressure
during casting, 1038 (d), influence of
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mode of casting and head on strength,
1049—50, 1060, (i) p. 707, ftn. ; effect
of remeltings on transverse strength
and ultimate deflections, 1097—99,
1101; strength of ‘ toughened’ cast-iron
girders, 1105 ; comparative strength of
various kinds of cast-iron (sets, loads
and deflections), 1093 ; nature of frac-
ture of, (i) p. 707, ftn., 1039 (e), of
small blocks, 321 (b), 3°
arches, elliptic of, 1011
beams of, comparative strength of
various cross-sections, 927, 936; ex-
periments on, 937 ; of strongest cross-
section, 176, 875, 927, 951, 1016, 1023,
1031; Barlow’s attempt to explain
‘paradox’ as to inequality of fensile
and transverse strengths, 930—8; of
circular cross-section relatively stron-
ger than square, 1038 (b); experiments
on beams of triangular cross-section,
971; experiments on rupture of, 1024
columns of, 973—4
girders of, comparative strength of
cast- and wrought-iron, 954, of § and
I sections 1007—8, 1031, of toughen-
ed cast-iron, 1105: see also Girders
and Beams
ordnance, 891 (d), 1037, etc.: see
Guns
pipes of, Morin and Love’s for-
mulae for strength of, 900; rings of,
bursting by wedging, 1044
Iron, Meteoric, very ductile, 1165
Iron Plate, stretch-modulus and density
of, with and across fibre, (i) p. 581;
strength of, 879 (c)—(d), 902, 1066;
resistance to punching, traction, shear-
ing, crushing, 1104; experiments on
strength of, 1106; parallel and per-
pendicular to rolling, 879 (d), 902,
1108, 1126—7 ; absolute strength and
stricture with and across direction of
rolling, 1141; strength when impul-
sively wedged asunder, 1107; strength
of riveted iron-plates, 1121, 1127,
1135; effect of temperature on un-
wrought, 1097, 1127; how affected
parallel and perpendicular to rolling
by change of temperature, 1115, 1126
—17; pipes and water reservoirs of, 904
girders of, 953 : see Girder
Iron Rivets, strength of, 879 (d), 1103;
how changed by temperature, 1116;
proper thickness for, 1145 (ii)
Iron Scrap, vagueness of term, 1141
Iron Sheet, anomalous action under tor-
sion, 808
Iron Ships, 90711 )
Iron, Soft Bar, elastic resistance increas-

ed by tort, 810; influence of torsion
on magnetisation, 812

Iron Stays, strength of, 908
Iron Wire, thermal effect of stress, 689 ;

effect of annealing, 1131 ; not rendered
brittle by cold, 697 (c); thermo-electric
properties in relation to strain, 1642
—6; conductivity under strain, 1647 ;
streteh-squeeze ratio (») for, 1201 (a);
effect of tort on moduli of, 1755;
stretch-modulus of, (i) p. 531, 824;
velocity of sound in, 785; attempt to
take account of traction of manufac-
ture, 897

strength of, 902, 1033, (i) p. 753,
ftn., effect of galvanisation on, 1096,
effect of annealing on, 1131, effect of
long-continued electric current on,
1187, effect of long-continued stress,
1754, magnetisation, effect of in produc-
ing strain, 688; effect of stretching on
magnetic properties, 705; effect of pull
on magnetisation of, 1727—8; Villari
critical field for soft iron-wire, 1730—1,
1736; effect of temperature on Villari
field, 1731 ; effect of torsion on loaded
and magnetisediron wire, 1735;relation
of magnetisation and torsional elastic
strain and set, 708, 714, 812—6;
specification of direction of induced
current by twist when wire is under
longitudinal magnetising force, 1737

Iron, Wrought, thermal effect of stress,

692, 695 ; thermo-elastic properties of,
752, 756 ; after-strain and temperature,
756; effect of annealing, 879 (f); effect
of frost, 1148; effect of heat and
working in determining elastic axes,
1065

hardness of, (i) p. 592, ftn., 836 (b),

6

stretch-modulus of, how influenced
by hammering and rolling, 741 (a);
value of when rolled, (i) p. 531;
generally obeys elastic theory, 1117;
Liiders’ stress curves for, 1190 and
frontispiece to Part (ii); stress-strain
curves for, 879 (a), stress-strain rela-
tion for, 793, 896; elastic limit of,
951 ; safe tractions for, 176

molecular state of, how affected by
repeated loads, 364, 3° by repeated
gradual or impulsive torsions, 992—4,
1185 ; in state of confused erystallisa-
tion if forged in large masses, 1066;
fibrous and crystalline states of, 861,
881 (b), 970, 1067; fracture whether
‘fibrous’ or *crystalline’ depends on
nature of breaking, 1143; effect of
sudden load, 1148 impurities render
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it less liable to °‘crystallise,” 1189;
molecular constitution of, 1065, (i)
p. 736, ftn.; molecular arrangement
rather than metallurgical constitution
affects strength and elasticity, 1129 ;
how weakened when converted into
massive forgings, 1128 ; nature of frac-
ture, (i) p. 707, ftn., 902, 1140, 1143
strength of, tensile, 902, 966, 1105,
1113, 1133, 1139—40, of bar, angle
and plate with and across ‘ fibre,” 1150,
increased by straining up to rupture,
1125, effect of processes of preparation
and working on tenacity, 891 (b) and
(d) ; strength when prepared by Besse-
mer process, 1114 ; influence of size,
skin, forging on absolute strength,
1141; compressive strength equal to
tensile, 1118; torsional strength, 1039
(c), 1113; transverse strength, 1105
stricture of, 902, 1139—40, when
prepared by Bessemer process, 1114;
magnetisation, longitudinal how effect-
ed by transverse force, 1733
Axles of, under repeated loading,
1000—3: see Axles
Beams of, P. Barlow’s experiments
on, 937 (c) : see Beams
Columns of, formulae for, 978:
see Columns
Girders of, tubular, 1007, proper
proportions of web and flanges, 1016,
1018, 1023: see Girders
Pipes, bursting of, 983
Iron Commissioners’ Report, 344, 371 (i),
translated into French, 1094
Isochronism, of spiral watch-springs,
theory and experiment, 676
Isostatic Cylinders (=conjugate func-
tions), 1562
Isotropy, defined, 4 () ; its rarity, 4 (v),
115; very doubtful, if it exists in
wires, 1271, 1273

Jackson, on steel, 897

Jee, 4. S., on deflection and set of
cast-iron girders, 1007

Jelly, 1749; equations of motion and
equilibrium of, and their solution,
1810; strain-energy for, 1812; com-
parison of equations with those of
viscous fluid and ideal ether, 1809—12

Johnson, R., on hardness of metals and
alloys (1860), 845

Johnson, W. R., on strength, ete., of
stone (1851), 1175

Joint, equable elastic rotating, 1697 (a)

Jones, J., table of pressures necessary for
punching plate-iron (1853), 1103; em-
pirical formulae for his results, 1104

INDEX.

Joule, J. P., effects of magnetism on
dimensions of iron and steel bars
(1846), 688, cited 1321, 1727; on the
thermo-electricity of ferruginous me-
tals and on thermal effects of stretch-
ing bodies (1857), 689; on thermal
effects of longitudinal compression
(1857), 690 ; on thermo-dynamic pro-
perties of solids (1859), 691—6; on
testing steam boilers (1861), 697 (a) ;
after-strain and thermal effects in silk
and spider filaments (1869), 697 (b);
action of cold in rendering iron and
steel brittle (1871), 697 (c)

Jouravski, his approximate method of
treating slide due to flexure of beams
(1856), 939, 183 (a); on vibrations in
lattice and plate girders, 1034

Journals, strength of, for railway axles,
959

Junge, on strength of “split” beams
(1855), 928

Kant, Saint-Venant’s criticism of his
antimony, (i) p. 187, ftn.

Karmarsch, on absolute strength of me-
tal wires (1859), 1131

Kaumann, experiments on flexure of
railway axles under static load, 990

Kelvin, Lord: see Thomson, Sir W.

Kendall, T'., on Barnes’ discovery that
steel may be cut by rotating dise,
836 (h)
Kennedy, A. B. W., experiments on
rupture by pressure, (i) p. 215, ftn.
Kenngott, 4.,on relation between atomic
weight and hardness (1852), 841

Kerr, his results for normal reflection of
polarised light from magnetic pole
deduced from Sir W. Thomson’s theory,
1782 (c)

Ketteler, adopts F. Neumann’s view of
dispersion, 1221

Kinematics, elastic deformations treated
kinematically, 294

Kinetic Energy, loss of by impact, 209,
217, 1517, 1684

Kinks, in twisted and bent wire, 1670

Kirchhoff, hismemoirson elasticity, 1231 ;
accounts of his life, (ii) p. 89, ftn.; on
the equilibrium and motion of thin
elastic plates (1848—50), 1232—43;
on the elastic equations when the
shifts are not indefinitely small (1852),
1244—50; on the equilibrium and
motion of an indefinitely thin rod
(1858), 1251—70; on the stretch-
squeeze ratio of rods of hard steel
(1859), 1271—3; on the reflection and
refraction of light at the surface of
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crystalline media, 1274; Lectures on
mathematical Physics, Mechanics
(1874—6), 12751300, Optics (1891),
1301; on the transverse vibrations of
a rod of variable cross-section (1879),
1302—7; on the theory of the lumi-
nous point (1881), 1308—10; on the
theory of rays of light (1882), 1811—
2; on the strain of an elastic solid
when magnetised (1884), 1313—8;
applications of the results of preced-
ing paper (1884), 1319—21

References to: adopts a sugges-
tion of Saint-Venant’s, 11; on problem
of plate, 167; on contour conditions
for thin plate, 394; as to flexure of
rods, 198; his assumptions in dealing
with flexure, 316; comparison of his
researches on rods and plates with
those of Thomson and Tait, 1691,
1695, with those of Clebsch: see
Clebsch ; his method of combined tor-
sion and flexure to determine the
stretch-squeeze ratio, 1201 {e), 1272;
discussion on his views as to elastic
constants by Saint-Venant, 193, 196

Kirchhoff’s Principle, for elastic bodies of
which one or more dimensions are
indefinitely small, Kirchhoff’s proof,
Clebsch’s proof and general remarks,
1253, 18358—9; not noted by Thomson
and Tait, 1695

Kirkaldy, D., his experiments on com-
parative strength of steel and wrought-
iron (1860), 1137—51; his experi-
ments on fracture, 1667

Klang, elastic constants of fluor-spar,
1212, 1780

Klose, comparison of straight and circu-
lar cantilevers, 926; strength of cast-
iron beams of different cross-sections,
927

Knight, on strength of stone, 1183

Knoll, on theory of latticed girders, 1027

Knott, on torsion and magnetisation,
1727

Kohlrausch, F., his formulae and results
for thermal effect on elastic moduli
compared with those of Kupffer, 527
—4; on thermal effect on slide-modu-
lus of iron, copper, brass, 1753 (b);
his experiments on stretch-squeeze
ratio referred to, 1201 (c)

Kohlrausch, R., experiments on after-
strain in silk and glass threads, (i)
p. 514, fin,

Kohn, experiments on impulsive and
repeated torsional loadings (1851),
991—3

Koosen, J. H., obscure treatment of

515

fundamental equations of elasticity
(1857), 592

Kopytowski, on the internal stresses in
a freely supported beam under rolling
load (1865), 555—60; follows Rankine,
465 (b)

Korteweg, on strain in a spherical con-
denser of glass, 1318

Kraft, on the strength of earthenware
pipes (1859), 1172

Krame, on plate iron (1859), 1127

Krupp, strength of his cast steel (1855),
1113

Krutsch, uses metal needles to test hard-
ness (1820), 836 (f)

Kundt, his results for transmission of
polarised light through thin magnet-
ised iron-sheets not explained by Sir
W. Thomson’s theory of translucent
metallic films, 1782 (c)

Kupffer, A. T., his annual report of the
St Petersburg physical observatory
(1850—64), 723—44 ; on the mechani-
cal equivalent of heat (1852), 745—6;
investigations on the flexure of metal-
lic rods (1854), 747; on the influence
of heat on the elasticity of metals
(1854), 747, (1857), 748—57; his ‘Ex-
perimental Researches on the Elasti-
city of Metals,” Vol. 1. (1860), 758—172;
résumé of his various memoirs, 773;
death (1865), 722; his theoretical
treatment of transverse vibrations eri-
ticised by Zoppritz, 774—84 ; obscurity
of his terminology, 723 (a); his theory
corrected and his results in part re-
calculated by Zoppritz, 774—84; re-
ferred to, 1746, 1748, 1753

Kurz, A., edits Clebsch’s posthumous
pamphlet on optics, 1391

Laboratory, importance of national phy-
sical, 759 (b), 1187 and ftn.

Lagrange, on elastic rods of double-
curvature, 155; his method of passing
from isolated particles to continuous
bodies adopted by Ménabréa, 550

Laissle, F.,on bridge-construction (1857,
1870), 887—9

Lalanne, on graphical tables, 921, ftn.

Lamarle, E.,note on increase of strength
resulting from building-in terminals
of simple and continuous beams (1855),
57117

Lamb, H., on boundary conditions of
thin shells, 1234; on time of oscilla-
tion of a solid steel globe of size of
earth, undergoing ellipsoidal deforma-
tion, 1659

Lamé, reports on Saint-Venant’s torsion
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memoir, 1; gives expression for slide in
any direction, 4 (5); uses doubtful
limit of safety, 5 (c) ; reports on Saint-
Venant’s memoir on transverse im-
pact, 104; Saint-Venant on his results
for eylindrical boiler, 125; his views
on propagation of light cited, 146,
1216—20, 1274 ; Saint-Venant’s views
on his theory of light, 265; criticism
of his deduction of stress-strain re-
lations, 192 (a); his definition of
stress, 225; his contributions to cur-
vilinear coordinates, 544 ; his views as
to vibrations, 546 ; his contributions
to figure of earth, 562—8; his error
as to ‘direct’ potential, 1487 (a)

Lamé’s Problem, investigated by Sir W.
Thomson, 1651

Lamé and Clapeyron, their condition
for rupture, 166; insufficiency of their
solution of infinite elastic solid, bound-
ed by plane subjected to load, 1487;
their solution for infinite plane plate
reached by Sir W. Thomson, 1660

Lang, V' von, determination of constants
which occur in solution of equation
for transverse vibrations of rods (1858
—9), 614, 616

Langer, J., on wooden and iron lattice
girders, 1022

Larmor, J., on flaws in torsion bars,
1348 (f); om gyrostatically loaded
media, 1782

Latticed Girders : see Girders

Laugel, 4., on the cleavage of rocks,
850

La%alley, on steel, 897; on iron plate,
902

Laves, introduces * split ” beam or gir-
der (1859), 928

Laws of Motion, how far legitimately
applicable to atoms, 276 and ftn., (1)
p. 185, ftn., 305

Lead, thermal effect of stretching, 692,
695; thermo-elastic properties of, 752;
hardness of, (i) p. 592, ftn., 846, 836 (b);
thermo-electric properties understrain,
1645—6; ratio of kinetic and static
stretch-moduli, 1751 ; rupture surface
of, 1667; bursting of pipes of, 983

Lefort, report by Saint-Venant, Tresca
and Resal upon a memoir by, 266

Lemoyne, obscure theory of transverse
impact, 965

Le Rouz, on thermal phenomena ac-
companying vibrations (1860), 827

Lévy, M., pupil of Saint-Venant, 416;
on stability of loose earth, 242; form
of equilibrium of pulverulent mass
studied by him, 1590; defect of his

INDEX.

theory, 1613 ; establishes general body-
stress equations of plasticity, 243, 215,
250; his general equations of plasti-
city corrected by Saint-Venant, 263
—4,; his method of tinding deflection
of circular plate anyhow loaded, 336;
his assumptions in theory of thin
plates, 385; his memoir on thin plates
(1877) and controversy with Boussi-
nesq as to ‘local perturbations and
contour conditions,” 394, 1441; his
views on thin plates criticised by
Saint-Venant and Boussinesq, 394,
397; his treatment of local perturba-
tions discussed, 1522—4; his contro-
versy with Boussinesq as to collapse
of belts subjected to external pressure,
1556

Lévy-Lambert, abac for Phillips’ spring
formulae, 921, ftn.

Liebisch, Th., his treatise on physical
crystallography cited, 1800, ftn.

Light, relation to elasticity, 101; propa-
gationof, whenether hasinitial stresses,
145 —-6; theory of, Saint-Venant’s
discussion of views of Cauchy, Green,
Briot, Sarrau, Lamé and Boussinesq,
265; Rankine’s theory of molecular
vortices applied to polarised light,
440, his oscillatory theory of, 441;
Inminiferous ether requires for its
refractive action fewer constants than
those of crystalline elastic medium,
452; Fresnel’s equations deduced by
Ménabréa, 551 (b); -reflection and re-
fraction for in crystalline media, 594,
1274 ; historical treatment of elastic
jelly theory, 1213; Cauchy’s views,
F. Neumann’s views (Fresnel’s laws
with different plane of polarisation),
1214; C. Neumann’s incompressible
ether, 1215; F. Neumann’s researches,
1229 (a)—(e); Kirchhoff, F. Neumann,
and MacCullagh on reflection and re-
fraction, 1274; Kirchhoff’s elastic
theory of, 1301; source of, in elastic
ether, 1308—10; Clebsch on circu-
larly-polarising media, 1324; Clebsch
starts really from a rari-constant basis,
1391; Boussinesq’s theory of lumi-
niferous waves, 1449; heretainssecond
shift-luxions, 1465; he supposes aeo-
lotropy produced by initial stresses in
isotropic medium, 1467 ; discussion of
wave-motion, quasi-transverse and
quasi-longitudinal waves, Fresnel’s
wave surface, etc., 1468—71; assump-
tions made in Boussiuesq’s final elastic
theory, 1478—80; general remarks on,
1484 ; Boussinesq and Sarrau’s equa-
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tions for waves in double-refractive
medium, obtained for deformed iso-
tropic medium, 1559; on waves in
aeolotropic medium, 1764, 1773, when
incompressible, 1774—5, 1776 (a),
1778; Sir W. Thomson on theory of
luminous waves, 17656—83, passim :
see also Refraction, Double, Ether,
Rotation of Plane of polarised light,
ete.

Limestone: see Stone

Limits, elastic, pulverulent and plastie,
nature of, 1568—9, 1585—7, 1593—35,
1720: see also Elastic Limits, Failure,
Fail-Point, Strength, ete.

