
University of the Pacific University of the Pacific 

Scholarly Commons Scholarly Commons 

University of the Pacific Theses and 
Dissertations University Libraries 

1956 

Creative use of metals in art education Creative use of metals in art education 

James Susumu Kaneko 
University of the Pacific 

Follow this and additional works at: https://scholarlycommons.pacific.edu/uop_etds 

 Part of the Art and Design Commons, and the Art Education Commons 

Recommended Citation Recommended Citation 
Kaneko, James Susumu. (1956). Creative use of metals in art education. University of the Pacific, Thesis. 
https://scholarlycommons.pacific.edu/uop_etds/1323 

This Thesis is brought to you for free and open access by the University Libraries at Scholarly Commons. It has 
been accepted for inclusion in University of the Pacific Theses and Dissertations by an authorized administrator of 
Scholarly Commons. For more information, please contact mgibney@pacific.edu. 

https://scholarlycommons.pacific.edu/
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/libraries
https://scholarlycommons.pacific.edu/uop_etds?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1323&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1049?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1323&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1149?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1323&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.pacific.edu/uop_etds/1323?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1323&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mgibney@pacific.edu


IN f~HT ]]DlJOATION 

... ,., ....... ' ...... ~ .... 

A 'thesis 

Presented to 

tb.e F'aaul ty or ttla Dapartmer.rt c.>±"' A:r·t 

College of the Pacific 

In :rattial Fulfillment 

o1' tl':u.l Requirements for the Deg.rae 

Mas t~1r or Ar ta 

by 

James susumu Kaneko 
"I 



CHAPTER 

~e.HE :PHOBL1<1M .1'ij\TfJ Dll1F'lNI1.'IONS Oli' l'EHM~3 USED .. . .. 

II. 

The pxoblom e " • ~ • • " • . . . ., .. . . . . 
s·ta temen.t <>1' the probla.m • • • • • • • .. • 

Jmpo:t~tanca of the study • • • • • .. • • .. • 

Dei'1n1tlons of terms used • .. • • • • • • • • . . .. • • ~ . . . 
. " . • • • • • • fl • 

Potentialities of metals 

The ox:yo.oety:t.ene l'.leldor • • • • • • • • • • .. 

• • . . .. . • ll " . .. . 
The solder.1ng iron • • , • ~ • • • • .. .. .. • 

Other methods • • • • 
lr'orgiug and hot i'o:rmins • 

Annealini (softening} e II 

• • . ... . 
. . . . " 
. . . "' 

• • • . " 
. .. • • • 

• • . ' 
safety pJHictices • ~ • • 9 • • • • • • • • • 

Procedure for setting up fJil oxyacetylene 

unit. ~ • .. .. • • • • .. • • • • • • ~ • • 
Prooedure for regul~1ting the gas }:Jl'essure • 
Procedure .for lighting and adjusting the 

torch • • • • " • • • • "' • • • • • • • • 

4l 

41 



P:t:ooedura i'Ol1 ~5b.utting of!' the torch a . ., a • 

Procedure !'or o:xyaoatylt~ne vJelt'ling -w:rth 

the usa of 'JH~ldi.ng J;Od • 

Procedure fo:r cutting metal by the 

Che<:tklis t :fo.l! ex~n:tna tion of pr i.m{uy · and 

seaond.ary connections to an aro ... weld1ng 

111 

PAGE 

42 

42 

machine ~ • • • • • • • • • , • ·• • • • • 45 

• • 47 

• • • • • • • • • • • • " . " . • • • 49 

VI. SUMMAHY 1\ND CONCLUSIONS II • • .. • • • • " • • • ~)9 

Summary· • o • • • • ,. • ~ $ • , o a ., • • ., • 99 

(Jonolusions 

HIF.lL!OGHAPl!Y • • • • 

" • • • • " " • " " e • • • • • " 

. " . • • • • . " . 
100 

103 



TABL1~ 

II. 

III. 

;rv. 
v. 

VI .• 

VII. 

Vlll .. 

PAGE 

Data .for O;xryacatylane \fielding 

Data for 0XyaC6tyle:ne Cutting 

Oxyaoetylene ~~<:ildin~ Hods. 

• • • • •• • • 21 

Aro-vJeld.ing Rods 

Gold Solda:rs • • 

Sil ve.r Solder$ • 

Ill " 
., . . 

• • •• • • • • 

• • IJ "' • • • .. .. . . .. 
• le . . . ' • • " .. ... . 

• • q • • • " . 
• • e • • • • • . .. .. . 

ij • • • 25 

•• 27 

. . "' • 34 

• • 
• • . .. 36 



4. 

5. 

6. 

7. 

8. 

10. 

12. 

14. 

15. 

17. 

18. 

21. 

22. 

• • • • • .• II • ti " " .. • • . .. 12 

• • • • . " . • • 

Angle of C1rttine; Toxat1 f'or cutting Heavy Btoek • • " 46 

• 50 "The Virostlars" (Coppe;~; Wire Boulpttara) . . . " . 
. . . " • • • • • • 52 

. . . . . . . . . .. .. .. 

~tlco1nides Contour Drn.vJirtg • • • 

N1colai.dEJB Dtmthig " " . ~ .. " .. 9 0 .. 0 • .. . • 66 

• • • It • • • • 57 

' . . . . . . " .58 

Calder 3s vii:r.e sculpture ( 11 The Hostass 11
) • • • • • • 69 

Hiiot:ton" (Goppex v'fi.ra) • • • • • • .. . e " e " II • • 60 

61 u The Runner" (Iron Wixe) • • . ' . .. " • • ' . 
Nicolaid~s Gesture Drawiug • • • • • • • • • • • • • 62 

• • • • • • • • • • • • 64 

"The ostrich11 (ate~~l· v:ire and Iron nod) . .. . . • • 65 

.solde.rad Joint .• • • • • • • II 9 • • • • " " 68 

" " ' . • • • • • • • q .. • .. . 69 

. .. " . • • • • 70 

" . . . " . • 72 

li Bpringsn (:Mobile) • • • • • • • • • • <I .. • . " . " 



24 .. 
r;l-f.:: 
i!JO• 

"\rJi:re Mobile" (Steel V.J:l.re) • • • • • • • • • • • • • • 
n Xl'l.in Man" (FElling ~~ite) • • • • • • • • • • • • • • 

• • • • • • • • • • • • . ~ . . . " . . . . . . . 
• • • • • • • • • • • • • • 

vi 

"'ti 

84 

86 

8'1 

90 

29. 11 \t?hoa'• (Scrap Iron) • • • • • • • • • .. • .. .. • • • 94 

. 30. '*Contemporary Pest" (Copper vJ1re) • • • • • • • • • 96 

. " . . . . . . . . 97 



In tbf;f past artists. and soulptol;s have \~oxtced ·with 

metals U:il sculptural media. Their projects ·~vere crentad tt>.r 

the pu:rpos<i of recording and c<:mum~nioating a sign~ . .t'ica.nt 

aotivi ty. Thexiil a.ra otho:cs \~h.o have introd\~ced nmta:ts 

into art tH.:luc*Jtion, hut it seams that many :relatlomE;hips 

bene!.':i. cial ·to this \·Jay of vJo.rlO.ng hHve been ove.rl.ookad. 

~~f.\\.G~~ g! 1;11! J))EOb~§.!!!· 'l'his study is to sh.o\v 

tlOV"J matal sculpture can be used in axt education. 

Imu~-:f.~~t22! ~!' ~ ~'ag;t. Creative teaching has oi'ten 

been srtressad a.e one o;f' the most ir.npo.rtant aims of a..rt 

aduoati.on. T.tl.era ar~ many adequate tcfJchniques d~1signed to 

aid in tl:H;,i teaching of.' this goal. In th:i. s stud.y m~tal, as 

a sculptural medium, is projected in an attempt ·to 

Due to a laclt of understanding on the part of 

admini:±1trato.rs, prinoipals, and guidance counselors 

'~once;r.nlr:tg art GJd.tHH.'I.t:i.on e this subject seems to be 



\ 

misrepresented in the cur:rioulum. :£~"'or exam.ple, a counselor 

sent ~l studamt to ·chlil art teacbar vJith L\ note say1ne,~ that 

this individual had very high art ability .a.nd tnt{jlrest. 

The gi:t'ted studen1; oertalnly should not be overlooked but 

ne:i.thor ~3hould any stud~mt. This selective thin.k.ing on the 

part o.f' tha counselo;r.; is t:~;i te • unprogress1 ve, and unfair 

because c~rt is for all :tnstead of the talenteu fe'N. It 

:l.s lrmata fol' ev~~ryona to explore and sxperi.ruent. liOl1 tb.e 

children, thtil art clus s is an wnazi11g • ttu~ illing, ~md 

event;Cul session ¥Jhare (Uttpbasis is plaaed on tb.B activity. 

the p:N)ihH.:t being of saoonda:ry :hapor. ts..nce. l~'or the adoltw .... 

oent, art l.vork baoo.mEHJ an outlet. The keyed-up student .may 

release i:lis anergies in painting or sou.tpture. If' the ax·t 

:p.t'og:r~:un is ·to ba carried on suoca'lssi~ully • t.b.G philtH)oph;, 

\~ndexl.y 1ng it shotJ:L(1 ba bl'IOilgh.t out. J'ohn F. Rioal has 

da.finad art by pxoc:edurE.H~ $ 

( f.i) Art is a pl!ooedtue. lt develops liJithin the 
individual• through his ~motional and intellectual lii'e, 
tlle povu;j.r lio o:rgan1ze in that satisfying ~:u~d t~nified 
marmer vJ.biotl achiev(9s betu~ty. 

(b) A:r.t 11:!: an fl(:iuoatioruil procecture. It intarprli:rts 
tl:ie naaessities and luxuries of everya.ay living in 
terms of sooial and ee,mom1o values" 



( o) Art i;1 a conuuuniof.ttive prooedu1·s. ·. cratts bava 
bean instrw.nants !'or reaord:ln~ o:t: t:rtmsm.i tting ideas, 
.faots, feelings, and plain tlist.o:ry to our civilization. 

(d) J~xt is a oraa:tive procedure. ~1tuaents realize\! 
arrange, and or-ganize tb.e:l.r ideas in visual torm. · 

(a) Art is an ex:peri.ml£mtal procedure. It gives not 
only a natural approac.h to aoadem.ic subjects. but t:t~so 
a more confidant btlsis i'or ·tetokling tile di!fioul ties o.f' 
JH,Hlial .rel.a.tionships. It gives one tha oppo:r;tutlities 
to move and express b.imselt. 

(i') 1\:rt is a. psychological prooedure. It· Beives as 
a means of understanding human behavior and tha 
development o!' personfll1ty. 

(g) Art is an :i.nt~grating procaduxo. It is the 
lrllae:ri tanoe o;t' all.. It equips millions ~.<Jith at least~ 
an introductory appreaiation of' the C011'tllibu·tiotts that· 
tal't can make to !'J.!1ppiness" 

(h) Art is n cultural pxooedure. It illuminates 
hl:Wtan cha.xa.ota.r, actiol'l, ancl itiaals. 2 · 

In or.de;,; to support these definitions, vie\vpointfl 

tteld by va:cious tlUt!lo.ri tias :i.n ttl,is 1'1(:lld and th.fil invas ... 

tigator • s OliJn observations v~ill be d.:i.scn.:tssad.. Hei'e:renca~~ 

v-1111 be lUiilde to ruetal soulptu:r;a samples that t~e:re completed 

undex th(:# invastig~ttor. •s supe:rvisior.t. 
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ptH:i~H$S of' teachi.u~~ a:e·t through various media, but only 

super.:t~icial inf.ornHJ.tion has ba(~n ·~,vritton evaluating the 

teohniqU(lf1 concerned vJith tho ~xperirnentaJ. mG.;thod in the 

study of meta.! sct:tlptnte. The main cause of ·tlli$1 stnta oi' 

a.t!'airs :ts t.nn.t the axt rooms a:rG not p.roperly (ilqu:tppecl or 

d.es:'i.gnecl fCJ:C 'this purpose. Th:rm~gh ~~ill?. sll:.§.girJ.:U? 

