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Abstract:

The variation of the resistance of copper wire with potential energy of deformation is studied.
Equations for resistivity and resistance in terms of potential energy of deforma-tion are derived oa the
assumption that resistance varies linearly with tension, as found by other observers. The change In
resistance is measured, and the results plotted against the potential energy of deformation. The
experimental data are found to conform to the equations derived, which state that resistance varies
directly with the square root of the potential energy of deformation within the elastic limit.

A determination of the unit change in resistivity for a stress of one kilogram per sgqare centimeter is
made from the data, using Bridgman's equation, which remalts incidentally from the derivation of the
resistance-energy equation. The value is in close agreement with the results of Bridgman and Rolnick*
Data on the behavior beyond the elastic limit are includ-ed, but no definite conclusions are drawn from
them.

An equation for computing the strain sensitivity factor (the ratio of unit change of resistance to unit
strain) used in calibrating commercial strain gages, is included in an appendix, and the strain sensitivity
factor for copper is computed from the experimental data*
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Yhe varisbion of the resistancs of sopper wire with potepe
tia} energy of deformation is gbudicd. Eqnaﬁaicms oy rosise
birity and fa:s’f stapes in terms of poteniial aﬁemgy ﬁ@f@m&«
tion are ﬁam?@é oun bthe assumpbion thet resisbanve wwriew &i,ﬁ&é

early with vension, as found by other observers. The ohanes -
in resistance is messuved, end the rosulis gﬁ@ﬁm@; against the
rotentisl anerey of deformed iﬁ?ﬁ@ The szperimental dots are
found to sonform o the sguablons derived, which stabe thab
vosistance veries divectly with the sguars root of the poben-
Hial energy of defprmabtlon witbhin the slestle 1imib.

& determinsbion of the ualt change in resistiviiy for &
gtress of one kilogram per square sentimeter is medsd from the
gate, using Eri&g;m&n’éﬁ eguations which resulss incidenbtally
fvom the devivation of the Eﬁﬁiﬁ‘&&ﬁ@éwa%ﬁ‘fgy eguation. The
yolus ig in close agreement with thwe resalta of Bridgmen and
Rolaioke '

Daba on the behavior beyond the elestic limit sre inplud-
at, but no definlte convlusions are deawn from them.

An ewaﬁiaz& fox sompubing the sbrain sensitivisy Facher
{the xaikio of unit Qfﬁa&% v of rogisbanse to muld sbhraln} used
In calibrating aﬁmyﬁ:m‘i %gam gapes, is included in an B
gen&“ﬁ and the strain sensdsivi a‘;y faetor for coppewr is oome

pubed from the experimental data.
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HISTORTCAL BAGKCROURD
fhe effect of tension on the resistence of welals peralliel
G bhe dlrection of the tensile foree ﬂ«;&*&s sbudied ag long age

L ad @ ﬁﬁnﬁiﬁa&aﬁiﬁ'&&ﬂuﬁﬁ of xavk hag

an 1B8% by Tomlinson™,
beon done sinee that time, consisbing prinelpally of checking
ﬁﬁe original romsulbs ond developing. mew tevhnlgues. ?assi%ly
the nost exbonsive work was done by Byl cigmaaga who uged mebhods
somewhat similar to those adopbad for the present ewperimentsy
that is, the sample way gubjlected %0 a known tensile stress,

and the “ﬁﬁt&%&aﬁﬁ peasured by means of a potenticumeter, waing
o nuoll method. The change In rosisiance &n@ to goometrisal
chongses éaﬂ subvracted from the tobal resistance shange, and the
cenginder was sssumed to be the change due O sLTess.

Laber Goterminations werse made by Eﬁlﬁiﬁhsﬁ yaing the
method of vibrabions, %.6., the sample was made to vibrate
longitudinally, and the change in pobenblel bebween the HWO
pOLNGS a@asageﬁ by means of @ callibrabed amglifiera The ampii-
-%ufe of the V7b§aéiaﬁ“ wos measured by means of & Llight beam
peflocted from o mivrow vibrating with the apparatus. Youpg's
toaulus and Poiseon’s Ratlo wore used to compube ihe shress and
latoral conbraction. Valuses of these consbants were taken Ifvrom
nendhooks, or compubted from values of ﬁ%ﬁ ghear modulus.

Yor nost mebals, 3*313&1@&@? has been Topmd bo vapry 1in-
sarly with tenslon within the elastic limis. Tor moshk mebals,

zhe Tesistivity ineresses wilth strain, bub In some, notably




il
strontivm end bismuth, the bension coefficlent of resistivity
ie negabive. Still others, particularly nickel, behave even
more abvnommally. In this metal; the r&ﬁia@i@iﬁy-ﬁaaxaasaﬁ b
aﬂminimﬁmg and then heging o iﬁﬁé@ﬂﬁa agaln with.iaﬁfaasigg
sensiont,

Coppey has a normal positive tension cosffloient of %@ﬁm
isbivity, whieh has beon measured as 1.6 x.iﬂ“éﬁﬁiﬁ iﬁgﬁ =
'iaﬁﬁézjﬂ and 1.38 x lﬁ“ﬁig& ohm~-centineters per ohm-pentineter
per kilogram per square sonbineter by differont Investigaiors.

Recenbly, this phopomencn bas been pnb o pracileal use
in the anslysis of strain by mesns of resishance wive strain
gagaﬁga Phe ghrain sensitividty faustor of these gpues, éﬁfﬁ%&é
as bthe Tasio of ﬁniﬁ shange of regisbtance $o unis stralit,.
£2§ Eﬁ_}$ must, ab present, be dvhermined az@arimﬁazaiiga Be=
gﬁrﬁiﬁé;this shrain seasibleity factor, B. M Nielson® stotems
"For most metals, bthe strain sensibiviiy «.» would bo expschbod
to bo betwesn l.5 and 1.B from & consideration of only the di-
mensioual chenges of the wirve. Insbead, mosb motals and alloys
have sengibivity fachors considerabdy higher. This hos pever
heen completely explained. ‘The reason probably lles in an
sobusl chemge of volume resiybivity of the mebtal.® ~

e fach that there is a change in volume veslstivity {re-
ferred to hersin as tresliebivity®) with straln has been osbide
lichsd in the inveséigaﬁians mentioned sbove, bub a mebhod of
determining this chenge theorstically, snd thereby eliminating
some oi the tedious control proceluregs invelved in the mand~
Tactore of sﬁﬁaiﬁ pages, has not been developed. The hasic

“Sae appendix ’ -




pature of bhe phenomepdn is s$till met undergbood sulfficiently
te snable oge bo pr&pﬁgm auy workable sheory fsma@zmiﬂg ite
It is hoped that the proseut work considering the reglabanee
change Trom the viewpolnt of poteniial caergy of deformation

nay help ho throw 1ighd upon the problem.
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THEORY
Sinee resistivity varies limearly with #*ﬁre-s»ﬁ@, we way
wpibe for the resisbivity, p%; of & specimen under & Leunslle
stress FY,
1} p = pollepy]

