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A PORTAB LE MEGOHM METER 

IN THIS ISSUE 
P"S" 

Tilt: STIIOII<.)SCOI't: Ii' 

ST ilL CT lilAl. Hr.. 
.'I IK'Hell .••..• • •• • • 

USIi'C TilE V ,l II 1,"-: 

"ITII AUXI I.I A.K\ 

TII ,\'~.'Ofl\n:lIs. 7 

_ IN THE FOUR YEARS si nce the 
'~'N: 487·A .\legolmlllll'ler was introouecd, 
its usc has spread 10 man y differcnt fi elds 
of application. This instrumcnt , givi ng: read
ings up t o 50,000 megohms, "as thc first to 
c:.:teml the operating ru nge of t he oulinar y 
flircct-illdieatillg: ohmme ter to really hi gh re
sistances. Since th is illst rmHCllI "as intro_ 

dW'Cll. /IIarl) request s ha\Tc 
l,c£'11 rcccivCfl for a s imilar 

IIl<'ler not rClpllrmg a-I' 

Ilower for i ~s o l.lUa l ioll and 
('onSC(lucn\ Ir bel h'r ~Ill apt 1:<1 
I., ficlll US('. The TYI'E i29-A 
\Icgohmnlctcr is a ne" ba t 
IcrYoOl)Cra tc ll tll' sign partie. 
ulnrl,. in\('ndc(1 for al'p li
,-alions \\hcre I)(wta l,ilil) ii! 
rC(luircd . 

An extrclllcl~ "om paet ar
range ment has bee n "orl-cd 
0111 So ,hal,e"ell ,\i l b {'o,er 

and ball cries, I he voluille 
a nd "eight are both Ie;,;, 
.han ror the ,H" operated 
'!'''I'E 1·8i ·/\ in s tr umen t. 
Design improQ'll1cn l s. in 
duding til(' 5('1I 1ill l,: in vac
uum of t he highcF-I-\t,luc 
resistance stu nd ard . insure 
that accurate illlliea t iolls 
'Ii ll be ob taincd rc~anl1css 

FIGIIlt.; I. 'it" of II,,· '1".' 1; i2:9·\ \t"l;oll",. 
",ctcr $ho,,; III; II,.. compact 1',)rl,,1.1,· ('<lll~lrllC· 

1;011. TIo ... co' cr, sho" II fold ed hack. is n'mol· a1.1 .... 
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GENERAl RADIO 2 

As 

c;J ~ 1 
Ax ----L --T 

F' f:a HI-::!. S;" " , lified I'Chc'n .. tie or ",,,, lifi .. .J 
•• h",,,,rt,-r ...-innit. ,,~i"~ II lacuum-Iul ... ,'ol t . 

,,, .. I .. r •• • h .. in,'i('alin,r. ,·1.·..",,, •. 

of I\ .lvcrse Il\llllidit ~ I·o lulilion~. " hieh 
are part ic ularl) likel~ 10 Ix- (' IICO I1I1· 

IcrCfl in fie l.] use of the inSlrullwn1. 
1'111" ,'; rcuit " lIlploycd hoth in the 

T\'I' E 729·A J\l cgohmmctcr 31U1 in ,h .. 
ca rl icr T\I'~; 187·A ins trulllent is the 
SU int' as t hat of t he ordinary ohmmeter 
ui'C11 (or t('st in g relal i,cir 10" ·r{'sis t anre 
('in'u;tl'. ,'Xl"C pt I ll tlt a vacu um -lube 

nl\l rnc tcr. ha, ing: ex tn' lIwl) "igh input 
f,·"jlltam 'c. r('place" the sim ple ,1.(' milli 
lln llTicler of t he latter. 