(~rte learn by teactd.ng) • this stlldy o.t• m{1tt:1l saulp'l;ur a VJas 

i'urthEil' exploi t<:~d by c.loordinatlng a unit -vJi.th th~;; shop 

prog:N:1m. As tJohn DevJsy sums it up, 

'£h~1 axlSvJe:rs cannot bi.\l f'ound tUll.ess ~:1e are vd.lling 
to .t'ind the ge:ms HHd rootr; in maattt;lrs of s:r~parienca 
that vH3 do not currently regard a~sthetic; having 
disoovexed th~£Se Beede t VH3 may 1'91low thG cou:r:ae o:f 
thai:r g;rm'\!th into th~;l highest forms oi' finished and 
l't?.t'ined axt.l 

A:rt education twday is emphas:l.z1ng o:r:aative ~~:xpre~pio:n. 

\fi.l{to:r, Lowen:tald in .ll:l~ q:t.~ea~~~Y..! !SU L'·1~n~~·~ .Q~~2 puts 

great em:phtH3iS on ·t.l:le n~;:Jed for creative (jJ'~preHaio.n through 

\rohn Dewey, Art ~ 10l:Rst~qn,~.! (New Yo:r:k: Minton, 
!da).sh t~nd Company , 1934 ) 11 p .. 12. 

2viktor Lowenfald i. :VrM:l ivc1 and ~ntt:1;L Q]L2v~ ~1~ (l\h:l¥·J 
·yo:rk: '£be M.aaxnillan company, · 52 • ""408 pp. · 
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th(~ unde:rs·tanding of the mental and emotion..::J.l d6:lvelopnu~nt 

of ohildt:t;;n.. As orentiva expression is sel.t'-idEnJtlfioa.tion 

lfJittl the exp:cessed 11 lt is also that with the medium by 

wh,iah 1 t is aJ~pressEiiii. ll'or tih®sa l'tHJ.sons, ~t tbotough study 

.of uu:~ta.l {:l.nd its p.rooesaas ~is a sculptural mediuxn vJill be 

mad.e. In regal!ci to artistic development, Haad0 has d~vel• 

oped schematic stages siraUe:r. to thCHH~ of' LotH:.m!'old 11 4 Hel~a 

J5ng, 5 and 1r1o:r~noa Gooclex1ough. 6 Thtair st;udias toJ11l be 

be.ne.ficiul in that the1:c idGas ~rJ11l· o.pply to this :reseaxch 

into t.tir~.Hil-dimen~~ioml:L expl'Gf;s1on. ~et.te co:rJliilissi<m on 

13aconda!'jl School Gt:u:r.iouJ.l:U11• 7 for ~vh:lcl1 Thayer ~J.nd. oth~'.rs 

H.ra x ~JHspons1blE,l 11 has also S~'Jt up a method ot: ·touching art. 

D'AmicoB h~ts \~l'itten ~i praotica:t philosophy of' area.tive 

~)Herbert Head, .u;sa~c~~~O.r.t 1£hrqu~i1 l~Z:i! (1\le~¥ Yor.k: 
:rant he on Boo.ks, 194 5), :320 pp, 

4to\v<.,nf~i~ld 11 loa. cit. ---
5nelga gng, ~ f!;z.s~h.<?~iU. 2! Qh~~c1t:~P. ·~ D;t~\'L~~ 

(L<m.d.on: K''ngu,., l.~"renoll, T:rubne and company • lS3l)• 127pp. 

. 6Jrlor?ncE~ Gooda~l~H:tgh, M!ft;f!~:fL~£fl€1Klt .~ :J;r~i;;~lliienq~ ~ 
Q;c~t'J!q~ (Ctu3)a.go: worlcL :Boolt oompany-;-I'fik.6) • 17'7 pp,. 

7v. ·r. :ttuayar and otb.e:t's, comn.tiss1on on secwnda.ry 
~3ctlool cur:r:l.culwn, l:~ jlemal LU:.'!i§. !ll !:l~ll~ J.&f.fJl~a·tion 
Ul<::r~J Yorlr an.c't l~onacm: D. Appl(lton .... ceritur:/ Company, !no. 9 

1940), l66 PP• 

8Victor D • i~mioo, . q,tii.!f!t~ v:~ J.tep.ph!,ni_-!.!1. M.j? 
(Pt:mnsylvania; IntarnatJ.orwl :,rt;t;x:toook Company, l~it~6) 0 
~~til pp. 

. ! 



teaching. Thexe are many in the teaql~irlg p:t'ofassion t<>Jb.o 

hav~ macte contr:lbutiorw by i1lt,u;t;ca:ting v~~lot..u> t~ohniques 

and me·tnod::;. 

stressed th~~ need for axt education to be direeted into 

p:rop~lf channels. Evan Frank Lloyd 11Jright9 anc:t Eliel 

SfHl:r.inenlO have ventured in·to thG subject of art education 

object:tve~h They stress the need .tor devel.o:ping the 

potential cxeat:tve talents of our poople through exploration 

in 'the arts. M.oholy Nagyll emphasizes tl'le stirring of 

intH!'€H:'l1; for developing orea.ti ve energies • an<.1 Gyo.rgy 

I\epas12 states tb.at a child is no·t satisfied vl3 .. th accidentE-ll 

aspects of ·f~b.e object he -vdsl10s to I't:lp:t·e~Hmt. 'l'he ohild 

gains a.vJtl.:ranass through. expei'iltHl:lltation vJ1th tools, plloc.Hass~a • 

media, and such aco:l.dsntals as m.&y occur soon become the 

basis t'or coxltroll<~Jd direction and Wlderstandi~ use. 

---""-"-·----
91\'.l!anlt: L. ~~.r1gh~• til~ Future 5.2! ~u_~aotu:t;9 (Ne\v 

York: Horizon Press, 19b3), P- 18. 

. l0l~'J.:t3al .f~aarinan, fi.l~~rq.t± fo! F'o:tJm (NaH Yo.1'1t; 
H!~tnholct J?ubli::Jhing company, 1948) • 'j)7342. 

llr~a:Qlo :Moholy Nagy ~ 'Xhe Na\v Vision Wld itbstrao. · o:r 
!,!! ~ll (Ne\'i Yo:r.k: \llittenbo.rn, scnutz 9 :rna:; 1.94 , p.'"'l'7 • 

. l~;:Gyorgy Kep~~s, 'I_.*n'~l.!~~S! 2f. y~si;q~ (Ch:toago: Poole 
B:ro~1 ~, Inc.; 1944) • 2}.1e PPe 



CHA:PTEH lii 

In the foregoing pag~Hs • some principles undarl.y3.ng 

t(1dr+Y •s art education have boen presented. '.rt1a education 

(>f pxitu.i ti ve man procaacled tl1r.ough actual axpe.rience to tll~~ 

mastery of his tools. But not until the ~~lemeut;s (tools, 

xnedia., ~'Jnc~ p:t' oc~sses) witt1 II'Jhich man 'I.'JOl'ks are g:t;asped • can 

there be trtlth in any axt. Tl1erafore 1 to have l'loilElSty in 

the use of materitil.la in 'this t;tudy • an investigation has 

been mado of' the metals end alloys. "It trms ttH~ :.Buddha who 

.noticed ·tha·t t;he SJ.:;,oon may J.ie in tt.te soup for a ·thousand 

years lf.md w:wa.r lmo;,~ the flavor o1' the soup. nl 

oharaoteristios ~lhich oun bEl utilized th:r:ough various tech ... 

n1ques. Ttle three .. dimenaiollul poss1bi11 ties 1n thj.s 

me.terital are those properties t~Jl1ioh lend th€!lllfHJlves to 

visual expression such as shaping, lUOldi:ng • te:x:tu:rir:tg, 

ooJ.oring. tmd solde:r.in€~· 'l!he \'l!tiY to Ciisoover mate!liaJ. 

potentialiti~lS is to e:xp~r.imt:mt '-"lith tl:H'J materials.. MarlY 

significJant facta vib.ich. cannot be toJ.d about sheet met~tl 

l:Frank L. ;rl:righ.t, !}~n~uq ~ M2~ (Ne\"11 Y'orlt: 
Duel;l. Sloan and Pf.JiiU'Ce; lH4\;.l)$ p. 6. 



such as copper • alumirmm, and lead, can be learned by 

bending, hFHt:ll'nor:tng, and joining the metal. 

i<Ietals are dividecl into ·t\io classes: (l) li'a:rrous 9 

metals m.ada i'rom iron; and (2) nonferrous, such as ooppe.r 

are ust.:.tally thought o;f as steel and cast iron. Ordinary 

steel is a compa:ca.tiv<::~ly soft raetal vihioh may ba bent 

VJit;hout b:real{ing xead.:i.ly. It is vexy light gray in oolo;r ...... 

almost ~·Jhit.e vHum Bean in cross ssotion, r;r i.'t is r.1t.ruck: 

on the Hdge vdth a llamro.e:r it \'Jill dent; it 't1ill m:lt chip .. 

:Medium Hl~d 10\.'J ... carbon steels a:ra tllB mo:::1t conm1.only u.sad 
.. 

IM1tals. The p.:r.ojc~cts p:r:osentecl in this study are made 

mainly from this medium. r:;teel melts at app:rm\imately f36()QO 

F. Cast iron is a hard , br! ttl e metal usually gray in 

col.o:r. It vJill chip v;hen s·truct-c near the edge \IJi'ttl a-1 

hammer.. It melts at a'botit 2300° l1'o 

Copper and 3:ts alloys are non1'e:r rous mertals. 1\~o 

1mpo:rtant qunliti~~s of copper are: (l) higl'l electrical 

Qonductivity; and (Z) resistance to corrosion. It is a 

pliable, ra:tb.~~r ~3oft mt11ta.l and can be easj.J.y f:o:rmed. It 

melts at abollt l95oo lT. Two important alloys oi' coppe:r are 

}~Haxbert P. Bigsby and Chris Haxold G.roneme.n, 
!.i:l.amentaJ:I:V and Anvlied t~~elclin& (MilvJaukee z ·~~h~;-l B:rttoa 
Publisfrrn-g COii'ipar'iY~f9485. PP" 1:-.~ ... 14. 



b:ttlfHii t\nd b;corttHh Utrth. h~~.v~Z~ ~l t'lia,h t~ms1l~ str(insth ~n(i 

tttHili ,,U'lttd. ~.Xti;Jrlf!iiV~ly in GUtst n.t·ti tol.lttct :t'oxxmh GoplHfti ~lrt"J 
. . ' 

i'ta M.ll.oys Jn~l t M.t lt)236° to lW£2° .F'• 

vvhit~t~ in color,. lt i.b hit~t~ty l'~~S.stu,nt t9 th<~ o:ctUn~ry 

attcu1kS o:f· ao:tto:.d.on ~nci ha1.s ~;~. n~al tin~!> J)Ohrt o:f 1.:1.!50° 1~·. ~ 

..tll.um1num difietH !'tom c)th·-sx Nilf~talti ln its not ~$kl\'J:rtness. 

