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gorrections:

Page 228 and 23
Pipette instead of(pysette)

Page 29 :
Warren De Sorbo instead of (Warren De Sabo)
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Investigation of the properties of s nusher of satorials,
1e04, oolled spring drewn ont, stretehing of e suspended
wire, sagging of & beam botwesn supports,led Robert

~ Rocke in 1676 to emunciste his now famous laws ¥ithin

- the specifiad limits of an elastic body, the stress is
proportional to the gtmain.

The varied mumber of experiments by countless observers
have lod to the estedlishment of fooke's law ss an experi-
gave rise to lypothesis and later to a mathomaticsl uory
of slastlelty.

Boscoviteh, Folsoon, Ceuchy und Havier were the pioncers
in the mathensticel enslysis of Internal foreces. It is
with due respect that I mention hove some of the greste
&8t zen who were responsidle not only for a clearer under—
standing of the properties of & solld through mathematicsl
treatment, but also for their great contridutions to higher
caloulus. It was through the offorts of Canehyy Green,
Stokes, lsxwell, Thomson snd others that every brmnch of
sclence today can postulste srd interpret results by means
of sathemetlical snslysis.

pendent of the origin of stress, Having once ostablished
Hooke's law, Independent of the origin of stress, the
WMnruummbnammmvmnwu
dats. | -




Over 1,000,000 years age the firet sillole ecid gel wes
whiich undeor the proper conditions settled cut In Jelly-
1ike mass. DehyGration snd latter crystal formstion
changed the gel m&wmmmﬁm Yot to=
day all tle propertiss and mw&wm of the gel
are not fnm m _

That sillcle acidgﬁlmnia&%ammaf the first
things observeds It was notlced that the gel when
presuure umm: mappnm,mmwwm
retura to normal wiih relssse of the pressurs

Little work was done on the slastlc sroperties of

M&@um ware mw;z Mﬁt&aﬁﬁm in naturoe

I 1539 (%) 34 was notices thet & definite musiesd
note was profuced when test tubss of siliclc acld gel
were strucks Furiber investigstion showed that the
frequency of vilpation is determined by the properties
of the gels Decrease in concentration of silica {ine
vibration,

& rather ingenious mothod was devised by Freundlich &
Loirris (Blyg gotopmine the relstive memsurement of the
slestic modulus and elastic 1imit of sols axd gols. 4
particle suspended in the gel was dlsplaced by a mage
notic forces The particle sise being vonstent, the ol=
ustic displacemont, X, and tie dlstence, ry from tho




from the magnet are connected by the relation xr= X
Y/ rre |
The rost intensive work on the elasticity of sillvie
acid gels wes done by Prasad (13)e A rof shape gel,
to & table, its other end, In & verticle posibliongwas
fres. A plece of paper, with  smark to serve s refor
of & leathor thyong, & sowll slunimes pan, In which welghts
wers placed, was fastened to the free ends ALl precaution-
o7 measures were baken to reduce to a minimus the effect
of the welsht of the Mmﬂmammm
varisl omprossion was deternined with &
thetometer, & mlerowcops which can be moved vortioally
with the help of a round gradusbed sorew, reading to «0000cm.
calipers wore used to measure the cross section snd length
on the froe ond wes sontinmmously Ineressed by the addition
of 1 gme welghte. Inspsction of the graph showed et the
Tirst part of the curve obeyed Hooks's lawe Az the welghts
gel broke. The olustislity was figured scoopding to the
following foremda:

E=4 m

Yo

In order to give you en lden of the resulte obtalned by
Prassd (13) the followins table was taken from the Kollold
%o
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sl University of leipssip mseasured the elastle propertliss
of siltels aeld gels by the bending rod wethols Nectans
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The resson for such & W bistoricel account scous
Justified If the resdor hos soquired st lesst one of
the follobing:
{2) & idea whloh might Do of practlosl ve

s




Interstonis forses define the mm bobwaan
stoug end molecules from whish matter is conmtructed,
Y ehRng ternsl forces on & body m» or
w m, csuse & deformetion of stwobare, buly its
¥hen displaced molesules tend to ressin thetr normal
position, the bedy fe sald o bo In & conditlon of
e remiltant of a1l existing foross whlle & condte
srbioulsr mode of the forcs. Tho probw

within known liantts, all meterisl shows slsetlo prope
sriiss although the vange of olastiofty usy vary gresi
#wlm the materisle
WWW%M%W&

im.