Line of Pressure, in arches, 518, 1009

Link-Polygon, defined, (i) p. 854, ftn.;
used in theory of arches, 518

Links: see Chains, Links of

Lippich, erroneous theory of vibrations
of light loaded rod, 774

Lissajous, J., on transverse vibrations
of bars (1858), 825 (d); on the optical
study of vibrations (1857), 826

Littmann, his experiments on stretch-
squeeze ratio referred to, 1201 (e)

Live-Load : see Rolling-Load

“Lloyd’s™ experiments on iron plates
and rivetting, 1135

Load, equivalent statical systems of, pro-
duce same elastic strains, 8, 9,21, 100;
this ‘‘principle of elastic equivalence
of statically equipollent loads” applied
to plates, 1354, 1440, 1522—4, 1714;
principle stated and demonstrated for
body-forces, effect of equal and oppo-
site forces and of couple, 1521; effect
of local load in producing stress in
extended elastic solid, 1487 (c); sudden,
effect on iron and frozen iron, 1148;
repeated, how affecting materials, 364:
see also Fatigue, Girder, Azle, Torsion,
Flexzure, etc.; distribution of, over
base of a prism not adhering to a
surface, 516; measured by a scale of
colours, 794

Loadpoint, 515—6

Load-Systems, classified, 461

Lolse, on the buckling of the bracing
bars of latticed girders, 1019

Lommel, adopts F. Neumann’s view of
dispersion, 1221

Longridge, J. 4., on the construction of
artillery (1860), 1076—81

Loomis, his experiments on stretch-
squeeze ratio referred to, 1201 (¢); his
experiments on influence of tempera-
ture on slide-modulus, 1753 (b)

Lorbery, on electro-striction referred to,
1313

517

Lorgna, on statically indeterminate re-
actions, (i) p. 411, ftn.

Louvel, graphic tables of resistance of
iron bars, 921, fin.

Love, G. H., his Treatise on strength of
Iron and Steel and their use in Con-
struction (1859), 894—905; reduces
elasticity to an empirical science,
894—5; on strength of pillars of steel
(1861), 978 ; his account of Hodgkin-
son, 975; his empirical formulae for
Fairbairn’s experiments on flues, 987

Love, A. E. H., his treatment of flexure,
(i) p. ix., ftn.; on boundary conditions
for thin shells, 1234; on thin elastic
shells, 1296 bis; on Kirchhoff’s as-
sumptions in theory of plates, (ii) p.
86, ftn. ; his Treatise on Mathematical
Theory of Elasticity referred to, 1764

Liiders, W., first drew attention to net-
work of curved lines on surface of
bar-iron, cast-steel and tin,—Liiders’
curves—in wrought-iron J-sectional
beams, 1190 ; in round holes punched
in steel plates, ete., (i) p. 761, ftn. and
(ii), frontispiece

Luminous Point, in elastic ether, theory
of, 1308—10; types of motion started
by, 1768—9

Lynde, J. G., experiments on cast-iron
girders of Hodgkinson’s section, 1031

MacConnell, on hollow railway axles
(1853), 988-—9

MacCullagh, his theory of light referred
to, 1274

McFarlane, on aeolotropic electric re-
sistance produced by aeolotropic
strain, 1740; experiments on steel
pianoforte wire under combined trac-
tive and torsional stress, 1742 (a);
as to effect of permanent molecular
change on elastic moduli, 1753

Maclaurin’s Theorem, doubtful use of in
elastic theory, 1636—8, 1744, ftn.: see
Approximation

Macleod and Clarke, on alteration of
stretch-modulus of tuning-fork with
temperature, 1753 (b)

Macvicar, J. G., metaphysical views on
atomic theory (1860), 872

Magnetisation, Permanent, as test for
purity of iron, 1189

Magnetisation, Relation to Stress and
Strain, historical notices, Réaumur
on impulsive stress and magnetisation,
(i) p. 564, ftn., Scoresby, bending and
twisting, (i) p. 564, ftn., Baden-Powell
on torsion, 811. De Haldat, Becquerel,
Matteucci, etc., on torsion, 811 —2; in-
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fluence of torsional elastic and set strain
on temporary and permanent magnet-
isation, 814—6; Wertheim does not
recognise ‘critical twist,” 818; he falls
back on a theory of ether vibrations
to explain magnetic phenomena, 817;
no sensible results in case of torsion
applied to diamagnetic bodies, 814
(xii); effect of long repeated torsions
on magnetic properties of wrought-iron
axles, 994; influence of torsion on
electro-magnetism, 701—4, on magnet-
isation, 703; Matteucci’s “bundle of
fibres” theory to account for magnetie
effect of torsion, 701, 704; influence
of torsion on magnetisation of steel
bars, 712; influence of magnetisation
on forsion of iron and steel wires,
T13—4; comparison of magnetic and
torsional phenomena, 714 (13)—(16);
effect of temperature on magnetisa-
tion, 714 (17)—(19); Wiedemann’s
mechanical theory of magnetisation,
715; twisting of iron-wire, when mag-
netised in a direction inclined to axis,
explanation of Maxwell, reversal ob-
served by Bidwell, 1727; soft-iron
wire subjected to longitudinal traction
and then twisted under earth’s vertical
magnetic component, effect on mag-
netisation, 1735; effect of twist on
loaded and magnetised nickel wires,
1735; production by torsion of longi-
tudinal magnetisation in wire mag-
netised by axial current, 1735; on
direction of induced longitudinal
current in iron and nickel wires by
twist under longitudinal magnetic
force, 1737

Joule’s experiments as to effects
of magnetisation on dimensions of
iron and steel bars, free and under
tension, 688; no magnetic influence
on copper wires, 688; influence of
tension on magnetisation, 705; influ-
ence of longitudinal load on induced
and residual magnetisation of iron
and steel wires, 1728; statement of
Sir W. Thomson’s results for steel
pianoforte wire and consideration of
how they must be limited in light of
Villari critical field, 1728—9; Villari
critical field for soft-iron, 1730—1;
influence of temperature, 1731—2;
effect of longitudinal pull on magnet-
isation of cobalt and nickel, Villari
critical field for cobalt, 1736, as to
this field for nickel (2), 1736; effects
of transverse stress on longitudinal
magnetisation of iron, 1738; develop-

INDEX.

ment of aeolotropic inductive suscept-
ibility by stresses other than pure
compression, 1734; diamagnetic power
of bismuth increased by compression,
700

magnetic rotation of plane of
polarisation in flint and ecrown glass
affected by compression, no sensible
rotation in slightly compressed erown
glass, 698; rotatory effect on plane of
polarisation is influenced and can be
annulled by mechanical stress, 797
d
( )Kirchhoﬁ’s theory of strain pro-
duced by magnetisation, 1318—21; he
assumes the coefficient of induced
magnetisation constant and negleets
square of strain, doubtful character of
his results, 1314, 1321; strain in
isotropic iron sphere due to uniform
magnetisation, 1319-—20; neglect of
terms connecting intensity of magnet-
isation with strain, 1321

Magnetism, elastic analogue to magnetic
force, 1627, 1630, 1813—5; analogues
to electro-magnetic force and to
magnetic potential in strained jelly,
1813—4; failure of analogue in the
conditions at interface of two jellies
and of two substances of different
magnetic permeabilities, 1815

Magnus, on thermo-electric currents
produced by strain, 1645 (iv)

Mahistre, on stress produced by rotation
of wheels (1857), 590 ; erroneous theory
of stress produced by rapidly moving
load (1857), 963

Mainardi, on equilibrium of strings
(1856), 580

Malfatti, on statically indeterminate re-
actions, (i) p. 411, ftn.

Malleable, detined, 466 (vi)

Mallet, on deflection of girders due to
rapidly moving load, 964 ; on physical
conditions involved in the construc-
tion of artillery (1855), 1054—72; on
resilience and influence of size of
casting, 1128—9; reports on proper-
f‘ies of metals (1838—43), (i) p. 707,
tn.

Mallock, his experiments on streteh-
squeeze ratio referred to, 1201 (e)

Manger, J., on strength of cements
(1859), 1170

Manometer, tested by teinometer, 797

e

Mc(nZtion, theoretical study of a canal
bridge (1860), 1034

Marble: see Stone

Marcouz, on axles, (i) p. 610, ftn.
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Marcq, experiments on strength, elastic
limit and stretch-modulus of wood
(1855), 1157

Marie, his history of mathematics, 162
and ftn.

Mariotte, on stretch limit of safety,
5 (c)

Margfoy, apparatus for recording deflec-
tion of bridgés (1859), 1032

Masson, on correlation of physical pro-
perties of bodies (1858), 823—4

Mathieu, pupil of Saint-Venant's, 416;
his discussion of potential of second
kind, 235

Matter, cannot be continuous, 278

Matteucci, on rotation of plane of polar-
ised light under magnetic influence,
and on diamagnetic phenomena (1850),
698—9; on the influence of heat and
compression on diamagnetic pheno-
mena (1853), 700; on the electro-
magnetic phenomena developed by
torsion (1858), 701—5 ; letter to Arago
on relation of torsion to magnetisation
(1847), 812; cited on relation of torsion
to magnetisation, 1729, 1734, 1737

Mazwell, discussion by Saint-Venant of
his views as to elastic constants, 193,
196 ; his statements as to bi-constant
isotropy objected to by Wertheim, 797
(¢) ; his views on stress-strain relations
referred to, 227; cited as to lines of
flow, 1564 ; as to relation of stress and
magnetisation, 1727, 1734

Mechanical Equivalent of Heat: see
Heat

Mechanical Representation of Magnetic
Force, 1627, 1630, 18183—5

Meissner, M., on absolute strength of
iron and steel (1858), 1123

Membrane, equation for transverse shift
of, 390; F. Neumann’s treatment of,
1223 ; Kirchhoff’s treatment of, 1292,
1300 (a); membrane terms in plate-
equations, 1296—9 ; stretch in curved
extensible membrane, 1461; Gauss’
theorem for inextensible membrane,
1461, 1671; vibrations of flexible,
composed of two pieces of different
material, 551 (b) ; nodal lines of square
membranes, 825 (¢), 1223; transverse
vibrations of regularly and irregularly
stretched, 1300 (c), of circular, 1385;
effect of stiffness on note, 1439

Ménabréa, on theory of vibrations (1855),
550-—1; on general laws of vibrations
(1855), 578; on the minimum property
of work done by elastic system (1858),
604—6

Mercury, compressibility of, 1817

519

Méry, on theory of arches, 1009

Metals, generally amorphic and thus
have ellipsoidal elasticity, 144 ; drawn
or rolled, elastic constants for, 282;
stress formulae and elastic constants
for, 314; tables of their elastic con-
stants, 469, 752, 764, 756,773,1751—2;
hardness of, Musschenbrock’s order,
836 (c), Calvert and Johnson’s, (i) p.
592, ftn., Clarinval’s, 846; how thermo-
electric properties are influenced by
strain, 1642—7: for general discus-
sion of their elastic, thermo-elastic
and other physical properties, see Iron,
Copper, Brass, ete.

Metatatic Azes, treatment by Rankine
and Saint-Venant, 137 (vi), 446

Meyer, O. E., edits F. Neumann’s Lec-
tures on Elasticity, 1192 ; on modern
researches upon the elasticity of erys-
tals, 1212

Mica, stretch-modulus of, 1210

Michelot, on strength of stone, 1179

Militzer, effect of long-continued and
repeated loading on electrical and
magnetic properties of wrought-iron
axles, 994

Millar, W. J., edits Rankine’s papers,
418; Rankine’s Manual of Applied
Mechanics, 464

Mitgau, on cast- and wrought-iron gird-
ers, 954

Mitscherlich, on strain in calespar due
to change of temperature, 1197; on
change of optic axes in bi-axal erystal
with change of temperature, 1218

Models, in relief for torsion, (i) p. 2, 60;
for transverse impact of bars, 105, 361;
for vibrating string, 111; of elastic
structures, law of relation between
shifts and strains for large and small,
1718 (a); Sir W. Thomson’s, of a 21-
constant solid, 1771—3, of the ether,
1806—7, illustrating a double-assem-
blage of Boscovichian atoms and a
multi-constant elastic solid, 1804—5

Modified Action, hypothesis of, 276, 305,
1447—-8, 1770, 1773; seems involved
in Sir W. Thomson’s multi-constant
Boscovichian system, 1808—5: see
also Intermolecular Action and Con-
stants, Elastic

Modulus and Principal Modulus, defined
by Sir W. Thomson, 1761; value of,
depends on working and is peculiar to
each test specimen, 1752; difference
between kinetic and static moduli at-
tributed by Seebeck to after-strain,
474 (d); Wertheim’s views, 809; Mas-
son’s numbers, 824; Kupffer's results,
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728; Sir W. Thomson’s thermo-elastic
investigation of relation between ki-
netic and static moduli, 1750—1; tables
of ratio of two moduli for various
materials, 1751; on Wertheim’s re-
sults, 1751

Modulus, Dilatation (or Bulk, 1709 (d)),

investigated by Kirchhoff, 1279; how
affected by temperature, 1638 and ftn.;
table of, for variety of materials, 1752 ;
for an aeolotropic solid, Sir W. Thom-
son distinguishes two kinds, tasino-
mic and thlipsinomie, their values,
1776

Modulus, Plate, defined, 323, 385

Modulus, Slide (or Rigidity, 1709 (d)),
effect on torsionalresistance of its varia-
tion acrosssection, 186 ; howinfluenced
by tort, 1755 ; how influenced by set-
stretch, 17563 (a); thermal effect on,
754, 756, for iron, copper and brass,
1753 (b); tables of, for wires, 1749,
for variety of materials, 1752

Modulus, Stretch (ox Young’s Modulus,
or Longitudinal Rigidity, 1709 (d));
how influenced by working strain, an-
nealing, ete., 727, 1753, by set, 194, by
tort, 1755, by initial stress, 241; varies
with manufacture, size, method of
placing and loading of piece tested,
1110, 1112; supposed relation to coef-
ficient of thermal expansion, 717, 823,
to atomic weight, 719—21; difference
between static and kinetic stretch-
moduli (from flexural experiments of
Kupffer) in case of steel, platinum,
brass and iron, too great to be ac-
counted for by specific heats, 728; like
result from Masson’s experiments, 824;
how affected by temperature, 1753 (b),
756 ; relation to density, 741 (a), 759 (¢} ;
stretch- and squeeze-moduli not equal
for small loads, 796, 809, nor for cast-
iron, 971 (2), empirical formulae for
stress-strain relations in case of this
inequality, 178

variation of value across cross-
section of prism or bar, 169 (¢) ; method
of treatment, 518, 1425, 1749 ; formulae
for, due to Bresse and Saint-Venant,
169 (¢); influence of this variation on
flexure, 169 (f); example, in case of
trunk of tree, 169 (f); skin-change in
value of, 169 (f), 974 (c), 1111

in case of aeolotropy, in terms of
36 elastic constants, 7; for bodies
possessing various types of elastic
symmetry, 282; its distribution by
quartic, 309—10; analysis of its values
when its variations are gradual and

Molinos, L.,

INDEX.

continuous round a point, 312—4; ex-
pressions for values in stone and wood,
314; of regular crystal in any direc-
tion, 1206; directions of maximum
and minimum values, 1207; to be
experimentally determined by trans-
verse vibrations of rods cut in various
directions, 821;

methods of determining,—Kirch-
hoff’s theory, by means of deflections
of stretched bar, 1289 ; from transverse
vibrations of loaded rods, 774-—84; in
case of glass from double-refractive
power, 786

tables of values for metals, 752,
for wires, 1749, for various materials,
1752; value for alum, 1206, for calec-
spar, gypsum and mieca, 1210

Mohn, on strength, etc., of stone, 1176
Mohs, modifies Haiiy’s scale of hardness,

836 (d)

Motgno, Saint- Venant contributeschapter

on elasticity to his treatise on statics,
224

Molecules, translational vibrations of,

used to explain heat, 68; size of,
according to Ampére, Becquerel, Ba-
binet and Sir W. Thomson, (i) p. 184;
molecular state of bodies affected by
stress, 861, by vibrations, 862; Mac-
vicar on molecular phenomena, 872;
Sir W. Thomson on shell-spring mole-
cule, 1765, 1769, ftn.; distinction
between velocity of molecule and of
particle, 1468—4; Sir W. Thomson
on molecular constitution of matter,
1798—1805; on probable molecular
structure of isotropic solid, 1799;
molecular tactics, their bearing on
rari- and multi-constancy, 1800—5:
see in particular Intermolecular Action
and dtomic Constitution of Bodies

on bridge- construction
(1857), 890

Moll, C. L., text-book on strength of

materials (1853), 875

Moments of Inertia, values of, for tri-

angles and trapezia, 103

Moments, Theorem of the three, for con-

tinuous loads and uniform cross-sec-
tion, 603; for isolated loads, values
of reactions, 607 ; for continuous loads,
unequal heights of supports, and un-
equal flexural rigidities, 893

Montigny, mode of counting vibrations

(1852), 822; his results contradict
Baudrimont’s, 822

Morin, Lecons de mécanique pratique

(Résistance des matériaux (1853,
1856)), 876—82; his erroneous views
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on elastic limit, 878 ; on elasticity of
aluminium, 1164

Mortar, strength of, 880 (b)

Moseley, graphical construction for line
of pressure, 1009

Multi-constancy, remarks on, 4 (¢), 192,
193, 196, 197, results from hypothesis
of modified action, (i) p. 185 ; model
illustrating, 1771—3; may be deduced
according to Sir W. Thomson from
Boscovichian system of atoms, 1798—
1805: see for further references, Con-
stants, Elastic, Constant Controversy,
Rari-constancy

Muscle, after-strain in, 828, 829—30,
832; stretch-modulus of, 830

Musschenbroek, his method of measuring
scale of hardness, 836 (D)

Miittrich, his experiments on nodal lines
of square plates, C.et A, p. 4

Nagaska, on current in nickel wire
under longitudinal magnetizing force,
produced by twist, 1735, 1737

Navier, gives formula for value of stretch
(s;) in any direction, 4 (5); his lectures
edited and annotated by Saint-Venant,
160; on summing intermolecular ac-
tion, 228; on impact of elastic bar,
341; his memoir on rectangular thin
plates, 399; on statically indetermi-
nate reactions, (i) p. 411, ftn.; first
applies theory of elasticity to arches,
1009; F. Neumann adopts his methods,
1193, 1195

Nerve, after-strain of, 830;
modulus of, 830

Neumann, C., general theory of elasticity
(1860), 667—73, 1195; introduces idea
of incompressible ether, 1215 and ftn.;
his generalised equations of elasticity,
670, 1250 ; discussion of his views as
to elastic constants by Saint-Venant,
193; his method of finding strain.
energy, 229

Newmann, F., his ¢Lectures on the
theory of the elasticity of solids” (de-
livered, 1857—74, published, 1885),
1192—1228; on the optical properties
of hemiprismatic crystals (1835), 1218
and ftn.; on the double-refraction of
light (1832), 1229, (1841), 1221; on
the reflection and refraction of light
(1885), 1229; on Fresnel’s formulae
for total reflection (1837), 1229; his
“Lectures on theoretical optics” (1885),
1229 ; his formula for torsion, 1230

chief features of his researches:
thermo-elastic equations, 1196—7;
general proof of uniqueness of elastic

T. E. PT. 11,

stretch-

521

equations, 1198—9; his discussion of
crystals, 1203—12, 1219; first deter-
mines stretch-modulus quartie, 151,
remarks on this quartic, 309, error in
Vol. 1. about this quartic corrected, p.
209, ftn., C. et A. p. 3; his treatment
of waves and elastic theory of light,
12138, 1220—1, 1229; his theory of
impact of bars, 203, 1224—5; his
definition of the plane of polarisation
of light, 1214; gives among the first
a true theory of dispersion, 1221;
erroneous method of approximation,
12256
erroneous identification of crystal-

line axes (788*—795%), 684; histheory
of influence of traction on torsional
vibrations, 735 (iii); his method of
finding streteh-squeeze ratio by dis-
tortion of cross-sections under flexure,
736 and ftn.; notices that, up to a
certain limit, volume of wire increases
under traction, 736; his theory of
photo-elasticity referred to, 792, 793
(iii); list of his pupils, 1192 and ftn.

