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Part I.

Introduction.

The distribution of siress and the de-~
terminstion of stresses set up in structures by
tke epplicution of external and internal forces are
questions of primery importasace to the wznziaeer.
We find sn immense variety of problems sarising from
what seems a compsratively simple stiructure. Pictum
the stresses set up ian the cylinder wall of an in-
ternal combustion enzine. It is subjected to the
pressure produced by explosion, verieble heat strsins,
and internal stresses of unknown applicastion. Our
knowledge 18 deficient in the condition of losding of
any number of problems. But to those who are familiar
with the method of solution of fixed arches, &nd other
non-staticsl problems, it is unnecesssry to multiply
instances wlere emple s8cope for investigastion exists.

The experimentsl research of the physicist and
the investigation of the mathematician are the &u-
thority upon which most of our structural design now
hinges. kechsnlcsl measurements can be mude, based
on thre partislly true theory that stiress is pro-
porticnal to strain, but this must, of its nature,
teke in length, bresdth, and thicknesse. If the stress
vaeries from point to point, usa it does in a large
marjority of ceses, mechunicul messuremasants can give

no positive conception of conditions.
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The mathematician comes nearer to & true
analysis, but this is only true in simple structures.
Congider the &ctioa of the supporting beam of an
airplsne winge Reduction of weight necessitstes a
minimum oross-section at every point. There is s
uniform thrust upward over the wing. (Fig.l) The beam
is ususlly supported at the body end and by & dbrace
attached a little past mid-waye. It will be seean that
69 the stress inoresses the deflection increszses,
which age in incresses the stress, end by our present
methods & series of appréximationa is our nearest
approech to solution. iven in simple structures we
find assumptions belng made which warrant the advance-
meat of & more accurate method.

In the study of mcasuring stress from point to
point im & structure it is found that particles of a
trensparent medium have & rotationsal effact on
polariged light proportionsl to their state of stress.
Polarized 1light had been studied since 1669 but was
not used in the determination of s tress uatil Brewster
and Erof. SeGe Coker recently experimented on its
effectiveness, |

The problem of s tress analysis by the use of
polerigzed light is gradually turaning from experiméhtal
physics to &n enginsgering method. The ;ffect will be
that the model of the structure, whether it is sn arch

bridge or the frame-work of a gisnt airplane, will be
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subjected a8 nearly &s possible to the natursl con-
ditions which produce the maximum stresses aad the
resulting distribution of gtrain resd directly under
polari zed light,

It is to be noted that studies have besn made
successfully of practical problems dby the photo~
elastiec method by Prbf. Coker of :nzlsnd, M. Lesnager
of France, the General slectric Co., the Buresu of
Leronautics of the Navy Dept., &nd severel others.

Prof. Coker, as & result of exteaded resesrch
end persistent study hes perfected am arrsnzement of
polarizer and snaslyser such that & gquentitative atudy
can be made of objects of such complex siress relations
as a cement briquette. M. kesnager construcied a glass
model of a reinforced concrete bridge, since coa-
gtructed over the Rhone at Balme, from which he de-
termined the distribution of stress in the structure
snd the points of maximum dungere.

A more complicated arrangement wus made at
iweloeTe when the Bureau of}Aeronautics constructed to
scale a miniature model of the Shensndouh entirely in
celluloid. This model was subjected to conditions
repregeantative of those which the giant balloon would
undergo during storms or other indufinite conditions
of the air. 4lthough & quantitative measurement in
celluloid 18 &8s yet & difficult matter, the HNavy Dept.
hopes that these exveriments will be of hishly

commensureble vslue in the desiga of sairships, and will
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eid in preventing ile repetition of disustiers similar
to those occuring in recent years.

Prof. Heynans, in charge of the experiment, states;
"By this photo-elastic method we can look imnto the
vest end intricate met work of the dirigible snd see
exactly vhat is going on when she is laboring. e can
gee how she is carrying and distributing the losd. we
have made an analysis of the Shenandosh, showing ex-
actly how the stresses are tsken up by the members of
the frame and wires. +«hen we hear of new forces which
the ship must meet in its ventures overhcad we ceta try
them out on the model here at Technology."