~

vhers 'Y Iz the tension coefficient of resistivity, and *p,7
$the vesisbivity of the mmstresssd gpocimsn.
The pobential energy of deformation, W% is the work doms

vy o bensibn T acting through a displacement "af, and may bo

. ® ’
weliben { = 5 Tag,. Assuning Hooke¥s Law, i,iz:s.ﬁ :;z&y be writtend

o .
Y g
DY T o 1 ?ﬁe
&’43 Wos SQ keode = g g
Youngte Hodulus is defined by the egnation B = Tdgn ¥ ¥
efdin ef%:
vhonee © Z’ﬁf’ substiiubing these velues in 2) we obbtain
.ﬁ%
_ Aglnll

. Ble= JABL@A/?‘

~ Substitubing the value of 7% from eguation B} in eguatlon
1}, wo obbaln for the rogistlivity in terms of the pobsnbial
e:zm;c»‘gy aF z:ii-@%rma%wm
4} p = p,ldep mmﬁ}
A curve of weslativity ‘v'wsua mwfggy of Geformatlon should,

therefore, Tit equabtion 4}, while wesistivity wersus The Sguars




. -8 ',,
rook of the energy of ﬁef@ma tion %ulé ‘iaa a s%;ﬁa&bia,t E.:maa
the slope being equal to g T;T Be Singe ‘iﬁ}ﬁ p&&%ﬁi&g of a

**the@ramﬁalﬂ aurve %gamsm which to compars an aﬁg@fim&ﬁ%&l
surve would be of 1ibtle velue, begause ihs eeﬁs%mts ﬂ§3 13’&9‘_@,

RF ey 3 and %i ¥ would ham. to be. baken Zrom the éa%ag m pave

. . here & ?ﬂ@i}h&é of ﬁa‘bﬂ?ﬁiﬂ{iﬁﬂ ﬁﬁz@%ﬁr the s*fg@msaaﬂte; ﬁ;ﬁ?a it

& ecurve of the form of equaizieﬁ %}o - If the vurve of resis~
tivity versus tbﬁe sguarée rook of ths t«axz&rg,y ot éﬁf@maﬁm i
& s@r-‘aigﬁ@ ‘E.i?zzaﬁ we will Znow that the Gaba sabisfy an @gﬁa&s@m
of i:hez form of 4). | ' '

ip spyroximate Twl&%ﬁﬂﬂhi? 2&%@:&3& the. bobal resz.gsama
ema. the %z%ergy* of deformation. mey é% &efweé Fron gsmz&aﬁa@ ien -
of "B', YEY, and Polsson's Ratlio, T, &s feilwm '

The resistapecs zai‘ & plege of metal i gm%ﬁ by the el
knowa relablon ' | o

53 R = ?4% . ;
wharey mr a s&aw}.a ander & i;ezzswn of Wpv &gzxesa the laﬁg‘?&?a
L is equal %O :L oS and i:};ga area, T4 exia&lg A, QA% %s;fkl}.ﬁz.
the r@smtwﬁy T I8 gzvm by, &%B%&E%iﬁg‘*g’@ = T in agias
bion 1)o | ‘ _ ' ' '

?ﬁlﬁgf}ﬂ‘}ﬁ Ratio is éa‘i‘m@é %y g;s

: - zﬁ&n@% A:r

= 'fx:;}»; s WheTe e, is the ezﬁ_giﬁal mﬁm% {399 Be ‘ﬁ °
o _
m*ng.- A AR = ﬁi%"ﬁﬁa * ax%«r; ‘?’3" AE a7
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ﬁi}_& and TR in the presend

Sinos *g° is less than 1/8
7 .
experinent never oxcosded 2 x 10 , the order of magnlitude of
@ is not more than 3;@?@., WY ig of the order of magaitude

li}}‘ﬁ.ﬁ while 93:*@9 was mever below the order of w, Hensoe,

the mseond term of the ¢xpression fow (A, - 44} iz of the opw
&'&f of magnitudes 3;9”5% while the thizd temm io ab most iﬁ“ﬁa
Viex thefafem n eg:i.eat the e A;&’% for the purpeses of this
exnerisent and mvita:

1] ?“mém,}?

A
,;,&#A}i =

With these values for g, LY, zm& ; bhe sgoation B}
may be wpritben:

BT
By +
o " W{}é‘ :
B = §1¢§ﬁw} o
BT PR el o
o ;

od = R, and A, = WES, the expression for R bem
AnGs gﬁ = ?st:;;y ki g & Flas 2 QEDE B A S ¢
DOMBS 1 : ' 2
r {AHERIT + %gm
, i ) o

A B - 2pF
Performing the indicated Aivisiom:
65-‘%».:%[1%3“? 5

For the valuos of *“E" mmm&aﬁ ah@ve;a the seriss w;mzfgeﬁ

very papidly, in fast, ﬁm second tepm is mors than E.»E?t Himen




| 30w
the third berm, so that it is pﬁfmig&iﬁi& e n@gm&%- all terns

zhove the second. In tm.s form, the equatwn for ra Lamﬁ
n berms of Lension becomes:

Substitubing for “‘Ii‘*’ #hs velue in terms of Wi? fmm egs SF¥

g} E=R_ l:l 5 NB ”" N
3 \

N Av B}f aam@amscm with @quaiim i)«g it may be geen bhai: a
curve of ¥R versus %‘;{* w;ulé re%ﬁf&le the curve of Wgﬁ vefsus
‘ %f diffemm@ in ?3111& %ypra:xmate erm oly by Bi;,a f:gm;s )
vrought in beceuse of gg@ggimw.aﬁ: changsss ﬂgamﬁ,tha ploh of
IRY versus the square meﬂ; of W would be & sﬁmig?;%[_ﬁm@ the
siope of which yields ‘an- ;‘@xgmssian for %}“ o Within li3wnlis
sguation 8} is as aeeum%@ aa 4}y and iz gimpler for. @h@ por-
poses of bhiﬁ %ﬁl&?hﬁ@ﬂﬁgglﬂﬁs :::h &imm&tw the neaessmf af
compabing the, r&s;ts*mviw? oy {888 PP 15 - :;i.ﬁ} B
| ﬁﬁ iﬁ”ée”aﬁhiﬁg iﬁe;r,é:exmal rosull nay be ﬁ'iaﬁa;.nmd from o3 N

uat foh ’?‘ly by moting 'iﬁzaﬁs %ha ’ﬁezrm Eél%zggﬁ is t%ze sione of

the cm:va of n‘ﬂ versus ‘“‘I“? > oz*

ma
E;ﬁiﬁ?“iﬁg m V?ﬁ ami r@membefiﬂg thak 5 = __ﬁﬁ ‘and A'“E = AT 5
‘;:.5 .
© we ohbain ‘