Neutral Axis, distinguished from neutral
line, (i) p. 114, ftn.; for flexure under
asymmetrical loading, 171; relation
to ellipse of inertia and stress-centre,
515; applied to elastic bodies resting
on rigid surfaces, 515—6, 602; at-
tempted extension to curved surfaces,
602; does not pass through centroid,
if there be any thrust, 922; existence
or not of strain at, 1016 ; in cast-iron
beams does not pass through centroid
(?), 971, 1091, 1117 (iii); erroneously
placed by Thomson and Tait, 1689

Neutral Line, distinguished from neutral
axis, (i) p. 114, ftn.; coincides closely
with central line if load be transverse,
930

Newton, his experiments on impact, 209 ;
his theory of impact criticised, 1682;
his proof of velocity of sound, 219;
treated intermolecular force as central,
269

Nickel, admixture with cast-iron tends
to reduce strength of latter, 1165;
prevents crystallisation of iron, 1189;
effect of torsion on loaded and mag-
netised nickel wire, 1735; effect of
longitudinal pull on magnetisation of,
1736; as to existence of a Villari
critical field, 1736; direction of in-
duced longitudinal current by twist
under longitudinal magnetic force,
1737

Nicking, how it produces change in tough
iron, 1067

34
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Nodal Lines, of square membranes, 825
(e), 1223; of plates, (i} p. 575, fin.,
1233—43, 1300 (b)

Nodes, of vibrating bars, 825 (a)—(d),
1228

Note, piteh of fundamental, asserted by
Wertheim to depend on intensity of
disturbance, 809; of circular plates,
1242, 1243; of membranes, 1223, 1439;
of rods of uniform cross-section, 1228,
1291 (b), of varying cross-gection,
1302--7; of stretched string, 1291
() —(d) o

Noyon, on the suspension bridge of Roche
Bernard, 1033

Nutation, effect of elastic yielding of
earth on, 1665, 1738—9

O’Brien, his theory of dispersion (1842),
1221

Oersted, his theory of the piezometer
discussed by Neumann, 1201 (c)

Okatow, his mode of finding stretch-
squeeze ratio referred to, 1201 ()

Optic Azes, dispersion of, 1218, ftn.;
Neumann’s theory of change of posi-
tion due to pressure or temperature,
1220

Optical Axes, defined, 1218, ftn.

Opti%al Coefficient of Elasticity, defined,
79

Ordnance : see Cannon

Orr’s “ Circle of the Industrial Arts”’ (On
the useful metals and their alloys,
(1857)), 891

Orthotatic Aaes, 137 (iii), 445 ; Green’s
condition for, in case of ether, (i)
p. 96, ftn.

Orthotatic  Ellipsoid, discovered by
ﬁaéughton, named by Rankine, 137,

Ortmann, theory of resistance of ma-
terials (1843, 1855), 922

Owen, on strength of ‘toughened’ cast-
iron girders, 1105

Pagani, on statically indeterminate re-
actions, (i) p. 411, ftn.

Painvin, on vibrations of ellipsoidal
shells (1854), 544—8

Pansner, L., uses diamond and metal
needles to test hardness (1813), 836 ( f)

Paoli, on statically indeterminate re-
actions, (i) p. 411, ftn.

Pape, on axes of atmospheric disinte-
gration in crystals, 1219

Paradisi, G., on nodal lines of plates
(1806), (i) p. 575, ftn.

Pearson, K., note on Clapeyron’s Theo-
rem of three moments{elasticsupports),

INDEX.

(1) p. 413, ftn. ; on ratio of transverse
to absolute strength of cast-iron, (i)
p. 719, ftn.; on flexure of heavy
beams, 887, fin., 1427; on intermole-
cular action, 1447; on condition for
replacing surface-load by body-force,
1695, ftn. ; onthegeneralised equations
of elasticity, 1709 (a); on the strain
energy of a jelly with rigidly fixed boun-
daries, 1813, ftn.; on torsion in axles
and shafting, (i) p. 668, ftn. and (i)
p. 673, ftn.

Pekdrek, F., his sklerometer, 842

Pendulum, conical, stress in its support,
589

Perreauz, L. G., testing apparatus for
yarn, thread, wire, ete. (1853), 1152

Persy, on skew loading of beams, 70;
C.etA.p. 9

Petin, on steel, 897

Petzval, J., on the vibrations of stretched
strings, 617

Phear, J. B., on Lamé’s stress-ellipsoid,
513

Phillips, E., on the springs of railway
rolling stock (1852), 482—508 ; errors
in results for rolling load on beam
corrected by Saint-Venant and Bresse,
377, 540; on rolling load on bridges
(1855), 165, 372—3, 552—4; on resili-
ence of railway buffers (1857), 595; on
springs (1858), 597; on the spiral
springs of watches and chronometers
(1860), 674—9; on the longitudinal
and transverse vibrations of rods sub-
jected to terminal conditions varying
with the time (1864), 680—2; writes
notice of Saint-Venant (1886), 415

Photo-elasticity, relation of contributions
of Fresnel, Brewster, F. Neumann,
Maxwell and Wertheim, 792, 793 (iii);
Wertheim’s theory corrected by Neu-
mann’s, 795

Pianoforte Wires, strength of, 1124

Piezometer, elasticity of, 115, 119, 121;
in form of spherical shell, 124; ex-
periments on copper and brass, dis-
cussed, 192 (b); theory of, 1201 (c)

Pillars: see Columns and Struts

Piobert, reports on Saint-Venant’s tor-
sion memoir, 1

Pipes, cast-iron, formulae for strength
of, 900; when unequally heated, 962;
bursting of wrought-iron and leaden
pipes from internal pressure, 983;
earthenware, bursting strength, dry
and after soaking, 1171; formulae for
strength of earthenware, 1172: see
also Tubes

Pirel, translates Hodgkinson’s Experi-
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mental Researches into French,
1095

Piston Rod, stress in, 681

Plane Surface, of infinite elastic solid
subjected to given stress or strain,
1489—98

Planet, application of theory of elasticity
to figure of: see Earth

Plastic Limit, 1568, 1586, 1593—5

Plastic Rupture Surface, 1667

Plasticity, 169 (b); flow of plastic solid
through circular orifice, 233; coeffi-
cients of resistance to plastic slide and
stretch equal, 236; name used in this
work for plastico-dynamics, 243; trans-
ition from elasticity to, is there a
middle state? 244, 257; general equa-
tions of, 245, 246, 250; Tresca’s ex-
perimental laws of, 247; Saint-Venant
deals with uniplanar equations of, 248,
1562—6 ; difficulty of solving equations
of, 249; equations for ecylindrical
plastic flow, 252; equations of uni-
planar plastic flow reduce to discovery
of an auxiliary funetion, 253, 1562—6;
surface conditions of, 254, 1594 ; due
to torsion of right-circular cylinder,
255; due to equal flexure of prism
of rectangular section, 256; plastic
pressure is transmitted as in fluids,
260; of a right-circular cylindrical
shell subjected to internal and ex-
ternal pressure, 261; same shell with
outer surface rigidly fixed, Saint-Ve-
nant obtains results differing from
Tresca’s, 262 ; Saint-Venant corrects a
result of Lévy’s for the general equa-
tions of, 252, 263—4; need of new
experiments on, and method of making
these, 267; insufficiency of Tresca’s
mode of dealing with theory of, 267;
uniplanar equations of, solved by
Boussinesq, 1562—6 ; ‘isostatic’ curves
obtained graphically, 1564 ; nature of
surface conditions, 1594; uniplanar
equations in polar coordinates, 1601;
belts of plastic material subjected to
various forms of pressure, 1602 (a)—
(¢) (ef. 261—2); action of circular
punch, 1602 (d); wedge of plastic
material squeezed between two planes
jointed together,1603; uniplanar body-
stress equation, when force-function
exists, 1605 (b)—(c); how defined by
Thomson and Tait, 1718 (b)

Plasticity, Coefficient of (K), 244, 247,
259; is it an absolute constant? 1568,
1586, 1593; method of determining,
1569

Plastico-dynamics = Plasticity

Plate, Elastic, history of problem, 167,

1234, 1293, 1440; torsion of thin
plate, 29; is generally amorphie, if
rolled, 115

Plate, thick, Clebsch’s treatment of,

1350—53, 1356—7; small but not
indefinitely small thickness, 1354;
special case of circular plate, stretched
by any system of loads parallel to the
mid-plane, 1355; when infinitely ex-
tended, Boussinesq’s suggestion for
solution, 1519 (d); annotated Clebsch,
Saint-Venant and Boussinesq’s re-
searches, 322—337 ; rectangularplates,
simple eylindrical flexure, 823 ; double
cylindrical flexure, 324—325; sub-
jected laterally to shearing load,
326; circular plates, symmetrical
loading, 328, 335; subject to lateral
shearing load, 329; circular annulus,
328—330; complete plate resting on
rim of a dise, 331, 333; criticism of
Saint-Venant’s solution, 331 ; circular
plate centrally supported, deflection,
ete., 332; deflections for complete
plate variously loaded, 334; complete
plate, deflection of, for any system of
loading, 335—6 ; Lévy’s principle, 336 ;
assumptions of theory, 337

Plate, thin, Kirchhoff’s first treatment

of problem, 1236—40, doubtful assump-
tions, 1286, expressions for strain-
energy of bent plate, 1237, the two
boundary conditions. 1238—9, unique-
ness of solution, 1240; Kirchhoff’s
second treatment, 1292—1300, finite
shifts of infinitely thin plane plate,
1293, obscure step in Xirchhoff’s
reasoning, 1294, Love's views, (ii)
p. 86, ftn., further assumption as to
stresses, 1295, strain-energy of plane
plate, 1296; Basset’s terms for shell
contribute nothing to strain-energy of
plane plate, 1296 bis; finite bending,
1297, slight bending, 1298—9; Clebsch’s
treatment, 1375—84, finite shifts, 1376
—8, mid-plane approximately a deve-
lopable surface, 1376, small shifts, ge-
neral equations when no surface load,
1379 ; Gehring’streatment, finite shifts
of isotropic plate, 1413—4, errors,
1414, transverseand longitudinal shifts
of aeolotropic plate, errors of treat-
ment, 1415; comparison of methods
of Kirchhoff, Clebsch and Gehring,
1292—3,1375,1411--3; Thomson and
Tait’s treatment, 1698—1704, strain-
energy for plate with three rectangular
planes of elastic symmetry, 1698—9,
criticism of assumptions made by

34—2
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Thomson and Tait, 1700—1, 1703,
1705, comparison of their method with
those of Boussinesq and Saint-Venant,
and with Kirchhoff’s first treatment,
1701, analysis of bending couples for
plate, 1702, synclastic and anticlastic
bending stress, 1702, stress-couple
equation for plate, 1703, Thomson
and Tait’s ‘ reconeiliation of the Poisson
and Kirchhoff boundary conditions,
1704, 1714, transverse shift of a thin
plate strained symmetrically round a
point, 1705, general solution for a
plate of any form under fransverse
load, thrown back on the solution of
an equation free of that load, 1707,
flexural rigidities of isotropic plate
determined, 1713 ; Boussinesqg’s treat-
ment, 1438-—40, assumption of stress-
relations, 1438, 1440, doubtful treat-
ment of curved plate, 1437, on contour
conditions(1238---9),1438,1441,Lévy’s
investigations and controversy with
Boussinesq, ‘local’ perturbations, 1441,
1522—4; Saint-Venant’s treatment,
383--399, his criticism of Clebsch’s
treatment, 383; deduction of general
equations, 384; assumptions neces-
sary, 385; arguments in favour of
assumptions, 386; criticism of these
arguments, 387; further expression of
the assumptions, 388; advantage of
this method of dealing with problem
over that which assumes form of po-
tential energy, 388; criticism of Lord
Rayleigh’s, and Thomson and Tsit’s
mode of dealing with problem, 388;
equation for transverse shift, 385;
equations for longitudinal shifts, 389;
contour-conditions, 391—394; Saint-
Venant adopts Thomson and Tait’s
reconciliation of Poisson and Kirch-
hoff, 394; his views on Lévy’s ob-
jections, 394, 897; remarks on his
views, 394

Plate, thin, equilibrium of, special cases:

Circular, contour (i) rests on a ring or
(ii) is built-in, uniform surface load,
398 (i) and (ii); shifts in its own plane
and transverse shifts, 1880; built-in
and loaded on any point, 1381; built-
in and uniformly loaded, deflection
and stress, 657 ; thickness required to
caxry a given uniform pressure, 659;
supported or built-in and subjected to
central impact, mass-coefficient of re-
silience, deflection, ete., 1550 (¢). Cir-
cular annulus, subjected to bending
couples and shearing forces on its
edges, 1706, Rectangular, uniform

INDEX.

load and isolated central load, sup-
ported edge, 399 (a) and (), subjected
to transverse loads P, - P, P, —
at the four corners takes anticlastic
curvature identical with torsional
strain, 1708. Infintite, subjected to
given surface loads or shifts, 1660

Plate, thin, motion of, general equations,
1383. Infinite, transverse vibrations of,
1462, when subjected to an arbitrary
shift varying with time at a point,
1535, when subjected to arbitrary
normal impulses, 1536, limiting ve-
locity of impact for safety, 1538, im-
pact by mass striking normally, 1545

Transverse vibrations, 1300 (b),
1384, when aeolotropic, 1415 ; special
case of circular plate, nodal lines, (i)
p. 575, ftn., symmetrical and asym-
metrical vibrations of free circular
plate, 1241, calculation and compari-
son with results of Chladni for notes
on two hypotheses (A=p and \==2y),
1242 (a) and 1243, calculation and
comparison with results of Strehlke
and Savart for nodal circles on same
two hypotheses, 1242 (b) and 1243,
expression for fundamental note, 1243,
nodal lines dealt with by Clebsch,
13884 ; special case of square plate,
nodal lines determined by Miittrich,
C. et A. p. 4.
Longitudinal vibrations, of aeolo-

tropic plate, 1415

Platinum, thermo-elastic properties of,
752 ; after-strain and temperature,
756 ; stretch-modulus and density of,
(i) p. 531, 824 ; absolute strength of
wire, 1131 ; ratio of kinetic and static
stretch-moduli, 1751 ; hardness of, (i)
p. 592, ftn. ; thermo-electric properties
under strain, 1645—6

Pliability, defined,. 466 (ix), as thlipsi-
nomic coefficient, 448

Pliicker, his results for erystals cited,
683, 685—6, 1219

Poinsot, his memoirs on impact, 591

Poirée, J., on deflection of arched ribs
due to temperature, live load and im-
pact, 1013 ; cited, (i) p. 368, ftn.

Poisson, erroneous method of dealing
with flexure, 75, 316, 1226—7; on
problem of plate, 167; criticism of his
deduction of stress-strain relation, 192
(a); error in his theory of impact of
bars, 204; on summing intermolecular
actions, 228; on contour conditions
for thin plate, 894—6; his treatment
of plates criticised by Kirchhoff, 1234;
on statically indeterminate reactions,
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(i) p. 411, ftn.; his theory of elasticity
referred to, 1193, 1195; his views on
uni-constancy tested by the vibrations
of circular plates, 1242—3

Poisson’s Ratio: see Stretch-Squeeze Ratio
Polar Coordinates, general solution of

uniplanar strain in terms of, 1711,
1717 (ii); form of plastic equations in
terms of, 1601

Polar Properties of Crystals, have no

correspondence in elastic forces pro-
portional simply to strain, 1763

Polarisation, Plane of, Neumann’s defi-

nition, 1214, 1215, 1217, accepted by
Kirchhoff, 1301; in Boussinesq’s theo-
ry, 1472; reached by Sir W. Thomson
from incompressible eyboid aeolotro-
py by annulling difference of rigidi-
ties, 1775 ; Sir W. Thomson on, 1780

Polarisation, Rotatory, Boussinesq’s theo-

ry of, 1481 ; in gyrostatically loaded
media, 1782 (a), 1786

Polarising Media, circularly, Clebseh’s

theory of, 1324

Poncelet, reports on Saint-Venant’s Tor-

sion-Memoir, 1; reports on Saint-
Venant’s memoir on transverseimpact,
104; on rupture, 164, 169 (c); on
elastic line, 188; on impact of elastic
bar, 341; his Mécanique Industrielle,
C. et A. p. 10; reports on Phillips’
memoir on springs, 482 ; on theory of
arches, 1009 ; his results as to resili-
ence cited by Mallet, 1061—2

Popoff, 4., integration of elastic equa-

tions for vibrations (1853), 510 ; inte-
gration of general elastic equations in
cylindrical coordinates (1855), 511—2

Potential Energy, of strained solid : see

Strain-Energy

Potential Function or Potential, history

of origin of terms, 198 (c¢); general
property of attraction potential, 1487
(¢); properties of, due to Beltrami,
1505 ; of electricity on elliptic dises,
1513

Potentials, first used by Sir W. Thomson

for elastic problems, 1627—30, 1715;
method of freeing elastic equations
from body-forces by aid of potentials,
1715 ; of second kind, use in solution
of elastic equations, 140, 235; vibra-
tions of an infinite elastic medium
discussed by means of, 1485 ; applied
to discuss influence of local stress or
strain on the stress or strain at other
points of an extended solid, 14.86;
general remarks on potential solutions
and comparison with those in terms
of Fourier’s series, 1487; on different

kinds of, inverse, direct and logarith-
mic, 1488, 1518 ; infinite solid bounded
by plane surface, subjected to given
stress, given strain or partly one and
partly other, 1489—98; solutions by
potentials of special cases of pressure
on or depression of surface of elastic
solid, 1499—1517; solutions of special
cases of body-force in infinite elastic
solid, 1519—21; “spherical” potential
used to integrate equations of vibra-
tions of infinite isotropic medium,
1526

Potier, proves Hopkins’ theorem in shear
anew, 270

Precession, effect of elastic yielding of
earth on, 1665

Prinsep, first noticed that heating pro-
duces set in cast-iron, 1186

Prism, torsion of : see Torsion; flexure
of : see Flexure: see also Strain, Com-
bined

Pronnier, C., on bridge-structure (1857),
890

Pulverulence, remarks on Lévy, Saint-
Venant, Boussinesq and Rankine’s
treatments, 242; Rankine on, 453;
Holtzmann, 582 (b); uniplanar equa-
tions of, solved by conjugate functions,
1566,1570; memoirsdealing with, from
elastic standpoint, 1571 ; Boussinesq’s
theory, elastic constants of stress-
strain relations for, 1574—5; unipla-
nar stress equations, 1576 ; analysis of
stress and strain for pulverulent mass,
1578; solution of equations of equili-
brium for mass bounded by sloping
talus, 1580—2; introduction of bound-
ary wall at any slope, rough or smooth,
1584 ; mass in state of collapse, dis-
cussion of pulverulent limit, 1585—6;
angle of internal friction, 1587; natural
slopes of talus for various materials,
1588; thrust on supporting walls,
1590-—1; physically incorrect assump-
tion in these solutions, 1592 bis; most
stable forms of equilibrium, 1592;
equations for pulverulent mass on
point of collapse, 1593; Rankine’s
relation, 1596; constancy of velocity
of pulverulent mass under varying
stress, 1595 ; conditions at a revetment
wall, 1597—8; upper and lower limits
to thrust on a revetment wall obtained,
1599; uniplanar equation in polar co-
ordinates, 1601 ; uniplanar body-stress
equations, if equilibrium be limiting
and there be a force-function, 1605
(0)—(¢); Sir B. Baker on breadth of
retaining walls, comparison with Bous-

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108070447
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-108-07044-7 - A History of the Theory of Elasticity and of the Strength of
Materials: Volume 2: Part 2: Saint-Venant to Lord Kelvin (2)

Isaac Todhunter Edited by Karl Pearson

Index

More information

526

sinesq’s theory, 1606—7; G. H. Dar-
win on horizontal thrust of sand,
comparison with Boussinesq’s theory,
1609—11, 1623 ; Gobin’s experiments,
1610—11, 1628 ; approximate formulae
for thrust, 1611; Boussinesg’s final
theory for horizontal talus and verti-
cal wall, 1612—8; modified method
of finding superior limit for thrust,
1621—2; numerical tables for thrust
as given by Boussinesq’s theory, 1625;
further approximations to thrust, not
rapid enough, 1624; remarks on Cou-
lomb’s theory of pulverulence, 1609,
1620, 1623

Punching, 905; pressures needful for, in
case of plate-iron, 1103; empirical
formulae, 1104; graphieal representa-
tion of stress due to, by aid of Liiders’
curves, 1190 and (i1) frontispiece;
Boussinesq’s remarks on the action of
a punch, 1511; action of flat punches,
1510 (c¢); of punches with curved
faces, 1512; action of punch on plastic
material, 1602 (d)

Quartz, electro-magnetic field produces
no (? little) effect on compressed
laminae of, 698 (iv); may be cut by
rotating iron disc, 836 (h); harduess
of, 840, 836 (d); used to ecut corundum
in sand-blast, 1538, ftn.; Boussinesq
on optical theory of, 1481; remarks
on elastic forces concerned in optical
phenomena of, 1763 ; optical properties
;};géicable by gyrostatic medium, 1781,

Quincke, his experiments not in accord-
ance with Sir W. Thomson’s theory
of metallic films, 1783 (c)

Railway, rail, torsion of, 49 (c), 182;
transverse strength of, C. et A. p. 11:
see also daxle, Spring, Continuous
Beam, ete.