~Chi.(i l'lle~lf~ thtlt th~ m.t';ltal do~qg Klot h.nva Httff:tc14'ltlt ~.rtr~n~~~~h 

t;o ~i~Pr.1ort it~~ O\·dl \~~i1,1;;ht ~1t ox x.~~t~~r tne m~~ltines tai(IP~-'.!l~J ... 

ttu:~h It ~.1v·~Hl n<" ·-~~'l.:tning bator~ ma.ltint:$ s:tnca l.t dOii.iS 

n~;;1t .. (lhf.m.ng~ <)o:tox 9 ~rhe ~tJeld1ng ~on$ o!: t'tlurd,.n\ll'tJ. a11ou.ltl 

U,J~~-t~y~ P~i H~t.pJ:O.tttHl..,4 

wht .. ..t:. may h~~Pr·et\ by us1t~ tv:iO ¥!1~tblS in. ~u:-t th.~s.t (Ji1"1'1t:lJ:t iu. 

ohamioal hmti phy~3iO.t~ ·plrop~litiaz;. 'l'hll t~ptt,~~xo Ollt~t".A::i•lika 

fo:m) 1a tt1in oot::.por t'thifJh. hue {iR lcH~er I~i.alti(~ pc:.1n·t than 

thit.l f~rxoue n1etal.l oo.rnbined !n 1th•:1 pxoj(;'Htt. l::t1 th~ p.rot.l~:uul 

ol: '~HJ1ld j.tl~ 11 thu oopptl:Jl~ In~$). t~tl bato.t: t1 t:.h~ .1:·~: rous lil~tfl.l !~tt) 

~v:td~tn~m.1 by t;ht~ tto).~) .in ttu~ aoppt'l: • lJ:h~ use , of tl bta~iPt5 

;t'Od \~OI..l:ld t1u ViiS 'be~Hl t!'\CiX~ SI.HlC:Hl.S~l1:t~l. bt;~O~ilUfH~l oi' its lOt-i tMWflt 

ut point of 1'u$14.i!h ~rtul b.ruzing. roc.1 1~~ t1u~d~ oi' 'bJlt)n&e an.d 

l'llll.tl.ta ~it ~'1 :t·~JUAtiV-aly ltl\'ll t~,,m~pGl'tl'ti.:U;~; it ia thH\fd \Jb~i'i 

"'' 0f.t~.~l~ It ih J.tll! 

4]Jt,!!!. • pI) 41.. 

-
f 

• L 



li'I GlJHJ£ l 

:B'ICHTrriNG THE ATOMS ( i' !fl'' r)1 ·. T }: .• ~ . .L:.. J i::lCU I.PTURE ) 
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\,, 

mt?ta.ls; a.re to be' ;,w;J..d~d withot:tt raising thoir tmnp{~tatLtl'as 

to th~ melt.i,rlg j:1oi.nt, · :r't 18 also Ll~H'lCl to joi'n th.e h:J.gher 

temperature metals such aa cast iron, steel.-·· and d.iss~ilar 

nu,tal s. In bronze t.Yelding oa~;t i.ron and stael. it is only 

nec~~ssary to r.~lise the 'ttl.mpGl'ttturo -of' the base.~ llHJtal to a 

chexry .red tH:~at. Th.is brotHle vJeld:lng technique is sirrd .. lar 

to tl:llil:t used in oth.G:t \velding operatim1s. ll. slightly 

oxidized fJ.ume is b~s·t fo:u this pur pose (li'i&t.u~e 2). 5 

iron. oue of these is \~ood. • f> m<Jtt~J.. \·Jhich is sold couiiner ... 

cially as Garxob~nd. 6 Trd .. $ X(;)lffi&.d~:t:tble I.!Hltal. • un ulloy of 

,, bismuth• 1Gad 8 ·tin, and caclm:i.um, tnelts flt lbB° F. Only 38 

pax oent o:r.· the tempe:ratul:e is ne<H~~HHil'Y to melt its lO'IIJe::rt 

oomponentt tin. It has a tensila strength of 6990 pounds 

per squtu:e inch and a 13ri.tH1ll ha:rdness of ~). ~~ VJh.ich :Us 

two times t~:r.eate:c thi~ltl lead. Modalloy • anot.r.u~r of these 

alloys, and n lov1 .:fusing mat~~l, is avai..lable in sh.eet .. f<:>l'm. 

•rne technique the.t is recommended for i tas use is to cxumpJ.e 

the matal. 

OJ. bid. --
tiJ·uleo strupp~:lclr, :£9-oa ;~.~~~rttioxl 2! t?q~J,n~4.:t~ (New 

·york: Henry .Holt and GompHny, l9t:~f2:5 11 P• 66~ 
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TOO HUGH ACY~TYLEN)TI COHHEC'I' FLAMI£ TOO MUCH OXYGEN 

TORCH TIP-... rroncn TIP --

-- c· Q]\J"fP ---- 1M 0 HO})rJl Til) A'" lt!~ t'~ •·-" ,..\ . !-) .t. . -- {g:l'4/ 

t,"' • (' J'Ti:Ti'l\J . tj'r ., ~r·fi' ~ ,I'J.E.,.I)DI c·r·I FUJY':!J --~· ~~~' t\'" ,.., .T .\1~-~J\: .!.: •..t~lVlJ.'.J \ \ I ~.\. 1...._) \.l. ..~.1! "" ~ 
\.\ lY ~~rc'T.j'l ~ .... , P CTi'T'ri Fl ·E l T·,·pnjl·r' ·rrrrRPI I' 
£ 

•.. '!.,A .Ji_;;~;_:, Lo. J!, .L ~-"I l_, ' !..1 .J~J.. • u J :, 

~· J I O"'Y(''L'N 
\l b ' u I \ I A TL 

~ \..v ~ \\.'I 
l ~ .I ' 
\ ' I 
. ~ '"'w I 

o.......J "-

.ME'T\L BOILS J~AGY FLOW YIELD & ME'I'i>L Sl\~ RK 

FIGUHE 2 



1 7, ..,.l 

SOLllp-metal "/ is a rH~\v \\!onder metal marketed through 

art stores and cr~:tf.t supply hou;H:W, It models like clay 

a.ud h<}~tdll.m5 into milrtal, e:tnd its exceptional ,aharacterist:tcs 

are versatility • convextlonca, and eoonomy. Gince it is a 

di1ect ll!ed1.um, ii~ l~nds itiSt'lllt· to fresh, vital, and. vigo.rous 

expr.assi.on. It does not ai"lip' 11 oraolt, expand• o:c Ghrtnk and 

iidll stand taxnpexa:tuJ:e t.lp to 4U0° 1r. 

i\lthough G&:Ult:u~8 has experimented vJith diff(~rent 

media, hii-; ohata:u::to:ristia laat<Lu::iaJ. is mGttal. He has alvat;ys 

avoided modeling in ;favor of dixeot handling, cutting, 

shap.:Lng ~<Ji~i'l a hammBr, 0:11 ttf1S~.unbli_t.~g pi,';!C€1 by p:i.eae. such. 

an ttpp;coach has f'ost.~.rod a simplicity o:!.' f.o:x:m and cla:d.ty 

Q:i:' oontoul; in hi~3 vJo.rlt. H:ls usa oi' nm·J mu.t~ria.ls links 
)~:· 

him with the nussiNn Gonstruotivints of the early lf!20 

pax·iod~ 'rtH~ Const:iuotivists axplo:t'od matr:;xials as relate(l 

to their use :tn axti~1tic <3Xp:t:e~Hsion~ but so.me, if not most, 

of the materi~:>.ll;) had been in usa industrially tor a, long 

time rrior to th('i! Constr.nct:tvist use. The humorc>us animo.ls 

and figures thr:J:t Calda:r has fo:nnad out of %ira, M.md• <.:u'ld 

leather ltlOUld be valuable :p:coj~~o·ts fox any Hge g:t~ot:tp. They 

have C(i:l.rtain qualities th.t-:1.·t pxedominate, such as unt'am:tlit'tr 

7 ;rul(;ls l'l... Patrenof>, "NElvJ Wo:nder Metal 1 11 ~es1tlU* 
54:9 0 Ot::tobeil:t.', l95f~. 

8~Ja.mcw Jotmson SvJeoney, ~lexau<l~ll qa~.d~x •. (Nevi 'York: 
.~3imon a.nd z;;eht:ts·t;~x, 1951) • pp. u=70: 

L 

I 
' l 
I 
-~ 

I 
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:~;~hytbms ana provocative ~a~rp.rise.. These ,t·aatures could be 

arnbod1Gd in a more t:}.estb.t;tio f;)Xp:re~~sion. ....... provided that they 

\Hn:e held in proper ba.ltmce ·vJith i'o:rm and UH.'l.te:ttial. 

Calder has stated. in an lnter:v1ew; 

I f'eal ~n artist should go about tl.is wo:rlt simply 
vii th gxeat x~;speot :t:'o:r his matH);ials.. o • • aoulptor s 
oi: all places and climates have used what oame ready 
to hanc\.. ':rhey did not ~H.Harch tor exotic and precious 
materi~lls. It 'Was the knov~ledga and 3.mrEmtion vJh1ch 
gave value to the resul·c ot' their l~:tbors. .. • • In my 
min work, '.I'Jhen I began urdne~ \!Jira as a medium. I v,as 
wor!1:ing in a medium I btld kno~m. s inoe a child. £t'or I 
used to gathe:c up tht1 ends of ooppe:r v.iire d.isoarded 
~'ihen tt cable had. been spliced o<nd i.Jith ·~he5e and some 
bef.td.s !:;oultl m.aka tja\J\lalry for my sister•s dolls •• • ~1 

\IJtl.en building up an elanH.mtary ourrioulum, :t t :may 

ba vJiSQ to :t'ai'rain from oompa.ring a:xaroises of self: ... 

expression vdth th.sl 'itlOJ!k o:f' genius. The student shcmld 
N 

gain e:xps:rience through his o'IIH\ <~:x.pe.rimontse f<:>rm his ovm 

judgment, and davolop his QvHl abilities ba;t'ore h.e studt~s 

th.e historically great. .Moholy Nagyl.O says that .t'~ar t~.r¥.) 

salf ... oonsciout?nesa are ${1Xious psycl:lological hlndr.anoeils. 

'Xhe students are ot'ten disi;rt.:HHsed that theia: \'JOrlt cannot 

be t,.~Jorth··•I:.Jhile. ~·at, they may tottat aged .. nst any f.eoli.ng 

of' inferiority and f'ree ·thli4mf,el·v~H3 t"ox th.eix o~rm indivi<luf:tl. 

nttampts, 

9;t:Q.~g;. t p.. '70 ff 

1 Otazlo !vlc)hol;y Nf.lgy 11 !~~ !!!. !1:19!!9-B (Chicago : 
P!M:tl 1'h1ebold, 1948) 9 P• ~36~' 
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In th:e explorat.1.on of metals and nll.oys • it .r.nay be 

rwoessury ·to pu.rchostl tJ:1ese mata:r:ials in sheets'. ~Jome of' 

tb.e ·tlll?f:H3 ... dimens1ona.l -works are li.U'ilsami,lad in planes to 

build up r:t des:tgn :tn spe.c~1 division; a si.rnilar type of vJork 

can ba oonst:t:uct;ed by \velding :-Jheet metals into ::lculp·tu~t:il 

forms. Sheet metal is any metal SllCtl as iron, steel, 

copper, aluminu.ru 0 e..nd t1.n pJ.ata tha7.t has bean. xoll.;H.1 into 

thin shG(;;ts.ll '.rin in its puxe fo:rnxl is seldom ased. Tin 

pl~1te, ooinmon.l.y x~:t'e:c:red to as tj.n, i::1 actually steel or 

i:t:on sh~'H3ts \11ith a coe.ting oi.' tin. It can be sec~..u:ed :tn 

. va:riOI.lS thickr:~.assas; Ie G. and I. 'K. ara the thio1n1es:'!OS 

ttmt are con1monly uoed. I. x. is th~;J thicke:r of' tl'lo two~ 

S.ol· d in ,<-;l·,_a,~ts ~?!Ott X ~~~ •. s·1111 ,. n""{'"'S 1'' <::'old jn ·-·h"""'to 1nu '· 1 1"~"~ " ,}..,,.,. "• '" "'"" J.),h ........ "'' ;;J ;:;) ' • ,;) Q... . "" ~~.. -~ ... (.,; .... 