9} _Ap = AR - Li2p
} AT R@AI‘.‘_%_,
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This Is Iﬁa?iigﬂmﬁs Jaqmaﬁgim as i’ﬁ"i& ‘mfama& e im B
ashabract of the xaréﬁa: off B ;ﬁf@g&%zﬁ in Yechn. Physe e Be Sa
Bop %y Lp DD B5<BS, rosrt 7. (e aﬁmmm of this sguebion
aould z:,z:}*& ha fmxra in. any m the wyail ab&e Liberaturexl ﬁmﬁﬁ«- '

men® and ﬁemiak: bobh nae tha guahliy m a5 & ﬁﬁ*ﬁ@tﬁ:&@ﬁ

fachor £or the &fi‘e@t of dipengional chenges In the ﬁﬁﬂ@m&%ﬁwﬁ
of *p¥y but no dex rivakion is given by either in m’eaa i Treratuns
mmsuli:ecia Ly may e ssex in %;Zw a%amzes »ézmwm%mm this ig hug
. ‘f‘irﬁ“ﬁ mx«cim* spproximation, holdlug m&y for Lew v&ﬁmﬂ of P

' ;mfi faiviy filgh vﬁ:&ﬁas ozt? 'ty Bhe- 3?&&1‘%15 of the wive.
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LXPERIVENTAL PROGEDURE

’ In order to G’é)‘i*;ﬁ:%ﬁ data }?&l&%iﬁg the pobential Bﬁéfé%’f{ ot
deformation to resistiviiy, one of two variations of method
might be uged. One ulght simply medsure the reslstanss and
hension, and compute the elongation from Young's Hodulus and
the momwured length of the specimen. Utherwise, the elopga-
#ion could he measured divsctly. The labber method was chosen
hore, sinece dafe on the muterisl unsed varles congldorably as
piven in handbooks. Apparabus used and mebhods for preparing
the date For pregsentatien are oublined balows

The apparatus ccméi-;s:smd of a sheet mebal box, roughly 180
centinebers in Kleﬁghizﬁ aud of Squars 4ross fsm-tsian@. Bx5 centie
;%i;ez:*a; reenforned with one-hall inch mgglr.a‘ irong end Insvlabe
ed on the sides, botbom and ends with about two inches of ase
bestog. & longitudinal ﬁ%ﬂti@i@' and a top view, showlag the
apeeimen in place, are given im figures 14 and 18.

‘fﬁ& ﬁlamy TR was & plees of iron rod, driiled longiltud-
inolly, and fivbed with sob screws for olamping the é}:@ﬁ-’im@m
This was brazed seourely to the angle lron reenforcensnts ab
one end of the box. Thae clamp "6, conpbructed similerly, was
used to fagben the specimen to o sbtesl wire lesding through
the pulleys °F* and '8' Lo the @&fﬁ',gim hanger 'I°. The pulley
‘*3?9, was mounbed o0 a howizontal @haft? ruynning the width of
the %;:;;:xo The mounting of this pulley was insulated Trom bhe -

box with sbtrips of sheot mlem, thus ope end of the specisen




P
soutd be grounded through the box bo eliminete stabtic chavges
without otherwise affecting the Tesistancs mossurements.

The vepigbance botwesn the pelats 'A% and *B* of the spe~
sinen vas neasured by meang of & self-contalned Kslvin Bridge,
the current clamps of which were &t ' and ‘DY, and the §ﬁ@éﬁﬁ
+ial berminals wers kmife-adge clamps at YA and B,

Two travelliag nlerosceopes, Vl“ aund 78%, were used Ho Heas-
vre the aigaﬁaﬁfmno Trnegs ware mounbed sepayately from the
rest of ﬁhm aq&igm&ﬁ& ﬂn & B9 pipe running the lﬁﬁgh& af the
how, held iﬁ varsieﬁi suygaftq fastened to the table wizh woud
BEPAWUS « %ﬁ‘hﬁlﬁ~ﬁha\mi%ra$ca§aﬁ$ holes were Grilled throush
%hﬁ pipe to £it the mnp@@*t Tﬂdﬂ &f the mieroscopss, bthe rods
aﬁgﬁﬁkﬁﬁg and @lﬁmyeﬁ in aia@u viﬁh seb sevemsn

Transpavent bransformer oll was then poured into the bdx
4o subnorge the speocinen aﬂ&.§iawﬁsn During the sxoerimso
the oil wse agiiated menually, It belng necessary bo allow the
oil bo come To rest b@fﬁ?ﬁ?ﬁékin? readings 0B the RICTOS0ODRES.
Pemperalture vas measuraé witk crdinary mﬁfcary therponsisgs
during the preliminery exnerimﬁﬁﬁsﬁ and with = Beckmann TAGHUR
thermomeber calibrated In hnn&re& she of & degres G. on Hhe
final erperimentse E@W&?@_- there was 1 ittle ﬁxffaf@mﬁa in the
-ﬁaﬁa‘ehﬁaiﬂe& in the two gases, sines the temperature fluctya~
tion was nob vewry great as a Ul

It was necessary to sbart with the wire taub go that id

woirld be and remain in focus uwnder the maer@3ﬂa§35@ The stapbe



mailto:ezp@rlmec.ts

ing tonsion was veaken &8s the zero point. Microscope No. & meege
ured the noblon of iha point *BY of the gpesimeng Fapbhiest from
the fimed end at 'B!, i.e., the slongation of the entive wire
betwoen the point *BY and the elamp, as well ag eny siipping |
I the elamp, and obther rigidé-body motions. Hicroscops How 1
meagured the mobion of the point A%, which consisted of the
glongation of the wire between 'A® and BT, snd thée obther pose
sible nobions meationsd above. 45 each welght was added Yo
the henger, readings wore iaken on each ‘miam&&@gm The 4ife
ference bebween these and the Teadings for the previous tension
gave the motion coused by the added tension. The Gliferencs
between the motion neasured by Ho. 2 and the nwiion measured
by Wo. 1 gove the clongatlom dus bo the added tension of bhs
y@%iﬁﬁ of the specimen uhder test {AB, figwre 1}, since the
rigid-boldy mticﬁﬁ and the slonzation of m {measyred by both
ﬁﬁ;ﬁ’ﬁ?&&iﬁﬁi}é&} was thus conselled. To obbaln the Lobal olongs-
tion Top élil}?" tenslion, 1t was pecessary to sum up e slongh-
*i‘;ioxzé for sach increase in tension from the zerc peint fto the
reguired Sension.

he resistance meapured ag above, was recopded lTor sach
tenpion ond elongetion, iogebher with the bemperaburs of the
oil hokh st the time. Whe direct experimental data, bhen, ¢on=
ﬁiﬁﬁi&% of the readlings of the mlervsvopes, the e vsion in Kilow

grams, Kelvin Bridge vesdings, bemperabure, and the originsl
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Jength and ﬁ'&éi&é of the spocinei. _ ,