It is important today to bring to the general
notice of the zngimeer the possibilities of this system,
and thus to insure its quick developmeat and sdvance to
practicabllity. Our effort in this thesis will bve
twofold; to substantiaste by experiment a few idess on
the practical use of colorimetric effects; &nd to pro-
duce & oross-pollinstion of i1deas on the subject,
presented in such & msaner as to be easily understsandable
to the average Zngineer to0 whom it is of importance.

No attempt will be made to derive a mathematical back-
ground, &nd little emphssis will be placed oam the
theoretical history of the subdbject.
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Part 1l.
Theory of light.

The sverage individual knows little of the
nature of light. hether he sees things or how he
gees them interests him oanly in its ultimste come
pletion, that he does see them. However, because of
its relation to our subject, we will delve a little
more into the thsory of this great blessinge The
Greeks elaborated several theories of visioan.
Demooritus held that vision was csused by the pro-
Jection of pasrticles from the object into the pupil
of the eye, while cfuclid edvunced the sirsnge docirine
of oculsr beams, aecording to which the eye itself sends
out something which causes visiom ss soom as it msets
something else emanated by the object.

During the time of Galileo most study was plsced
oa the éotion of lizht until Huygeas in 1678 advanced
the wave theory. This theory gained grouad until Newton

threw his weight ia favor of the oorpusculer theory.
He bused his reasoning upon his experimeants im spectrd
and straight line transmissioa of light, and so great
was the respect of the seientific world for his opinions
that for ncsrly a ceantury this theory that we now
consider false held complete sway. Thomas Youag in

1804 revived the undulatory thgery, after a century of
neglect, in which he was given support by his coatemp-
orary, the brilliant Fresamel. Throush a storm of
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contemptuous eriticiam from every scientific
publication of the day these men finslly succeeded
in gaining recognition. The study of polsrization
added proof io their decuctions, end from then until
the present day the wave theory has given the most
gsatisfactory explenation of the various phenomimal
of light,

For our purpose, then,"we msy suppose that light
is a vibrastory motion set up in an elastic medium,
called the luminiferous sthor, which fills s8ll space,
and that the rays of ordinsry light are ccuaed by
displacements which sars tranaverse to the directiohm
of the beam, and have any azimuth." (Note) Consider an
infioite, 81l pervading mass of & highly sensitive,
Jelly like substance. Consider then & psrticle vi-
brating in this masss. It would cause condensations
and rarefactions in the medium which would proceed ia

all directions as a wave tramsverse to the direction
of projoction, and which would eventually die out.

Consider now an object made up of an immease
amount of these particles all vibrating and Jostling
about &t once. It will be seem that they would semd
out wmaves of every imaginable length all vibrating in
different planes but &ll transverse to the general beam
in every direction. Thus we have built up a rey of
light ecting ian all azimuths and coansistiiang of waves of
di fferent length travelling st the same velocity. It

is evident that the more violeat the agitation, and

(Note) Coker snsr 1911
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the greater the nmumber of particles the farther the
disturbance will trayel.
e w11l next coaunsider an explsanatioa of some of
the various light phenomensd s&s sufficient substantia~
tion of the theory for our article. It is commonly
undorstood that 1lizht travels in a straight line. That
is that while psssing through a homogenous medium of
constsnt density it does not vary or curve from the
direction of raye. Therefore, if we sllow light from a
gource at an infinite distance, which would show the
rays of light to be parallel, to enter a darkened room
through a sme1ll opening it will cast a spot of light
of size equal t0 the hole on the opvosite wall.
Likewnise the shadow of a sphere on a board perpendicular
to the ray should be the same size &3 the spheres It
is noted, howaver, thet the shadow of the splure 1is
smeller than the obJect and that the spot of light is
s8lightly lsrger then the holes. This condition is called
dispersion &nd it is explsined thet & ray of light
bends lightly around & corner wvhen passing an edgee. The
enumbra, or partislly shaded part of the shadow, is
caused by these rays which have been bent in slightly.
Conditions under which visusl light differed from
normal were noticed by the early Greeks. They first
considered the problem of why the sun appeared to be
larger at the horizon. It was anoticed that color was
produced similer to & ruinbow whea sua lizht was sub-
Jeoted to certain conditions. Befure these conditions