Tl:l(i tl:d.cknass of sheet metal is tlSl,Ull.y sta.ted a.a 

is thicker tht1n 30 gauge. soma sheets axe deEJOl' i'bHd. by 

tveigl.1.t. Cop}.:ifJ.t" :ts o:ft€f).n :re:f'e.r:r.ed to in tr}if.i ma.nnex; l.O oz. 

coppiiu: meu::~.ns ooppe.r \\Ieigt1ing 10 oz. pe:r. square foot. 

llc" c. Atlhcro.l't and .J • .i\. G. hiaston., gane.rttl §k~OP. 
]iprli.: ('I'oront;o: •.rtw M~amilJ.an Gonrpany of GtmHdf>. L1nu.tad 11 ut 
st. Martin. s HOl.lSS. l~i40). p. 71. 



(Thin mt:rcal up t;o lU gauge copper an<1 f!O gauge ·b:tasr; aoo 

iron can bs out vJith. ti1:1 snips). 

T~1o J6.U.Utbea a.t•e in conunon us~: ·rne u. s. (U:ni tad 

states) Btandard gauge is used tor far:r:ous (il1on) s11eets 

ll:tetals (copper• brass, alumintvn). the u. s. {:itanda:cd 

16 

gauge has vdth3l1 ~slota thl.:lll the B. ~~J :£~. gau8e !'ox f.:.lVGXY gauge 

1·~ number ('£able I)• r~ 

Jfo:s: convanie.noQ in f:Lnding the thiclmess of sheets 

a mGasur:tng ·tool called the \'11i:re gt1uge is cwed • It has a 

numbE~X of ::~lots exactly tile thickness Ql' n p~.t:cticuJ.a:r 

gau~e. Table I gives the gauge numb a~ and thS.cltness in 



'\. 

Gn.uge 
No. 

10 

12 

14 

16 

1{3 

Bo 

82 

24 

26 

28 

30 

:;i : t :::::::::1 r: 

.,14.1 

.109 

.078 

.062 

.Of)O 

.03? 

.,031 

.02b 

.019 

.01() 

.012 

Bxmm & shatpe 
Tbioknass 

Dec iJnt\l s of 
an Inoh 

~1m~ 

.o~!ll 

.064 

.,0!51 

.,040 

.0~12 

,.026 

.020 

.016 

.013 

.OJ.O 

l7 



one of the greatest needs in art education is to 
develop in 'the stuclent the da"ire to experlm(.'~~4t wittJ. tooJ.e 

and materials in order to discover theix ·possibilities a1u 

limitations. This necessary plf.~riod o:!' expear1mentat1on 

must take plaae be:for:(' ttle student constructs his .f'init>had 

:project so tha:t the res1.1lts of thEJ ax_pa.riments can be put 

to batter u.se. (A sim1lal' thought existrad. baok in l9l9• 

When the Bauhaus tvas !'oundad by ~!/altar Gropills ,1 in. the 

beliat that expar1mentt-.Lt1on v1as mora valuable than pro ... 

duction at f'irst.) Dnring tho ex:pe.rirnante.l ::1taga the 

stuc'lant shotlld aoqui:re a thol!mlgh 1.mderstandi:r1g of tooJ.s. 

Aoaidentals :may bt' interesting, but in o:t~dar to s~ek honest, 

genuine v~o:dt, tb.e tool. ( suol'l as the tsleot:ric "~elder). should 

be l"'art~ of thB projaat. st:rup:pack}~ says that aoUlptu:ra is 

a fusion of thl'a{:~ elements 1 idea. (subJect m.v.ttar) 11 f'otm 

(three-dimensiomll design) • {:J.nd technical means (m.«;tterials 

and t<I$Oh.niqutH3),. :Cb.fJSe elauHHl'ts axe so interrelated, the 

l W~!:ll, ter Gropius; t!IJ?he Oro pius Symposlum, tt AJ; ts ~md 
!l'Oh~t~.!.~B.!! 11 ~37:31, Mta,y, 1952"' . --

f~Jules at.:t'll!FJaclt ~FH1 C.:ceation. ot· ~30!-tl'~)tura (Ntfvi ' 1~ • .,~ ~ .. • ,1:. • ' .... ¥. 
York: Henry Holt ~:.l.nd. Comp~.tny, 1952), P• :m. 



one depena.ent upon the ot~he:r • ·that their true va.lue exists 

only tli:tlen tho three are seen ns a unit. 

Since the value of ·tools an.d equipment aaunot 'be 

underestimated, an investigation has bean n:uide of' the 

~;~,cetylane welder, eleoti:rio IIJeldt:llr • and the soldal:in(!; iron; 

th~~H~ are th~l 1nain tools considered in this research. 

19 

~ o&_!q_!t~lene !!el't!!• The oxyacetylene (aoetyl{:lria 

o:t~ gas) \valder ~tJas f'ornwrly tihe oxyhydrogen blo\Jpipe t1fhioh 
';I; 

'IIJaS davlsHd by the Arnerioan cJ:u:nnist, H.obert ua.:re, .:.> moxa 

than one hundred yea;rs ago. 'l'he only dii'f~:renae \~as tht~it 

hydrogEm I.H'::\.S burnod in pl&!.Otil of acetyten~J. The oxyhydrogen 

blo'•Jpipe :flame vlas able to malt plat1m.am at 17£55° li'., The 

acetylene torat1 today is u~:;.ed primarily for. outtlng and 

vJeld.1ng.. Th0 tecl:'m1que has advu.nta~es of construction and 

model:tn.g ...... shapes oan be aut !'rom metal shaett:-s, brazed, or 

v11eldad together and modeled ovar by. fusing bits of metal to 

the f'otnl. Th~ p.rooess is a~so praotical;)le 1"or vJelding 

vary thin or light ::;actions 1d'l.erfJ there is no great dmlger 

of tm.;rpirlg. lt is also gen.u.rally ~~.dvisabla t'or t.i:le ·~a:3lding 

o1' sn1e.lle.r sact:tons o1' bronze, brass, a1un:1inmn, und cast 

iron • and fox overlaying stf.~al ttd th many of the hard-sru:faca 

3w1111am McPherson, William Jr.dvJard Hencle;c son t~nd 
G~lorge Winegar J~'o\~ler, Ci1e!.!J.~!ttr ~ wq~~ (Bo~;·ton: alnn 
ami Compa.rt;y, 1942) • p. Iro. 



alloys. steel can ba out fairly easily by tha oxyacetylene 

process. ~~cable I:t and Tt:;~.ble Ill:, pa{?;tl 22, give sutf'ioient 

data :f'o:~; xesula t:Lng the g;as ptesstl:res i'ot various thiok .. 

nasses o:t' metals. 4 Il'luxes aLte used 111 weld inc; all metals 

~>..jitl1 the exception oi' steel. (In welding stofJJ., protection 
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I 

from oxyg$n ia provided by the flame env~J.opa v1hiah 

excludes the ~d.x. )5 By fo.:rnning a film about tb.® molten 

111-atal, tht3 .t'lux pxevents oxygen fl!om ~n~t~ri.ng tha wold and 

tt1us :f'iltars out impurities. 'Xl:'le follov~i~g ~qu1pnHlnt ancl 

tools axe mlequate t 

. 1 oylinda:r: o:t" oxygen!) 110 Ol' 220 cu. f't$ <U.'!J1eo:tt;y. 
l cylinder oi' ao~tylenfJ • 100 oa: 220 ou. f't. capacity .. 
Note: Oxygen and acetylene cylinders ax(i loaned, 

without ·onarga, usually ::fol' a pe:riod o:t.' 30 df\YS, · 
l oxygan :regulator.. , . 
25 ;t:'t, oxygen hOfiHi3• l/4 .1.n.· \~1th oonneotions, 
2t5 :tt~ acetylene hOfJe, l/L1 in. "t<Lith. oonneot1ons, 
1 torch handle. · 
6 welding tips vd.,th mixing chmrtbar, jet sizes 0,.040, 

o. 04651: o.om;, o.0635, o. ;,07<3• and o.o9e'l ~rbe last size 
is usa ul for heating pu:rposes111 

l cutting to:rcn. 
2 cutting tips, siz6s 1_ and 2. 
l pair of welding goggles. 
l spark. lighter. 
J. v~renah !'or conneotiqg bosas • .resulatots9 and 

f1ce~ylena oylinGtar Vfllve. 6 

4ne.rba~t ~). Higaby t'mcJ Chris H~t:rold Groneman, 
ll!1:.~Jnrr..,.,~t::~it! ~9~i ~~ .Wj!din~ (Milt~aultae c Tne B:r:\:tce 
l>ubl s.ning cor11Pany, 1948 • p. 1\). 

. . . 6.:~{!~ 0~-Aca~~:l:.~.t~! ~l}dl:>ook (New Yotk: Lino.e Air 
P:roduo ts G~i:mpa.ny, l9r>l}, p. 166. 



Jet, or 
""'. ~ ~ .r:-• .L.l.p vr ..u.l.ca, 
Size 

0 .. 040 

0.,0465 

0.055 

0.0635 

0.076 

0.090 

:t.&.Bl.;E II 

.DATA FOR O-A'Y""~GETYJ.!T£lqE :~~-ELDlllG 

Thickness 
of Nletal. 
in inches 

1/16 to 1./8 

l/8 to 3/l.6 

3/16 to l/4 

1./4 to '3/8 

1/2 to 5/8 

Appxcx. Piessur:e 
at Regulatoxs in 
!;bs .. Pe:r Bg. In. 

Oxy.. Acet. 

2 2 

M 3 D 

3 '7. ...... 

.4 4 

5 5 

7 7 

~-.. ~--- .;r'"'':'~~'1f·n~u:rf"fl"'nll?lfl'llll"ll•·•·• :oo;-;· ~ 

CJ. ean:i.ng 
DrUl 
Size 

60 

56 

t;Lt ..,._ 

52 

4S 

40 

i~pprox. cu. Ft. 
c! Gas Used :Pe:r 
Hour 

oxy .. ;\eet. 

;:.;. r\ 
'-'•'-' 3.,0 

7.0 7.0 

9.0 9.0 

~2.0 l2.0 

21..0 21..0 

36.,0 36.0 

ro ...... 



11atal 
:fhickness. 
in Inches 

3/8 

l/2 

3/4 

l 

i 1/2 

2 

Size ~o. 
of Cutting 
Tip 

l 

1 

2 

2 

3 

t.1 

TABLE III 

DATA FOR OXYACETYL CUTTI!~G 

... 

Oxygen Pressure, 
in Lbs. pe:r 
Sq .. In. 

30 

40 

40 

50 

50 

50 

A<:tetylane 
Pressure. i-n 
Lbs.· per Sq. ln. 

';"(, .... 
,., 
D· 

3 

3 

3 

3-

Hand Cutting 
speed, in In:. 
per !Iiin. 

~4.5-1.6.5 

12.0-14 .. 5 

l.2.0-l4.5 

8 .. 5-11..5 

s .. o- 7.5 

5 .. 5- 7.0 

ro ro 

. .,,.,.,..,.,~,E;.,..."II1111·1•11rlll1'1lllll'llll"m0"101·;,;-,.,,;;;--
·-:-CJ'~·lfTII"""""~'";;;J;:-,- --llll~~lf·lJl~-•'"l'::;:r.-;;,~••w•"'1'"""'Mf1'ft!"'•'~'" .. '"""""""w - .--...-· 



'.this total II'Jald:lng and cutting out.f1 t vJith the 

accessories \Mill cos ·!l app:rox.1ma tely $90.00. 'l'he \velding 

outfit alona \1 ill be about ~;65. oo. 