Rankine, centrifugal theory of elasticity
(1851), 417; laws of elasticity of solid
bodies (1850), 418—26 ; sequel to laws
of elasticity (1852), 427—32; on the
velocity of sound in liquid and solid
bodies (1851), 433—9; on the vibra-
tions of plane-polarised light (1851),
440; on light (1853), 441; general
integrals of elastic equations (1356),
441—2; on axes of elasticity and
crystalline forms (1856), 443 —52; on
earthwork (1857),463 ; general solution
of equations of elastic equilibrium and
decomposition of external force (1860,
1872), 454—62; stability of factory

INDEX.

chimneys (1860), 463; Manual of
Applied Mechanics (1858), 464—70;
Miscellaneous Scientific Papers, 418;
competes for Grand Priz, 454; Life:
see Millar’s edition of Papers
Remarks on his work : his termin-
ology for elastic conceptions, 466, for
elastic coefficients, 443—52, (i) p. 77,
ftn. ; on aeolotropy, 429; on axes of
elasticity and classification of con-
stants, 443—51, Saint-Venanton, 135 ;
on tasinomic quartic, 136, 446; on
orthotatic ellipsoid, 137, 445; on me-
tatatic axes, 137 (vi), 446; Saint-
Venant adopts his symbolic method,
198; his erroneous theory as to co-
efficient of rigidity, 421; on longitu-
dinal impact of bars, 205 ; on stability
of loose earth, 242, 1590, defect of his
theory, 1613; his hypothesis of atomic
centres, 423, of molecular vortices,
424, 440, 1781, of coefficient of fluidity,
423—4, 42930, 1448 ; his hypothesis
of ‘“aeolotropy of density” to explain
double-refraction, 1781
Rari-constancy, 68; a property of bodies
of confused crystallisation, 72; equality
of cross-stretch, and direct slide co-
efficients on hypothesis of, 73; Saint-
Venant’s arguments in favour of, 306;
Rankine’s attempt to elucidate by
means of the ‘coefficient of fluidity’
423—4, 444; does not follow from
Boscovich’s theory, if molecules be
groups of atoms, 787 (ef. 192 (d), 276);
investigated by stretching hollow
prisms, 802, by wires, 1271—3; is not
negatived by experiments on cork,
jelly or india-rubber, 192 (1), 610,
1636, 1770, unless it is shown that
bi-constancy really suffices, 1770, 610,
nor by experiments on wires, 1201,
1212,1271—3,1636; Thomson and Tait
on, 1709 (e), 1749; Sir W. Thomson’s
argument against, based on 21-constant
model, 1771, criticism of this model,
1772—3; non-fulfilment of rari-con-
stant conditions in case of crystals,
1780; rari-constancy follows from sin-
gle assemblage of Boscovichian atoms,
1801—2: see Constants, Elastic, ete.
Ray, defined by Kirchhoff, 1274, theory
of, 1311—2; Boussinesq on, 1477;
in aeolotropic medium obeying ellip-
soidal econditions, ete., 1560
Rayleigh, Lord, on thin plate problem,
388; on normal functions of bar, 349;
overlooks Seebeck’s results for stiff-
ness of strings, 472; on dissipative
function, 1743; works out Rankine’s
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hypothesis of acolotropy of density to
explain double-refraction, 1781; his
“Theory of Sound” cited, 821, 1238,
1302

Reactions, of body on more than three
points of support, 509; history of the
subject, before the days of elastic
theory, (i) p. 411, ftn.; memoirs of
Bertelli, 598, of Dorna, 599—602, of
Clapeyron, 603, of Ménabréa, 604—
6, of Heppel, 607: see also Con-
tinuous Beams

Réaumur, effect of hammering on mag-
netisation, 811 and ftn.

Rebhann, G., theory of wood and iron
construction (1356), 885; increase of
strength in beams due to building-in
terminals (1853), 942

Redtenbacher, formula for strength of
hydraulic press, 901

Reflection, F. Neumann’s elastic theory
of, 1229 (b) and (c); Boussinesq on,
1481 ; Kirchhoff’s elastic theory of, in
crystalline media, 1274; Clebsch’s
elastic theory of, for wave impinging
on spherical surface, 1392—1410,
solution in solid spherical harmonies,
1395—9, any number of centres of
disturbance, 1400—2, single centre,
1403, longitudinal wave always pro-
duces longitudinal and transverse
reflected waves, 1405, application of
Huyghens’' Principle, 1406, wave
length large as compared with radius
of reflecting sphere, 1407—9, absence
of shadow, 1409 (iii) ; Sir W, Thomson
on, 1780—1, theory of, for contractile
ether, 1787—8; metallic, discussed by
Sir W. Thomson, 1782

Refraction, theory of, in crystalline
media, Stefan, 594; F. Neumann,
1229 (b) and (c); Kirchhoff, 1274;
views of F. Neumann, MacCullagh
and Green cited, 1274; Boussinesq on
theory of, 1481; Sir W. Thomson on,
1780—1; theory of, for contractile
ether, 1787

Refraction, Double,due to ‘initial stress’?
786, 789, 1467—74, 1789 —97; the
case of compressed glass (crown, plate
or flint) depends only on squeeze,
786; gives a means of finding stretch-
modulus, 786, 789; of rock-salt and
fluor-spar under compression, 789;
produced by stress used to investigate
the stress-strain relation and equality
of stretch- and squeeze-moduli, 792—
7; relation of stress to difference of
equivalent air paths of two rays, 795;
¢ double-refractive power,’ its relation

527

toJ density, to optical and -elastic
properties obscure, 797 (a); no re-
lation according to Wertheim between
natural and artificial double-refrac-
tion, 797 (b); produced by torsion,
802; produced in powders and soft
bodies by stress, 864
as to pressural wave, 101, 150;

Green’s theory, 147, 193, 229, 1779,
1789; Saint-Venant on conditions
for, 148 -9, 154; criticised, 150;
Green, Cauchy and Saint-Venant’s
views, 193—5; elastic jelly-theories
of Cauchy, F. and C. Neumann,
Lamé, 1213—7, 1229 (a); Neumann
uses initial stresses, 1216; Boussinesq’s
first theory, 1467—74, second theory,
1476, third theory, 1481; his equations
obtained for an aeolotropic medium
satisfying ellipsoidal and other con-
ditions, 1559; reached by Sir W.
Thomson from cyboid aeolotropy (Fres-
nel’s wave-surface, but Neumann’s
plane of polarisation), 1775 ; Rankine’s
hypothesis of ‘aeolotropy of density’
discussed, 1781 (a); deduced from
contractile ether, 1788; Sir W. Thom-
son’s investigation by aid of ¢initial
stresses,” 1789—97

Refractive Index, supposed by Sir W.
Thomson negative for metals, 1783
(¢

Reg?zault, explanation of anomalies in
his piezometer experiments, 115, 119,
121, 192 ()

Reibell, his experiments on wooden
arches, C. et A. p. 6

Reilly, Calcott, on longitudinal stress in
wrought-iron plate girder, 953

Renaudot, on impact, 165 ; contributions
to problem of rolling load, 372; deals
with problem of continuous rolling
load, 881; his problem discussed by
Kopytowski, 558—9

Re{zdﬁel, J. M., on strength of cements,
169

Rennie, on Emerson’s Paradox, 174

Repeated Loading, influence of gradual
and sudden repeated torsional and
flexural loads on molecular structure,
991—3; Wohler’s early experiments
on torsion and flexure of railway
axles, 997--1003

Resal, H., pupil of Saint-Venant, 416;
application of elastic equations to a
planetary crust (Resal's Problem)
(1855), 561—70; on stress produced
by vibrations in connecting rods
(1856), 583 ; on stress in the shrunk-
on tires of wheels (1859), 584—8; on
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flexure in lamina supporting a conical ~ Reuleauxz, F., his text-book on strength

pendulum (1860), 589; on mechanical

of materials (1853), 875

effect of heat (1860), 716; on supposed  Ribs. see Arches
error in Saint-Venant’s theory of Rigidity, Coefficient of, term introduced

flexure (1886), 409; his Ponts mé-

by Rankine, erroneous theory of, 421

talliques (1885) cited, 978; on elastic = Rigidity, Flexural, of beam, C. et A.

curve for rods of double curvature,
291; his insufficient theory of impul-

p. 8 (a), 1709 (d); principal forsion-
Hlexure rigidities, 1692 ; of plate, 1713

give flexural load, 996 Rigidity, use of term for slide-modulus,

Resilience, history of theory of, 165; de-
fined, 466 (viii); of springs, 493; of

1709 (d); confusing multiplicity of
uses, 1709 (d)

proportioned framework, 609; of tor-  Rigidity, Quasi-, resulting from gyro-

sional, flexural and tensional springs,
611; of spiral watch-springs, 675; of

static structure, 1784, 1806—7, 1811,
1816

railway buffers, 595 ; treated by Ritter, Ring. see Chain, Link of; heavy: see

916 (a); for transverse impact, 363—4;

Hoop

modulus of, 340 (ii), 1089, 1091; values  Ritter, 4., his text-book of technical

of, for bronze and cast-iron, 1089 ; due-
tile and elastic elements of, 1085 ; as
limit to impulsive loading, 1087; of
hard and softiron, 879 (g); of cast-steel,
1134 ; tables ofcohesiveresilience, 1062;

mechanics (1863), 912—7; his ele-
mentary theory of carriage springs,
913 ; his treatise on iron and roof
structures, 915 (b); his erroneous
theory of rotating dise, 915 (e)

of elastic resilience, for metal wires, Ritter’s Method, for determining stresses

1749; mass-coefficient of, in a variety

in framework, 915 (b)

of problems of impact, 867—70; a  Rivets, ratio of shearing to tensile

general expression for its value, 368;
due to Hodgkinson and Homersham
Cox, 1550, ftn.; correctness of calcu-
lation of maximum shift and prineipal
vibration by Homersham Cox’s hypo-
thesis demonstrated by Boussinesq,
1450—5; special cases of mass-coeffi-
cient, for longitudinal impact of rod,
1550 (a), for carriage springs, 371 (ii),
for thin circular plate with either
built-in or supported edge, 1550 (c):

strength in iron, 1145 (ii); shearing
strength of iron, 1108; rivet holes
tested by wedging to rupture, 1107;
how affected by change of tempera-
ture, 1116 ; how they alter strength
of plate, 1135, 1126—7; rivetted
joints, Rankine on, 468; ‘Lloyds’’
experiments, 1135 ; effect of hardening
in oil rivetted steel plates more than
counterbalances loss of strength due
to rivetting, 1145 (i)

see also Spring, Strain-Energy, Impact  Rocksalt, elastic constants of, 1212;

and Appendix E. to Vol. 1.
Resilience, T'ransverse, of Bar. (Gradual

double-refractive power under com-
pression, 789 () ; hardness of, 836 (i)

Impulse.) Vertical bar carrying a  Rodman, his reports on ordnance (1860

weight at its mid-point and acted on
by constant force, 357 (a); force some

—70), 1037 ; his theory of initial
stress, 1038 (g)

function of time, 357 (b); same bar  Rods, general theory of, résumé of re-

subjected to sudden small shift of mid-
point, 357 (c); small shift a funection
of time, 357 (d); Leam of beam-engine
subjected to periodic impulse, 358;
on danger of certain speeds for fly-
wheels of such engines, 359

Resilience, Longitudinal, of Bar (Gradual
Impulse), 681—2: see for resilience of
bars, Impact

Resistance, Electric, how affected by
strain, 1647, 1740

Resistance, Solid of Equal, defined, 5 (e);
for cantilever, 56, case (4); for beam
under impact, 370 (c); Rankine on,
468; Zetzsche, for heavy stretched
prism, 656; Decomble on, 1024;
Clebsch’s treatment of, 1386 (d)

searches on, 1228; history of theory
of, 1252, 1418 ; Kirchhoff’s treatment,
finite shifts, 1251—66, obscure step,
1258, assumes Saint-Venant’s stress-
conditions, 1262, 1359; body-shift
equations, 1261; strain and kinetic
energies, 1261, 1263, 1268 ; relations
between total stresses or loads and
strain, 1265, 1266, 1283 (); com-
parison of Kirchhoff and Clebsch’s
treatment of the problem, 1257, 1258,
1263, 1270, 1282, 1858-—9; Boussi-
nesq attempts to demonstrate Saint-
Venant’s stress-conditions, 1421—4,
supposes rod aeolotropic and with
cavities in cross-section, 1420, stretch-
modulus varying across cross-section,
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1425, his treatment compared with
Saint-Venant’s, 1427-—8, analysis of
general solution, 1429 ; Thomson and
Tait’s treatment, compared with those
of Kirchhoff and Clebsch, 1687, 1691,
1695 ; difficulties as to their replace-
ment of body-force by surface load,
ete., and their neglect to investigate
form of distorted cross-section, 1635
—6

Rods, initially curved, axis of double

curvature, views of Saint-Venant,
Poisson, Wantzel, Binet, Lagrange
and Bresse, 153, 155; general equa-
tions, 1264, 1368, 1425, 1435 ; equa-
tions for total shears, 1435—6 ; solu-
tion for case of small shifts, 1370—1;
validity of Saint-Venant’s stress-con-
ditions for, 1422, 1435 ; vibrations of,
Bresse's equations, 534 ; axis of single
curvature, on stability of rods of
unequal flexibility in form of hoops
and circular arcs, rotation round
central line, etc., 1697; when bent
solely by couples, 1369. Additional
madterial for the theory of plane curved
rods will be found in the memoirs of
Bresse on arches, 514—31, of Winkler
on links of chains, 618—41 and of
Phillips on spirals, 677—9

Rods, nitially straight, flexure of,

Hoppe, 593; Kupffer’s doubtful for-
mula for flexure of loaded, 747, 759 (c),
corrected, 760—2; experiments on
statical flexure of, 767 ; general equa-
tions of, deduced by Kirchhoff, 1251
—66 ; indefinitely thin, and extremely
small shifts, 1284—90; torsion and
flexure equations, 1287 ; thrust taken
into consideration, 1288; Clebsch’s
discussion, 1358—74, his assump-
tion, 1359, doubtful neglect of terms,
1359-—60, 1861 ; equations of motion,
1372—4 ; stresses in, 1374 ; Thomson
and Tait’s treatment, 1687—97;
heavy and stretched, 1290; doubtful
formula for flexure of erystalline
rod, 1227 ; rod whose length shall be
unaffected by heat, how to be found,
1197 : see also Flexure, Torsion, Wire,
ete.