can be further con#iicred it is necessary to define
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and 1llugtrate two terms.

When & rey of white light strikes a glass
grating there i8s reflected to the eye a complete
reinbow of colors varying from red to violet. This
is called the spectrum snd the phenomsena of its form-
ation unier these conditions 1is called diffusion.
then light passes from one medium into snother of
different density the rays of light are bent im pro-
portioa to the difference im density of the media or
the difference in rigidity, or bothes This is known as
refractiom, &nd the angle thru which they are beant as
the sagle of refraction.

Newton stated thet "Lizht is not similar or
homogeneal, but consists of difform raeys some of which
ere more refranzible than others."” Thus, in the case
of refraction we may have the formation of & spesctrume.
This phenomena, then, expleins the eppsrent change in
shape of &an obJjsct projcceting from air iato water, the
large uppearasnce of the sum at the horizon, end also
the spectrum formud by light transmitted through a glass
prism. e v ill not coasider the theory of this action,
but will turn to subjects whose bearing on the subject

is more immedlate.
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Part 111,
Polarization,

There 18 no necd 1o go further into the history
of the discovery and development of poleurization. a4
peculiar property, known as double refraction, was
found to be possessed by ocertsin bodies of selotropic
structure, due to their molscular arraengement. If we
teke @ Rhombohedral crystal of Iceland Spar, or Calcite,
Fig. 8 ie will find the refracted light brokem into an
ordinary sand extraordinsry raye This natursl crystal,
which has the power of double refraction, is bounded
by six psrallelograms having angles of 101%°55' ana
78%6'., If light pssses through this crystal parallel
to the éxia of symmetry the ordinsry and extraordinary
rays coincide. This is called the optical axis,

In passing & rey of light through a orystal of
tourmaeline the ordinary ray wss found to be absorbed
and the extiraordinary rey, only, transmitted. This
ray hes the peculiar préperty of only vibrating im one
Plsge. In othor worls it is Polarized.

let us consider this phenomena, there is reslly
no difficulty to its conception. We have said that a
ray of ordinary lizht coasisted of displscements
transverse 10 the direction of the ray snd having any
azimuthe It 1is reasonabléfto gsuppose that a wave could
be selected from tkis having only one azimuth 4f the

others could be cut out.. The situation is analogous to
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a rope (Pig. 2) waich is being shakea inm such a
maaner és to céuse a nondescript series of waves to
progress down its length. If & block(a)is placed
over the rope with a verticel slot in it only those
waves whose transverse moiion were vertical would be
allowed to puss throughe. «e thea hLave displscements
in one known ezimuthe If we place & second bloeck (b)
with the slot in a direction perpendicular to thet in
block(a)no verticul wave motion can ps3s throughe e
have now set up an apparatus for the production, de-
tection, s0d the determination of direction of a.
polarized wave motion. If en opticul setup block(a)
would be called the polarizer snd block (b) the ahalyser.

Certain substances have the property of rotsting
this plune of polsrizations The &mount of this
rotaetion can be detected by the positiom of the anmslyser
which allows no light to psss throusgk, &8s compared to
its position in & similar circumsturice when the
polariged light was not psssed through the subatance.
This fact hes been used largely in ghemical anslysis,
and recently in the determination of s tress.