The resuitant isternel force tat resists the change




THEORETICAL GONT'D.

analysis of this resultant applles the name of gwl_
Biress to the normsl component and shearing stress to
the tangent component unit stress 1s defined to be
stress per unlt area which may be expressed in pounds
per squere Ineh (1bs./ in 2}; tons per aéuars foot
(tona/ft.a),'kilagrnma per square centimeter (kg/em®),
- and the like, (4).

Within the limit of elastieity, the ratio of stress

to strain is lnown as the modulus of elasticity or
!gggg's.gggg;an; Expressed matematically Young's
Modulus tﬁnﬁgam@moauion, or expansion is written

force epplied,
area

detrusion
length or height

Tha il of henr aleebistty war be Alied

Hodulus of rigidity. (19). :
A body undergoing some deformation is under gtrain,
whil ¢ a body subjected to an external force is

under sgtreas.




S1l%cis gol is usually prepared by adding silicate
(water glass) to an acid solution and Mm o
stand. Wa{mﬂmm
mm&mmmmmamm
cate and others produce & Jellye The Jelly may

6186 be produced by dlelysia of silice sol. (18).

Ze Composlitions _ |

Varistion of the ratio of silicate to sold to water
£ol. The following references may be of use If you
are interested. (1), (18), (1€), {13}, (B)s

Cs Chemlical Properties:

cosity, caused by Initial growth of erystals, prevents
history of the gel determines to & marked degree the
gel charactaristios.

De Hlmstleitys

A freshly prepared gel secems v possess the ssme opder
of magnitude ss that of gelatin, Under certain condie
tlons the gel will vibrate, producing & musical mote whon
atruck,

Ee Gal, theory of structure:

(1) ¥leillar theory assumes a dlscontinuous granular




solid phase dlspersed In nmm phagew Franiens
heinm (1835) (1)« | |

{3’) PAlbriller theory @iffers from the m«m thaory

mm&mmmmumwumm

Yon Bommelen tm: (1) ‘ -

(3) Iiquiaeitqnia theory was ;roposed by Ostwsld @

mnwmmm@azmwmmmw

& viscous liguid.

{4} 36132 golution ﬁmmv, supported w mm (1914),

tlhia umm siznifies u solld solution.

{8} Pol; . - on theory hes been W

mm of the Iitpilisr structures

Po Rydretion snd Dehydration of 51llcle Aeld Gels

Van Demmelen (17), first oue to make a systematic and

The results of his work brought to light the possibdi-

Itties of silica gol In industry. This stimulus led

to further investigatlon by many workers.

Ge Syneresis: | |

He Vaon of:

Mmmmumm:mmmmormw

sorbing sgonts, charcoal, clay, filters, finely divided

motals and the 1ike, In Industery. S51ilics seens to have
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%mmmwmmmmmmwm