Rods, initially straight, Vibrations of,

general equations of motion, 1872—4 ;
transverse, F. Neumann’s equations
for, 1226—7, Kirchhoff, 1291 (a),
Clebsch, 1873 (a), 13874, Boussinesq,
1431 ; loops and nodes calculated by
Seebeck, 471, formulae for, given by
F. Neumann, 1228, experiments on,
825; when clamped at one end and

loaded at the other, 551 («); deter-
mination of constants in solution,
614, 616 ; when the terminal con-
ditions vary with the time, 680—2;
loadel and vibrating, Kupffer’s for-
mula, 751, 759 (c), examined and
corrected, 763—6; with and without
loads, 769 ; heavy loaded rod, 775,
780, 1431, solution when weight is
neglected, 776—7, approximate solu-
tion, 778, when unloaded, 779, further
approximations, 781, application to
Kupffer’s results, 782—4 ; when cross-
section varies, 1302—7, thin wedge,
1304, safe amplitude of vibration,
1305; very sharp cone, 1306, safe
amplitude, 1307 ; according to Baudri-
mont transverse vibrations do not
obey the usual (Bernoulli-Eulerian)
theory, 821, difference not to be ac-
counted for by rotatory inertia or
distortion of cross-section, 821 ; Mon-
tigny, however, confirms usual theory,
822 ; transverse and longitudinal vi-
brations of same tone, 825; case of
rod infinitely long in one direction,
when constraint or load at one end
varies with the time, 1527—33, when
initial shift and speed of each point
is given, 1534, bearing mass subjected
to a force varying with time, 1539 ;
transverse impact, limiting safe velo-
city of striking mass, 1537, bar carry-
ing a mass, which is subjected to
transverse impact, 1540 : see Impact

longitudinal, F. Neumann’s de-
duction of general equations for right-
circular cross-section, 1224, his doubt-
ful solution, 1225; Kirchhoff, 1291
(a), Clebsch, 1373 (b), Boussinesq,
1431 ; nodes determined by Seebeck
with sand, 475 ; when terminal con-
ditions are functions of the time as
in piston rods and crauks, 680-—2;
longitudinal and transverse vibrations
of same tone, 825; longitudinal im-
pact, non-impelled end fixed, 401—7,
410—4; non-impelled end fixed or
free, maximum strain, duration of
blow, kinetic-energy, ete., 1547 —50:
see Impact

torsional, 191, 1291 (a), 1373 (c),
1374, 1431

elastico-kinetic analogue, 1267,
1270, 1283 (b) and (c), 1364

Rintgen, his experiments on stretch-

squeeze ratio referred to, 1201 (e)

Roffiaen, E., on strength of materials

(1858), 892, 925; his treatment of
flexure, 1090
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Rohrs, on oscillations of suspension
chains (1856), 612

Rolling, effect on stretch-modulus of
brass and iron, 741 (a): see also
Working

Rolling Load, on beam, girder or bridge,
372, 540—1; history of problem, 372,
377 ; isolated on bridge with doubly-
built-in terminals, Phillips, 552, solu-
tion corrected by Bresse, 540; iso-
lated on bridge with doubly supported
terminals, Phillips, 5538, solution cor-
rected by Saint-Venant, 373—6; bend-
ing moment, 375, deflection, 376,
Saint-Venant takes account of peri-
odic terms, 378—80 ; the same problem
(Willis’ Problem) solved by Boussinesq,
1553, extension to case of continuous
load by Renaudot, 381, 372; Bresse,
on very long train crossing very short
bridge, 382, 541, his theory repeated
by Kopytowski, 558, by Winkler,
664; investigation of whole problem
by Kopytowski, errors in treatments,
555—60; Homersham Cox’s erroneous
theory, reproduced by Winkler, 663,
by Morin, 881 (b), by Mahistre, 963,
by Mallet, 964 ; experiments on de-
flection due to, 1018—4

Rondelet, on strength of wooden
columns, 880 (a); on strength of
stone, 880 (b)

Roof-Trusses, 881 (c), history of, C. et A.
p. 5: see also Framework

Rotating Disc, Ritter’s erroneous theory
of, 916 (e)

Rotation of plane of polarised light,
produced by magnetic force, how
affected by compression in flint and
erown glass, 693 ; the more feeble in
glass, the greater the mechanical
strain, 786, 797 (d); theory of cir-
cularly polarising media, 1324; theory
of optical, 1481 ; theory of magnetic,
1482

Roy, C. 8., on after-strain, stretch-
traction curve, hyperbolic (1880—-8),
(1) p. 579, ftn.

Riihlmann, his History of Technical
Mechanics cited, 884; his Elements
of Mechanics (1860), 917; on strength
of thread of screws, 966

Rupture : see also Failure, Fracture,
Strength, dbsolute ; and Safety, Limit
of ; conditions for, 4 (y), 5 (a); gene-
ral conditions for, 5 (d), 32; history
of theory of, 164; Poncelet on, 164,
169 (c), 321 (b); conditions for, used
by Lamé and Clapeyron, 166; by
compression, 169 (c), due to lateral

INDEX.

stretch, 855, 856; of cast-iron, of
cement, 169 (¢); condition for, with
skin-change of elasticity, 169 (f); for
wooden prism with variation in
stretch-modulus, 169 (f); behaviour
of a material up to, 169 (g); by
flexure, 173; relations between con-
stants of instantaneous and ultimate,
175; for flexure of beam with loading
in plane of inertial asymmetry of
cross-section, 177 (a); experiments by
Blanchard, Kennedy and others on
rupture by compression, 321 (b) and
ftn. ; ratio of coefficients of, by pres-
sure and tension, 321 (b) 6°; of arches,
Ardant’s formulae for, C. et A. p. 7;
Wertheim considers that of hard
bodies takes place by slide and that of
soft bodies by stretch, the strain being
torsional, 810, ¢f. Sir W. Thomson’s
views, 1667; rupture stress not a
proper guide in construction, 875;
rupture surfaces of cylinders and
spheres, 880 (b); rupture planes of
massive slopes of rock, 1583 ; rupture
surfaces of stone, 909, 1182 ; rupture
is not to be determined from elastic
equations, difficulty of maximum
stress difference limit, general dis-
cussion of conditions of failure, 1720;
failure better measured by stretch than
by stress limit, 1327, 1348 (g)—(h),
1386 (b)

Russian, measures of length and weight,
() p. 520, ftn.

Saalschiitz, on forms taken by a loaded
rod or flat spring (1880), 1694, ftn.
Safety, Factors of, 1/10 in France, 1/6
in England, 321 (b); Rankine’s table

of, 466 (x).

Safety, Limit of, properly measured by
stretch and not traction, 5 (c); rela-
tions between safe tensile and com-
pressive stresses for wood, cast-iron,
wrought-iron, 176; Clebsch’s assump-
tion of stress limit, 320; comparison
of stress and stretch limits, the latter
generally on the side of safety, 321 (a),
321 (d), 1720, 1327, 1848 (g)—(h), 1386
(b): see Failure

Saint-Guilhem, on slope of natural talus
of earth, sand, ete., 1588, 1623

Saint-Venant, Memoirs and Notes: Chief
memoir on Torsion of prisms (1855),
1—61; note on flexure of prisms
(1854), 62; notes on transverse im-
pact of bars (1854), 63, (1857) 104—7,
(1865) 200; chief memoir on flexure
of prisms (1856), 69—100; notes on
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theory of light (1856), 101, (1863) 154,
(1872) 265; mnotes on velocity of
sound (1856), 102, (1867) 202; note
on moments of inertia (1856), 103;
notes on torsion (1858), 109, 110,
(1864) 157, (1879) 291; note on vi-
brating cord (1860), 111; note on con-
ditions of compatibility (1861), 112;
note on number of unequal elastic
coefficients (1861), 113; memoir on
diverse kinds of elasfic homogeneity
(1860), 114—125; memoir on distri-
bution of elasticity round a point
(1863), 126—152; notes on elastic
line of rods of double curvature (1863),
153, 155; memoir on rolling friction
(1864), 156 ; note on strain-energy due
to torsion (1864), 157; notes on kine-
matics of strain (1864), 159, (1680)
294; annotated edition of Navier’s
Legons (1857—64), 160—199; note on
loss of energy by impact (1866), 201,
202; memoir on longitudinal impact
of bars (1867), 203—219; notes on
longitudinal impact (1868), 221—2,
(1868) 223, (1882) 2956, 297;
confributions to Moigno’s Statique
(1868), 224—229; memoir on amor-
phic bodies (1868), 230—232; papers
on plasticity (1868), 233, (1870) 236,
(1871) 243, 244, 245257, (1872)
258-—264, (1875) 267 ; note on stresses
for large strains (1869), 234; note on
application of potential of second kind
to elastic equations (1869), 235; me-
moir on initial stress, strain and dis-
tribution of elasticity (1871), 237—
241; papers on loose earth (1870),
242; reports and analysis of others’
work, on Lévy (1870—1), 242—3: on
Lefort (1875), 266: on Boussinesq
(1880), 292, (1884), 1619: on Tresca
(1885),293 ; noteson thermal vibrations
(1876), 268, 271—274 ; papers onatoms
(1876), 269, (1878) 275—280, (1884)
408 ; note on shear (1878), 270; me-
moir on elastic coefficients (1878), 281
—284; memoir on torsion of prisms
on bases in form of circular sectors
(1878), 285-—290; annotated edition
of Clebsch’s Treatise (1883), 1325, 298
—400 ; memoir (with Flamant) on the
graphical representation of longitudi-
nal impact (1883), 401—7; posthu-
mous memoir on the graphical repre-
sentation of the laws of the longitudi-
nal and transverse impact of bars
(edited by Flamant 1889), 410—4
death of, 415; notices of life and
work by Phillips, Boussinesq and

531

Flamant, and in Nature and the
Tablettes biographiques, 415; character
of, 416; summary of his work, 416;
analysis of his works by himself up to
1858, and up to 1864, (i) p. 2
References to: his theory of torsion

misinterpreted by Wertheim, 805 ; his
results for prisms on rectangular base
confirmed by Wertheim’s experiments,
807; his suggestion of method of
approximation in theory of pulveru-
lence, 1599, 1612; his report on Bous-
sinesq’s theory of pulverulence, 1619;
his theorem as to maximum slide,
4 (8), 1604 ; his stress-strain relations,
assumed by Kirchhoff, 1262, 12857,
cf. 1359—60, attempt to demonstrate
by Boussinesq, 1421—4 ; his results for
helical springs given by Thomson and
Tait, 1693 ; his problems of torsion
and ‘circular flexure’ dealt with by
Thomson and Tait, 1710, 1712 ; ap-
plication of his theory of rupture to
torsion and flexure of cast-iron, 1053

Saint-Venant’s Problem, so called by
Clebsch, 2; treatment of by Clebsch,
1280, 1332—45, by Kirchhoff, 1280 ;
the assumptions 7z = 7y =& =0, argu-
ments in favour of, 316; Boussinesq
on, 317, 1421—4; objections to in
case of buckling, 318; Kirchhoff,
Poisson and Cauchy on flexure of
rods, 316

Sand, slope of natural talus of, 1588;
experiments. of G. H. Darwin and
theory of Boussinesq as to thrust of,
1609—11, 1623

Sandblast, its method of action and pro-
babletheoretical explanation, 1538, fin.

Sandstone : see Stone

Sang, E.,free vibrations of linear systems
of elastic bodies, 615

Sapphire, hardness of, 840, 836 (d)

Sarrau, pupil of Saint-Venant’s, 416 ;
Saint-Venant’s views on his theory of
light, 265; his equations for double-
refractive medium, 1476, 1559

Savart, his experiments on torsion, 31,
191; his results for mnodal lines of
circular plates tested by Kirchhoff’s
theory, 1242 (b); his views on vibra-
tions of rods criticised by Seebeck,
475

.Scheffler, H.,on strength of struts, beams,

ete. (1858), 648—50; on strength of
tubes (1859), 654—5; on the theory
of domes, supporting walls and iron-
bridges (1857), 886; on increased
strength of beams due to building-in
their terminals (1858), 944—5
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Schlomilch, O., on form of chains for
suspension bridges, 579

Schueebeli, his experiments on stretch-
squeeze ratio, 1201 (e)

Schnirch, F. experiments on the strength
of wrought-iron and stone (1860),
1133

Schénemann, C., effect of temperature
and of rivet-holes in reducing strength
of plates (1858), 1127

Schristter, 4., on crystalline texture of
iron and effect of repeated torsion
(1857), 992

Schiibler, A4d., on bridge-construction
(1857, 1870), 887—9

Schwarz, obscure theory of struts, 956

Schwedler, on braced and latticed girders
(1851), 1004—5

Scoffen, J., on useful metals and their
alloys (1857), 891

Scoresby, W., effect of hammering, bend-
ing and twisting on magnetisation, (i)
p. 564, ftn.

Screwing, old dies weaken bolts less
than new, 1147

Screws, strength of, 905, 1147, of thread
of, 966—7 ; wooden give way by shear-
ing, 967

Sealing-wax, rupture surface of, 810,
1667

Sébert, on impact of elastic bar, 341

Seebeck, on transverse vibrations of
stretched elastic rods (i.e. stiff strings)
(1849), 471—3 ; on vibrations (in Pro-
gramm 1846), 474 ; contributions to
Dove’s Repertorium (1842), 475; died
1849, 475 ; upon testing hardness of
crystals, 836 (i) and (j) ; his error as to
hardness of Iceland spar corrected,
839

Segnitz, erroneous treatment of torsion
(1852), 481

Séguin (the elder), builds first suspension
Lridge in France (1821), (i) p. 622, ftn.

Séguin, endeavours to explain cohesion
by molecules attracting according to
law of gravitation (1855), 865

Sellmeyer, adopts F. Neumann'’s view of
dispersion, 1221

Semi-inverse Method, 3, 6, 11; applied
to flexure, 9, 71; history of, 162; its
justification, 189; applied to plastic
problems, 264

Sénarmont, his results for crystals re-
ferred to, 683, 686, 1219 and ftn.

Set, 169 (b); effect on stretch-modulus
and cross-stretch coefficients, 194 ;
flexural, 709 : seealso Bent; torsional,
702, 709, 714 : see also T'ort; unaccom-
panied by change of volume, 736;

INDEX.

remarks on nature and relation of
stretech and squeeze sets, (i) p. 547,
ftn.; torsional, increases elastic resist-
ance of soft-iron, 810 ; its relation to
load in flexure of bronze, cast-iron
and cast-steel, 1084 ; at first set-strain
curve is linear, afterwards regular but
not linear, 1084—5; due to flexure,
exhibited by drawing lines on beam of
lead, 1119; produced by repeated
heating of cast-iron, 1186 ; effect on
thermo-elastic properties of the metals,
1645 (B), 1646

s’Gravesande, his method of finding
stretch-modulus, 1289

Shadow, absence of when wave length of
incident ray is great compared with
size of reflecting object, 1409 (iii)

Shear, appropriated by Rankine to stress,
465 (a); used by Thomson and Tait
for strain, 1674 ; elastic constants in
its expression in case of plane of
elastic symmetry reduced by rotation
of axes, 4 (6); elementary discussion
of, 179; inadmissible theory due to
Ritter, 915 (a); fail-limit for, 185;
Hopkins’ theorem as to maximum
shear, 270, 1458, 1604 ; total in terms
of bending moment, 319, 534, 556,
889, 1361, ftn., 1435 (a), in beam
partly covered by continuous load,
557

Shear, Cone of, Rankine on, 442; used
by Lamé and Resal, 567 (b)

Shearing Stress, Rankine, 468

Sheppard, R., uses beam of lead with
lines on faces to measure flexural set,
1119

Shift, definition of, 4 (a); large, with
small strain, equations of elasticity
for, 190 (b); large, elastic equations
for, 124450 ; strain-energy for, 1256 ;
integral tangential shift for strained
and unstrained curve in solid, 1679—
81

Shift-Function, when twist vanishes,

Shot, work done by impact of, 916 (d)
Side-long Coefficients (=plagiothliptic
_and plagiotatic coefficients), 1779
Silbermann, J. T., on elongation of
scales of measurement (1854), 848
Silicum, influence on strength of cast-
iron, 1047 (¢); amount of, after re-
peated meltings of cast-iron, 1100
Silk, after-strain in threads of, effect of
change of temperature on torsional
elasticity of, (i) p. 514, ftn.
Silver, thermo-elastic properties, 752,
756; after-strain and temperature,
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756 ; stretch-modulus and density of,
(i} p. 531, 824; ratio of kinetic and
static stretch-moduli, 1751 ; hardness
of, (i) p. 592, ftn., 836 (b)

Similar bodies, similarly strained, how
shifts and strains related, 1718 (a)

Skewnesses, defined, 1776 (b); strain-
energy, if they be annulled, 1778;
vanishing of, in thlipsinomic coeffi-
cients, 1779

Skin-Change, of elasticity, 169 (f); in
cast-iron columns, 974 (c); tenacity and
stretch-modulus of cast-iron bar dif-
ferent at core and periphery, 169 (c)—
(f), 1111 ; effect of, on crushing
strength of glass, 856, on its tensile
strength, 859

Sklerometer (or measurer of hardness),
Seebeck’s, 836 (7), Franz’s, 838, Grailich
and Pekdrek, 842

Slate, strength and deflection of, 1174

Stlide, definition of, 4 (8); Saint-Venant
changes from cotangent to cosine of
slide angle, (i) p. 160, ftn.; analysis of,
principal axes and ratio, 1674 ; value
(o) of, in any direction, 4 (3); Saint-
Venant’s theorem as to maximum of,
4 (3), 1604; in terms of stretch and
squeeze, 4 (8); condition for failure by
5 (f); elementary discussion of, 179,
1456, 1459 ; flexural slide, 183 (a) ; slide
and stretch in any direction first given
by Lamé, 226; for large shifts, 228;
slide due to torsion: see Torsion;
slide due to flexure: see Beams and
Flexure ; slide initial, strain-energy of
isotropic body subjected to, 1787—95

Slide, Cone of, Rankine on, 442

Slide-Limit, in terms of stretch-limit of
safety, 5 (d)

Slide-Modulus : see under Modulus

Slide-Wave, velocity of, 219

Snapping, defined, 466 (a)

Solids of Equal Resistance : see Resist-
ance, Solids of equal

Solid, Elastic, indefinitely extended and
bounded by plane surface, stresses
and strains due to simple pressure on
any element of surface, 1497 ; surface
deflection due to any distribution of
surface pressure, 1498; approximate
solution, 1498 ; surface deflections for
distribution of pressure uniform round
a point, 1499 ; reciprocal theorem for
loaded concentric circumferences, 1500;
uniformly loaded ecircular areas, 1501
—32; circular areas with load varying
along radius, 1504; uniformly de-
pressed circular and elliptic areas,
1504 ; effect of shear applied to small

533

element of bounding surface, 1506 ;
nature of load that depression may be
proportionalto pressure, 1507 ; stresses
and strains produced by pressing a
rigid solid against the plane surface,
1508—13 ; when the rigid solid is one
of revolution, 1510 (a), any rigid solid
1510 (b), rigid flat dise, elliptic dise,
1510 (c), discontinuity at edge, 1511;
rigid surface pressing with a point
of synclastic curvature on plane sur-
face of indefinite elastic solid, 1512—3

Solid, Elastic, heavy and bounded by
sloping plane, stresses in, 1577 ; strains
in, application to geological problem
?f massive slope of rock, 1583, 1589,
tn.

Solid, Elastic, of any shape, pressed by
smooth elastic solid of any shape at
point of synelastic curvature, 1514;
case of two elastic spheres, 1515—6

Solid, Elastic, infinite, subjected to body-
force, 1519 ; general solution, 1519 (a),
1715 (b); single force on element,
1519 (b); body-force on spherical ele-
ment, 1715 (a)

Solid, Elastic aeolotropie, its equations
reduced to those for an isotropic
solid, if the ellipsoidal conditions hold
and the cross-stretch and direct slide
coefficients have a constant ratio,
1557—8; vibrations in such a solid,
1559

Solid, Elastic, isotropic and infinite,
solution for vibrations of various
types in, sources in oscillating par-
ticles and doublets, 1767—9; equations
of motion for case of incompressibility
(=jelly) and their solution, 1810

Solids, Elastic of special forms: see
under name of form i.e. Sphere, Cy-
linder, ete.

Sound, effect of on magnetisation, 811;
why it is checked by pulverulent mass
like sand or sawdust, 1593, ftn.

Sound, Velocity of, 68, 102, 219; proof of
value for bar, 202 ; in liguid and solid
bodies, 433 ; comparison of magnitudes
in an indefinitely great and in a limited
elastic solid, 435—6; in rods and
prisms according to Rankine, 437—8;
in iron, 785 ; its value determined for
longitudinal vibrations of metal rods
increases with length of rod, 823;
numerical values for metals, 824

Sound Vibrations, in rods and string,
471—5 ; torsional, 808 ; according to
Wertheim in torsional, pitch depends
on intensity, 809 : see also Vibrations

Space-periodic partitioning, 1800
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Spermaceti, tensile and crushing
strengths increased by solidification
under pressure, 1156

Sphere, of gravitating liquid, period of
free oscillations, 1659; comparison
with period of ellipsoidal deformation
of solid globe of steel of size of earth,
1659

Sphere, Solid Elastic, or spherical cavity
in infinite elastic solid with given
surface shifts, 1659

Sphere, Solid Elastic, radial vibrations of,
1327 ; surrounded by shell of different
material subjected to surface pressure,
1201 (d)

Sphere, Solid Inelastic,with non-slipping
oscillations of rotation and translation
in an infinite elastic medium, 1308—
10; reflecting waves in an infinite
elastic medium, 1392—1410; special
solution for case when wave length is
great as compared with radius of
sphere, 1407—9

Spheres, Solid Elastic, impact of, area of
contact, duration, ete., 1515—7, 1684

Spherical Coordinates, equations of elas-
ticity in terms of, (i) p. 79, fin.