'Xh~ a;be<!_~;:!q !!9-l.::.d~;r, Th.e development of the elaotrio 

aro or electrio wa;Lding, as it is oalled, has takai1 plaos 

'.-Lithin the last fifty yea.rs~t the patent fo:r thtJ 11Carbo.n .A.ro 

P.roce~ts it J:u.~ving bean granted to H. v. :Senalldos in 1887. 

Ttio years lat(:)X:; the patent to.r the metallic electrode 

:process 'Iivas g:rn.nted to a rvJr. Co.ffin. Three years C"JS.Xliar 11 

in 18€>6, be,s:tc patents on tt\e '•Thomson Hasistance Welding 

Process It vHJra appliecl fo:r by 1)xofesso:r lj;lihu l1l1mnson. 7 

In the immedla.te :;;uocaeding y~~ars little practical use 1:-1a.s 

process is gaueralJ.y mura ~~oonomiaal than ·the o.xyao{')tylem·l 

prooass • It :l.s used for vJeldine; metals suol'l. as copper • 

alum.inLllll, r':\iott:el alloys 11 and tunes tell, as vJell as more 

commonly \.lsad matetl$ ~ About its only l:lm1tatlon is ·ma 
difficul·ty of using it f'or \<Jel.ding ve:ry small steel parts. 

qualities. ':Cvio types o;t.' rods nro used: bare :cod t~tnd coa.t€;td, 



"'i 1·· d "'14 8 or s ... 1 a a.e , :r>.K;-~.., l'he bare rod vJas in common ur;e until 

n4 t 
/.::. 

l'eoently; the shi{~lded xod has pt:oved :fax supo:r:to:r to lt. 

:Bare .rod allovJs nitrogen and oxyg;Qtl to enter the ·va.1l.d to 

form nitrides an.d fLlXides. vJltloh harJJlt'ully decrease thG 

strength of' the vJ elded m.Html.. '£he co a. tj.ng on 'the ooa ted rod 

provides a galiH3ous shield \vtliob su:rromld.a tt1e joint ~;~hila 

cove:cs tt"J.t;. va~ld metal and p1~eventas oxid~>.tion. Table IV' a.nd 

11able v • page ra7, 9 list the common oxyacetylene and aro 

welding rods according to type, size, our:t:Gnt :r;amge. e.ro 

volts. metal ttdokness, a.nd use. The follov&ing equ:tpme.r~t 

l eleot:r.:tc driven (L, o. arc 'IIHllde;r OX! on.e a,. c. 
trt.u'lsformer. 

Note: ei thG:r maoh.:tne should l:.u:rva t:'t :rated <H.:t:r.aci ty of 
150, amps and 25 to 40 volts or more~ ancl should operate 
from a 2£0 volt pOit~e:r line. l\n aJ;o vJelc1er v11ittl a. rating 
l~\.WSS than 1;110sa sp~oii'ications is not ~3Ui table to:r. 
gene:r.al UtH3. 

226ft. lengl;hs of' size No. l t<Valdln~ Qable wi.th 
t\@Oessary lugs. 

1 250 amp el.eot:rocle hold ox. 
l olamp or plata tor ~round oable. 
1 b.~.:;ad 5l'l:t.~:~ld f.'o:r vJelda:r, grade A, ~,;hadt-3 Nc). 9 lens~ 
1 hand stl.iald fox: taaotler 1 g;ca.de A. sha.d.a No. 9 lens. 
(A No. 9 lens VJill e1'i'oot1 vely fj,l·to~ all ita:rmi\tl 

:ray$ • ) 
10 !sot of three ... \vire • rubbe;r. ini)UlatcJd, oo.rm.eotor .. 

oable vdth plug~~ and reaep~aclGs i'oli vJaltU.ne; maoh.ina .. lO 

Dlb~., PP• 10-ll. 

lOlbid •• PP• 5M9. 



Type of RoC!. 

M.ild Steal 
General. j)Urpose 
tal positions 

High-Test Steel 
1~ nicJ:cel-alloy xed 
All p{}sitiCJns 

cast !ron 
cast-i:ro.n xod 
Produces sc.tt, 
rrta.chinable w e~ds 

Bronze 

Siza, in 
inches 

1/1.6 
3/32 
l/8 
5/32 
3/16 
1/4 

1/8 
3/16 
l/4 

1/8 
3/16 
1/4 
3/8 

l/l.5 
"/''· .l. d 

3/~6 
1/4 
5/1.6 
3/8 

TA:BL.& IV 

O.Y..YACET"fl.f1-J.E ;H~LL:I i'~G RODS 

K~d of 
F~lame 

I;~etal 
'lhiekness 

Neutral 1/16-:5/32 
""/'%:0 ~;;:;:: .._; ~-l. 0 

l/8 up 
1/e up 
1/4 up 
1/4 up 

Neutral l/8 up 
3/.16 up 
1/4 up 

!ieutral 1/8 up. 
l/4 up 
1/4 UJP 
3/8 u.;p 

Neutral 1/16;:'1/8 
1/8 l,ip 
l/4 tim 
1/4 ci.p 
3/8 up 
3/8 up 

Use 

GenaraJ. f::UJ:poss 
iU.l positions 
.Fox pipe • st:r:uctl.l:cal 

s·teel,_ steel plates, 
etc. 

Used v>he:re high-qtiDJ.ity 
\'iield.s are desu ed 

Produces gas- ti.gh t \;; alds 
For t-1at.ding nickel. and 
nickel alleys 

For welding cast iron 
Flux must be used 

Fox brazing steel, -cast­
i.:ron111 brass, and bronze 

1.:'.:• 
Of 

" :..--~r~!rrrr:r...-r.l~;=,- -"'''""'*···· ,, ...... ~ffl"'1r'''"'~,.. rq·w·,.,''"'+==·""'"'"'"'t"'"'M"'' ••--r·-................ _ .. 



Type of' Rod 

Lo 'Iii-F'urlling Bronze 

Aluminum. Coated 

Aluminum Bare 

Phos-Coppex 
A-lley of coppex 
and phosphol'us 

Composite Haxd 

Size, in 
incl1as 

1/8 
".;l;/"'16 v .l.. 

1/4 
5/16 

1/16 
1/8 
3/1.6 
l/4 

1/16 

l./l6 
1/8 
3/16 

l/8 
5/32 
3/16 
l/4 

TABLE IV (continued) 

Kind of 
Clame 

Iieutxal 

Sl.ightJ.y 
ac.atylene 

SJ..igl'ltly 
acetylene 

Slightly 
acetyl ana 

Slightly 
ac.etylene 

Metal 
Thickness 

l/8 llP 
1/4 up 
1/4 llp 
5/16 1..1p 

1/1.6-1/8 
1/8 up 
1/4 up 
l/4 up 

1/16-1/o 
1/8 up 
1/4 up 
J../4 up 

1./16 up 
1/o up 
1/4 up 

- ··=nii<J.r~;nrrwo;r.Ollrr.n,-ITrnrl'f"fllJf~"IIJlll'li ~~~~n·r ··; ;·- -,:r.------

Use 

p._.n excellent gxade of 
brcnze used on steel,. 
copper~ and cast iron 

For v.: elding sheets of com­
mon aluminv~-alloy 
composi.tions 

Fo.r li~l.ding aluminum 
sheets o.f comrnon aluminum­
alloy compositions 

nux .must be used 

Used i'ox copper ;'oints 
self' -fluxing 'Nb.r.;~n used on 

copper joints 

For ~sxd-surfaeing cutting 
and \i!Ieal: ing edges s ucb. as 
drilling bits 

Plmc; nhares. ate. 

tV 
C) 

---·-r;--;rr-;rlrTfl~- --·-.q~r~IIIQf¥"'!·,."!!'1'11"'·•Mp.l•'"'lf""-ll:-~r::-...:-~~~~.._...~-



~'n"" o~· 1=-io~~ J..J £~~ _. .... U, 

~<il d qt,zel ,, __ ~- ~ -·- -
aeve::tsa polarity 
d. c .. or-lly 
Shielded arc 
~11 positions 

Mild steel 
Btraight polarity 

·a.c •. or d.,c. 
.Ul positions 

lt~-ild. steel. 
Straight polarity 
a~c. or d .. c. 
Flat position 
only 

High-Tensile steel 
Reve:rse pola.!'ity 
d.c. onl.y 
Shielded arc 
All positions 

TAE-LE V 

ARC-~ELDING HODS 

s.iza~ in 
It1chas 

1/:8 
5/32 
3/16 
7/32 
l/4 

1/16 
3/32 
l/8 
5/32 
3/16 
l/4 

1/8 
5/32 
~, ..... 
C ..t.O 

1/4 

1/8 
5/32 
3/16 
7/32 
l/4 

current 
Range 

7G-l25 
90-160 

1.25-240 
1.50-275 
].60-325 

2.0-60 
25-85 
70-125 
90-170 

120-225 
175-350 

70-l25 
80-160 

130--250 
225-375 

75-130 
90-175 

140-225 
160-270 
1.90-325 

--r·.·-,.;r'li~T<T'If""'lrTTI!l'l~ll-r•n~:------ ----

Arc 
Volts 

25 
27 
28 
28 
30 

18 
20 
24 
26 
28 
30 

25 
27 
28 
30 

25' 
27 
28 
28 
30 

r";_etal. 
Thickness 

3/32-3/16 
1./8 t:tp 
Zi/1.6 up 
:1/4 up 
1/4 Up 

1/32-l/8 
l/16-l/8 
~ ;..-:·, 'Z/1.:::. .t. o-.;) '"" 
l/8 Up 
3/16 up 
1./4 up 

l/8-3/16 
1/8 Up '7.;- r• ,.:; J..o up 
1/4 up 

1./8-3/16 
1/8 up 
3/16 Up 
~/4 up 
J./4 up 

Use 

G~neral purpose with 
d~ c. cu:rrant 

Best for vertical aod 
overhead us-e 

5/32 bast for general 
use 

Genaral nur~ose ~ith 
d.e .. or·a.c. current 

R-ecommended for 
thin metal where 
joint f'i t is poor 

Fillet i<H~lds \'Jith a.c. 
or d.c. cu:r.rent 

Flat position only 
Produ.ces smooth 
head with lo-w splatt,s:r 
and. slag loss 

Ge.n€ra.l. lJUrposs with 
d.c. currant only 

For welding high-tensile 
steels undex 30~ 
carbo.n 9 a."ld low-carbon 
ni.ckl.e steals 

----'l·~n·Jnr-~-.--··:= , ---·---
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Typa cf :Rod 

Righ-T~nsile steel 
Deep gxccve joints 
Reverse polarity 
d .. c. o:r a .. c. 
Flat position only 

Light-aauga steel 
St:raii-ht noJ.axi·ty o-- ~ -
a .. c. ox d .. e. 
All positions 

ts~Iild- Steel 
Shieldad arc 
a..c. or d.c. 
All :positions 

Stainless Steel 
Shielded arc 
a.c. or d.c. 
Reverse polarit,y 
All :positions 

TABLE V (continued) 

Size* in current 
Incl1es Range 

3/1.6 
'"~/' .;I. 4 

3/32 

3/32 
l/8 
5/32 
3/16 
1/4 

1/1.6 
5/64 
3/32 
1/5 
5/32 
3/16 
.l/4 

180-230 
,300-360 

45-60 
35-50 
50-45 
30-40 

25-65 
43-185 
75-190 

100-240 
170·385 

l0-40 
20-55 
3.0-70 
50-100 
75-130 
95-l65 

1.50-225 

- ~lli'lr.~011~'~~llr"f1"f"l~IIW"T"'""""'~r;;-.-- ----------

itl'C 
Volts 

30 
35 

20 
20 
16 
18 

J..B 
22 
24 
26 
30 

16 
16 
1.8 
Z2 
24 
26 
28 

He tal 
Thic!rness 

1 /ll uc 
--/~ ""' 
1/4 up 

Sh.eet gauge-~ 
16 
lb 
20 
i'j:.f"' . 
.;.,.?,; 