In t he ~j lllpl i fi e(1 scl lC lI1 :n i., "ho\\11 ill 
Figun- I, t he j,a l h' I'Y ,'olta g.- di,j,lt'" 
b(' I"" "(' 1\ ti l!' 11111.110 '\11 r(·" i ~ l a l 1('e U~ a nd 
l ilt' 1I tHnda rd rt"~ i ",l an("e N, 111'1'"' llI lill f!.' on 
IIwir re la t iH' "due~, and II\(' n' lIIlill~ or 
t he \nltuwl!' r across Ihe " t8I1d :lrd I'an 
I ... i'ldibra ted Ilin'I'I I) ill t he 1IlIl..lIo\\ n 
n,,,i,. ta un', \I '~'l1 rae~ nr t he r" Rll i!!!! dc· 

11t' l1 rl;:. on Ih(' to tal I'i reuil rcsi"I /tIl('t'. 
j',d ,18i \ t, or th (, unkno\\ lI , k illg: ,·,m· 
sl ll lll i ll \a lu t" The I'Qlll r ilmt ions bo th 

or Ihe \lJhagf' ,..f ,lIrI·,· a l1<l of Ilu.· \olt · 

1II{' I(' r 10 1111: tOlal I' ire llil res iSl lIlICt: 

11111",1 I'il her 1)(" IIl'gligihle or 1I Uo;ril" lI l l., 
1'01181:1111 "I> Ihal Ihc~ I'u n I~ ind uliNI 
II!; pari of Ihe " t a nlla rd rC~iS l lu)('e ,Ieter · 

1lIllllnf! Ihe " lI lilJnl l io ll . Variat iotl.:; in 
ha il e r } r!';< i,..I :tIwe ;lff",'1 1111' a., .. tlraf'~ 

flf tl.ll' lo\\·~@ i s l a n ('e rllll .!!I'S. a nd th(' 
g rill ... ·irc ll it eOll tl,lct alli"e or Ihe \'aeUUIl L· 

tu be \'Ohmc l(' r. 011 the o ther ha nd. 
a ffecls onl ~ 111(' \ cr~ high(' S"1 rCFi;< lam 'c 
III1'Ui'Urc Ill e 11"1 s, 

In IIIe ne ll '1"1 '1', i:!9· ·\ \I cgolun . 
me tc r, III .. 1m, !!r id .eircllit I'ond ucla nce 
of the Tn'R lSi · \ ins trument hilS hee n 
rc la ine;!. a nd the high .res.is ta nce lilllit is 
the samc as for t he latter. but " il h in 
(Teused s tlthilit y resulting from t h(' ne ll 
sea led ,in .gI8s"-. high .resist a lll'e sta llfl anl , 
\n iml)()rl a nt f" 1I1I1re of Ihe new iU strll ' 
lIleut ;s a te nfold e)("lent' iOIl o f the range 
in t he IOll·resiS l ll n('c d irectio n . Fi ve 
m 'e rlappin g ra nges Ilrc provided , so thal 
a t least a full di\' i!;iOfl o f defl Cl'lion i~ 

obt ained fo r rc,. iSla nl'CS of ti ll "allies be · 
t 'H'c n 2000 ohms Il nd 50.000 megohms. 
The I n"·re8 i i' l lI lI~ flluges lIrt' a grcat 

l'OlwcniCllee in IClu ing ror fau lt .~, as a n 
indical ion of II ... na ture (I f the troubh.' ~ 
i.;1 affonlcd by t he lIel ua l resi!;ta llc(' read · 
ing: ill Ih(' (Ide"t ;\!' par t of the circuil. 

, The illlprm ed l)C rformll nr c result s from 
n " irl'uil mniliri, 'ul iou in "hi"h tl,e bal -
t, ' r ~ il'< plan' li ,I;rt' ; ' ll ~ ill Ihe mCII!;urin g 
10('11 "ilh(" ' l ll n~ cOlll rolling" rc8;stan tei'. 
The 1f)\,·rCi'ist un" e li"Iit 111 IIhi('h read· 
ings can I.Ic !lI atle ~al; .;1r:"'l or i ' ~ is tllll" 
t1 ('terminc,' h~ t he int;'rn a l re~ i s t anc(' of 
Ihe batt er~ i lK' l f. "hi('h mlls t no l ,,... 
l'Olne {'Ollli IUrlll,',' In 11ll' \'al.1l' of t lw 
~ l a ndllr, 1 r('SistUth!t' Ihroughollt normal 
"all cn life. Shift (If Ihe "1",(Or :r.c r ll 

bt· ~ o l.ld a ~ I)('t'i rit' d limit ;n i' \\itehing 10 
Ihe Im,·n'si.o. tam·,' rllll gl' "arl19 the UI'I' r 
Ihal (':l.lI er;t'S must be replaced to avo;,1 
e rr .... r f rOlli I his I 'a ,,~, 

The \('f ~ \\j olt' rllllg'· of rt'il iSI:Ul("c" 
II hich ca ll hc Illcs,.." n-d lI1al..e,; t ilt' T, I' t: 

FI .... I K ~· 3. ' I h,- 'w" p.-HI .... I.in,;: I .. N< ......... 