Spherical Harmonics, Solid, introduced
independently by Clebsch and Sir W.
Thomson, 1395, 1397, 1651

Spherical Shell, conditions for expansion
without distortion, the distribution of
elastic homogeneity being spherical,
123; as a form of piezometer, 124;
general problem solved by Sir W.
Thomson in terms of solid spherical
harmonies, 1651—8, 1717 (i), removal
of body-force, 1653, solution of general
equations, 1654, given surface shifts,
1655, given surface stresses, 1656,
force-funection a solid harmonie, 1658 ;
under internal and external pressures
considered by F. Neumann, 1201 (c),
Kirchhoff, 1281, Clebsch, 1327; Love,
Basset, ete. on general problem, 1296
bis ; radial vibrations of, 551 (b); of
glass, strength of under external and
under internal pressure, 857—Y

Sprain, defined, 466, ftn.

Springs, built-up of Laminae, Phillips’
fundamental memoir, 482—508 ; roll-
ing-stock springs, matrix lamina, 485;
curvature, strain and deflection, 485—
90; action between laminae, 492;
resilience, 493; best form for, 494,
shape of laps, 495; calculation of
dimensions, 496—500; ‘reserve’
spring, 502—4; experimental data,
507 ; experiments confirming Phillips’
theory, 596; graphic tables for

INDEX.

Phillips’ formulae, 921, ftn.; Ritter’s
elementary theory, 913; Blacher on,
955 ; general formula for deflection of
carriage springs, 371 (ii)

Springs, of Railway Stock and Buffers,
resilience of, 595—7; deflection, set
and strength (buffing and bearing
springs), 969 (a) ; india-rubber springs,
969 (b); ‘grooved’ plate spring, 969
() ; springs formed of alternate discs
of iron and vulcanised caoutchoue,
851 ; deflection and set of various
types of railway springs, 969 (c)—(d)

Springs, of single flat Lamina, forms
taken by when variously loaded, 1694
and ftn.

Springs, Spiral, of watches, 674—9;
their isochronism, 676

Springs, Helical, Kirchhoff’s treatment,
1268—9, 1283 (c); Clebsch’s, 1365;
Thomson and Tait’s, 1693; results
of Wantzel, Giulio, Saint-Venant,
Hooke, Binet, J. Thomson and Kirch-
hoff referred to, 153, 155, 1693

Squeeze-Modulus : see Stretch-Modulus

Stability, criterion of, applied to prove
uniqueness of solution of elastic equa-
tions, 1278; of small relative motions
of parts of elastic solid, 1328—30;
problems in stability of wires, 1697

Stability, of loose earth: see Earth, loose
and Pulverulence

Standards of Length, elongation of, 848

Steel, thermo-elastic properties of, 752,
754, 756; W. Thomson’s thermo-
elastic theory verified by Joule for,
696; after-strain and temperature,
756 ; effect of temperature on slide-
modulus, 690, on stretch-modulus,
1753 (b); not rendered brittle by cold,
697 (c); hardoess of, (i) p. 592, ftn. ;
cut and cleaned by sandblast, 1538,
ftn. ; may be cut by rotating iron dise,
836 () ; stretch-modulus and density
of (rolled, cast, wrought), (i) p. 631;
stretch-modulus of English and Rus-
sian, 742 (a), 743; stretch-modulus
determined by transverse vibrations,
771; stress applicable without pro-
ducing set, 597 ; absolute strength and
stricture, 902, 1123, 1142 ; strength of
German, 1122; French experiments
on, 897; rupture surfaces, 1143; effect
of hardening in oil and in water,
1145; fracture of hardened, 1667;
effect of magnetisation in producing
strain in, 688; effect of longitudinal
pull on magnetisation, Villari critical
field, 1728—9 ; effect of torsion on
magnetisation of, 812
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Steel, Bessemer, strength of exaggerated

by shape of test piece, 1146

Steel, Cast, stress-strain diagrams for,

1084 ; Liiders’ curves for, 1190; tensile
and torsional strengths, stricture of
Krupp’s, 1113; strength and elasticity
when prepared by Uchatius’ process,
1114 ; crushing strength of, 1039 (e);
axles of, resistance to impact, 995,
1000 ; processes of manufacture, 891
(¢) ; plates of, strength of, parallel and
perpendicular to direction of rolling,
1130 ; elastic limit and structure of,
1130 ; annealing only slightly reduces
strength, 1130 ; effect of tempering,
annealing, ete., on absolute strength,
rupture streteh, stretch-modulus,
elastic limit, resilience, 1134 : see also
Steel, Plates

Steel, Columns, experiments and formulae

for strength of, 978

Steel, Plates, absolute strength and

stricture greater in direction of rolling,
if puddled, converse if cast, 1142; if
rivetted and hardened in oil, as strong
as unrivetted plates, 1145 ; Liiders’
curves in steel plates of dredger

Iceland spar cited against Rankine’s
hypothesis of aeolotropy of density
in ether, 1781; his solution of equa-
tions for vibrations of infinite elastic
medium reached, 1526 ; extension of
his results for diffraction, etc., to
aeolotropic medium of simple kind,
1560

Stoletow, on coefficient of induced mag-

netisation for soft-iron, 1314

Stone, stress formulae and elastic con-

stants for, 814; rupture of, 321 (b},
1%; empirical law for crushing strength
of, 1175 ; strength in frozen condition,
1176; defect of Hooke’s law in, 1177;
important influence of manner in
which faces of cube of stone are
bedded during test, 1175, 1180;
strength of, 880 (b), 1133, 1153, 1176,
1179; strength and deflection, 1174 ;
crushing strengths and rupture sur-
faces of granite, limestone and sand-
stone, 1182 ; strength and density of
sandstone, marble and granite, 1178,
1180 ; cracking and crushing loads of
German stones, 1181; ecrushing and
transverse strength of colonial stones,

buckets, 1190, ftn. and (i) frontispiece
Steel, Puddled, for links of cables, abso-
lute strength of, 1132
Steel Wire, thermo-electric properties
under strain and working, 1646;

1183 ; crushing strength of Irish
Basalt, 909, of American stones, 1175,
of colonial stones, 1183, of Italian
stones, 1184 ; résumé of English and
French experiments, 1175

Stoney, B. B., on strength of long

stretch-modulus and density of, (i) p.
531 ; effect of tort on moduli, 1755;
Kirchhoff’s determination of stretch-
squeeze ratio, 1271—3; absolute
strength of, (i) p. 763, ftn. ; pianoforte,
absolute strength of, 1124

Stefan, J., general equations of a vi-

brating elastic medium (1857), 594;
on transverse vibrations of rods (1859),
616

Stephenson, R., on neutral axis, 1016;

experiments on cast-iron, 1093

Stiffness, defined, 466 (v) ; how it affects

note of musical string, 472—3, 1374,
1432 ; how it affects note of mem-
brane, 1439

Stirling, J. D. M., on transverse and

tensile strength of cast- and wrought-
iron (1853), 1105

Stokes, Sir G. @G., discussion of his

views as to elastic constants by Saint-
Venant, 193; first calls attention to
difficulties of uni-constancy, 1770 ; on
his doctrine of continuity, 196; his
results for bridges subjected to rolling
load, 372, 378—9; comparison of his
solution of Willis’ Problem with Bous-
sinesq’s, 1553 ; his experiments on

Storer, H. R.,

pillars (1864), 977; on lattice girders
(1862), 1029—30

on bursting of gutta-
percha tubes (1856), 1160

Strain, pure, definition of, 1677 ; appro-

priated by Rankine to relative dis-
placement (1850), 419; homogeneous,
Thomson and Tait on, 1672—80,
Kirchhoff’s treatment, 1276; resolu-
tion of homogeneous strain into
stretch, slide and dilatation, 1675,
combinations of pure strains, 1678 ;
general analysis of, Saint-Venant, 4,
Boussinesq, by simple geometry, 1456
—9, in terms of principal stretches,
1575; components of, might be taken
as the stretches in the six edges of a
tetrahedron, 1640; Sir W. Thomson’s
general analysis of stress and strain,
types of reference, orthogonal systems,
1756—8, principal strain types, 1760
—1; generalised expressions for com-
ponents of, when shifts or strains
are large, 4 (3), 1248—50, 1445, 1661 ;
permanent, effect on bodies primitively
isotropic, deduction of ellipsoidal
distribution on multi-constant lines,
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230—1; initial state of, in general
equations, 237; error of Saint-
Venant’s method of dealing with on
multi-constant lines, 238--9, 1469
apparatus for recording automati-
cally, 998—9, 1032; directions of
maxima and minima rendered visible
by applying acid to a planed section,
1143, ftn., 1190; graphically analysed
by aid of Liiders’ curves, 1190 and ftn.
in spherical condenser, 1318; in
isotropic iron-sphere due to magnetic
force, 1819—21; effect of strain on
thermo-electric properties of metals,
1642—6; thermal effect produced by
sudden strain, 689—96, 1638, 1750—2

Strain, Combined, slide, flexure and tor-

sion, 50; of prism of elliptic cross-
section, 52 ; case of two equal stretches,
two slides equal and third zero, 53;
case of two slides vanishing at fail-
point, elasticity asymmetrical, general
solution for prism under flexure, trac-
tion and torsion, 54; case of non-dis-
torted section subjected to slide and
torsion, 55 ; case of cantilever, 56, Case
(iv) ; influence of length of short rect-
angular prisms on resistance to flexure
and slide, 56, Case (i); prism of circular
cross-section subjected to flexure, tor-
sion and traction, 56, Case (iii), of ellip-
tic cross-section, 1283; flexure and
torsion in shaft, 56, Case (v); torsion
and flexure for prism of rectangular
cross-section, 57, Case (vi); special
cases of skew loading, 58; flexure
and torsion of prism of elliptic cross-
section, 59; numerical examples of
combined strain, 60 ; flexure, traction
and slide, 180; torsion and flexure,
183; traction and flexure, 1289 ; trac-
tion and shearing in case of axles,
1000

Strain-Ellipsoids, 159, 1194, 1673, 1677;

inverse strain ellipsoid, 1676; Sir W.
Thomson’s strain ellipsoid, 1756

Strain-Energy, first legitimate proof that

it depehds only on strain and not on
manner in which strain is reached,
1641; function only of initial and
final configurations if equilibrium of
temperature maintained, 1463; as
quadratic function of strain-compo-
nents, 1254, 1277—8, 1709 (¢); in
terms of orthogonal strain-components,
1759; in terms of principal strain
types, 1760—1; in terms of principal
stretches, 1235; in texms of stresses,
when elasticity is ellipsoidal, 163;
expressed symbolically, 184; deduced

INDEX.

from rari-constancy by Lagrange’s
process, 229, 667; when products of
shift-fluxions are not mnegligible, or
shifts are large, 1250, 1444—6; when
thermal terms are included, 1200; is
of two kinds, elastic and ductile, the
sum expressing total resilience of body,
1085, 1088 ; ductile strain-energy erro-
neously calculated by Mallet, 1128

of rod, 1261, 1266, 1268, 1283 (b);
of plate, 1237,1296, 1699, 1703 ; of wire
(or thin rod), 1690, 1692; for infinite
elastic medium, with zero shifts at
infinity, 1787, when incompressible,
1812—3, ftn., when subjected to uni-
form initial slide and incompressible,
1789—97; for jelly and for ideal ether,
1812

Strehlke, his experimental values of

nodal circles of circular plates tested
by Kirchhoff’s theory, 1242—3; his
views on nodal lines of square plates
criticised by Miittrich, C. et A. p. 4

Strength, ultimate (=absolute), 466 (i),

Proof, 466 (ii); limit to, a stretch rather
than a stress, 5 (c), 321 (a), 321 (d),
1327, 1348 (g)—(k), 1386 (b), 1720; in
hard solids, 1667 ; in plastic solids a
shear (7 a slide), 236, 247, 1586, 1667 ;
tensile, how related to density, 891 (a),
1039 (a), 1086; increased by repeated
stress, 1754; increased by straining
up to rupture, 1125; measured by
resilience, 1128; ought to be measured
for iron and steel by breaking stress
per unit-area of section of stricture,
1150; tensile and compressive in-
creased by solidification under pres-
sure, 1156 ; crushing, of stone increased
by lateral support, 1153, 1180 ; tensile,
of wrought-iron cables, 879 (¢) ; tensile
and crushing of- glass in various con-
ditions and forms, 854—6, 859—60;
ratio of tensile to shearing for ironm,
879 (d), 903, 966, for steel, 1145 (ii);
transverse or flexural, 920; of beams
under flexure produced by skew-load-
ing, 65; graphical tables in case of
beams, 921 and ftn.; strength of
materials used in construction, views
and theories of Ortmann, With, Gras-
hof and Roffiaen, 922—5 (see on
transverse strength, Beams, paradox
in theory of, Iron, Cast, Iron, Wrought,
ete.) ; torsional, with empirical stress-
strain relation, prisms of circular and
rectangular cross-section, 184 () and
(c) ; mutual relations of tensile, trans-
verse, torsional and erushing strengths
in cast-iron, 1043, theory of, 1051—2,
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application of Saint-Venant’s theory
to Woolwich experiments, 1053: see
also Rupture

Stress, appropriated by Rankine to dy-
namic aspect of elasticity, 465 (a),
not generally adopted in this sense in
1855, 1632, ftn.; how defined by Sir
W. Thomson, 1756; defined by Saint-
Venant, 4 (¢), by F. Neumann, 1193;
definition of, importance of molecular
definition, 225; general analysis of,
4, 1194, by simple geometry, 1456—
8, in terms of principal tractions,
1575; in any direction in terms of
stress in three non-rectilinear direc-
tions, 4 (¢); symbolical representation
of, 132; generalised components of,
1245, 1445—6; value of, on rari-
constant hypothesis, when squares of
shift-fluxions are not neglected, 234;
may depend on speed as well as mag-
nitude of strain, 1709

Stress, Accumulation of, due to vibra-
tions, 970 and ftn., 992 and ftn.,
1001, 1143

Stress-Centres, used by Rankine, 465 (b),
by Bresse, 515

Stress-Ellipsoids, 513; discussed by F.
Neumann, 1194, by Clebsch, 1326,
by Sir W. Thomson, 1756; Stress-
director Quadric, in tangential coordi-
nates, 1326

Stress-Equations, obtained, when there
is a force-function, for elastic, plastic
and pulverulent masses, 1605 (b);
solved in case of limiting equilibrium,
1605 (¢)

Stress, Initial, general elastic equations
for, 129—131 ; introduced into general
elastic equations to second order, 549;
can only be found on rari-constant
hypothesis, 130—131; effect of, in
ether on propagation of light, 145—
6; made use of by ¥. Neumann to ex-
plain double-refraction,1216—7; made
use of by Boussinesq for ether, 1467
—T4; use criticised by Sir W. Thom-
son, 1779, but afterwards used by
him to explain double-refraction, 1789
—97; considerable strain produced by,
effect on elastic formulae, 190; Saint-
Venant’s erroneous determination of
equations for, 198 (d) ; introduced into
equations of elasticity, 232; effect on
elastic constants, 240; on stretch-
modulus, 241; in large castings due
to differential cooling, 1058

Stress, Lines of Principal, in beams,
468, 1190

Stress-Strain Relations, 4 ({): see also

T. E. PT. IL,

Hooke’s Law, generalised; practically
assumed to be linear by Cauchy and
Maxwell, 227, by Kirchhoff, 1235, by
Clebsch, 1326; why linear, 192 (a);
Morin’s experiments on its linearity,
198 (a); how deduced (Green, Clebsch,
‘W. Thomson, Stokes), 299 ; appeal to
Taylor’s or Maclaurin’s Theorem and
to law of intermolecular action, 300,
1635; Saint-Venant considers it from
Green’s stand-point, 301 ; his omitted
terms, 302—3; Saint-Venant rejects
modifying action, 303—4; for wood,
stone and metals with empirical for-
mulae for the elastic constants, 314;
non-linear for cast-iron, 729, 935,1109,
1118, 1177, for wood, 1159, for stone,
1177, for combined tensile and tor-
sional strain in steel pianoforte wire,
1742 (a), for elastic fore-strain in
caoutchoue, 1161, for elastic fore-
strain in organic tissues, 828-—35;
application of Saint-Venant’s non-
linear relations to flexure and torsion
of cast-iron, 1053

expressed by curves, for iron, 879
(a), for bronze, cast-iron and cast-
steel, 1084; form of relations for elas-
tic, fluid and pulverulent masses, 1574;
for various types of elastic symmetry,
117, 314, 420; for crystals: see Crys-
tals

Stress-Systems, Rankine’s classification,
anti-barytic and abarytie, 458; homa-
lotatic, 459; homalocamptic, homa-
lostrephic, and euthygrammie, 461
and ftn.

Stress, Uniplanar, general formulae for,
453, 465 (b)—(c), 1563, 1578; com-
bination of stresses in one plane, 465
(¢); Kopytowski on, 556

Stress, Working, defined, 466 (x)

Stretch, its value (s,) in any direction, 4
(8), 5 (b), 1575; stretch and slide in
any direction given by Lamé, 226 ; for
large shifts, 228, 1445

Stretch Limit of Safety, 66, 320—1: see
Fail-Point, Failure and Saféty, Limit

of

Stretch-Modulus : see Modulus

Stretch-Modulus Quartie, 151, 1206

Stretch-Squeeze  Ratio (= Poisson’s
Ratio, 7), value of, 169 (d) ; for wood,
169 (d); Clebsch, and at one time
Saint-Venant, held it must be < &,
308 (b); determinable from distortion
of cross-section in flexure experi-
ments, 736 and ftn., determined by
Wertheim by stretching hollow prisms,
802; Wertheim on his value for it,

35
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819; erroneous treatment of by
Wahler, 1003; F. Neumann on its
value and on methods of ascertaining
it, 1201 (a), (b) and (e), he found it
variable for wires, 736 ; its value for
regular crystals, 1208; résumé of
experiments to find this ratio, 1201
(e), 1636; Kirchhoff’s determination
for steel and brass, 12713 ; its value
may vary between wide limits and yet
give nearly identical results for notes
and nodal circles of circular plates,
12423 ; its value for set at section
of stricture in case of cast-steel, 1151 :
see also Constants, Elastic

Stricture, of cast-steel, 1113, 1134,

1151 ; of wrought-iron and steel, 1137,
—>50; may occur at one, two or three
sections, 1144 ; effect of working and
hardening, etc., on, 1145; influence
on plastic experiments, 1569; when
repeated, oceurs at different sections
and higher loads, 1754

Strings, obscure treatment by Mainardi,

580 ; inextensible and flexible, heavy,
1822, under centrifugal force, solution
in elliptic functions, 1322, on a given
surface, 1322; elastic and perfectly
flexible, 1323; flexible and inexten-
sible (Thomson and Tait), 1686 ; vi-
brations of, 551 (a), when stretched
and of variable density, 617; point of,
subjected to transverse motion, 681 ;
F. Neumann’s deduction of equations
for, 1222 (a)—(b); wave-motion in,
reflection and refraction of wave at
join of two diverse pieces, 1222 (c);
transverse vibrations when slightly
stretched, 1291 (c), 1374 ; when very
tightly stretched, 1291 (d); musical
note of, how affected by stiffness,
472—38, 1374, 1432

Struts, Rankine on Gordon’s formula,
469 ; Scheffler’s theory of, based on
eccentric loading, 649, modified form
of this theory leading to the Gordon-
Rankine formula, 650 ; obscure treat-
ment by Schwarz, 889, 956, by
Ritter, 914 ; thrust taken into account
in rod problem, 1288; Clebsch’s treat-
ment, 1366—7, 1386 () ; buckling or
not, under longitudinal impact, 407
(2), 1552; cast-iron do not obey Eu-
lerian theory, 1117 (v): see also
Columns

Sturm, his theory of piezometer referred
to by F. Neumann, 1201 (c)

Summary, of Saint-Venant’s work, 416;

of the decade 1850—60, 1191 ; of the
older German Elasticians, 1416; of

INDEX.