A oconveanient arrangement of & pparatus for obtainiang
plane polarized light is the modified form of a crystal
of Iceland Spsr devised by WNicol in which the rhomb is
cut slong plape A B (Fig. 4) ahd the cut surfsces, after
being polished, are cemented togethsr with Canada

Balsem, which hus a refraction index betwesa that of the
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ordinary and extraordinary ray. JThereby 0 is got rid
of by internal reflection 8t the cut surfaces, eaad
only the exirsordinsry ray is trienamitted.

It 13 also noted thet truaspasreat substances
polarize neerly &ll the light reflocted from their
surfaces when lizht is'caused +0 enter them &1 & certain
engle (knowa in optics as the polerizing ecagle of the
médium ia qucstion.) Thus if we cover the back of two
glass plates with & light ebsorbliog substence, such
a8 a mixture of lamp-black and turpentine, and cause
light to strike tre first at an engle of about 45°
(the polarizing angle of glass) most of the light will
be sbaorbed by the lamp-black on tha back of th: glass
but & portion of it will be reflected and polsrized at
the surface. If we now causzs this polarized light to
strike the second plete at the su.me anzle we have 8et
up & polarizer end easlyser bstween which quite lsrge
specimens cen be exemined. If the light is momochro-
maetic light and derk lines will be obtained. If vwhite
ligkt i3 used a successioa of spectra will appear,
veryinog with the struin produced ian the specimen.

Of these mcihods, for our experiments, we have
chosen ea arrangement of glass reflectors shown and
{1lustrate® in Fige. 6 8nd 6. Ve considered these as
offering the most convenience, with the lesst difficulty
of constructions =sn explunation of the set up will be
found with the illustreting figures. +hite light
was used, propagated by twelve incandescent lamps, &nd

was mgsed through a white asbestos paper before striking



the polarizer.

It is not nscessary to go deeply into the subject
of polsrization, aor to msthematically prove our
statements, It is sufficient at preseat Lo describe
certain effects which csn be used to advantasge in the
solution of problems. For many experiments circulsrly
polarized lizht is used. This is ususlly obtained by
pessing plsne polarized lisht through quarter-wave
plstes. Their effect is to produce to beams of equal
smplitude, vibrating st rigkt angles, end differing
in pheses 1his retards the wave motion in such & way
&3 1o causs the plane of polarizatiod to move forward
with a motion similar to a sorew, eéch vave turaing
throuch & #efinite angles If a Bubinet's compensstior
18 used eithor elliptically or circulsrly polarized
light mey be produced, depeanding on the psrt of the
compensaio® passed throughe

Our intorest now turas to a study of streas, and
we wili leave polarlzed light until we taske up its
applicat ion to stress amalysis, and its pecullar sction

when passsed through & stfained, transparent specimen.
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Part 1V
A Study of 3tress.

The force exerted upon omc body by enother &t
a surface of contact i3 called the stress between
the bodies. If then, we consider & single body as
cut by an imaginary plsne there would be fordes sget
up €t this plane known e&s the internsl siresses of
the bodye If the forces are such that thc narticles
of the body are pushed together at the inaginury
surface this is knoan a3 a8 compressive gtress. If
the forces tend to pull the portions apart it 1s called
tensile stress, Compressive siress at the surface of
two hocdies in coniact iIs called bdearing stress.
Intensity of stress is spoken of in terms of the &rea
concerned and the total gtress. Thus we have lbs./sg.
fn.ordynes /sg.cm, or like units.

Since svery body hes & certain amount of elasticity
it follows that wherever stress exist deformstion must
take placee The body is elonzated or compressed de-
pending on mheiher the stress ig tensile or compressive.
4 deformution which remsing after the stress is removed
i8 cslled & set. It i3 of interest to mote that only
up to the lzst point where no set is obtesined is the
8treas conrsidered proportional to the sirsin. This
point i3 called the elastic limit of the mcisriel and,
after this condition of stress is reached, if more is

applied, the strain incresses out of pwoportion to the
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stress and some setl remains. By mechunical or
methemsticsl methods it has besn impossible to de-
termine this point sccurstely due to the influence of
time and the greduelness with which the first set
comes One