1()(l(I.nw:l.)h", pl.,,,,,j;.r, 1 r ." i_I .. ,,," .. , In 
a" III ~1 11_" Ih .. ",,, I ,. """"'d I" f'r .. "'n l 

,,,rr,,,,,, I,'" l ,,!! ... 
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729- \ \l egohuunete r pa rticula rl y ;mi t 
ahle for tit-terminat ions of moistu re 
~'onte n1 or \ ariou s mat e ri a l;; b ) t il t, 

electrical conduc ti\' it y method. In test · 
iug lumber for moist.ure ('onte n!. fo r 
cxample, using the stllllllani "in elec
trod es reco tnlll e nli e ll 11) the Fo rcs t 
Products Laboratory of the U, S. Dc
par tmcn t of J\ griculture. a runge of 
resis tul1(,.-e s from ~60,OOO oh ms to 22,100 
rnegolulls IIl IlS'! be covcred 10 dctcrminc 
moisture percen tages bct \\ccn 7 per (,'0:: 111 

lilld 25 pe r cco t in Douglas fir, A similar 
relationship II.ppea rs LO ho ld genera ll ) 
ooHleen the electrical resistancc anJ 
tllc moisture conten t of olher se mi
conduct ing materia ls such us paper, 
moist po ..... dered chemicals, shoe leather, 
e tc_ \Vith such materials Ihe range of 
moist ure conlent norm ally cncounlerell 
correspond s to a rclatively enormous 
variation io the electrieal resiSlanc;e, In 
the 'fYl'E 729-A M egohmme ter , ho ..... · 
ever, tbe resist ance range which is eov· 
ered, over twent y million to one, is more 
than sufficient for such appUcations, 

As wit h tht> 1'\"I'E 487·1\ J\ l egollJll 
meter, a limitation of thc circuit Clll

ployed is that Ihe st andard resistance is 
of t hc same ordcr of magllit ude a8 the 
unknown be ing measured. This is a 
hUlldica p when large .va lue pal)Cr COli' 
densers having 10 ..... leakage are tested, 
as the ti me constaut of the circuit reo 
suits in equilibriulll being reached very 
sloll'ly . For eXlllUple. a condenscr o f 
I ~ f capacitance, hav ing a leakage re
siiilllllce of 1000 megohms, couki be 
sho"l1 io a fc\\ seconds to havc are· 
sistalloo grea ter t ha n 500 megohms, but 
pcrhaps II. minutc "ould be fCq uirt·J t o 
obtai n the resistan ce lI' ithi n 10 l:H:!r cent. 

Errors in t he resistance st:luciards ami 
e rrors fro m grid ,'urrt'nt til t he VU\'UUill 

,... Itt l.lt' \ol llllctc r. " llid t IIHV(' !x' I'1l reo 

FtI;ol(~ 4, Vie .... o f lhe Ul e t ~r ileale. ~;'(Cept al 
the 1m." " ",1 or lhe lowe~t rung" lond a t tl", higl, 
" .. ,I nf [ h ~ I' ;gho.-'i-l rang", unl,- tI,c ern,,'r ,1'~'lI, l c 

of the sca le ""ctl ~ lu he uwl. 

ferred to, both affcct measure lJlt'uts ill 
the high-resist.ance ranges of t he instru · 
me nt. Except for errors in the mechan· 
ica l syst e m and calihration of the Ol('fe r 
i tse lf. alllo lllltill g to a mu xi mullI of 
a bout one per cent a t center-sca le read· 
in g, these arc the ol1l y appreciab le 
sources of error. The vacuulll-tube voll · 
meter is made linear in its calibratioll , 
inde pe nde ntly of thc tu be character
istics, by cathode-circuit degencra tion , 
which ha s proved so ad \'anta gcous in 
the 'fYI'" 726·1\ VacllulIl -TuLe Volt
meter as "ell as in the TYPE '~87·A 

Megohlllll1cter , The actua l lienee'lion of 
the vohmeter circuit , ulso, is stahili .. .cll 
hy t his con llc~' lioll. but Ihis is unill1-
port ant as Ihe se nsi li vi ty is adjustNI 
whe n -I he .. .era is se t each t iille the ins tr u
me nt i .. uscd, Actuall y, as thc balt cr) 
voll ab>e llrops during normul lifc the 
s(>llsitivit y of the voltl1lcter is increased, 
in tile process o f set ling tllc zero. so t 11:1 L 

Ihe corrcct resislatll,:e readings arc ,,\,
I,ainell t hroughout the li fe of the bat · 
teries. Inahilit), 10 l>C 1 Ihe .. .cro indicHlc!! 
t hat t hl' ba lleries 11t,>i,.1 to IJI' rc placcll. 