The method of determining the slongation. Vsﬂhm «élfc*ea‘éy
been &03@%&'33%;1 ;. The temst on was simply emnv%m@é te ﬁyﬁﬂﬂg
{the welight of the eemneab;.rag wive being ﬁeglem’:&&i ¥ ,e_;izd $his
tensiocn was glat;taé agam%= the elazzgam;m ax:r, wﬁzmrﬁf gr&gé&
paper; {liﬁﬁ?@fs 8 and 8), end The azfea az;tdar Bheé aarms maasw -

nred vﬁ’sh =3 glaaimebez‘ for aaeﬁ geiﬁt e@r%ﬂgﬁﬁézﬁg ‘-i%’f; 33 45‘11'!731? -
" &lsﬁgwmn, J;he s:z;ex*gy of d@f@}r}ﬂ&&l@ﬁg *’“f 1 2 ‘yas eﬁ%aﬁn&d fvom
this %@a by m&lﬂplmﬁg bgr tiw *mlaa of "%? x'expz?a%n@aaé %m‘
a&e}a sguare incha ' -

[

In eam@&tmg 'i:he ﬁes%stlmty g s ‘S}m mllomzag 3@ lméfa

4

whmh elimimtes %hﬁ apvf}rfmmﬁti@ng nsufi .e.ls. damving, agﬁa‘l‘éiﬁﬁ%'

8,} &mﬁ *.Er} was miazﬁ;ﬁm mha aq&aumzz A‘XF

Was uss{z m ﬁsmp&te “mﬁ la%eral f}@zmractwm tt?al}ze af ﬁosﬁ
being zzseé. ‘Far ?@Issan% Ra‘i;iﬁg | ““*h{a radivs: %n“ ﬁ@ﬁaﬂp@ﬂdﬁ
ing to the par'im.&zlar t@ﬁawa %T f& whara t}ge suhﬁwlp% rafem:&« ‘
O %@3 napber of ‘the Z‘ﬁ&ﬁwﬁg Qﬁea Efahles I i am{ 13:}.,9 and
po 20}, was computed by atzmmaﬁtmg the Arng xr@m ey Lew r#
L= E, ARy In the aase where the slaghic limit was execeded

| sufficiently to eause & meamr&my gwﬁaﬁeﬂt amz@ge ﬁ,:a 1’&&3&1‘3
(figures 8, P and 10) , the aversge i“&é ma,, fgﬁ » measmad after
bhe tension had been removed, was used in place of ‘*rg ® for
ﬂéaraasmr tension. The 1@1‘;@{%&@‘ *’Ez t and ’iﬁhé aren ?Aﬁ’* Fop
euch tension were then computed by The squations Ly = L@-%ﬁnr

oy




.-mmip

ﬂh& measured resistance vas gorreched fop tcﬁ@@ﬁaﬁura by

- 193,

Lhe m&rﬁ‘im& ;Et &= m o Where WY ig the resistonce ap a
standare tempersture (207 . in this case) end TH.* is the wes-
iSﬁ%ﬂﬁ@ ot a bomperature #%* depvess above the stondard. The
value of Ta?, the gﬁﬁn@f&%ﬁf@ @Gﬂfﬁ&ﬂiﬁﬁ% of registivity, vas
Saken op 0,00382 per degres U. ab 207 6c

The Initial-point rasistiviﬁyg Qﬁﬂv'waﬁ ﬁ@ﬂyﬂtﬂ&lf?@m Bhe

L]

nitial point resistence 'R.* amd thé dimensions "I,® amd ®ry?
by equubica BJ. | ' .

How, i¥ the resistivity pemained constant under tension,
the anticipated resistance ‘Ry," ab a teasion *I,7 would be that
canpnbed from the vesisbivily “p,' aud would be oqual to the
measured reglstance ¥§ﬁ* et the Eaﬁﬁiﬁa'g$ﬁ¢g thet iss

18) Bap = 0p 7= =

,ﬁuﬁ

However, ¥o fiﬁ& Toat thove is a differsuce belwesn the

. )

antigipabed registance, "R,

This difference pust be due to a change in rosistlvity< Hence,

*s and the measured resistance 'R °.

8% a bension *T,%, we will have & resisbivity ®p,°® dliferent
Lo ?pﬁ*” and the wesistemes *B,7 weuld be civen by:
: .
0
g

Dividing 10} by 11} snd solving for %p,°, we obbalui

1) B, =




kP

2] py = %g&@- | -

It will be’ nm@& Shak m eem;;%.m ?.A ¥ Por agaatim }.if}} 5
the equa%mm n = w{r - r) was usel iﬁsﬁaagl of %ﬁe a@ﬁm{xﬁ@e
fm**m Ay = 'fr%z* - B Arzg {see P ‘?}e Exgﬁﬁbi@ﬁ *3} ee&lﬁ ,'ﬁavg beel
usged, bu%z this wmuld have involved "511@ a@gmmmaﬁmm asaé m
éewvmg it. This me heﬁ mmlvaé noNG of these ammxmﬁimm
and the spror is ﬁa@ e:&l'g‘ ‘{—ta Wrmeﬁtml ar@@:e end the error _
in the assuned value of Yl I ' '

In am:m& czommﬁat* Oy ‘33 ? Fas mm@u@eﬁ ?E}g ﬂqﬂ@.iélﬁﬁ :3;.553 ¥
and thils value eesmg*in@é vfii:ﬁ Li:cea maasmaﬁ resiﬁtaﬂee aﬁé ipibdals
poink %sis% ity in equaﬁi&a 12} 50 debornine the r&&iﬁ%mﬂg
To.T for sach. *bexzsi,{m *?'T %, These vslaeg gf Lhe fe;sm‘éimtv VERG

’Ehen ﬁlmﬁﬁﬁ& against z,n\:a @zaergy of a%formﬁ:im: tx:a gﬁz%&* ag&am

tion 4). {figures 5 and, :ﬁ.ﬁ} :
To cheek squabtion 8Y it waxs szﬁ;y mﬁaﬁsmg i;a plaa the
muasufeé Tagis i;a;mes ag&m&t the %}1@3?@’3‘ of {;eﬁz}rmmmu " iw.ga%s
8, 9, and Li) _ ‘ .
E,‘}:ze semples used wafea aqus? wirm 15 aad 16 Eiu aﬁé S
BaUuLe , m&mf&etumﬁ by the - ﬁilaﬁﬁﬂé& Wire anﬁ Gable’ ﬁ@m;;ag;f a¥
imsk@é?{m 5 ?siwh.z,gaxz@ ‘the purity of these zézi::eﬁ is suesh %zza%
axﬁm&rx ahsmmal amal?sis mﬁl& f&i& 103 sﬁm«r mms i;haﬁ o ismmg |