3/32-3/16 
1/8 up 
o/l6 up 
3/16 up 
l/4 up 

·-::-

1/16-3/52 
"11">! .. l/8 ..l. .J..0-

3/02-3/16 
1./8 up 
l./8 up 
3/16 tlp 
l/4 up 

use 

Flat oosition vdth a.c. 
c.r d:c. ccu:rant 

For l•iel.dir..g high-ten­
sile steels such as 
p:ressur€ v.assels 

General purpose with 
d.e .. or a .. c. ·cuxrent 

iU.l. nositions whe:re 
joint f'i t is poor 

Very t.hin Ir:etal 

Genexal p:.u:pcse a.c. 
Ol' c .. c~ CUJ:l'ent 

c.~ill pes i tions 
Especially adapted 
to t:rans£o:mex-type 
helds 

Fo.r ~welding'·'l8-8 
stainless steel in 
a11 positic,ns 

a.c. -or d.e~ 
r:eve:r se polarity 

t>) 
CJ) 

-.r.--rwrr.n I""Fll:r~·r••-:;;r:-,- -:-mrr.r~m~.--:un--. • .,..-...,.~----



mT.,. .... ,e 0.£> Ro"" .!:.; lc' - .L .l. u 

Cast i.ron 
?.eve.rse polarity 
All positions 
sr~ieldad are 
\<Jerks batter with 

1'U u1ninruu 
, Reverse polarity 
,d.c. cnly 
Flat uJelding only 
Eeavy coated 

Bronze 
Reverse polarity 
d.c~ only 
Heavy coated 
F'lat position orJ.y 

Hare .surfacing 
Si"lielded a.rc 
R€ve.r sa polarity 
d.c .. only 
Flat position 

C'i • ,~, ... ze, m 
Inches 

l/8 

d.c. 
l/8 
5/32 
3/16 
1/4 

l/8 
5/32 
3/16 

1/'~ - c 
5/32 
3/16 
l/4 

TABLE V (continued) 

Cul':rent 
Range 

80-100 

45-125 
50-170 
85-235 

125-360 

50-125 
70-170 
90-220 

70-llO 
100 ... 150 
150-225 
225-350 

Arc 
Volts 

22 

20 
22 
24 
28 

e-n w•.;t 
24 
27 

22 
24 
28 
30 

Jc1etal 
TI"lickne:ss 

1/8 up 

1/8 up 
~/8 up 
3/.16 up 
l/4 up 

1/8 up 
1/B up 
3/16 up 

l/8 up 
l./8 up 
3/16 up 
1/4 Up 

-l -~-4'"111"W'~~Trm~~~rnm·n-.-.--;;T--o=•· · r --------

Use 

cast iron 
~;iorks bette.z: ~;Iitb c"tqc. 
Beads a:re run intar-
mitt~~tly so work 
·wili not become heated 

can be used ~ith alec­
·tx:ic or o:c;:yacetylene 
tcrcr1es 

A 57; silicon rod pJ:o­
d.aces st;rongest ~ield 

d.c. only -when used 
1with axe 

J!ur -v.eldi.ng b.ronze 7 

b:ass, &:td eoppel' 

J?ox hard-sn!'facing 
Vi'Ol'n rarts 

P.roduces best welds 
;;~hen welded in flat 

· pos i tion · 
Moderate resistance 

to shock and abrasion 

~::~ t.c 



Type of' Rod 

Tool £:-ux~cci.ng 
Shielded a.rc 
Rave.rss polarity 
d.c. only 

Zizo ~ .111 
Inches 

3/32 
1/8 t::j .. ..,.";_;.., 
0 '\,JJ;J 

"3/J.6 

'.r.ABLB V (continued)· 

GurJ:eut 
Range 

30-65 
65-100 
90-160 

125-200 

LU:C 
Volts 

18 
22 
24. 
88 

MetaJ. 
Tnickness 

3/32-1/8 
l/8 up 
1/o up 
3/1.6 up 

Use 

J."Ol' hard-surfacing 
cutti:ng edges ·<1he:ra 
shock is en.counte:red 

.Flat position 
produces best \<iield 

(J:l 

0 

-:- --~···•tn·ln"flll-;-m'::T~T- ---~~~r'1~:;;:J;;:;:~'mn;-•mnt"' .. '~r·_.......-....~=~~~· =· -~~ 



F'ollov;ing is a lis·t o:t' soma aro welders sold on ·the 

market;ll 

31 

'riastinghousa Arc Welder • · app:r:oxlinate cost• ~~260.00 
295 ... Amp. 230 ... volt AC lvlodal. lJL app.roved; maets NT~lvlA 

speelficatit;:ms ~ J.i'ol! heavy-duty 8Bl'~lge repail! \vo:rk, 
const.ruotion use or light ind.ustrial jobs. v4alda metal 
ftom 1/16 in. to heavy pla:te; outs up to 1./2 in, jobs. 

Use~s 1\Jlact:r.ottef3 llJY to 1/4 in. 30 lu~atH from 20 to 
29b amps. r30;tc; duty oyola. Usa on 220 .. 240·vo1 t, sir:taJ.e ... 
phase • 6Q ... cycla AC. Max:Uuura line d.t:aw 6!5 amps.; open 
aixc«-lit volts 6e>; arc:. volts 30; po~<·;er factox cor.reoted 

· to 601L Max1lnun1 pov4~r lltHHi 9.0 kilo\~atts. De ... ion 
c1rcm1t breaker protects tvelder f:rom ovel'lo~tds. ~;;t{"lel 
case 3tl :3/8 x 21 7/8 x 19 l/a in. on 10-in• steel 
:oheals. Incl.t~des: l6 .. ft., 3 ... oonductor primary cable • 
::~-prong plug and raoeptaolt~; t\,JO 16 ft • \•leldit1g <:tables; 
electroda holder; helmet; brush; tvelght 320 lbs. 

~.lestinghou~HJ l80·AMP tl.rc \'i6lder app:roximato cost, 
:~~18!5.00 1.80 ... Ju.up. 230-Volt AC: Model. tJL approved. 
v,telds 20 gEHlge sheet metal to heavy platE:J; cut a up to 
5/16-jJ1• plate. ll'or gara.gt4 trJol'l1.~ light . construct:ton 
use, etc. £0 haats :ran.g.ing from t~O to 180 amps. uses 
electrodes up to 3/16 1n. 207b d.!lty cy ole. Use on 2i30· 
240 volt t Single ... pb.ase, 60 oy ole AC • Me~rts fW:A und 
NE:M~Il sp~~ci:t'icat:lons. Maximum line dratv 33 amps.; 
OfH.H1 cir.c:ui t volts 6fq arc volts 25; pO\>Jer factor 
corrected to 75%.. Maximum pov;er ust~d 5~~~? !dlowa.t1~s. 
f.~u:i.l t-in de ... ion o1rcu1 t breaker p:rot~ats vl elder from 
steel case 25 x 17 l/~3 x 1:0 l/2 in. on steel viht:H~ls. 
Itt eludes • 8..,.1't. 3-<H.Hlductor p.r 1m~:tr;y cable, plug, 
xeoeptaol\7; two l2 ... 1't. lt.Jelrling cables; mama accesso.r:tes 
as ab.ove; \veight 1.90 l bs. 

POVJH-1\JU\.F'~C AC ~mLD.Uil~, App:rox:l.mt:tt<-1 cost ~1~50.00. UL 
approved pol'table 50•amp. vieldar for \'Jor!t in !lome o:r: 
sh.op, '~1eld J./32 to l/8 in11 stt3el, out up to 3/:02 ... :tn. 
sh.EHat metal, Use ~nJit.l:'l aro t;orob. tc) braze galvani~ad 
~)he~ at mt:ltal, and to sweat solde:r. Operates on llo-:u~o 
vol·t;s AC vdth 20 to ;50 f.mip • .fuse, No maintene.noe or 

-·-------
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adjustments needed. 4 heats xangine;; .f'rom :55 to 50 arnpa. 
!lives complete ~jheet m(;:~t~al l:anga" (.}l~;u:ls 11 B'' spun glE•SH 
insulation p:r:avents overl1eating and insures"oparator 
~H~!'ety ~ Handy on'l'o:f'1' switch, hr.,.ndle. PO\VEU: ;t\notor 
oorrect~:d to 7:8% ..... r~lduoes installation (lnd pov1a:r cost~!. 
20~ duty oyole, Includes: ·e ~"t. tubber oo~d; 9 rt. 
electrode cabl.s and 1n~mlated hold. at; gl'<H~ntl cable li 
oJ.amp; helmet w:t th p:roteotj.v~l lens; cover .lens i 1 lb .• 
of 5/64 in. electrodes· 1 l.b. of 3/32 in, b:razlng 
rods; 5 CEirbo:n13; ja.r ot' easy to strike pcnvede:r:. · size 
overaJJ.: 9 1./4 x t3. 1/4 x 9 1/4 in. Pl.u&s into any 
110.o.120 volt r aoep,taola. . W1 th 3 prong plug; and 
ad.aptr~r. for tlBe Nith standard outletsit v~Jeight -~8 lbs. 

lOQ ... ,~'U<JJP. "SFa:,:FviEL:Lil~H" Approximate cos1i ~*~1o~.oo. 
I~0\1JX-kra1~t 115 or ~..::10 volt itrc \velder. 100 Amp. welder 
designed .fox both ngelf\>Jeld 11 p:r.ocess and conventional 
\H~ld.ing. Self.\~eld pxoc~~~s, developed by Lincoln 
nn.eatrio Co.' simplifies arc lt1Sld ing. 'Sp€t.lOial 11lll~ltCh­
he~cl'* electrode is placed on \~orltpieee~ starting S'VJitoh 
p.ress:H"ld, arc forms a.utomaticallY.. Adjustable leg on 
holder keeps rod ~1t oox::r~tot an8le. ~"lalds anything trom 
20 ·ga. sheet xneta.l to heavy plate. six taps l!tt 10 arnp. 
1ntfi~rvals- ... range of 50 to 3.00 amps. 207~ duty cycle. 
Maximlllll open circmit 70 volt;s. F'Or 110..-120 oJJ 220 .. ~40 
volt s11'li51e phase 60 cyal.e AC. use 40 amp. fuse f'o~ 
110 ... 120 v. or. BO amp. :fo:r 220•240 v. uses rods to l/8 ... 
in. dit\xn. Nl~MA• Ul, approved. ·Size 1~2; :x 9 x 14 in. vJith 
3 :f't. alHctxodE:l oubl~ holder; 7•i't. ground cable • ola.mp, 
j. 'l I· • J d "'' lb 1') s.\iMKt i:h1lEI • ; D . S 8 ;;. 

~.ttw solder?..ng ixon is the !!l(}~:it 

c:orweniturt and ottet1pest Ill!Jthod of joining metHls. !t plugs 

into t.1.ny 110-120 voJ.t wall plug. 'l'h.El cost :ranges fxom 

$1.50 to :;~13.00 1 and th{~ morf3 ~Xpensive tl1it?;86J:.I type ironS 

vJ111 heat up instantll'. 

12 llf~d.. • p. 769 • 
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401° li',., 1.s raoor.mnended,.. A oo1n.meroial soldarin£; pa.st<:.l, 

sold. under the name of "L.otan, '' is xaoorumended for iron-

\•Iork. 'rh<-i flux~ reoornmended fo:r: all-xou.nd utility • 1f:l an. 

a.mmoniu.m ohloxid~ pr(1parat:ton oormno.nly sold as n~:,oldea:1ng 

saltsAi" Solde:cing paste and z.tno chloride may be t.:med on 

ooppe:~;, b;ra.ss, und tin, ta.llow on lead, e.nd hydrochloric 

acid on zinc. The function ot.' tht» flux is to l:\:t:HJP t.be; 

Bunsc-3n b1.u:nr:n 11 F.~J.coh.ol lnmp, o:~; a go.H torch. 