uolsture out of slre Iut its use iz nob limited
to just soting as water WM&

e Other Propertiss: : :
Although I em uot golng to memtion the muerous
other properties of silice gel even briefly, I think
16 would be of interest bo the resfer to bocous o
qusinted with tho diffurent sspects and uses of sile
loas The st of refevences m the bibllogreph
% rosume of mz 21l work dome bx mm ag
well as refarence to originel.
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-mmw& mmﬁimafﬁﬁahwﬁm*
Perbaps o disgras will be closrer Goen & word dese
phion, lor thie recson & dlsgres io m on
e e s |
After gelatlion ccturred, the steel wire wea twlafed
¥y I, profucing ¢ tomque In O, thus setilng up a
strogs In the gols The mmount of straln was nense
ured by light reflscted from mirrer to & soalos
bocause & nusber of factors, umzm wmeunt of sirass
only relative messursusnts could be obtalned withoub
controlled callbretions
The a dheslon foroe between bress end slllea gol 18
appreclable but to find out viat wmsberisl had nmore
wore vades Cylinders were made Ifros glass, aluslmus,
balss, robber fiber cosposition, balkelite, lron. For
eylinders of the sasc size thw adnoslon force sosuaed
o decronse In the following order: Lrasn~ glasge
‘my roommabte, Franklin Connor, an elecirical nginesr.
The bell bearings pemitted movement of the stesl pod
whiles at the seme time hald it In a wverticle position.




The plley E mele fvom smeunite, served ss & lover
& torgue In the ojlindsr, thue, sotling up & sbvesa
In the pele Light reflseted frou the mizrer %o a

derdvation of the ebove mm il e given lsters
ﬁm@ 1% was posaible to find the clasticlty end the
oy the slestiolty chenged with Lime, I still wes not
mwmmmwammmummm
expensive egquipments &n ervopr of JO0L of an inch in

by more then Bfs Also the starting friction of the
paratus remain in ¢ verticls position withomt moving
fuping the runs There wore alse a mumber of minor
HNEEe YO CYEroomnts
everything which might produce s sizable error was
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rehucad to & minfaus and Saken Into consideration

In the cslculntlons Yel I uns not satisofled.

There sre plenty of weys that elesticiiy nisht be
woasured tut It couls sonoy to construet the ape
paratus, 1 had searly given up hops of teying o

m & better melluwd when, In every dey lternine
clm.ﬁmuwxwmm The result of shieh

m Rolled bress wmg* wode by wm.mm "

&3 Srase e@::mwg nrds by a,m, height a*, b

side diamster 1.240%, ' 5

(3} Pivots oede from steel drill rod, " stocks

(4) Brass plate, form botiom of tubing, 6° by 4 by #%.
(S0 Zrass plete, used Yor top, sut in fors of cirele,3i"x 3"
{6} Thresded plece of drill rod, sorew hoad, nobohed
%t other end %o serve as pivet slobe

{7) Basonite wheel, Jevor wrm, 1.457° by §*
M}M,wtmmmmulm-
(ﬂmwwm:»mvwwmmmm
into smell aaim

(i0) Sesls, mede from greph peper aivided inte tenthm.
1) Zens, to focus 1ight beam, for s length 20%

az) W:?MWW&&&M%&&
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goEmen

{3i4) Pens wade rom wire mosh with sides tumned up.
{15) Cellulolid placed in botlon of cach paue

{16} 81lk cord to go uround wheel, over pulleys,
wWoighss stisched Lo andos

thanks iz given to Hy Sosmormen, Nachinist, for

I think the Megreme wlang with matoriel used are
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A = Trapezoid Frame

B = Glass Beaker of Silicic Acid
C = Brass Cylinder

D = Reflecting Mirror

E =Graduated Lever Arm



= T=

A = Steel Rod

o
C =

Ball Bearing Holder
Cylinder

D =Glass Peaker of Snlmc Acid

E
F

G
H

W
M

= Pulley

= Standard

= Holders

= Silk Cord :
= Weights and Pans
= Mirror
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Derivation:

O

!

I
¥
£

(

7177
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@

Given:

Torque « T - force x lever arn
b - redius (inside) of larger cylinder
a - redius {outside) of smaller eylinder

x = distance from center of d-area upon which
force acts -

ey ~ shearing unitestrain
L - height of gel

8, ~ unit~ stress

The d-ares, ABCD, subjected to shear is considered
& layer sliding & relative amount to the layer in front

of it.