K

at mogtg OF m;;}w ihied. Tﬁe m,ms were used as i;h,;..y W%ks? m‘&ﬁa




=
out anpealing, a8 lnbterest was conbered malnly on the relative
chtnge in resistance with cnergy mf Gelornation, and npt on

%ﬂ@ neasurenend nf any gonsbarts. This meds 1% ﬁ&ﬁﬁi@iﬁ to

use hicheoy bsnsions, af annealing greatly reduccs the twasile
strengih of copper. The wires woere somewbab kink&é 28 4 ra~
suit of having been wound e&laﬁsﬁls% but execpd for an insrcase
in the meagured elongmbion for the first, and sometimes the
sscond resdincs, tﬁx& saamed $o have 1ittle efiesct,

The selfl ﬁ&ﬁﬁﬁﬂﬁgﬁ Kelvin Bridge used viag panulastured
by Leeds and Norbhrup Company, ﬁ@?ﬁ&i.mﬂn B155858. In eonjunge-
tilon with bhis,; a Lepds and Nerdtbrup Ayrton Shunt, serisl no.
BOBEG, wag nsed to deeresse the ﬁ@ﬁ&i&iﬁﬁiﬁ-ﬁf the galvanonste
er for initiel bridge sefbinge. The galvamometer, also maie
Tastured by Leeds and Hordhzup, Wasg a4 wall type current gale
vanometer having s senskivity of 105 micveampsres per zilli-
meter of doflsetion. The sleposgopes wore maumifacbured by Was
@aeftaﬁf and Company, and were ﬁﬁiﬁbﬁ&ﬁ@é in bwo-hundredths

of o millimcter, thus yesding to 00% miliimeters by inter-

pelation.
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ﬁ:%ms AED FIGURES g

Typleal gx*&phs of 'ﬁhea datim taken are given on bhe fe: 11 ow

ing pages, ‘togatﬁ@r w,ti:h tables of daba rfmm v&zwh thay ware
— -plotbed. Tigure 1 is & ciratng of the aprengement used fop
measuring the btension and alezzg’ajsi—cm' | A ’

Pigures £ and 8 are gmphs of ‘bension versus 'ﬁléégafﬁimx;,_
from which the potentisl energy of deformatlion was compubed. |
Full-glze graphs, like figure B, were used fop 't;'}a-.is} PREPOSE.

TMeures By .% s and 11 are graphs 9-:6 registanes versus et
ergy of deformabtion, while in Tlgure 4 "621@ regsistanee ig @l@‘tn
ted against the s;;uar& roobt of te @mygy of &efoﬂmbmn o |
check gguation 8]y {gee p. 10} '

Fisures 5 and 12 ave pla"as of rasis‘{;wrby, csmgute@ ag
degeribed previcusly {see pp. 18 = 1‘??1 » Bgainst »eza,er:gy c;f
éafﬁﬁiaﬁim, and Tigure 8 ia & plos of mmsmmtﬁ; vers:m the
squars roob of ithe eneray of d,e:ﬁ@*mam on e ehaclc nquatisan 4}
{ses Do 8l ’

}Z’iga?es ‘? and 10 ar 3}3’.@'&5 of registanse ﬁ’a’rs@' %ﬂs&i«om '
showing the Iinear *{ramati@ﬁ within the érlau*hi@ 13.mi‘b Q
pps 4 end 8). SRR | \

& comparison of the value of gﬁ- par E._lczgrm per SQUATe
gentimet.ar,- and B in dynes pér square centimeter , B8 deternine’

sd from the daba, with vwalunes from other sources is given in




=88 |

table IV. This table Lis included beenase it offers a com-
parigon of #“hﬁ" known "ﬁ%ﬁ%‘ﬁ%tﬁ oblalngble from this dabts with
the wesults of othors, anf thus guother measure of the OXpETi-
ﬁﬁﬁﬁai BEEUIAGYs |

In the diseussion of the zesults, whenever it is nesssgery
to pafer to & gpecific polnt-on s curve, that poln & will be
referped to by vz;im;.mmb@ #lven in the Mgﬁmm; heaged "Mo." in
" ne a@rﬂi’*%;’@ﬁﬁﬁii}% teble; Bhus, the poiut 2 of figdre 3 refery
to the polms at (2.8 = 10F, 8254 = 10°%) W Sigure 5, ot
' ‘;?Jahii\e I} | ' : .
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Tension (Dynes x 10

Fig.

22—

O Increasing Tension

Decreasing Tension

Elongation (Centimeters x 10 )

2. Tension versus elongation
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O Increasing Tension

3230 A Decreasing Tension

Dnergy of Defornaiion (Ergs x 10 )

Fig. 3. Resistance versus energy of deformation.

O Increasing Tension

A Decreasing Tension

Energy of Deformation

Fig. 4. Resistance versus square root of energy of deformation.
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O Increasing Tension

16870 A Decreasing Tension

energy of Deformation (Ergs x 104)

Fig. 5. Resistivity versus energy of deformation.

O Increasing Tension

A Decreasing Tension
1.6870

Energyl”2 (Ergsl/2 x 102)

Fig. 6. Resistivity versus square root of energy of deformation.



Resistance (Ohms X 10-6)

8250

Fig.

7.

O Increasing Tension

("Decreasing Tension

Tension (Dynes x 105)

Resistance versus tension.



TABLE |
Elastioity-Reaistanoe-Energy Data of a Typical Copper Sample.

No. 14 B. and S. Grange Bare Copper ,,ire June 18, 1946.
No. Tension Elongation Resistance Resistivity Energ (Energy)V”"
(Dynes) (Cm.) (Ohzas) (Ohm-Cm.) (Ergs (Ergs) 1zt

0 9.SzI0O5 0.00 3 8231x10_6 1.6875x10”6 0.00 , 0.00

I 29.4 1.20x10 8232 1.6877 0.12x10*  0.SSxIQ2
2 39.2 13.35 8234 1.6879 2.28 1.51

3 58.8 18.45 8236 1.6882 4.62 2.15

4 78.4 25.10 8238 | .6883 8.64 2.94

5 98.0 33.20 8240 1.6886 15.42 3.96

6 117.6 40.20 8242 1.6887 22.38 4.73

7 137.2 47.95 8245 1.6892 31.20 5.58

8 156.8 55.40 8247 1.6894 40.50 6.37

9 176.4 64.80 8249 1.6895 56.28 7.50

10 196.0 73.20 8250 1.6895 70.32 8.38

11 215.6 81.50 8251 1.6895 87.24 9.33

12 196.0 78.80 8250 1.6893 81.78 9.04

13 176.4 74.60 8248 1.6892 74.16 8.61

14 156.8 67.05 8247 1.6892 62.76 7.92

15 137.2 58.10 8246 | .6892 50.70 7.12

16 117.6 49.45 8244 1.6890 39.84 6.30

17 98.0 40.30 8242 1.6889 31.14 5.58

18 78.4 30.95 8239 1.6885 24.00 4.90

19 58.8 22.85 8237 1.6883 19.02 4.36

20 39.2 12.70 8236 1.6883 14.88 3.86

21 19.6 3.55 8234 1.6881 13.26 3.69

22 9.8 0.05 8233 1.6879 13.14 3.62

Length: 1QD«56 Om Radius: 0.0820 Om
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Eig. 9. Resistance versus energy of deformation.
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Fig. 10. Resistance versus tension.
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O Increasing Tension

13110 () Decreasing Tension

Energy of Deformation (Ergs x 10%*)

Fig. 11. Resistance versus energy of deformation

O Increasing Tension

Q Decreasing Tension

Energy of Deformation (Ergs x 10 )

Fig. 12. Resistivity versus energy of deformation.
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TABLE 11
Elasticity-Healatcinee-Energy Data of a Typical Copper oample.