Gold, ptatinum, and siJ.vm: solders a:r,e exp~JhBi.VO 

but may ba recom.mendtld for. oartain typos oi' vJor.k ·vJhox (i 

stronger joi.nts way be rteaded. \tlilo.be:rg :Brothe.rs, ft 

nmHli~lng e.nd J~ef1.ning company~ ha-ve $at up tabl~s fo:r ~;old, 

platintlm, und sj.lwsl: solders ( ~~H1;J.es VI, v:n, p~1.ge 3fS 1 and 

VIII, page ~56) •14 



~~10 

11'10 Hard 

fil2 

;?14 

;}14 

ii20 

.Appxoximate 
Color Melting Point H.:~conunended ~for Usa trJith: 

Yellow 

Yellmv 

White 

Yellow 

YellOW 

YellOt.J 

lrJhi te 

ned 

White 

1260°:F'• 

lB00°F. 

1235°1''. 

1250°It'. 

1.a80°F. 

1290°F. 

1a2o0l~'. 

l.330°F'. 

1350°}1"'. 

1".''"'001'" or.; . .r.'. 

10 K.t. Yellow Gold 

10 Kt. Whi.t~1 Gold 

10 Kt. Green Gold 

10 Kt. Y ello~v Gold (new 
v~orlc) 

12 Kt. Yell.OvJ r~ltl 

14 Kt. Yellm1l Gold 

14 K.t. I!Jhite Gold 

14 K.t. H('ld e.rtd Pink Gold 

14 Kt. Yellow Gold. (new 
\•JOJ:k) 

18 Kt. Yellow Gold 

18 Kt. Whi tc; GoJd 

'18 Kt. Wb.ittl Gold Welding 

18 Kt. \I'Jh1 te Gold 

=~== -~~ . .:.. . .,., .... •!-:~ .. ~ ;"J-'~ :·~,, ~~ .. ·1:r • ....:..~o '"''"'" ~.OIOII!Iir·"~· .. :~~~"- -·· :::::. ... "~ ·: ~~~ ;::-~··· 

~fr·vJild La;r:g B.rothGrs 9 Prt?oio1.:w l~tetels (.Stm F'rarlcisoo: 
L.:n .n.J, l9t5t)), p. 6. ---- ----



35 

Ap:proxitnat(J 
Melting Point 

.... ~ ..... 4 ....... _,.,.,_"', __ ...,,. ...... 1 .... ---~1¥'"-.. -··-··-· -;:~ -·---· -· -··---~ .... --.. -·-· -·-·"'"-.....,..,,..,.,., .... ~, ...................... _. ---·-·-·-~·-·-· ---
~11100 

61-1300 

1/1400 

i/lbOO 

;;'1600 

i/1 

Sof't 

Modium nard 

Haxd 

E;xtra Ha;r;d 

SIH:~clal ~JeJ.di.ng 

18:01 °Jr. 

20B0°F'. 

2.376°F. 

297f)0 p'1l 

f392(5°F. 

f3900°14'• 

2875°F. 

· Hupplied i.n one dvJt. pitJoas (JI' bulk strips. llullt strips in 
quanti·tios of one ounce tt:re sold at a. px1ce that maltes a 
substantial i:$O.Ving. 

=~~ ~L:~k=~~~:<e!!:. f:.~t~~ .•. J>-:n~..a~ .. j--==::• •:~•t::=:.:;:-.:_."==:~:t';t t~ ~ 
_ ·;t-\rJiJ.dbarg x~rothats • i~+:!9.~og~ Me~~Je. (tlu.n Fr.anc:isco ~ 

Ln.n",.7; l9f:lf>), p. 10. · · 
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Color 
~·~ 'liiJ II h ~ I .... --·-·-·-... -·,., .... , ........ ...,_.....,,,_rllllll,_,_,_.,_,._~i---------'",..,.. b~ il¥144*~~~~ ...... 

Ha.td t'ix st 1/l 
Solde:r.ing 

t3ilV€tl~t COP)1dl', 1)4 
rt1on~Hl, :Nickel 

Low 11·using Jll4 
Second solclex it'lg 

t~he<-:tt . and 
Form 

Sheet t-Uld 
F'orm 

Bheet and 
~lira 

Shf:)at 11 Wire 
Filings 

1425 d·~J~. 
:~.) ';· ." 

1375 de g. 

].:325 <'leg. 

1340 deg. 

1150 deg. 

1~' . . B11VC1l! 
\':hi te 

F. Sil.var 
White 

li\ Silver 
\'ll11 te 

r ,'II Y~1llO\\f 
klhite 

p~. DuJ.l 
1i~hite 

~;;ill ~o;::~~~~=l*llllilllltl':iltl~rl lie:=====~~~ 
-;~;,:aldbt~X~ Dtoth6ltS, l:)t:eoio~s l.il6t~ttls' (qUf.l. Ii'.ran.cisoo: 

IJ.l..,n.;J'~ l9b5)• P• ll. -- -·- " 
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.Q~~H¥ .. ~ IJIEr~!l~.~. Th(IJ~e are othe.r m~!lth<Xl s of ·vJeldi.ng 

which til'f~ :tn:fxeqtlently used. ~hey ere the ·the:nnit p:r:ooEJss; 

alaotr:to r.asisto.t-:toe~ \•Jeldittg, ,·md forge ·vleld1ng. lro:rge 

vJeJ.dil1S is not a ft~sion process beont.tse p.resst.ae as l~J ell ~s 

heat is usEiid. 

Jtqf!.M~Wol ~,E.,£! ~otmins .. lo Many sohool shops have a 

torge which consists o:r a hearth, tu.vare (fire pot) t band 

blovJer, and hood. The fuel is coal. .Hot forging has a 

two.fold pu:rpose; one is shapinf$ of metal, and tho t1·ther 

is th.e davelo};nH.mt of' taxtu~a (mot.'teling). •rextur~ is ottar1 

used on commero:tal iron to overcome its raw l:lnd cold 

Si.noe iron resists the efi'o:rt to ohHnge its .form; 

it or:1 . .n b!~ brought up to a bright xed heat {about leooo F.) 

ti:C¥.i m~'de plastic und~t a hammer. :Chis gives it malleability 

so that it can be poundGd ox 'bent into sculptuxaJ. :forms. 

· Forging is an '-lna1ent method ur.H~d ;f.'o:r soulptu~a o.r 

modeling, and shops are using this process for metal\~o.rk. 

'l'he f~tudent I>XOjeots t;ii.l'e eve.rythin~ r:~:om door 1-;:r~ock,exs to 

raedi~~val bxaoka·cs fox lights t>:r plants. A pa.ttexn or blue 

p~1nt vdth all ·t:tre d:lrn0nsions is often .:t:'urnitih.ed. 



Kno\vledge of' tb<il tools arltl tho undarntandinit; of pattern 

reading are naoessa;r.y in preparing one for a trade, but 

it shoul.d be pointed out that a student nfH~ds to be giverl , 

oppo:t'tUility to e:ir1body his otrm design in the projects he 

• · ... but outside meeht.mio~ll (!.!;enius f'ol! maJ.:e oontriv .. 
a.nce • '-<Je are not good wol'kman, no.t ~ beyond a.t1vantitious 
o:r. :p:ropi tious respect f'or p:r:opaa;ty • f:lre we good citizens 
as we should be• ,nQ.r u.re 1;%;: aJ:tists ut all. We Elre 
one and all consciously or uncontiC:lously, ma.ater~n by 
otUJ :fascinating automatic implements, using them as 
substitutes :for tools.l6 · 

' 

J~ln~l::i.nCij ~ ~.\~~te.~\tll~). 17 . 1t:1h.en steal is tor gad the 

haE1.ting and forging Pl'ooass distu~bs the structu:t<;~ of the 

metal, kvhich may :rasul'ti in the m~rtal o~aoking o:r b.roaltir~g .. 

The st.ruotu:r:e of th.~1 metal mhy be .r asto;r<f;d by nnnealing., 

l.'ha annealing p:rooass t~o:r steel is to heat it to a dull red 

nnd · cove;r it ~·iith hydr~tad lime for an overnigtlt period. 

Copper and brass a..re also ennea.led s<> ·that tr1ey may 

be .t:orm.ed ol! beatan. Gas flam() or 1'orga fire should beat 

the metal until it is a fe.int :red; thsn the .rnot~.ll should. be 

"""w'1----•tr-·-
l6Frank 1~1oyd wright, .:{tle :f~t,u:rq Qt J\rcl11tectuxe 

(NavJ York; Horizon PrGss~ l9bb), p. 7~. 

1.-tc. c., .Ashcroft t::U'ld J· .. A. G. J~1.ston• Qt:,mer~ N11o12 
work (To ron to : The Maonli llan Company o1' canada I .. imi te • at 
st. Mart1n•s House, 1940) • P• 126. 



plunged into a piokline~ solution. Tllia pickle acts fM.l a. 

olaansing agen.t to J.o9sen tt!.e soale or oxi(ie on tb.tf; mGtal, 

vJluoh. then should be removed by buti'.i.ng, o:r J:ubbi~ v.1ith 

steel ti!Ool. 'J:he pickle consists of m. gall.on or clean v1a.ter 

and a ta.blespoon o1' sulphuric acid; the pickle nulet be kept 

in a no.n-met{.\llio <ilon.tainer .18 

,e~;t.~~Jl .U.X:fi!:2]!£e.£.t;:.l9 Befoxe a s·tud ent b~gins to "~ork 

v'littl. th€\ dif'fer~mt mettwds, he should :i:(~ulize the 

necessity of' developing habits oi.' f;afety and oEt:ra :tn the 

use of' tools. Adol<HJ<lents are apt to be oarelass, and this 

(H:trelt.'1ssnesB may result in pernui\Ot:~nt injuty to 'lihH vwrker, 

to someone else • o:t: dmnag;e to the aquipnwnt,.. 

'£he :f.'ollo·wing p:roceuur~s and sa.f$ty rules ~e 

oonoe.rnad · pa.rtic.u.alr;.t;rly w1tll the use of o.xyacet;ylone equip­

ment. Arc v"Velding; equipnuant does not 1nvol.vG >l$ many 

problems. 

.f.?lo.c~f!q:r,a .. fqll !i!.C:i~Jl~ mt ... ~~- .QX:[Et<!at;}!J.e~~e:, 1lf!.6~· 

l .. Hemova ·the valve oaps f'rorn tho oxygen and 
acetylene cylinders. These caps prev:,~n.t damal)a to the 
valv<as, 

' 
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~J. Open the valves sl.ightly, then alos~ tllem 
QtliOl\ly. Thi~~ blOvJS a\~1.:"-Y any fol!eign matt(1r v.!hioh m~1.y 
h~1va ooll~otad: in t;ho l'<:igulatol' seat o:f the oylindex 
valve. 

:3. Attach yhG oxygen and. aoetylene x.egulato:cs to 
the valves on tl:~.eir r~~;tH:aotive cylinders as ~~all e.s 
the outgoing p.rassu;r(l tc th(~ hose lines. Tht;1 oxygen 
;r;egulato,r has a male ~idti.q:rtaJZ -w 1th a i.'aroale nut hthioh 
has ~1 :s:ight-h~U'ld th:caad; the acetylene l'fJgula:tol' bas a 
male adapta:r vii tll a f'smala nut v~h:toh has a le:t.'t-ha:nd 
t.tuead.. \f.'h1s prev<:nrts in t~~r:ol'1~nging the r egulttl to.rs. 