- W, N. ' I\ 'I"I' L~: 
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GENERAL RADIO 4 

SPECIFICATIONS 
R~nle: ~4JOf) "hm~." 5()J)(IO 1I",£:"hll1,' in li,,
"\"rl:OI' IJil'~ ral';;(·~. 

S t~ Ie: '1'10," slI."tlunt ,lir,'C' .read;ng oh", . 
II,Nt'r "uliIJraliu" jij ""'",d: ('<: III,-r ""ul,- ,~h ... ~ 
Uf<' ,01 •. 1, I. 10. lUll. "rul 1(10(\ ""'I; ... h", ~. 
1.",,::110 of "",,,Ie, ;P4 ": ""'nlral d • ..""I.:, 1 3~· . 

A C CD racy: \\ jth ... 2 ..... "'-Ill "r Ih.· i"Jic"h~1 
",I"., o,er Ih ... ;I().UnO·nh'" I .• , J(}(I,OOO.uh", 
nn,:;" 'IIU.I ",thin 5 I'C' cen t O'l'r ,t,r. 300.00tJ. 
"hm It) 3nOO-tn~g"llU ' range ... h.,,, . "" ug the 
",-n lral deca, I,' rur ",wh IIIlIlIi"li.-•. {)ul ~idc II ... 
,-,·ut.,,1 .ICCiltl.·, II ... Hccnracl,' i .~ ( 1' ~'rea;w,1 I,,·· 
,-u" ... • of til" e'Hl'l'r,·II»e.j »ell ". 

Voltale on Unknown : '1'10 ,- ,uhligI' "l'l'lie,1 

\ 1'·J:(ul"""WI,-r . 

THE STR OBOSC OPE IN 
• EN GIN EE R S have grow n gray over 
problems difiicuh of exact solution by 
Ilia thc tna tics. In !' trtlct ural rnec! lanics, 
although the 13\\'s gO\erning the Lellav
lor or structu ral rncmb-crs are com • • 
plct c!y known, the exact operat.ing 
.;onuitiom; se ldom are. and , conse_ 
quentl), the solut ions or st ruc tural 
prol.lcllls are Ileccssaril) empiriclil. 

Proressor Ph ilip Buck) or the School 

o 

xl 

on the ""I. .. ,,",,, ,'ne~ ,,,,l e~c<:e<.l 22 1'2 \'()h~ .. nd ,,-.. 
,·".ic· ... ill, lh., "WIer ;u,l;o;ali''''' 

Tube : The lul. ... " '."",. IE5·la'. '" ~"I'''li l~r. 
Battef le~: Th,· t,ullo;r;c., rt·qu ;rcu Dro; 1"0 
Bllr~,,,,~ W3uI"I P or "'Iu;"uie,,! a",1 """ Buq;e.·, 
::!F:! II Or o;' lu i,·uie,,1. :\ o;""'I'"rl111.,1II i ~ \,ro. 
,";,1,·,1 ;11 Ihe CHile of lh., i""lru ",.."1 ("r hoi, illg 
"II J,all,·rie~.'\ ~0;1 of ha!!eric8 i ~ ~ " I 'I ,I;,·,r ,,; , il 
Ill<" jnSlru ,,, .. nl . 