No. 16 B. and 8 Gauge Bare Copper Are June 19, 1946.
No. Tension Elongation Resistance Energy
(Dynes) (Cm.) (Ohms) (Er«s)
0 9.SxIG5 0.00 1 13086x10*° 0.00
I 29.4 16.75x10 13091 | .88x10
Z 49.0 30.60 13095 6.40
3 68,6 44.65 13097 13.68
4 88.2 55.95 13101 20.84
5 107.8 69.55 13105 32.76
6 127.4 96.95 13118 63.64
7 147.0 108.10 13145 83.20
8 127.4 108.10 13145 79.36
9 107.8 101.65 13143 71.31
10 88.2 90.10 13139 62.00
11 68.6 75.85 13135 51.40
12 49.0 62.45 13128 45.24
13 29.4 47.15 13120 40.28
14 9.8 32.75 13113 38.40
Length: 100.30 Cm. Ihidius: r = 0.6410
~0.6409
TABLE |11

Resistance-Energy Data of a Typical Copper Jample.

No. 16 B. and S. Gauge Bare Copper ire June 20
No. Energ Resistance Resistivity
(Er”s (Ohms) (Ohm-QOm)
0 0.00 13115x10-* 1.6860x10-6
I 1.16x10* 13120 1.0869
2 4.24 13124 1.6871
3 9.84 13129 1.6874
4 17.96 13135 1.6879
5 28.36 13140 1.6882
6 40.48 13146 1.6886
7 37.52 13144 1.6088
8 23.40 13140 1.6884
9 14.04 13132 1.6877
10 8.52 13128 1.6876
11 3.60 13122 1.6872
12 2.48 13117 1.6668

Length: 100.35 Cm Radius: 0.06409 Cm



TABLE Y

The values of Youmghs Modulus, B, in dynss per squere Gone

bimeter, compubed Trom elongebdon and tension; =nd %ﬁ per Kikoe

gram pey -square cenbiméter, compuked from the data by squabion

9}, compared with valnes Trom obhés Sources.

E { Dynaa/G %3

't Sourse

1.6

Bridgmen
| Rolniek
1 Hume-Rothery

"}

: lga‘é - E;‘%ﬁ"g’

110,39 - 12.0

}i-

lKaye and Iaby |
[seye and Taby |
lank. Ohay. Phy.

1,56 (EL4.5E) |
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" RESULTS AND GONGLUSIONS

Under inerea%zag.&ens&eﬂﬂ fes igtancs and resish iviﬁy'vary
s @raﬂ;ﬂtea by eqmatieas @} and é} wﬁggacﬁivelya so long as
th@ slasbic Limi* lﬁ net ex&eﬁéaﬁg I?zgnra& B, &y By B, gg 1t
and l?§ The ﬁa$a asﬁfarm tg the apprsxlmate relation {ﬁﬁq &)
as well as o bhe exact ﬁﬁﬁﬁt&@ﬁ %), iun fapt, bhere geems o
be less seabterimg of the points Wﬁeﬁ m-wismmrs' is pletted
againat energy of defo%a&%lﬁn.%ﬁaﬁ,xn %ha r&dis%xv;tymvarans&
energy ourves, -Thms'&ﬁ due o the fach %hgu the elongation 7Te% i
is used im ‘the éorag;zgtatigﬁ »é.: resisbivity {see p. 15, botbom |
ef yage}s-aﬁﬂ'heﬁca\th@jézyarimansai oTFOT - enbers twiéﬂgiﬁﬁa
the resistivitysversus-energy urves, sinse it lS~&l$Q'E$Eﬁ in
the computation of the anafgy of deformstion {see p. 13, %op
af DAES) . Eeﬁh éqaa%iaﬁs& tﬁ@r@f@ﬁéﬁ,fﬁﬁﬁﬁﬁeﬁﬁ the data e~
gﬁally well vwithin the limi%é-af STPOLr. |

When the yield peint is rﬁashéﬁﬁ\theabasi@'assmm@tiaas
Cof squabions 8) and 4) break dowm, and the data bgeone anblige
uongs” | | |

On decrenving tension, the curves ﬁiﬁfar graaﬁly~frem;
thoge nredicted. Above bthe éi&sﬁie L1imit, the éﬁé& are am-=-
biguous for the reason nentioned gbove. IBelow the slasbtie
Linit; the widdle p&tﬁiﬁﬁﬁiﬂi'ﬁﬁﬁ aufve$ are simllar Lo those

for increasing tension (excepd in the extreme case of figuve




%

gy whers ﬁﬁevéi&ﬁﬁiﬁ'limit is gveatly excceded}. In the leow-

sr Pafhi01ﬁﬁ however , LhaArasisﬁanee aﬁd f@SlSBAViﬁE b@hh‘&eﬁ r.'
erease more raplaly Ehuﬁ yredma%e@, A figﬁfaa li and 12, whers
the load wos kepb very low, the ourves alnost doincite. It ‘
&ppe&fa% thaaﬁ that I the Jmald gﬂinﬁ were not ezceeded, the
eﬁxvas for ¢nare&sing-anﬁ dearea&rﬁg %édﬁ&&ﬂ waﬂlﬁ ha eﬁiﬁclw
aanﬁg buL @iﬂa ENMEhﬁl ag saft as zagpar@ &hgﬁ@.is-ﬁ@m%»”ﬁaﬁw

i

with ev&n vaty~3mali lﬁiﬁﬂa

T

The snage of the curves for ﬁeereasimg.%enﬁlmn ig dwe Bo
the manﬁaf mf-@amguﬁin%'the Snerey 67 dofornation. For ammaﬁh@;  -*f5f'
the energy in the wire at point 12 {figure 2] was baken Eﬁf%a |
the areaAﬁmﬁﬁr'%ﬁa-ﬁup‘énrve minus the arvea urder that portion
of the lower curve from peint 11 to polnt 12. In ectuality,
this ig not brue, for, while the area uynder the curve from
"polat 11 %ﬁipaigt-ia rapregents thngﬁergy‘r@ﬁﬂfﬁ@ﬂ by the sys-
bem ﬁh&ﬁ tﬁe:t@néiaﬂ-was decreased, the eﬁgﬁgy-at point 1i £i¢&¢%:"
ﬁﬂefﬁatai svea under the top curve} is nob the eneray éﬁﬁfﬁé:?ﬁ~:';fl:

the wareg bt vegreS&n bg Bhe @ﬂﬁrg?'yﬁﬁ into the system, pard

_of mhleb.was dissipated 48 heat {see p.58}, and part sbored im
the wire in &ﬁ.?ﬂ&Vuilﬁhl&~iG§ﬁa assually,‘ﬁﬁe avallable poben~ ~ -
ﬁi&lféﬁargyﬂef deformation ab polut 12 ia.fe§r$saﬁteﬁ by the

area under the l@ﬁ@f curve from poinb ‘83 to polut 12, fe8., it -

is ﬂhﬁ anerg$ finally recovered from ﬁ%e myeﬁema The euergy

~
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nob regeined is veprescnbed by the mres bobween the bug oupe
vasy bt theds is 3o way of debeenining from these siperi-
menbs vhat porbion of this snergy wes dissipebed as heab and
what portion remeins stored in the wire as energy of permanend
deformation. It is evident that when we procesd as ebove, sub-
tracting from the encwey vepresented by the area under the upe
per gurve that reproscnied by ithe avea wpder ths lower auxye
from 1305.2?13 to poink, the errer is sumulative, resuliling in the
dowmuerd bend of the ;ﬁsis%aam&a: TETEUE oapergy curve ah its lowe
ex 4nd.
, iz wmey be pesn from figures ¥ and 10, resigbanse variss
Linsarly with tension on belh Incressing and docreaging ten-
sien below the elamstic Iimit. The sieeper slope of the linme .
Tor deoreasing bension, parbtieulariy ovident in figuwe 10, is
due o the decrease in "A ", and the Increase In 'R T, coused
by the permencnt sbrebening of the wire (see sgquablon 7).

Sinee this is wrue, If we plotbed reslstance agalapt suebgy
of deformation again, this bime measuring the energy by the
aves vnder bhe lower curve, ws would obiain » surve of the Wype
roprosented by squation 83, with lﬂ?gﬁﬁ? velues of *R,* amd TALY
and possibly some change in 'BY ead *B%. However, this would
¥ield no more informsbion Fhan the mebhod used, since e have
1o nessuwre of the fipdl suersy, ;E.-Qam thet emergy stored in

the wire by permanent Geformation.




e

Hence, the work ylelds omly one GefTinite conglusion, to
wibs weg:w@aﬂ_ee”}rér_iaﬂ direcbly as the square ﬁmi@ of the
gvallable p@i:eizﬁizs;;i. eﬂﬁz’%@r_ of deformation within the elastie
Limit, as pre@iﬁfﬁér} by eguation 8}. |

The date baken above the elagtie limib yield 1Liltle in~
formation, bub the following discussion will sexve %o bﬁiﬁg
out what conelusions way be ﬁrm btherefronm, clarifly some of
the ﬁﬁﬁﬁeﬁeﬁtg‘{ﬂaﬁi& a%@@é« rogarding bhe curves for Jdecreasing
Lension, and will outline some of the %iffiaultigs %o be overs
come ln a further investigabion of the phenomenon.

. In one sgperim&ﬁ% {figures 5, 4, and &) the elastic lim-
it being exceeded only silghtly, s Iiundicated by the btension-
versus~elongation eurve {figure 2}, the imcrease in rosistance
and Tesistivity was less rapid then bei;zm the yield polnt,
while in arxq%ila,-_z*g. {rigures 11 and 18) the .ixxezfea.ﬁse is move
rapid than below the yield point, The elastic limit again bee:
ing exceeded '-gixily‘ slighiﬁlm ﬁmm?ém when the elastle lim-
it was graa‘bly éxe@eéaﬁ; the 'z*aﬁiétﬂzme ié;az}reaseﬂ TVELYy PED-
idly, as ':i;zf:i.:' fzgﬁre 9. In thls case, the load was 80 greatb
that the wire %rﬁsizm{aé o streteh ?ﬁi&ﬁ@'_aﬁ incrgase of ten
sion, This is svident from sn examinebion of Tigure 8, ﬁha
*&ensiéﬁavérsujéj@ez,mgaﬁm carve. Bebwsen the maémgﬁ; 7 and 8
{Table II), the wire evidently canﬁiaﬁeéﬁ ’ﬁé stretob, since |

the elonmgation ab point &, ab a lewer bteusion, was the same




a8 that at point 7, apd the resisiaioe 43¢ mot desreast g
tweon thoge rendings {figurs Qﬁw iméwaf Indication thal bhe
wire wee strebohing m the 1’-&1&& e mi«siﬁs;imm of pelnbs :f.-s’r gid
¥ {figure 8}, The wij;ﬂa wae somblmeing bo el mgﬁa mzcbem this
Gemgion and the poink ¥ would have been moved fearther aleong
the slongation axis hed the fﬁaﬁiﬁgs hesn taken Just before
removing the load. "f%' rebsuktant aﬁaﬁg& in dimensions was, in
%;uis @&sag gresal faetmr Iz oousing bthe registance changs..
Alsos, as the mre was conbitmzing Bo slongabe, %,he chorige wag
not isothermel, snd the rise in wn;geratﬁm of the wire also
cans sed the resistance o m&reas«s zapi 8Ly, These f‘a&‘ﬁaﬁ?%
then, tend to obscurs the effwch of tension in this cases
In eddition to theve favbors, the efergy pub into the Bys-

- Hen ba:‘;réﬁé the ﬁl@zﬁ‘i‘&iﬁ Liwit Is neb all stored as. m@mm :

energy of ﬂﬁ‘fﬁ?ﬂ’ﬁlﬁ‘biﬁﬁs "m&%isﬁ it zﬁmmﬁ be ?e@&iﬂeﬁ'_ o the
| sysben in the same way o8 :}tf fhe. olastio 1imiv 15’5@3’:% not exoeBd-
eﬁg A porhion of 1% is ﬂs@@; in waxéém@i e bhe w:*mmmm:
Torves w‘ thin the m@talﬁ and m ﬁ;ﬁ%&g&:fﬁﬁu m mm: : while &
portion ig reteimed in the .éﬁfﬂme&m&a&lw wpavaiiable o do
work in reburhing the m@tai goward its originel stabe. he
palahce s returned Trom the systen when the weights are ree
meved. - The GRErsy s%&maﬁ in the E?L"E‘E By %i‘;’féii&hiﬁ% above the

slasbie 1init is nobt the pame, then, o8 that repregénted by

)]