Boussinesq’s work, 1626; of Sir W,
Thomson’s, 1818

Suspension Bridges: see Bridges, Sus-
pension

Syenite, hardness of, 840

Sylvestrian Umbrae, used to express stress
symbolically, 132, 443

Symbolic Expressions for stresses, strain-
energy, elastic constants and equa-
tions, 132—4, 443—-8

Symmetry, Elastic, types of, orthotatic
and cybotatic, 447; rhombic, 450;
hexagonal, 450; orthorhombic, 450;
orthogonal, 450; cyboid, 450, 1775;
non-axial, 450; isotropic, 450: see
also Crystal, Aeolotropy

Szabo, J., influence of stress on the
molecular condition of bodies (1851),
861

Tacke, on strength of earthenware pipes,
1171

Tait, G. P., Treatise on Natural Philo-
sophy: see Thomson and Tait; ex-
perimental results on compressibility
of water, mercury and glass, 1817

Tale, hardness of, 839

Tanakadaté, effect of twist on magnet-
ised and loaded iron wire (1889), 1735

Tangential Coordinates, used for stress-
surfaces, 1326

Tasinomic, Coefficients, table of, 445;
conditions for incompressibility in
terms of, 1779; Surface or Quartic,
expressed symbolically by Rankine,
446, 136; first given by Haughton,
136; cases of, 138; reduces to ellipsoid,
if there be ellipsoidal elasticity, 139;
(}fzs’;zgssion of, 198 (e); Bulk-modulus,

Tate, J., on collapse of globes and
cylinders and on strength of glass
(1859), 853—60; assists Fairbairn in
experiments on collapse of tubes, 984

Tearing, defined, 466 (a)

Technical Elasticity, Saint-Venant’s re-
searches in, (i) p. 105 et seq. ; Clebsch’s
work in relation to, 1325, 1390

Technical Researches, of decade 1850—
60, 873—1190

Teinometer, Chromatic, prineiple of, used
by Wertheim, 794, (Dynamometre
Chromatique) 797 (e)

Tellkampf, his treatise on suspension-
bridges (1856), 883

Temperature and Elasticity : see Thermal
Effect and Heat

Tempering, effect on elasticity and
strength of cast-steel, 1134

Tenbrincl, on steel, 897 ; on iron bar, 902
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Tension Bar,heavy and of equal strength,
1386 (a)

Terquem, A., on longitudinal vibrations
of rods (1858 —9), 825 (a)—(c); on the
coexistence of torsional and transverse
vibrations in rectangular rods, 825 (f)

Terrier, his account of abacs, 921, ftn.

Testing, shape of specimen (grooving,
etc.) may exaggerate strength, 1146;
Machines, 1046, 1086, 1139, 1151,
1152, 1153, 1154, 1158, 1180

Tests, for metals give very different re-
sults for different kinds of same metal,
1044 (i), 1752

Text-books, on technical elasticity and
strength of materials, 873—917

Thermal Axes, do notcoincide with elastic
and other physical axes, 1218—9 and
ftns.

Thermal Effect, produced by stretching
metal (iron-wire, cast-iron, copper,
lead), 689; difference between cases of
gutta-percha and vuleanised india-
rubber, 689; by compressing metals
and vulcanised india-rubber, 690; by
torsion of steel and copper wires, 690;
influence of change of temperature on
length of silk and spider threads under
tension, 697 (b); on torsion of silk
threads, (i) p. 514, ftn. ; on torted wires,
714 (17)—(19); on strained bodies,
gpiral springs, twisted wires, india-
rubber, ete., 1638; on elasticity gene-
rally, 748—57, of a permanent nature,
737, 755—6, 771, of a transitory
nature, 737, 752—4, 770; on dilata-
tion-modulus, 1688 and ftn.; on slide-
modulus, 723 (a), 740, numerical
values for copper, steel and brass,
754, for iron, copper, brass, 1753 (b);
on stretch-modulus, 723 (a), 740,
numerical values for glass and metals,
752, 756, 770, for steel, 1753 (b), com-
parison of Kupffer’s and Kohlrausch’s
formulae, 752—4 ; influence of work-
ing, 770

on after-strain, 740, tables for
metals, 756—7 ; produced by damping
vibrating rods at points other than
nodes, 827; on tensile strength of
wrought-iron plates and rivet-iron,
1115—6, 1126—7; of a red heat on
chains and wire ropes, 1136; from
heating and slowly cooling is toweaken
iron and steel, 1145 (iii); of repeated
heating on cast-iron is to produce set,
1186; on Villari critical field for soft-
iron wire, 1731

manner in which temperature af-
fects elastic constants, 274; Saint-

539

Venant considers all thermal effect
would disappear if on the rari-constant
hypotheses stresses only include linear
terms in shift-fluxions, 274; thermal
terms introduced into strain-energy,
1200, 1463, 1638; thermal effect on
optic axes of crystals, 1218—9 and
ftns,, on strain in ecrystals, 1196,
1211; F. Neumann’s theory of altera-
tion of crystalline axes with tempera-
ture, 1216, 1220: see also Thermo-
elasticity

Thermal Expansion, Coeficient of, for
brass, 730, for iron, 1111; supposed
relation to stretch-modulus, 717—9

Thermo-dynamics, Second Liaw of, gene-
ral theory of elasticity deduced from,
1631

Thermo-elasticity, general equations,
deduced by F. Neumann, 1196, for
crystalline bodies, 1197; fundamental
formulae, 1633, 1638; formulae con-
necting sudden application of stress
with increase of temperature, 1750 :
see also Thermal Effect

T hermo-electric Effects, of strain, 1642—
7; of stretching part of iron, copper
and other wires and heating junction
of stretched and unstretched parts,
1642—3; changes produced in thermo-
electric scale by elastic and set strains,
1645; effect of working (hammering,
annealing, ete.), and of tort, 1646

Thermometer, how affected by change of
pressure from vertical to horizontal
position, 1201 (c)

Thlipsinomic Coefficients, Rankine de-
fines and uses, 425, 448 ; determined
for brass and crystal glass, 425; table
of, 448; used by Saint-Venant, 307,
811; dilatation in terms of, 1779;
conditions for incompressibility in
terms of, 1779

Thomson, J., his theorem as to helical
springs cited, 1269, 1693

Thomson, J. J., cited as to magnetisation
under stress, 818, 1787 ; on Kirchhoff’s
theory of strain due to magnetisation,
1321

Thomson and Tait, analysis of their
Treatise on Natural Philosophy (1867),
1668—1726; twist and curvature,
1669—71; treatment of strain, 1672—
81; on impact, 1682—4 ; on catenaries,
wires and rods, 1685—97 ; on plates,
1698—1708; on the general equations
of elasticity and on elastic constants,
1709,1718; on Saint-Venant’s Problem
and on stress at angles, 1710—2; on
boundary conditions for plate, 1714;

35—2
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on general solution by potentials, ete.,
of elastic equations, 1715—6; on
elastic spheres, 1717; on the rigidity
of the earth and solid earth tides,
1719—26
Cited: on longitudinal impact of
bars, 205 (1683); apply conjugate
functions to torsion of prism whose
base is sector of circle, 285, 287
(1710) ; on kinematics of strain, 294
(1672—81); on anticlastic curvature,
325 (1671); on thin plate problem,
388; their solution for infinite plate
with straight contour, 1522—3; on
contour conditions for thin plate, 394,
14401, 1522—4 (1704); on elastico-
kinetic analogue, 1267, 1270
Thomson, Sir W. (Lord Kelvin), on
mechanical representation of electrie,
magnetic and galvanic forces (1847
and 1890), 1627—30, 1808-—13; on
integration of elastic equations (1847),
1627, 1629-—30; on the thermo-elastie,
thermo-magnetic and pyro-electric
properties of matter (1857—1878),
1631—41; on thermo-electricity in
metals in a state of strain (1856),
1642—3; on effects of mechanical
strain and of magnetisation on thermo-
electric qualities of metals (1856—7,
1875), 1644—T7; elements of a mathe-
matical theory of elasticity (1856),
1648, 1756-—64; on the stratification
of vesicular ice by pressure (1859),
1649; note on gravity and cohesion
(1862), 1650; on elastic spheroidal
shells (1864), 1651—62; on the rigid-
ity of the Earth (1863), 1663—5; on
the elasticity and viscosity of metals
(1865), 1666, 1741; Treatise on Natu-
ral Philosophy (with Tait, 1867),
1668—1726 ; on electro-torsion (1874),
1727; effects of stress on magnetisa-
tion (1876—7), 1728—9; effects of
stress on inductive magnetisation in
soft-iron (1875), 1780 ; effects of stress
on magnetisation of iron, nickel and
cobalt (1878), 1781—6; on the direc-
tion of induced longitudinal current
in iron and nickel wires by twist
when under longitudinal magnetising
force (1890), 1737; on rigidity of
Earth (1872), 1738; on internal fluid-
ity of Earth (1872), 1738; on internal
condition of Earth (1882), 1739; on
aeolotropy of electrical resistance pro-
duced by aeolotropic stress (1878),
1740; Elasticity (article in ¢ Encyclo-
paedia Britannica,” 1878), 1741—64,
1817; Lectures on molecular dynamics

INDEX.

and the wave theory of light (1884),
1765—83; on elasticity as a mode of
motion (1882), 1784; on gyrostats and
gyrostatic media (1883—4), 1785—6;
on the reflection and refraction of light
(1888), 1787-—8; on initial stress to
explain Fresnel’s kinematics of double-
refraction (1887), 1789—97; on mole-
cular constitution of matter (1890),
1798--1805 ; on a mechanism for con-
stitution of the ether (1890), 1806—7;
viscous fluid, elastic solid and ether
(1890), 1808—15; on ether, electricity
and ponderable matter (1890), 1816;
summary of researches, 1818

Cited: refers to experiments on
copper, ete., which Saint-Venant finds
discordant, 282 (4); discussion of his
views as to elastic constants by Saint-
Venant, 193, 196 ; makes strain-energy
a function only of strain, (i) p. 202, ftn.
(see, however, 1709); criticises Ran-
kine, 423, 426, 1781 (a); on elasticity
of solid Earth, 567, 570; on general
equation of elasticity of any strain,
671; his thermo-elastic theory con-
firmed by Joule, 689—93, 696; on
static and kinetic moduli, 728; his
views on elastic constants for large
strain cited, 1247; his generalised
equations of elasticity involved in
those of Kirchhoff, 1250 ; that strain-
energy is a function of six-strains by
reason of mechanical theory of heat,
is due to, 1254 ; his contractile ether,
1393, ftn.; on elastic theory of light,
1484, ftn,; first °potential’ solution
due to, 1628, anticipates Boussinesq
in a certain potential solution, 1519
(b); introduces with Clebseh ¢solid’
spherical harmonics, 1651

Thrust, of arches, Ardant’s values for,

C. et A. pp. 6 and 10 (d), Bresse’s
values, 525—7: see Arches, Wall,
Pulverulence

Tides, in solid earth, force-function as

solid harmonie, 1658 ; in polar coor-
dinates, 1721; ellipticity of spheroid
produced in earth by tidal action,
1723 (iii); its discussion, 1724; effect
of elastic yielding of earth on water
tides, 1725; failure of attempt to
evaluate effective rigidity from ob-
servation of fortnightly and monthly
water tides, 1725—6

Tin, stretch-modulus of, 743, and density,

(1) p. 531; ratio of kinetic and static
stretch-moduli, 1751 ; tensile strength,
ductility, (i) p. 707, ftn.; increase of
tensile strength and densityif solidified
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under pressure, 1156; hardness of, (i)
p. 592, ftn,, 836 (D), 846, (i) p. 707,
ftu, ; molecular state of, influenced
by vibrations, 862; thermo-electrie
properties under strain, 1645—6;
Liiders’ curves for bars of pure tin,
1190

Tinning, effect on strength of iron-plates,
1145 (1ii)

Tires: see Wheels

Tissot, on distortion of spherical surface
in elastic solid into ellipsoid, 294

Tissues, Organic, their elastic fore- and
after-strain, 828—35

Tomlinson, H., on Villari critical field
for temporary magnetisation of nickel
(1890), 1736

Topaz, hardness of, 840, 836 (d)

Torsion, history of problem, 315, 800;
publication of Saint-Venant’s chief
memoir on, 1; report on memoir on,
1; general equation of, 4 (), 17; de-
finition of, 16; in case of large shifts
and small strains, 17, 22; of prism of
elliptic cross-section, 18, 1283; com-
parison with Coulomb’s theory, 19,
criticised by Clebsch, 1349, after-
wards used by him, 1389; variation
of angle across prism’s cross-section
requires lateral load, 20; fail-points
for, 23; solutions of equations of,
24, 36; of prisms of rectangular cross-
section, 25, 29; cross-section remains
perpendicular to sides of prism under,
25; case of plate, 29; of square cross-
section, 30; of any rectangle, general
results and empirical formulae, 34;
discussion of Duleau’s and Savart’s
experiments, 31; of prisms with cross-
section in form of star, square with
acute angles, square with rounded
angles, 387, and fail-points for these
sections, 39 ; uselessness of projecting
angles in resistance to, 37; example
of erroneous results obtained from old
theory of, 38; of prisms of triangular
cross-section, 40—42, 67; of prism of
any cross-section, 43; when there are
unequal slide-moduli in cross-section,
44 ; general equations of, in this case,
45; solution for elliptic cross-section,
46,1283 ; for rectangular eross-section,
47; other cross-sections, 48; table of
values of slide for points of cross-
section of prism with unequal slide-
moduli under, (i) p. 39; of hollow
prisms, 49 (a)—(b); cross-section
bounded by confocal ellipses, 1348; of
railway rail, 49 (c), 182 (b); longitudi-
nal stretch produced by, varies as cube

of torsion, 51, 581, 800, ftn.; that re-
sistance of, is due to slide first stated
by Young, 51; combined with other
strains, 50; for circular cross-section,
1280: for elliptic cross-section, 52,
59,1283 : for rectangular cross-section,
57, Case (vi): circular section, 56,
Cases (iii) and (v); elementary proof
of formulae for, 109; of prisms with
cross-sections in form of doubly
symmetrical quartic curves, 110; ec-
centric axis about which bar is torted,
does not affect amount, 110, 181 (d),
1434 (e): of right circular cylinder,
182 (a); strain-energy due to, 157;
deduction of general equation of, from
principle of work, 157; general equa-
tions of, elementary proofs for, 181;
maximum slide and position of the
fail-points, 181 (e); general formulae
and examples, 182; of railway rail,
182 (b); of prisms with cross-sections
bounded by curves of fourth degree,
182 (d); when oross-section nearly
an isosceles triangle, 182 (d); with
variation of slide-modulus acrossecross-
section, cases of wooden and iron
cylinders, 186; numerical examples
of, 187 ; general equations of, 190 (d);
of prism with only one plane of elastic
symmetry, case of elliptic cross-section,
190 (d); comparison of Wertheim,
Duleau and Savart’s experiments on,
with theory, 191; producing plasticity,
255; of prisms whose base is the sector
of a circle, 285—290: expression for
shift, 286: numerical table of torsional
moment, 288: annular sectors, 288,
1710: on slide and fail-points, 289—
90 ; formula giving very approximately
the value of moment of, for great
variety of cross-sections, 291 ; assump-
tions made by Saint-Venant and
reasons for them, 316—18
Wertheim’s researches, angles of
torsion not proportional to loads, even
for elastic strain, 803 (c), not to length
of prisms, 803 (d); torsion decreases
interior cavity of hollow prism, his
formulae for diminution in case of
circular cylinders without theoretical
basis, 803 (¢), also in case of rect-
angular prisms, 806 ; apparent increase
of cavity in case of sheet-iron, 808;
according to Wertheim his experi-
ments for hollow and solid circular
cylinders give better results for »=1%
than 7=}, 804; of cylinders on elliptic
bases, obscure treatment of Saint-
Venant's theory, 805; experiments

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781108070447
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-108-07044-7 - A History of the Theory of Elasticity and of the Strength of
Materials: Volume 2: Part 2: Saint-Venant to Lord Kelvin (2)

Isaac Todhunter Edited by Karl Pearson

Index

More information

542 INDEX.

on hollow and solid rectangular
prisms, use of Cauchy’s erroneous
formulae, 806, they confirm Saint-
Venant’s theory, 807; of aeolotropic
bodies (sheet-iron and wood), obscurely
dealt with by Wertheim, 808; Wer-
theim’s views of rupture by torsion in
case of hard and soft bodies, 810
Clebseh’s treatment of Saint-

Venant’s Problem (combined torsion
and flexure), 1332—46; symmetrical
cross-section, 1347; solution by con-
jugate functions, 1348 (c¢); special
case of torsion of prism with cross-
section bounded by two confocal
ellipses, 1348 (d)—(e); Kirchhoff's
treatment of special cases, for eircular
section, 1280, for elliptic section,
1283; Boussinesq’s analysis, 1434
(a)—(b); Thomson and Tait’s treat-
ment, 1710, conjugate functions and
torsion of prisms with cross-sections
like annular sectors, 1710; F. Neu-
mann’s erroneous theory of torsion of
crystalline rods, 1230; Rankine on,
469; untenable theories of, Segnitz,
481, Ritter, 916 (c), ‘ bundle of fibres,’
481 (581, 800, ftn.), criticised by
Clebsch, 1349

Torsion, Experiments on, Duleau and
Savart, 381, 191; Wertheim, 191,
803—10; Kupffer, 735-—41; on cast-
iron shafting, 882; on impulsive and
repeated loading on bars and axles,
991 —4, 999--1003; on cast-iron
beams of various cross-sections, 1039
(c)—(d); application of Saint-Venant’s
non-linear stress-strain relation to
experimental results for torsion of
cast-iron, 1053: see also Tort