M 0 U n tin i: The ;"Mr ... " .,,, , is 8" Jl I,l i~u in II 
... "r""1 o;"be w;I" o;,w,'r "",I i@ Illno"'lO·,1 nIl "" 
'·"gra,· ... 1 1,I"el. o;r"o;klc-(,,, ; ~ " "IU",illl'''' 1,:111<"1. 
Di m ens ion s: Wilh co. "r d O"1!cd : (h'''glh ) 
I I .\ (w jul h) 6% " (hdgh l ) 57 ~ i"d"'8, '" ,·._:,11. 
He t Wei I h t : 8 3:j I",,,"d ~. jlldudillJ; 1."11<',;"._ 

c.:u<le Word 

I ,'101 S $1J5.00 

STRUCTURAL RESEARCH 
or i\l ines. ColulIILia Uni versit y. has 
dcve\0l>cd in his laborat ory a II1cthotl 
or solving some of these proLlellls in 
mining, hydraulics, aerodyuMnics, a nd 
civil engi neerin g uy II lelms of sma ll 
sca lar models. 

This purtieulur application or tile 
theory of moJels has been made pos· 
si ble by stroboscopic methotls or ol,scr· 
,,/It ion and measu remen t, auJ is one of 

1~I(;m",: I. P hQlogruph of 
Ihe"I 'I 'aral "" "~,,,1 r"r 11,,, 
ccntr ;C,,:::,,1 le. l ing or 
IIIQdel~. Thc blrol.t>8Cupic 
light 60"0"<:.' and I''''' '~r 
~ "I'IIJy (In "as rcpla(·,·,l. 
fo r hH"r work w,lh H G,·.,. 
eral 1I ;,"io Tn'...: 5'IH. B 

E,lg,·r ' o ., 511'01"'''':'01'''' 
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tilt· 1II00t itl"· ... f'~ l i ng u,;t';o nf tht' ,'ll't'· a 
tron i.· IStroltOo-f'upe "hieh ha~ Nilue In 
nur 81h-ntioll . 

Profeij!'lOr Uud.~ ha;; f,)nl1 u latcd the 

print'iplt, o f ~iHlil i ltllle al'p l ~i n g: h! ti lt' 
rela t ion Iw t \\ecn 1\ mo.leI IItlll il ;; prnln· 
t ~IJ('. H., redttt,cs an o rigin ul s t ruc ture 
of ltl lll iel.l) proporlionil tn a H'II1ur 
Inudel .If 1IIIIre .·OII\Clli(:n t s izl'. luttl lie 
artiridall) im'r1'3"ocs Ihe pull of g:r!l\il~ 
HII cal'll part ide in Ille ",allle prol)Orl ioll 
It,, 1111.' linea r Jilllf'lIsioll!; lIa\ c 1)4. ..... ·n fie· 

•· ... CU~"11. Tlti~ inere:lscd pllll o f 1!rU\i l ) 
i;o 5illlllll.ll(,.1 h) spi n ni ng tilt' 1II0<Icl in a 

cenl rifu ge and so su bs tilutin g- lite "CII 

trifllglll lid. I for Ihe gt"1I\' ilational ficl.1. 
WlteH ~ I'"n at :UH'h II speed th~lt IIII' 

centrifugal fore., is increased in tltr 
BU ill,' ru l io Uf; IIII' linear (l i llll' lII'iulI" uf 

I lll' prOlol ) pc h8"e been dcen:ul'(!'1. II ... 
mudcl hclUI\C5 c'l:ucl l} like it o prot ... 

l~ IH!. l nil "t resses al s imilar l)Oill t ~ in 
the 1II 00 Id and prototy pe are Ih.· sa me, 
alill the Jisplacemcnt or deflection flf 
all~ l}Uin l in t he mooel rep ... c:.enl.lS 10 

Ilea l" the .Iis plaecme nt uf ~ I l'o rrl.'~p1!IH I . 

illg poi lll in the prOIDl ) Fit:. 
An curl y ""llCrimcnt was 111t~ Icst ill !:: 

of a mood hea m tell inchcs ill f:pH II , 
olle inch in depth. alltl 1"0 iuchc@ in 
wi.hh. \\!liclt correspondc(1 to lin orig_ 
inal 1-lt.'~11II 011': IHllulrctl li llles its s iu, 

or rou ghl), eight} . lh ree f('et in ~ pun, 

eight fcd in depth , alill 8i\lcell feet 
in \\i,hh. 51'1111 in Ihe "cllt ri fll ge :11 a 
ratl' 10 "hlliin .. ne IHHIllrcd t illles l ite 
pull of grln; t,. oh~u\ ell "itll the 
s lro/)t)<lCIIIIC. a nd I'holograplU'.1 b) tile 
ClI lI1erli. Ihe mo(lci "hol'ed II Jcflection 
or onc o lle-hund redt h o f all illClt, Th is 
111,'0111 Ihlll till.' o ... iginnl 1\\\) hUll llrl.'l1 
alltl ~i'l: t ) -li\e Itm bea lll . Ihcn . "0111.1 
~lIg 'ltll' indl II lhlcr its o\\ n ",eight. 