In the study of & simple besm it vwill be seem
thet tension is esffected zlong the bottom and com~
pression slong the tope This is essily seea by the
wey in vwhich the pariicles tend to pull apart or push
togethur. TLetween these stresses there exists & meutral
planes If & beum is twisted & stress culled tortioan is
producede 41l siressges im sny structure whatsoever
can be reduced 10 these typese The siress in aay member
consiats of tcnsion, compression, or tortion, or a
combinetion of these. 1he ldentity of the type of
siress is easily determined if tke conditioms of loud-
ing snd tke distribution from known points asre under-
stoode 1n photo-elastic work s struin in the matsrisl
registcfs the sume color regerdless of type, showing
only tre amouat snd locaition of ths straln. It is
neccasery therefore to 1dentify the types at some
easily determined puint of the struciure and by mesans
of ‘he neutrul planes and polats of no 3 tress follow
them throuzhe

A npumber of sgsunptions ars made ia the
mathematical determinution of stress. Up to a certsin
point of excessive loeding it is sssumed thaet stress
is proportionsl to stiraim, snd up to this point it is

held that any plcne section perpendiculsr to the axis
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of moments before locding remsins a plasme section
when stressed. The generzl theory of sireass is
limited by the elastic limit and trhe ordinary theory
is further limited to symmetric bending. There is a
ratio of definite r:lstion between shear and moment,
but the distortion cuused by teasion or compression
is not in sccordunce, &8s far 83 our medium is
concerned, with the distortion caused by the ssue ratio
of 1bs./sq. ia. in shear.

Tre elements entering into the relations set up
in the Bending ANom. equation of stress are the locd
¢nd the bsam, with the span considered as common to
the losd and the besm. In shear th: section of the
beam end the applied external forces are the coatrolling

elements,
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Part V.

Stress Analysis by the Use of

| Polarized Light

The colorimetric or photo-elastic method of
testing materials determines tre stiress produced
upon &8 perticle et any point. It shows, thea, the
total or resultant struinm upon that pesrticle. For
exemple, in kechanics, we consider any section of
8 louded simple beam a3 affected by two priaociple
stresses; one normel to the section and the other
aoting aloag the section. In & veriical section we
have the stress mormal produced by the momeni of the
losding &end tlLe stiress veriiesl produced by the shesr
of the supporte In the optical detsrminastion of this
gtress the coloration represeating its inteasity
would be seen in & line passing through the peliat
at sn anzls in proportion to the ratio of shear to
moment &t the point,

An analogy mey be made here betweon these lines
of colorstion and the coatour limes of surface
mapping. It is found that these lines sre contianuous
end must eitker form a closed figure or run off thre
edge of tBe specimen., The reasoaningz of this fact
needa no demonsirstion gs it is in direct sccordance
with that of contour lines &nd is very simple.

It 18 also 10 be noted thst the shape of the line

of intensity throush &ny point never changes although
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its color does as the load is spplicd or removed.

This is fundesmental, e reason that for & definite
condition or state of loading the distribution of
stress over & beem i8 proportional to the relstive
length, heighth, end breadth. Therefore, &8s the

load is increased the distribution remaing the same
but the iatensity increcses in proportion to the

loeds e see, then, colors prozressing one iato
anotheré position as the load is changed. If the
varietion of strsin 1s increased several bsnds may
ého‘ where ons was, but they will coaform to the shape
of thet one, end if a minute study were mede of shades
the original band would have been subdivided aloang
similar lines. Figure 7 shows a typicsl colorution of
& gimple beam seen under polesrized light. 3everal
spectra sppesr within the limits of stress &aand the
furthest spectrum from the neutrsl plsne indicates

the greatest stress. A8 the load i3 incressed a
gspectra of grester fntensity moves toward the position
of one of less intensity. This movement is csrried
out over the entire beam, but the genersl direction

of the lines of stregs intensity does not changee.