Hence:
tan de = Tg" = Eﬂ
Zam of shear 2wxL

i e et Y
ga = g_‘ s
ey = % i

b a8
ten de = @; ‘ = de (in radians)

: *f“ S8 dn s (5]
2 = 1&(%’1? where & 1= messured m

rediens,

i
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is of such & mabure twt a M i fovmeds The eoldliun

o water was used Lo m
1568, titrated againet stand~
erd Ze Ol The nomality of sodlum silicate, sfter die
Intion with Alstilled water, wes 1.S87N, sben titm
agalnst standand Ng S0g using M. O a8 Indloators

by bureties -~ tho silicats by pysstbes

When the aoid and sillcate had resched the sams Sempore
ture, they were mizmed by pouring back md forth.

% ssamure I of oash solution, the Guisiyrons
Mumm.. oquilibrius

pistiom wire placed In a wzatm
mmmwmmwmmmau
of the Guinhydrone slectrode In combinatifon with & sbune
dard saturated calomel hulf cells If desirous of fure
ther information see Mmm3¢
The tine of 'sot' was determined by s method developed
by Baod end ¥1llers 5 pointed glass vod Oom. long snd
S mm in dlameter in Inserted into gel st adout 15° o




Lo o

As soon as the acld and silicete were thoroughly M
in the epparstus of the remaining solution, 50cc was
#ot aslides to test for *ﬂmarmtﬂ mmtmm
in & besker for PH measurement.

1 was fortunate to bave the use of the Ydark voom', a
room used for developing pletures, in order to cut out
reflected light.
mwmwmammmtmm,mm
mmmwﬂmw.

of the light source, 1t was possible to rosd to a Fifti-
oth end estinate to a mudredth of an Inche

By eonstpueting the psus out of wire mesh, 1t wes not
rery difficult to make them of idenbicel wéight. The
friction of esch pulley and the pulleye in combimation
The distance betwsen the mirrer snd the scele WW;
was carefully measured snd checked. The light source,
placed as to e in & straight line. This was necessary
in order that the sngle of doflectlon would give the core
rect value of the sngle through which the gel wae twisted,
mmmmmmmmwwawm-waarw
mmwm.mm:ur, it was only nacessnry to
Place weights on the pan, record the time and measure
the deflection. Hell, it was alwmost es simplo as that,
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sul elasticlily o ghmﬁm* £
1ty of the sclnblon predusily Inorveses
A e xx 18 Tuls for & m to show 811 3 proe
perties m&m&m
fesmuse of tho rels®lonsh!
#ikls to g&w ® m
A1 I w1l wentiem the Righ m and some inform-
mmmgmmh mmmmmmwmu
obtalined.
mammwmq PrLa _

m sz tho elssbic limit Is not exnesdods
{3) Plsstlic deforastion, plastic deformstion, elsstlic

o Wm” slong
" ﬁ. iz mot pome




astic mm Wi mm w M afber
constant Fate witil the stress ves »
(8} nmmwmgrmmmmw

(@) G‘“”%M#pmm‘,@mﬁw
i st roturn fo
“Wmmmmmmmu
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Caloulations:
Es ugx K w 2,3845
= 2.3&%&% grems/ inch.2

C¥louletion of max, possible error:

It is potiosd o oooe the® *%v error in omloulstion is
prineipelly determined by the emount or sige of deflection,

Por very smell deflections the error is large cnd 1t decrecses
28 the smount of deflection inereccses.
Therefore the meximum possibdle error will be left in the

oo Tl

Vith cofslderetion of the ervors lavolved, the elastioltyef
the gels, & Rouns sfter gelotion by vod sethod, is aiven below,

following forn:

Ran # 2 By » 127446 grmma/inch&
iy S v . 253 O
g & " w 202 V.l -
8 * - 340 Ded "
£s Tolaee g .
5 : v =388 1 -
#9 > 143 szz st
? by g & A