The IIpp:trallill rur \'entrifuga l lest. 
ing uf IIIOtI.·ls ii! illuslraled ill Fi gure I. 
In II ... "II .~C ( \ ) is mou n,,·./ a rOlll l ing 
1,0'1: , \Jodd" 1It1' !,I:t{'ed ill th"l I,,!, and 

b 

c 

d 

e 

Vi ..... lit; 2, t'h'H~r:tl,h ,,( ~urr .... ~i'I' ~I .. g:,'\! of 
r,,"url' jn :t ttI("jd r"l'" .. ·,,11 of H mjne. Th .. <!Cui .. 

ofl he rnOtMi~ 1:180, 

o LSt'I"\(,J Ihrough un obl5Cn-ulion porI 
(C) \\ hen· :t m irmr or ca mera is plal.-cd. 
Spec,1 is mellSllre.1 h) 0 generator (0 ) 
gcu reJ to Lilt) shaft . and can Ite read at 
(E), II vol tmcter. T he s ln1hosl'o l>C 011 
the table (U) furnishes a s ingle light 
pul..e each lillie the IIIOOc! comes to II 
S4! lecleJ l)OSition in fr.)1I1 of the ca mera. 
The .Iura t ion of 11u- lighl 11111 '>1: is so 
&i1 l)r t (Ies:; titan s i'l: lII i ll ion lh~ of a 
second) tlllil tht! 1I1odel . loelS nOl ha\(~ 

time 10 mo\'t! a nd 60 10 1.lur lite pic ture. 
In .. trohoi>copic li ght, !HTllnHl' photo
graphic rccords li la} he wken while 
the 1I1OtId rolates lt t a ll ) ,Ics ired spet!ll 

to gi\>.: thc r"quire.1 for,'c UI'011 Ihe 
1Il00Id, 

One or 11,1' present sucl,t:s .. rul llppli,'a
lioll5 of tbi.,; lIIe tho<l i .. ill Ihe field of 
mill ing, '''I(' re lite e ngincer can deter
mine with these mOtll'll!. \\ 11111 le ll g th of 
fnee \.a ll t:all Ioe "orked Hnd ho\\ rar 
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the face I\'all luay re treat before lhe 
structure caves in. 

Figure 2 is a series of photographs 
illustrating experiments with a model 
face wall of a mine. The various strata 
of overweight and underweight are 
huilt to a scale of 1:480. In a beginning 
step (a) the model is sho\\'u outside of 
the centrifuge. While the model rotates 
in the centrifuge at a rate to produce a 
force 480 times that of gravity (b, c, 
and d), the roof is visibly caving. In 
(e), when the llloUel has been removed 
from the centrifuge, the failure of the 
structure is plain. It is all interesting 
fact that the time scale, hoth ill the 
model und in the field, is exactly the 
same. 

Tbe di/Jicu lt y of deterlllining the 
actual stress at any I>oint in a structure 
has moti vated a lIell development in 
tbe method. Professor Bllcky is now 
using lhe photo-elastic technique to 
study the bclut\' ior of isotropic, trans 
parent models in the centrifuge. 

I t has IOllg been known that if a 
picce of transparelll bakelite is s tressed 
undcr static loading, Dud if that bake
lilc is then vie"ed by I>oiarizcd light , 
the s train becomes \'isible as bands of 
colored li ght - yellow. green, and red, 
dcrw:nding 111>011 the intensity of the 
stress. In t he photo-elastic SC I·up. a 
scal:lr model of transparent bakelilC is 

6 

FIGLUt: 3. Sk .. td, ~ho,,· 

ing the arra ngement ... fthe 
coml,in t ... 1 cent rifngal HIIlI ~ 

Ilhoto·d~~ti,· al'I)"r~t"~. 

placed in a cen trifu ge and the 
pattern and progress of its deflection 
under centrifugal force are photographed 
by Illeans of tbc stroboscope. 