the aren under ihe CUTVe.
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In order o invesbigabs the variatlion of resistivity be-
yond the elastie limit; & mebthod of debermining the amount of
snergy stored in the permencntly deformed wire must be devised,
and, since Polsson®s Rablo can not be relied upom Ho give the

change in radlus at these tenslong, a precision mebhod for

mpasuring the radiuveg of the specimen under bemslon ab all peinbe

of its length must alse be developed. Uhe method of these ex-
periments permits one Lo meagure the energy not vogalined ;{’rmﬁ
the system, bub It caunob indicate vhat porblon of this ensisy
is retainsd in the wire, new bhow the addition of this emergy
aftfecls the 'regiﬁ*i;ivi@}i& exgept thab wﬁx@n a vire is poermpanenbe
1y deformsd, bhe resistivity is inersased. Energy not regainod
from the system was bebulsbet with the corresponding change in
resistance, and the resistance change for a cerialsm increnenb
of enevgy compubed for aaeii sage, bt the resulis ?aéiaci as
mueh as 200 per-gant, and were therefovs deomed not worthy of
gsongideration, exeepd In thael dhey established %m giza of

AL as positlve above the elastlc limit,.

Fitad .iaeiﬁ@ﬂ%al result of the experiments was a conflirme
atlon ol the results of Bridgman and Rolnick in the measure-
;imn% of the mmit chenge of resisbivity with tension. 4s may
be seen from Table IV, the velue of %ﬁ determined Irom this
dafta is in clome agresment with the results of Eﬁ&.ﬁg&sﬁi& and

Rolnick. The value of § alpgo lies within the limits of the




values fownd by obheorss |

_ Bridgman®s eguetion is elso obtained ineidentally in the
ﬁﬁrﬁ?&@iﬂﬁiéf?%ﬁ& ?&ﬁis%an&awaﬁaggyﬁequaﬁiaﬁg the derivabion |
velng inciunded hevewith, even bthough It could not be dober
nined @h@ﬁﬁa? §h§ same derivation %ﬂﬁ:bé@ﬁ.gi?aﬂ slsevwhers.
i.@éséih&e applicatlon tg-thﬁAyreﬁiem of éﬁ%éﬁﬁ.g&ga& iz drewm
from this sgustion, and the sﬁraiﬁ,sﬁﬁsiéi#iﬁy factor for

the meberials uged is alsafenmgﬁﬁsﬁﬁ Tﬁiﬁ-ﬁa%éfiai 1s ineluded

- as'aﬁ_aﬁgﬁﬂ&ix:té the thesls,




»3%
@3‘3@&&%32&&2’1@1\? OF THE %TR&IE‘,%' SENSITIVITY l’fﬁ&*f@ﬂ R GAGE FACTOR -
The ghrain -f:‘@n»‘i‘xia’*ﬁl’.iﬁiey’;}?’f factor, or "gags factor® of 4 ress
igbence wire st;éaiﬁ gage (see ps B) iz defined ag the radio |
%%/ %g‘é., An squation for "ﬁiﬁs vatio in bepms of Tty IgY, and

"5+ pay be easily derived from Bridguan®s Byuatlons -

L _AD AR . LBy -
ij {J@A? I?;QA? ‘ E ’

y remembering the ﬁamnim a-msg £ = Zﬁﬁ ~? ‘and B = %@ Sabe

stituting in i), a}:lé‘; ;?e&ﬂ*—amgiag he ‘i‘:@fiﬂﬂ » We ,ﬁb’%&im

4(1epmean) - 43

which we can svive for the gage faghor: .

. Ig vpe, Y, and 'HY can be defermimed te @ sufficiemt
éeg:me off &muxaa&@ aqaamfozx i) may be vasd to &éﬁ;&rmm& the |
strain sensitiviby factor for the gﬁaﬁezfial,, as is. done below
for the copper wire used in this experiment.

038 fof. p. 15) |
12,0 x 10t dynes/onRs = 1.82 x 108 Kg@/em‘?g {Fable IV}
1.36 x 106 ond /B, Table IF) |

i

B

1}‘

-] s,w_}
oy

AR/Ro o 4SpAOE = 140.56+0.66 = 452
u AL To 142 3E ‘ k3 3.156%.2 & &5




s
Phis 48 considerubly higher than auy of Lhe veluss given
for verious fypes of oommercial bonded sbrain g&@aﬁﬁﬂ whish
is mot swrprising in view of 4ho foeb theb the shive of the-
winding and the type of bonding cement wsed in Bhisse paggs
greatly affects the gage facbud. The eymabion helds mors
nearly Tor the unbonded ﬁar@a of shrate £aae, Whigh spprtmie

wmobes o fres wive nder shrain.




Zre

Se

4o

B
Ga

7o B

B

E Y

idile
LI’FE&&TUEE Cl’"’ﬁﬁ ARDY G!}l\ﬁ%ﬁ%’ﬁk
TOWLINSON, Ti’.‘wﬂso Aoy So6.; 1883, 174, 1 {E;ﬁiﬁ& in ﬁmﬁm
Rothery, “The Heballiec State¥ ). _ '
BRIDOUAN,. Pe :&mea Amer. Avad. Avbs Sei., l—gmg,ﬁﬁﬁ

119

ROLWICK, HARRY, Phys. Ré¥., 1950 36, 506.

- HOME-ROTHERY ;. Tha Metallic fi%a’teﬁ Do 85, ifi‘ﬁ% Q"'i‘?@fﬁ Pads

versity Press, Lcmﬁm 5 .ﬁél? o
WIELGON, Da M., E.Gahrenies? 1943, 18, lﬂbq _
aﬂKﬁLNIl;ﬁF&? Methematical Theory of Aﬁ,&sﬁwyﬁya (Ez*mm
University, Providence; l%&}_é , mimeographed. ‘
SOIENCE ABSTRACTS, 1987, Abf&t‘f&ﬁi} No. 2768,
RAYE ATD LABY &i‘able% of FPhysical and bizemwal fﬁons peambe,

pe 28, (Longeants, Gz”eezz and Company, is‘i'ew York, 1933} -

EBLLY, HARRY €., Toxbtbook in Tleebrieity and Fﬁagne*msmz,
p. 125, {Jahz:x wiley and Song, New York, 194l).

HAWDBOOR OF Gf’mﬂxﬁ?ﬁ”‘i’ faiﬁ* ﬂﬁﬁiﬂ.‘@%g T%Ieﬁty%ﬁhﬁ%k} Eﬁlﬁl@ﬂ} '
{Sheaﬂmal fubber Publishing Company, ﬂ},emalaﬁé{ l%eta}u




RS! S

TR

3 1762 10014632 1

N37¢ PR 81592

Kerttgla, Walﬁer T,

of copper with potentiai
—energy of

Coate | orRakren }
‘_4f;o>éa,ﬁg?ig&g |

N378 "1 -

KL7v S, 81292

_ COP.Z