{1) It was notlced in some of the seld gels but move
50 in the alkaline gels that the piteh varied with
sged gel. s the gel becsnms older, the note soomed
hmamim, then fall to & minimum, later to
be followed by an ingresse. Unfortunstely no data

was tsken, it wes mmrely & curlosity obeervetion.
Porhaps 1t would be of interest to check this phonoce
{2) Being intepested mainly in Rwt haprens when the
m 12 under steain, by observing betwesn crossed
 Pollariods, It wes found that the reflected 1ight at

mearly right angles to the trensniiting beas Is plans
pollarized, A4lso the reflected 110t ot sbout 200 to
ing the above observetions to Drs Langsiur, be prow
posed that the mere fact of plane polssized 1ight fn
refleoted Loss suggests & crystslline nelwork of al-
mont uniform structures his phenomenon night lead
to Interesting possibilitless I suggest something
wm&mmmmmmmm,
@mrpren De Ssbo conducted 8 resssarch on the smount of
transsttted 11ght and the swmount of reflected light
by menns of photo slectric colls. Use & sinilar
ook up but place & pollarold lens bebtweon the gel
and photo slectric cells Iy this means the tm

maammzmﬁm @wmmmwm




internal steucture of silicle sclide
{3) Since viscosity snd slustlelty srs related, T wes
Mm@mmamummawm?mq

ought of, some

ueed to wmmasure viecosily, others wers too fapracticaly
tut, most of ull, I didn*t lave $he time to spend sinoe
I elready hed o resompeh problem over which I wes pulle
ing =y helr outs To snewey & guentlon, how 1o e ele
soticity effected 1f there L5 & chango in any of the
conditiona, wder which the gel Is forued, I changed
a8t lesst ome of w tonditlions radliocallye After nlile
mm&ﬂmmmammmmmm,iw
the solutfom wes pluced In s besker to set undlsturbed
mxmmgmmamwwmmwm
m»mmwmxw%chﬂmra%
tasked bo & swall oleolriec molore he following data
obeerved:
(1) The solutlon becsme gradually more vissous. The
mpyer thickensd into a Jodiy~-iike muns belfore
the solublon In the bssker forwed a gele
(2) After stirping ths sclution twice es long sz 1t
took the el In the besker to set, the resulbe

ing thickenod mess behaved 1lke heavy [ronsss.
mlmmnmmmaymm;

{mew”!‘ummmmm
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{4} Tts slesticity mas more Iike thet of rubler in
I @lseussed the sbove phenosons
with Tr. Lengmion mgpested to Dre Hurd a
st Par namer e . B '-'v;_j'.*;gm”m;mg
Mﬁmmsm@lk:axa&ﬂwmmm

in sbout § hour, Suple muber ong Is stlrred for

the first five winubes ( O %o & ] aad then sllowed to
soty sample nusbor twe stirved for the next five mine
utes {5 to 10}, ssaple nusber three (10 to 13); san-
ple musber foupr (15 to 20}, ssple nunber Silve (S0-
25), semple musber gix (85 to 30). Fech sample

after beling stirred for five minutes, is sllowsd to
set, In this way, by verying time of mixing, 1t Is
possible %o Tind the offect of stirring upon the seb-
ting of gels I might sleo suggest to study the ef
feot of atirping upon slssdiclty, plsstlcity, viscosity
" {4) It 15 & well known Tset that sny Inowoase in the
speed of revolution. Iy putting a resistence scross
the elsctric fisld, It 1s possible to regulate the
spoed of the motor. I suggest thet a strodoacope be
waed to insure & mesns So keep the speed wniform op
constent, A voltmeter and smuster ls comnected in
the olrcutt, Inowing the wvolbage end current, the

and 1ts possibilities

#\



amount of power put in the motor is calculated by
P® iy, By plotting P against T the viscosity can
be determined also how the viscosity changes aftaﬁo
the gel 1s set. This method @f determing viscosity
" 1s fairly simple to measure. Why not conduet a re-
mearch along this line ? It might prove worth-




(1) Tho most commson method for deternination

tioity of gele 18 by purfectad tonslon or torsion wooe
hiness These types of machines are expensive tud
plestiolty, elasticlty and combination deformatlon
ven be papldly detormineds A highly perfected mmchine
at%umﬂmmﬂ%%(ﬁ)%hh%d
fralt Jelllions