Figure 3 shows the pl,oto-elasl ic 
apparatus. Li ght from a tube source 

F'IGUKK 4. l'holOgrallh~ or H bakelite ",ode! b) 
polarized light. The "llpcr photogral,h Il.ho"" 
the model uIUllreuoo, ... hile the 10"'cr ij ho,,~ 

the band~ produced t.y ,,!alic loading. 
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7 EXPERIMENTER 
1'1I1'M''' lI.roup:h a conden!';n,; I('ns ami 
rf'a"ilci' Ihe polarizer " llI're the light 
i~ plant polarized. The lighl Ihen pa~s 
through Ihe inside lens anti Ihe ;;Iressed 
motlf'1 in t he centrifuge. Tl'e image of 
t\o(' 111011('1 is fO(' used by Ihe Ir ns Ihrough 
thl" Anulp~rr anti 0 11 to Ihe St'rl"(·u . 

Figu re 1 (top) is a phol ogrAph of ;111 

unslresscfl lIIo(lci o f buk(' lilt· . IIclo". 
f'. lali(' loadin g is !'hml n dearly in Ihe 
k' rieFo of !'train lines, or fringes, " hich 
can I~ counted and u na l~ zed fo r c np:i. 
neering purposes. 

Tl,e U~ .. of the ee nlrifuge 10 simulale 

o lJo(' fal ing ,·,lll(liliollFo. Ihe ~troho5(,op4' 

for obscr \ing Ili51'Ial'cllII'lI l ,. I,hile Ihe 
Illodel is rolate(1 at high !! I}('cd . and the 
photo-eluslic lecl,niq u(' for lI n ;II ~:r.iflg 

the result s hill e rna,le l'O"si hl(' a('cun'te 
pred ictions of the lJf~ rrorlllnrlt·(, of me· 
chanica l strll('1 ureF-. The fulure of I his 
method of llnal) s is in 1ll'l'lic(1 llI e~'ha ni, '1o 

seems assured. 
The work !.cin:; carried on i.. a 

research projel·t of The Engineering 
Foundation ali(I of ColulnbiR Llni \Cr,. it} . 

F. hn:Lnn 

USIN G THE VARIAC WITH AUXILIARY TRA NSFORMER S 
• AMONG 
VARIEO 

TH E MAN Y 
LABO RATOR Y 

ANO 
USES 

of Ihe Variac there are Ihe lH'(,Rsional 
ones" here currents or I'oltages exceed
illg IIH' \ ' nriac raling mlls t be o ht ai ncd. 
\\ IH'II high currents arc to he obtained 
al '0" \ohages. or high \'oha ges \litlt 
1m. (, lIrrl' nts. a n ' a ux iliary Ira ns fornwr 
('lUI I", 1If::('I I , us indiClllc(1 in figure I. 

rated curf(' lIl from II 230'1'011 Var;iI.; and 
whe n onl y iI 11.1).n)1t line is IIlai\able. 
the connections of Figure 3 (a ) ma~ 1.1{" 
used. !lete an auxilillry ~It:p·"p aulo· 
transformer is lI!;("ll so thai Ihe aelm,l 
input to the \ IIrial' ill (" I'ml 10 its ral et! 
voltage. In this rase maxilllulli curren t 

\11 :orrllngt'mcnt !'imi lar 10 Ihut f)f Fig. F.;..o 

un' I la) is a\'uila hle t:on ll llrf"i!lll~ ilS Ihl' 
'1', I'''; 90·B Variul'.· 

TIll' 230'\011 11101.1,,1 .. of Ih(' \ ari:1I' L!~E 

haH II {'(' Iller t ap. 6.t which is not fu r . 
";l'h(,,1 nn tlU' 115·\'oh mOl lcl . In Fig. 
ure 2 n I I;;'I-olt li" i' i ~ ('olllwC'le ,1 to 
IIii' ('('II!I'r lap nll(l terminal I, ami Iht' 
0111 pili i" lu ken (rom terminal I and 
the I,r" .. \o. TI1l' \a ri ll" 1111'11 aI ·ts all II 
2- 1 !llc p·,,]'> Iransformer "hoSt' OUl p1l1 
is ('Ullli ,IIlOl l,:.11 lartable frunl 0·2;~O 

, 'olts. Thc ('urn' ''1 whid, "1\ 11 I'afel) I,.. 

dra" II at Ihe highe"'1 \'oltagc is I:! rlltell 
cu rrent in this case. 