The fact thet polarized white lizht produces
several specira in accordance with the imcrzase in
intensity of strein in the specimen uander obscurvation
sugeests & simple and easily dsnoted denomination of
the amount of sirsin in a particle. The number of

the spectra could be used for tlre rougher messurement

and the color for the fractionsl reading of ilLe first.
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For the purpose of our study in this tresiise it

w11l be sufficient to compute the siresses represented
by the different spectra seen in a stressed besm of
transpsrent bagelite.

.We have sald that a line of definite coloretion
represents & certain inteansity of streain, that a
gspectrum of colorstion represents & certein range of
intensity, &nd that these lincs of color esre ia
accordance with the resultant lines of stress. It
is now in order that we should give some explsnation
of the presence of seversl spectrs over & range of
stress of one type (such ss tonsion or compression.)

Light has & slower velocity in & denser medium.
Therefore, &n snology cen be mede botweean the impeded
progress of light through & stressed specim:n «nd a
homogeneous wedge, it beilng commonly understood thst
gtress varies the density of a substunce.

Consider tho wedge ABC (Fige. 8) If a ray of light
from the source D strikaes the face AC part of it is
reflected to the eye &t &, The rest pusses ithrourch
the wedge gnd another part is reflucted to the eye
from the face AB., The second portion of the bezm hss
travellcd further before reaching the eye by an amount
equal to twice the thickness of the wedge. 3uppose
now thst this retsining amounts to one half the wsve
length of blue light. Then a crest sand trough of blue

lipglt strikes the eye simultisncously, 1aterforing with



each other, and the eye sees white light minus the
blue. &8 the rey strike farther down the wedge the
longer rays reach interfersnce polints until white
light migus the red is seea. 4t some point past this
twice the wave length of blue is reachked aad blue
sgain csncels itself. Thus &8 the ray is considered
to progress down the wedge & succession of spectira

is produced w. ich mizht bs used for &n accurate
measurcment of the width at any point.

Applying this analogy to the phenémena of color
bands obtaeined whsn a stressed specimen 13 obsasrved
under polsrized light, we find a sudcession of spectra
ralative to tho distribution and varying intensity of
gtress which afford en easy denomination of messure~
mentes The change in o lor from red $0 red represents
the interfercance of a definite color in each case and
smounts to the impeding of light that wave lengthe. For
finer mcasurements it would be necessary to coasider
the varying colors in each spectra, but for our
purpose it is sufficient to calibrate and meusure by
the number of spectrae.

wé maey trhen consider a locded simple besm &t the
center to be analogous in its interference phenomena
to a wedgee The bottom would be in tension, would
trerefore heve the lesst density, wold impede the
the progress of light ihe lcast, and would bs compareble
to th2 sharp ead of the wedge. <ihe top, or compression
side, by the same reasoning would be represented by '

the wide part of the wedze.
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Figure 9 and 10 show two small truanspsrent

specimens of baéelite with dimensions a3 showne.

These were tested &3 centilever besms, a weisht of

one and one-half lbs. being applied st a distance

of 4 1/2 taches from the support. Bar A was held
tightly in the support, while Bar B was given enough
compression only to ksep it in plsce while tre losd
was epplied. Due to the colorstion of the specimens
¢1d the working conditions of the experimeat ithe

line or location of esch spectira is shown by tle three
colors of Red, Green, and Yellowe. The locstion of

the neutrsl &xis is nmoted snd the positiom of thre

red line of the first, second snd third spectra &t
various points & long the beame The stress is tren
computed mathematically for these points., 7This sets
up aa elementary method of reading the stress directly.
Jach of these lines represents a definite struin in
the materisel at all ths points it passes through.