{8) The most genoralised method is Ly the bending of
tost rodse This method 1s vather linited Yecsuse She
gol most bo falrly ridged before detérninetions of
tls sort can bo nadde '
mmmmwmwurmwmw
mmmmywmmmwm«rwm
,V*@g‘ where V is velooity of sound, I,ilsstlcily
and T, density of gels Although this mothod 1s mans
thuamwmwummuw;m&
then tell how 1t may be donej except, imowing the ol
mmx;mmmmmummwh
ealoulated, Tut, tho clasticity s what we want to
dotorning,

elasticlty in absoluto unite.

(a) & thin sdtco of god 18 placed betwoan the pletes
of a condensey ngs Lllusteated Lelow. |




MW&SWMWMMWMW
m@mmxmmwmmm m:nnmm
atling electromotive force, & poriodic Inorecse and m
mmmmammmmmme.

~ If the frequency of the sltormating curent correse
ponds So the froquency of ono of the possibie modes
of viteation of the gol, resonance will be sot up
whioh will ruptuve the gols This phenowenon 1 lnown
o8 tho Plomselootric effeots |
(b) & eylindor of gel is fastened, by one endy to the
table in & verticel positfons To the free ond iz fose
tonedl & plece of tinfoll %o swwo as & conducbing mas
torials 4 short dlstanse above the tinfoll l» e coppor
plate, held by & sultsble supporty connectsd o & changoes
able frequency aircults The Sinfoll and the copper plete
serve as the plates of & condensers An alternating cure
fovoe to exlst Lotwesn the plates. If the frequency
wmmmmmmmwmwmrw
mwmmmummmmmumwm
mmw*mwmam B il
Either (a) or (b) might be used agually veil, the only

mmwmwtwnmwmw




Ehe changeuble frequonoy olvoult, A otiroult whieh might
be used 1a shown belows Por Informablon on olroult look
(4) 5 vathor stuple sethod for detertining tho elasticity
wmmzm-memmbgMMammnm
02 helight on to the gells The holght of the sebound s a
monaure of the olastlolty, A calibvated seale can bo
Wm:ammmmmhemnfmw
Lo found, “ho ball say Yo mede fyom plestlo or any obhoy
sultallo meterials ,
(5) For detornination of the clesticlty and plastioity
with rospeot to tine the apparatus used for this thosis
proved to be pather simple in construction and setlise
factory in rosults. Although lanvented by the writer to
make olasticlty womsuressnts 1t can also be used to study
the plestiolty, elustic flow and plastic flow of gels.
L&

R§C | V40w Taria g T
Vj,r 8 '
g ]

Lo

s
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wailisrise the reader with a Sundae
wntal convept of elastlicity.

{2} e apparatus, with disgrems, was sxplained
Eloltye s

(3) The equation used to caleulate the elastiolty,
B F e "ﬁ"‘ 82) wns derived and devele
opode

{4) How the messuresents were taken wes discussed
{S) That there is plesticity snd plastie flow as
well ss elasticlty mnd olastie flow, and how each
thenges with the age of the sllicle scid gel wes
{&) Dy use of the derived equation the slastiolity
{7} 4 munber of cbservations, not comeoted directly

(3) Different methods which might be used to find the
elasticlity of silice gels were sxasined. ,
{9) Prom the experimental dats curves were drewn.
{10) s1licic scid gel has high elasticity but low
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#1 Ca¥uwation of pulley on left
#2 Calfbration of pulley on right
#8 Calivretion of both pulleys and cylinder
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The grevh on the following psge represents Mm
plotted ageinst tinme. Inm@ of plotting elesticity,
it seemed better to plot the ratio jé (%tg_ = elssticlity)
egeinst time becuuse X #nd D ere obteined directly from

the dsta sheet. The graph represents runs # 2,842,10,11
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