Torsion, influence of flaws on, 1348 (f);
Boussinesq on cavities in eross-section,
1430

Torsion, hydrodynamical analogues to,
1419 (c), 1430, 1460, 1710

Torsion and Magnetisation, torsion due
to non-axial magnetisation of iron
wire, 1727 ; effect on magnetisation of
loaded wires of torsion, 1734—5;
Wertheim’s researches, 811—7; in-
fluence of torsion on temporary and
permanent magnetisation, 814; in-
fluence of torsional elastic strain and
set on magnetisation, 815—6; effect
of impulsive and repeated loading by
torsion on magnetic properties of
axles, 994; Wiedemann on relations
of torsion to magnetisation, 714 (12)—
(16): see also Tort

Torsional Resilience, 611

Torsional Set: see Tort

Torsional Vibrations, 191; how affected
by resistance of air, temperature,
weight of vibrator, 735 ; how influenced
by traction, 735 (iii), 741 (b); how
affected by after-strain, 738—9, 751
(d); in silk threads, how influenced
by rise of temperature, (i) p. 514, ftn.;
Wertheim on, 809; subsidence of
torsional oscillations in wires, viscous
action, how influenced by longitudinal
traction, different vibrators, ete., etec.,
1743 —8

Tort (=torsional set), develops aeolo-
tropy in wires and alters stretch- and
slide-moduli, 1755; laws of torsional
set, 714, 803 (a)—(b); influence of
temperature on, 714 (17)—(19); its
effect on thermo-electric properties of
metals, 1646 ; electro-magnetic effect
of, 702, 714, 709, 790; comparison of
tort and magnetic phenomena, 714;
correlation of tort and magnetisation,
714 (12)—(16), 815—6; remarks on,
1734, 1787

Tortuosity, of curves discussed, 1669—
71

Toughness, defined, 466 (iv)

Traction, of prism with three planes of
elastic symmetry, 6; of heavy prism,
74; fail-limit for, 185; combined with
flexure and slide, 180; its effect on
torsional vibrations, 735, 741 (b)

Tractions, Principal, expressions for
traction and shear in any direction in
terms of, 1277

Treadwell, D., on the strength of cast-
iron pillars (1860), 976; on the con-
struction of cannon by shrinking on
hoops (1857), 1075

Tredgold, erroneous theory for strength
of cast-iron cylinders, 962; his modu-
lus of resilience, 340 (ii), 1089, 1091

Tresca, Saint-Venant’s report on Tresca’s
communications to Academy, 233;
Saint-Venant’s proof of his experi-
mental result as to coefficients of
plasticity, 236; his principle that
plastic pressure is transmitted as in
fluids, 259—60; hisresultsdonotagree
with Saint-Venant’s, 262; recognises
importance of plastic experiments
suggested by Saint-Venant, 267; Saint-
Venant on the theoretical aim of his
researches, 293 ; considers that there
is a mid-state between elasticity and
plasticity, 244; demonstrates the
constant value of maximum shear
for plastic stress, 247; on problems
in plasticity, 1602 (c)—(d); on the
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action of a punch, 1511, 1602 (d);
on the elasticity and strength of steel
plates, 1134; on the elasticity of
aluminium, 1164

Truss, history of, C. et A. p. 5 (i): see
Framework

Tubes, strength of simple tubes and
tubes strengthened by belts, 654—5;
collapse of tubes, used as boiler flues,
experiments and empirical formulae,
982—4; bursting of, by internal
pressure, 983; empirical formulae for
collapse of, 986—7; bursting of gutta-
percha, 1160, of earthenware, 1171—
2: see also Flues, Pipes

Tubular Bridges and Girders,
1015

Twist, geometrical discussed, hodograph
for, 1669—71; components of strain,
1679 ; expression of integral tangential
shift in terms of, 1681

Twisting, defined, 466 (a)

1007,

Uchatius, steel prepared by his process,
1114

Undulatory Theory : see Light and Ether

Uni-constancy: see Constants, Stretch-
Squeeze Ratio, Rari-constancy, etc.

Uniqueness, of solution of equations of
elasticity, 1198, 1199, 1240, 1255,
1278

Unwin, W. C., assists Fairbairn in ex-
periments on collapse of tubes (1858),
984; his Testing of Materials of Con-
struction (1888), 1046

Variations, Calculus of, use of in elastic
problems, 229, 667—9

Vector-Polygon, defined, (i) p. 354, ftn.;
used in theory of arches, 518

Velocity, of pressural and slide waves
proved in elementary manner, 219; of
elastic waves of various types in di-
verse materials, 1817

Vene, on statically indeterminate reac-
tions, (i) p. 411, ftn,

Verdet, bibliography and criticism of
Wertheim’s researches, 820

Vibrations, mode of counting, 822; Lis-
sajous’ mode of rendering visible and
of compounding, 826; thermal effect
of damping, 827; influence of in
changing constitution of metal, 1185,
1189 (see also Iron, Wrought); coexis-
tence of longitudinal and transverse
vibrations, 825, of torsional and trans-
verse, 825 ; influence of on magnetisa-
tion, 811; genersl laws of, 578

Vibiations of Elastic Dledia, isotropic,
Rankine’s form of solution, 434, Po-

543

poff’s solution, 510, Boussinesq’s so-
lution by aid of potentials, 1485, by
aid of ‘spherical’ potentials, 1525;
form of, when started by various types
of elementary vibrators, 1767—9;
about a fixed and rigid spherical sur-
face, 1392—1410; aeolotropic, 1764,
when there are three planes of elastic
symmetry, 594; of a medium obtained
by deformation of an isotropic me-
dium, 1557

Vibrations, Stability of, in case of elastic
solids, 1328—30

Vibrations of Special Bodies: of ellip-
soidal shell, 544—8; of sphere, radial,
551 (i), 1327; of plates, 613, 1241—4,
1296 bis, 1300 (b), 1383—4, when aeolo-
tropic, 1415, when infinite, 1462; of
membranes, 551 (h),1223,1300 (c), 1385,
when stiff, 1439; of rods, deduced from
systems of particles, 550—1, trans-
verse, 614—6, 821—2, 825, 1228, 1291,
1372—38, 1431, when loaded, 751 (c),
759 (a), 769, 774—84, 1431, when
cross-section varies, 1302—7, longi-
tudinal, 823—4, 825, 1224, 1291, 1373,
1431, torsional (for prism, rod or wire),
191, 751 (d), 1373—4, 809, 1291, 1431,
subsidence of, 734, 739, 1744—8; of
curved rods, Bresse’s equation, 534;
of strings, 617, 1291, 1374, deduced
from those of systems of particles,
550—1

Vicat, his experiments on rupture cited
by Saint-Venant, 32, by Morin, 880
(b); on cohesive power of cements,
1168

Vignoles, on adaptation of suspension-
bridges to railway traffic (1857), 1025

Villeurceaux, Y., on hydrostatic arch,
468

Villari, on relation of stress to magneti-
sation (1865), 1729, 1731

Villari Critical Field, for soft-iron, 1730
—1, 1783, for cobalt, 1736, for nickel,
1736

Virgile, his memoir, criticised by Saint-
Venant, 122

Virtual Velocities, applied to theory of
elasticity, 427—9, 667, 1195

Viscosity of Fluids, equations for, 1744,
ftn., 1809

Viscosity of Solids, 734, 748, 750; in
Sir W. Thomson’s sense, 1666; con-
fusion of after-strain with frictional
resistance, 750, 1718 (D), 1743 ; how
related to plasticity, 1743; according
to Sir W. Thomson no simple law
between viscous resistance and strain-
velocity, 1744 ; experiments on subsi-
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dence of torsional vibrations, 1744;
effect of longitudinal traction, 1745;
subsidence of vibrations in aluminium
wires, 1746; influence of repeated
vibrations on rapidity of subsidence,
1747; law of subsidence of range for
undisturbed oscillations and for those
of different period, 1748; ‘creeping
back’ influence, 1748; model elastic
vesicular solid, vesicles filled with oil,
1748

Veolckers, on strength of iron-plates and
boilers, 1126

Vogel, H., on dependence of stretch-
modulus on atomie weight (1860), 717

Vogler, on graphic tables, 921

Voigt, W., his experiments on and theory
of impact of bars, 203, 210, 214; his
memoir on multi-constancy, (i) p. 286,
ftn.; his experiments on stretch-
squeeze ratio referred to, 1201 (e);
first publishes F. Neumann’s formulae
for streteh-modulus in any direction
of regular crystal and for torsional
resistance, 1206, 1230; his values of
the elastic constants of rock-salt and
fluorspar, 1212; adopts F. Neumaunn’s
view of dispersion, 1221; his theory
of luminous point simplified by Kirch-
hoff, 1308-—10; his views on rays of
light referred to by Kirchhoff, 1311;
on non-fulfilment of rari-constant re-
lation for regular crystals, 1780

Volkmann, A. W., on elasticity of organic
tissues, experiments and controversy
with Wundt (1859), 831—5

Volpicelli, on coefficient of restitution
(1852), 847

Wade, reports on strength of metals for
cannon (1856), 1037—46; on hard-
ness of metals, 1040—3; experiments
on cast-iron cited, 937 (b)

Walls, thrust of pulverulent mass on
supporting, 1590—1; upper and lower
limits for thrust, 1598—9, 1606—S8;
approximate formulae for, 1611, nu-
merical tables for, 1625; vertical walls
with mass having horizontal talus,
1612—8, 1621

Wantzel, suggests form of solution of tor-
sion equations in case of rectangular
prism, 26; on elastic rods of double
curvature, 155 ; his theorem of straight
rod bent to helix by terminal couples
proved by Thomson and Tait, 1693

(@)

Warr, G. F., his text-book on strength
of materials (1851), 874

Watch springs, 674—>5

INDEX.

Water, ratio of kinetic and static dilata-
tion-moduli for, 1751 ; compressibility
of, 1817; resistance to stretching,
1709, ftn.

Wave, in rari-constant medium, 1213—
4, in incompressible medium, 1215, in
crystals, 1216—8, in initially stressed
medium, 1469—74, 1789—97, in aeolo-
tropic elastic solid, 1764, 1773—5, if
incompressible, 1775; pressural, how
dealt with by F. Neumann, 1215—86,
by Boussinesq, 1471—3, by Sir W.
Thomson, 1774—5, 1781: see also
Light, Refraction Double, Vibrations

Wawve-Front, possible forms of, 1475

Wave-Surface, 1472, 1483: see Fresnel

Wave-Velocity, of elastic, distortional
and pressural, waves in infinite solid,
longitudinal in rod, 1817

Weber, E., on after-strain in muscle
(1846), 828

Weber, G., on fensile and torsional
strength of Krupp’s cast steel (1855),
1113

Weber, W., effect of temperature in his
experiments on kinetic moduli con-
sidered by Seebeck, 474

Weblike Aeolotropy, defined, 1776 (b);
annulled, 1776—8; inconsistent with
ellipsoidal conditions, 1776 (b); exists
in regular crystals and certain braced
systems, 1780

Wedge, very thin, transverse vibrations,
notes, fail-point of, 13056

Weisbach, J., his Ingenieur-Mechanik
(1846, 1877), 884

Welding, best position for weld in links
of chains, 629; difficulty of, in steel
links, 1132, 1147; results of experi-
ments on in iron, not conclusive,
1147

Werner, A. G., gave first scale of hard-
ness (1774), 836 (d)

1" ertheim, bibliography of his papers and
criticism of his work by Verdet, 820;
report by Caucbhy and others on his
memoirs (1851), 787; (and Breguet) on
velocity of sound in iron (1851), 785;
on polarisation produced by compres-
sion of glass (1851), 786; double-
refraction artificially produced in
crystals (1851), 788; second memoir
(1852), 789 ; notes on currents induced
by torsion in iron (1852), 790 ; memoir
on the relation of elastic to chemical
properties (1854), 791; on double-re-
fraction temporarily produced in iso-
tropic media, ete. (1854), 792—7;
memoir on torsion (1855), 798—818;
on the compressibility of solids (1860),
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819; memoir on flexure, 820; com-
mits suicide (1861), 820

References to: on torsion, his ex-
periments and errors, 191; on caout-
choue, 192 (b)—(c); (and Chevandier),
experiments on wood, 169 (f), 198 (¢),
284; Rankine on his hypothesis of
AN=2u, 424, tested by Kirchhoff’s
theory of thin circular plates, 12423 ;
his hollow prism method of finding
stretch-squeeze ratio considered by F.
Neumann, 1201 (b); his views as to
set and his values of kinetic moduli
criticised by Seebeck, 474; his experi-
ments on influence of temperature on
moduli referred to by Kupffer, 723;
his value for stretch-modulus of gold,
772; his results for the stress-strain
relation in organic tissues confirmed
by Volkmann, 831—2

Weyrauch, his contribution to law of
intermolecular action, C. et A. p. 1

Wheels, tires of, flexure and stress in,
when shrunk on, 584—8; Mahistre’s
obscure treatment of, 590

Wiebe, H., on strength of rivetted iron
plates, 1121

Wiedemann, G., on torsion, flexure and
magnetism (1860), 706—15; on axes
of electrical conduetion in erystals,
1219; his treatise on electricity and
magnetism cited, 818; on relation of
stress to magnetisation, 1727, 1735

Willis’ Problem, of rolling loads on
bridges, 344, 372, solved by Boussinesq,
1553

Wilmot, F. E., report on cast-iron ord-
nance (1858), 1048—51

Wilson, J., on ‘grooved’ plate springs,
969 (c)

Winkler, C., on lattice girders and the
distorted form of bracing bars (1859),
1028

Winkler, E., on the strain and strength
of links of chains (1858), 618—41; on
strength of flues, boilers, and fly-
wheels (1860), 642—7; general equa-
tions of stress and application to
special case of flexure (1860), 660—
5; on continuous beams (1862),
949

Wire, stretch-modulus and density of
metals, 773, of brass, iron, steel and
copper, (i) p. 531 ; tables of slide- and
stretch-moduli for, 1749; want of iso-
tropy in, 1271—3, 1692, ftn. ; drawing,
decreases density, 1149, influence of,
on strength, 1131; strength absolute,
depends partly on first power and
partly on square of diameter, 1131;

subsidence of vibrations in, due to
‘viscous’ action, 17448

Wire-Rope, how weakened by heating,
splicing, ete., 1136

Wires, Theory of, with central line of
double-curvature, Kirchhoff on helical,
1268—9; Thomson and Tait on heli-
cal, 1693 ; kinks in twisted and bent,
1670; Thomson and Tait’s general
theory, 1687—97; disregard distortion
of cross-section and yet require it to
reach torsional rigidity, 1687, 1691,
really fall back on Bernoulli-Eulerian
theory, 1691; strain-energy for, 1690;
principal torsion-flexure rigidities,
1692; principal helices, 1692; wire of
equal flexibility as equable rotating
joint, 1697 (a); wire with circular
central line and plane of greatest
flexibility inelined to plane of central
line, bending of, 1697 (b) ; special cases
of bending and rotating wires in form
of hoops, ete., 1697 (i)—(iii); see also
Rod, Springs, ete.

With, on strength of materials, 923

Wittstein, on strength of serews,
966

Wohler, A., initial form of central line,
that a bar when loaded may become
straight (1853), 919; early experiments
on repeated flexure and torsion of
railway axles (1858—60)., 997—1003 ;
on plate-web and lattice girders (1855),
1017 ; cited as to effect of alternating
load on strength, 407 (1)

Wollaston, on hardness of diamond,
836 (e)

Wolters, G., on deflection of Flemish
railway bridges (1856), 1020

Wood, thermo-elastic properties of, 694;
variation of stretch-modulus of, across
trunk of tree, 169 ( f) ; elastic constants
of, 198 (¢), 282 (9), 308, 312—3 ; stress
formulae and elastic constants for,
314 ; safe tractions for, 176; stretch-
moduli of various kinds, 1157 ; strength
of, 879 (e); tensile and crushing
strengths, with and across fibre, de-
flections of 80 specimens, 1158, of
3000 specimens (including set and
elastie strain), 1159 ; flexure of various
kinds, limit of elasticity (oak, beech),
large beamns have less stretch-modulus
than small, 1157 ; rupture of, 321 (b),
20; torsion of wooden prism, 186;
bars of, under flexure have increased
strength, if subjected to traction, 918;
best method of cutting beams from
tree, 1167; advantageous forms of
wooden trusses, 1167 ; arches of, ex-
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periments on, C. et A. p. 7; columns
of, 880

Work- Function, Clapeyron’s Theorem for

work done by elastic forces, 608 ; de-
duction of resilience of torsional,
flexural and tensional springs, 609—
11; expressed symbolically, 134; in
terms of stresses, 163 : see also Strain-
Energy

Working, effect on elasticity, 732, 1129;

effect of rolling and hammering on
stretch-modulus of brass and ironm,
741 (a) ; effect of, on after-strain, 750
(b); effect of, on modulus of gold,
772 ; nature of, probably accounts for
irregularity in set, 803 (b); effect of
hardening in water and oil, suddenly
cooling, cold-rolling, galvanising, etec.,
on steel and iron, 1145, its influence
on density of iron and steel, 1149; its
effect on thermo-electrie properties of
metals, 1646

Wrenching, defined, 466 (a)

Wring, defined, 466 (a), fin.

W. R. R., on beams of strongest cross-
section (1858), 951

Wundt, W., on elasticity and after-strain
in moist organic tissues (1857), 829—
30 ; controversy with Volkmann, 831

Yellow Metal, strength of, 1166

Yield-Point, 169 (b); relation to Fail-
Point, 169 (g9); is identical with Ca-
valli’s ¢ limit of stability,” 1084

Young, first stated longitudinal stretch
of prism under torsion varies as cube
of torsion, 51; first stated that tor-

INDEX.

sional resistance is due to slide, 51;
his theorems on impact of elastic bar,
340, 363 ; his theorem in resilience,
proved for flat springs, 493 (c), for
spiral springs, 675; his theorem for
maximum velocity of longitudinal im-
pact, 1068, generalised for transverse
impact on rod, 1537, for transverse
impact on plate, 1538, for longitudinal
impact of truncated spindles and
solids of resolution, 1542

Young’s Modulus : see Modulus, Stretch

Zaborowski, J., on cohesion (1856), 867

Zehfuss, G., deflection and stress for uni-
formly loaded, built-in circular plate
(1860), 657—9

Zetzsche, F., proper form for heavy
column treated as ‘solid of equal
resistance’ (1859), 656

Zinc, thermo-elastic properties of, 752,
756 ; after-strain and temperature,
756 ; stretch-modulus and density of,
(i) p. 531; ratio of kinetic and static
stretch-moduli, 1751 ; fracture, tensile
strength, etc., of, (i} p. 707, ftn.;
hardness of, (i) p. 592, ftn., (i) p. 707,
ftn.; rendered crystalline by trans-
mission of heat, 1056 ; molecular pro-
perties of, 1058 ; thermo-electric pro-
perties under strain, 1646

Zoppritz, K., theory of transverse vibra-
tions of a clamped-free elastic rod,
loaded at free end (1865), 774—9;
theory of transverse vibrations of
heavy rod (1866), 780—1; recalcula-
tion of Kupffer’s experimental results
(1866), 782—4 and (i) p. 531
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