In genersl, we notice that the besm gripped
loosely in the supnorts follows closely the distribution
of stress sssumed in the study of cantilever beams.
The neutrsl axis is espproximately in the cunter, the
point of maximum compressioa is at the lower, outside
corner of the support, compression is quite well
distributed over tre top of the support, znd the width
of the spectrum bands in compression and tension sre

approximately equale In the ti=htly gripped bar,



however, we notice thut the tensioa spectrum besnds
are narrower than the coumpression bunds, the meutrsl
s8xis is nesrer the top, a8nd the change of compression
in the support 13 diatributed to the lower outside
snd upprer inside corners. This gondition was not
uaiversslly true, slthough it was found to exist ia
seversl casese It was probasbly due to sn arrengemeat
of materizsl such that the shear components overthrew
vhe geaneral formaiiom of stress lines.

The dowaward hook in the neutrasl plune at the
support is common to &ll the cantilever beams tried
in our experiment. This is due to the combiniag of
tension.at the top of the beum with compression in
the suprorte Becsuse a mathemsticual solution assumes
tLe locatiion of the meutr.l plane, only bar B will be
examined quenitatively. The computatiom snd locstioms

of points sre below.
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-It 1s evident that the difference in moduli
of elasticity accounts for the lack of coordination
between tension and compression, and shear strain,
If suffiocient time were available to measure the
strain by mono-chromatio light in wave lengths
it would be possible, by having specimens in pure
tension and pure shear, to determine the relation
of both and account for the position of every black
line in a simple beam accurately. With our equip-
ment at present, however, quantitative work must

be largely a matter of guessing.
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Fige 11 shows this optical effects of &

concentrated locd of four lba. &t tho center of
a five ipeu hteam of triangpsrent bacolite three-
quarter laches deep by 0,24 ianches widee Thaere

is nothineg about these lines of stress conirary to
our sxcepted distributioan in like circumstsance. e
wi1l, however, on a following psge compuie the
stress represented by the red lines of the first snd
second spectrs in tension and compression. <This
wil) &sct &8s & check on the results of the siudy of
tle csasntilever,

It must here be noted that sheur plays a very
epprecieble purt ia the locustion of stress lines &nd
cannot be digregerdeds It 13 £l130 noticed thst the
strsinm ccused by slear is not proportionsl to thet

csuged by moment.
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Fig. 12 shows & simple arrangement for pro-
ducing cantileier moment by compressioa of the
fingera. Due to the lcangth of the plene aB & section
wes seen there which showed no stress. A smell hole
was drilléd through this section and the beam sgsin
gtres.>d. Fig. 13 shows the strange coloratiion
resulting. It is impossible fof us to go into a
discussi on of the resolution of forces which caused
this actioa. 1Iwo msny variebles are coacerned for a
decision from one experiment. However, these figures
do show the unlimited possibilities of photo=-elsstic
worke Consgsider the new facts which might be discovered
a8 colorimetric test Pf the Plate Girder. It masy be
urged &8 an objection thet the reactions of these
msterisls are not similar to those of lieel and wood,
but tests on such medias &s Indis Rubber and Jelly
have ylelded results which contrsdioct this statement.
It .18 &1s0o known that sfter the last point of
p:rfect resilience stress is no longer proportional
to strain, end after the lozd is removed some 8tirsin,
or set, remsind., Our materisl, not belng highly
elustic, 1s easily overstressed without bresking. sfter
the losd 1s removed there oan be no stress, yet some
coloretion remeins. We cen conclude from this that
the coloration is due to the struin only. Tho detection
of set in & structure might be of importence in many

pProblems.



Part VI,

Conclusion.

In conclusion we wish to state that, due to
limiteu time aad crudeness of material, this siudy
wa3 not mede with & physicists scocuracy. It is
the purpose of this psper, not to establish laws
or uaits, but to convey some impression of the real

1mportaqce end possibilities of the subjects Grest
compeniad such a8 the Genersl wmleciric are interested
in its study snd thelr resources lend to their de~
ductions the distianoct ion of accuracye. @ heave
sccomplished our purpose if we succeed ian producing
& convincing ergument féy the general study of this

phenomeasa &8 an sngineering Method.
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