\\ 10('11 il ;" nc('t'ssa r~ lu ,Irllll fu ll 

... " \.,..., .. "h Ww. \'Dlu,. 0..,,...,." (' ... , ..... 1 I\o.doo 
~ ... _I",_. V"I" ..... :' 1\ . "n. z. J,,\)'. 19~. 

IT .... ""n.1 n" ... b. .. '" ,hi. .",,1,0 ••• , ....... """,' .. " 
TnR ',.0 \ ." • ••. I"' ....... I',~ .r< ""n,'''' .... <lm«,,,,I, 

t.1 ~E 

• 

~l- • · • 1 • • , 

OUTPUT 

~ L ", N 

'" ", 
~ 
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lila \ hi; dru\\u al 11I:I X1II11I11I OU lp1l1 
voltage. 

Fi gure :(( IJ) is an o lJ\, j,)Us \,<lria l ioH of 
Ille rne lholl of Fi gllre 3(11 ) . The ;!Il.\:il iar~ 
slep-lIl' Iran;;forrne r is uscd 0 11 Ih ... oul
pUI insle<ljl o f lil t' inpul s id;' of IllI" 
Varinc. This i;~'s l em is paJ' l il'u lll r l" usc
ful "hen Ihe OUlpUI volt ag!' is t oo hi gh 
to 1)(' han(lle(1 direc ll y hy a Sla ndllrJ 
\'aria(', In Ihi;; ,'a;;c, th!' output po\\ cr 
avai lahle for a resii'l ;ve l\lll d wil l be Ihe 

• \nh .a llll}('re ratin g o f tile Variac lIIulti· 
plit'd b) the ellicienc) of t he auxiliar~' 

I ran:!,former. 
\Vith the cirellit s ,;hO\\ll in F;gure I, 

it is pos. .. il.Jle to (Iral\ raleu ('urre nt from 
Ihe V;\rille lit ' -01 I a:;e8 "onsidcrahly 
"hoI'(' Ihe rate,l oul p,rl lolllige. An 
auxiliary s tep-up truns fonncr is used to 
give the maximum \Ol lu:;e tl c~ i n',J. T he 
secon.l ury is lapped to giv(' vol tages, 
belwe(,11 a. ljllcenl laps, n(ll grell icr tlHln 
tile rat ,·,1 volla ge of til(' Va riu ,'. 

By means o f !,' lI i lnble SWil" h ing of Ihe 

, 

\fa r;ac frOIil la p h I la p. the nu l l'u l 
\'ollage .... :In 1.1(" lu ried frmn zero 10 
max im"nl Ilil lil lUI interruption of Il ,e 
ci rc ll it. Wil h termi nal I C'OIlIlt·"t,·d In 
tliP (' and le rmin al ;; ('onneclt'(1 10 la p If, 
rotation of tlw 11I'u,,11 of Ihe Variae ill
l"fellScS the oUlput volt nge fro m 0 to 
11 5 \'olt s, Terminal I is tlwl1 s llill'ill"II to 
la p c a nd the hrush rotnt e t! in Ihe 
Opposile dire .. tion. rai"ing tht· o Ulpnt 
from 115 to 230 vllii s. 'I'(' rll1i,ull 5 is 111, ,,1 

Sllil .. llell to Ilip b a nd li lt' hru ~ 1I rola led 
10 vary lhe oUlput frOIl! 2:'10 10 :~ 15 
voh s. Finnll ,,_ $ 11 itching t'-rminal I to 
lap II jlt' nnil ;;; the ou t put 10 b{' mise,1 
frO Ill 3 15 to 460 vol ti'. Wlw il l i lt" Oll tplll 
voltage is hi gh, il i" ath ;6a hle 10 insula te 
the Vari3\' from 1OI'nullti in r,nkr I" 
climillllte the tI:lnge r of vollage bn'uk-
110\\ n. 

The l ... x ilinr~ "tclH II' :111,1 sle p-lim,,, 
l ransfon ncr;; arc ,.fumll ill the ,l iap;ra liHI 
as ali i 01 rUllsforl1ler ... I nd,wt i I 1' 1) "fill plc',1 
Iransforllwr;;; ca n. of I'Ollrl;(', ;llso he 11"'.:11. 

~ S. \. Bl CK.,\ G lh\I , 
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