4. test t~ xragulttto:r ;CastEmin{t1; fo:r possible lealta 
by apply:tne; soap suds around the joints, If. uny .~as 
is esoapill&; it may ba tH~oe:;:,sa:y to .t'e:nKWe the .regt~latol~ 
t:lnd to to ... examirw th(~ seat f'or possible :fo:reign m.at~ter .. 

5. Att~\oh ttla o:~ygen hose, vibioh :Ls al\~ay s green$ 
·co tti.e oxygen rogul~::~.tox. Note that tt>..a nut o.n the 
o;xy~l<ln hokie has t.;t l!ight ... h.and th:r.ead. 

· 6 •. o.ttac!h iihe acetylene hose. \vllioh is alvJays l:~la 11 
t;o tl1e aoat~ylene regulator. Note that this at tach ... 
ment hns a lef't ... hand th:ead. 

7. ':l?~~~it both hose connections tor emy postsib1e 
l.ealt:eJ. TiH~ connections should. ·be made secu:N~ by 
tigh.te.mii."lf.> tii ttl a 1/JJ~e:.mch,. 

e II F'aaten tha torch hHndle to both hoses. The 
prop~r connections for the r espaoti.ve hoses may be 
idantii'ied on the torch h~1r.v.ll<11 by (1) color (green :t:or. 
oxygen a.nd red for il.cetylena); ( ;;.~) the name of the gas, 
aoetylc::uw and oxya~m ~ whi.ch is .stt::unped on the handle·' · 
ox (3) ttle typ~ ()f th:rt~ad~~, x1ght-hand :fo.r Ol~ygan a11.d 
le.ft ... hu.nd :t:ox ao.etyl~rw. l'kH~ oonn<:Jctions must be made 
secure by tighten.ing \'.lith a vn::~moh.. Do noi; usa pl:lEll'S 
to:c this assem·bly btiHlnl.lSe the \W:t:1dllf6 sur;t'aaa of th.e 
nut :may be 1njur<:Hl.. 

9. Connect th(\1 raixj.ng llea.d and tip to th(1 torah 
handle. l'is;hten thif~ oonnectiotl by hlmd beoau~H1 1t is 
often necessary to o1:1~.1nge the mixing h.ma.ds and t:i..pe 
tor dii'forent .ioba. these oonnaot1o:ns have ground 
joints vJhich, if' prope:t'ly tightEmed $ Y-1111. not lealt.20 



ftoa~du:t:<t_ W. r~~q}i':-11~ .~llt i~.~ w;,ea,su:re. 

1.' Completely loosen the adjusting sor~ntJ on the 
oxy~{iln regula.tq:tt. 
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2. Open the oxygen valv~ slot~ly until. :tt is oom"" 
pletely open. Ii' the 11 eGulato:c and valve are openad 
in this order t la~'l.lti.ng oi' 'hb.e valva packing will be 
prevent;~d,. With a nor~Mll room tempa:raturs of 700 :b'"'., 
the tligh•p.raEHHtra gauge of the ref!ulator viill tt1iister 
app;coximataly ~100 lb. 

3. ~l'igtlten tht~~ adjt~s~ing screw on 'CllH :.cegctla.to: 
until the desired working pressure is regis·t$:red on thfJ 
10\-.J ... p:rassctre guguge. Secm:re the propel' irJO:r:kJ.ng 
pl:as~:;uta deslred f:com Table II. page 21. 

4. Loosen the ad.iusting sarew on the acetylene 
regulator. 

5. 
tt.:~:rn. 
gauge 
p. s. 

Open ths acetylene cylinder valva ~a.bout 3/4 of a 
It ·t.he oylinde:r j,s tull, the high ... pt@asur~~ 

oi' thu regulator vJill register about; 260 lb. 
1. 

6. ':Cighten ·the t1.djusting sere\11 on the regt.(Lator 
until the desixed 1;iOl:king pressure is obtain~d. Hei'er 
to r.rabJ.€1 II for tbe OOl'l!(.iOt pteSSI.lre. :Nlt~ pJ:essu.xe 
stlould neve: be al1ovu3d to go above 15 lb. p.s.i.; 1t 
\~ill be observed that most acetyl¢rte l<HrJ•preaett:t:e · 
ga.uges have a dnr1gar mn:rk at this point.2l · 

J.::t;qq~,gg_t~i £9!. ~~i;!i!~!ii.P:i !iUQ ,!qJ~~Ja~t\& !!l! .tor 9Jl• 
1. Open the aoatylene va.vle on the torch l/4 ot a 

trum ana ignite the gas at tt.le tip of' thfl torch• pra ... 
fe:r.ably using a spttrk lighter. For tip sizes rater 
to 1.1Ubla Il. page 21. 

2. Ad~just the acetylano valve until the f'lHme burns 
cletlrl ~md strong and g.:tves o.ff a minimum amount or 
srnoke. Ut3llHlly the correct aciju~rtmt:mt !'o:r the acet­
ylenB valve is the point jus·t baf'ore ·t.J:l~~ :flame begins 

......... ~ 
()l 
w !bid., pp. 19-20. 



to lG&'V"e ·the tip; the fl~tlMJ should not sepa:r~te from 
tho tip. 
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a. Open the oxygen va.l ve on the tor oh alow~ly. Aa 
the amount o,f o:xygen. is increased, the 1'lame \>Jill be-

. oome shorter and ':Jill turn a bluish color. continue to 
op<Hl the o.xygem valve until the laf>t tl!aae o.f g:reen, 
unburneci aoatylene disappears from the blue ootHll at tile 
end of.' th(~ 'ti.1h Figu:r~ 2, page 12, illust:ratos co:rreet 
.flame adJustrrHt:n~t. lt lalso shO\<JS ':;.h.at occurs tuhen 
exo<?st.·d .. v~. H<:etylene or oxygen 12 present and the effect 
of Vt'il.rious flames on the \H~lcl• 2~ 

l:~9...2Sl£N.~ l.t?.!. E?t.!~~~~~~ ~ ~ M.Sl?itlh• 

1. Close the ao$tyJ.ene vtuve on th.e torc.b to 
extlnguisll the flame. 'l'his olears the torci1 and t:tp of" 
combustib).e gasas. 

2. '!'tun of'i' the oxygen valva ou the to:r:oll. 

3, EJtmt off both cyll.nde:r. valves. 

4. H~l1oase the pxessux~ in the hOS$ by allowing gas 
to aBcape th.:t:ough tha torch. 

5. Loosen the :re{~ulatol.1 adjustin8 so:r_01:'1S. 

6!1 If desired 1 the to:r.oll and tip may be disassembled .23 

;iz:roc<idq;tg. #29 .. t g,X}lq,ca~~.t.~nS!, ~ .. Ef..f.d.inl lt,1tl1 :EB!. ~f!t g:( 

\!Sl~~q& Jllli!• 
1. Light the torah and adjust fo:r: a noutxal flame as 

exp1ai.nod. in procech:u:e fox light1ni~ and actjust:i.ng tha 
·to:r.orL~ nefet to Table ll. page :?1. fo.r _p:cope:r; gauge 
m:essures. 

t:t?; 

f"""l.J; .... b·i./' .... 1 • .. .. ~ . "\ ~ P• ~~;;-.,~. 
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2, Hold the flame praotioall.y trtatlona.ry at the 
po;tnt v,·hexe the \~ald. is to b(:1&;in until tiha metal is 
brought to a m<~l ting point. o;r \'ihen the l!H3tal ber1eath 
tbe tip becomes thorougl:lly fluid" 

3.. Ple.oe th,e "~clding xod irl ·the aent;~r . of the moJ.ten 
pool. 

4. Pxoct?Jed to v1eld ttw , sGara ox joint describing 
sem.1-oi.rGles with the to;ttoh (il.:round the rod Origure 3). 
Mov(ZJ the :cod bacl{: and. !'o.rttl to distJ: ibuta the metal 
everuy. It should be no tad that the base metal must 
alv.a.ys be l(ept mol ten. In case oi.' «:u1. 6Xoess:i.ve amount 
of' .metul,. rcnncrve th(~ \nJelding rod. 

If the J:Od if) !tept :tn thG otan·tex of' i;he l!lolten 
matel: ial <lulling ·ttw wel.dlna; pl100ess, little e:f'i'ort ~~Jill. 
be reqqi:red to nu:mipultttc it. But ii' ·the ~od is moved 
to tl:H3 edge of thEl pool, it will stick. in t.he soldi ... 
fying :metal" 

]"l:tsion v'4il1. be vary :t;oor if tb.t1 l'od, on ·th~; other 
band 11 d<:H:W .not touch tho vwrk. ':fhus ·th.e mE; tal :i.s 
allO\,Ied to droR on thEl tJoJ:lc• exposing it to utmospheric 
c:on tr~mination. ~4 

l. Light the torch and f.illjust f'or a neutral .!'lama t:ts 
axpltlined in F:tgura 2, pn~a 12. 

2. Hold ·the toxch. ii¥ith the point about l/16 :J.n. trora 
the \>Jo;tk and preheat th.e metal at the point v~here tl:le 
cutM.ne ts to beg~.n. 

:1. t)pen tbG hit~h--prm:-seu.ro o.xy~Hn valve a:Ll th~ vJay. 
1:h.a or.:tt \'111.1.1 begin instantly. 

4. l',iQV!iil the torch at f.t u.nit'o:rm rate o:f :.;~peed t!.lOilg 
tho ccttting line. Thin mnte:d.als naturally are cut 
mo;r.G x~-:~pidJ.y than tH:lliJ.VY mate:rials-... the cut;t:i.r.lg. ~;peac1 of 

0-
~ 
[ 
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J.nGUHE 3 

·;rm/\VI1\TG PI~TH OF THE TOHCH 
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travel can be determined. by praot:tca on metals o:t 
di:t'i'eremt thioknessas. 11' the torob. is moved too 
slowly • tt1o edges of th.e metal \'Jill bEll overh~att:~d,. and 
an oxo~ssiva amount ol' e;lag vJi.ll uooumula.te. Otten 
this slag and nHiltal will f'usa. 

The ~i.ngle at wh~.oh tha tip :ts hald :tn relation to 
the \'Wtl:{ depend~s upon the thiokneas of' the nt~tt. ter :tal: 
i'or cutting thin metal l/B in. thick, tru!l tip should 
ba inclir.ted soo to the horizontal and pointed in the 
dil! (1otion of trll;lvel. For tlliolta r rn~ita:r:i.t:.tl• tba tip 
is inclined tovJ~l:rds ·the p<.uzpendioul.ar; it is held a.t 
right a.n~J~es to the work :tor outtirtgdgtll.tarial l/2 in. 
o:r more in thickness ( seE:l F'igura 4) "N 

.Q.heq)£1,,1§.i fo:r examination 9£. r:r~!!1!U !!!!1. s~ogncl~r~ 
. ·~ •... 

2<>m'H:J.f:~!Qrui ~ §Ya ~-r,qalg1U€i max~3:.tlf:i• 

1. see that the leads .from the p:t:1JJ1aty circuit o:t' 
·tkle \vald i.ng m~whine are aeourely fastened both on the 
terminals and on. tba n~li.l.le plue;. 

2. Huve the electxioian Qb.eolc to see that tl:1e .mairl 
oiroui t in the build ina is not ovel'loaded.. ~ 

~?. J3Q ::~ul'a that ·the prop~x Bize f\.\sa is used irl 
otmneotion \'lith. the .rt1aoh.ine as raquixed by tnt) manu-
facturer •a speoi.:t.'iontions. · 

4., The wal,iing tmit EJhoul.u be tasted by the teacher 
or v~elder in the px~wenoa of' the elt~ctr ioian to make 
su:r:e that the !1econaa.ry circuit ot the maohina has 'be<1n 
properly aormeotad tmd that the machine functions 
prope:rly. 

5.. After t.ha ·taactu-1r and Glt.~otr i<'detn b.ave cb.aoked 
the un1 t v.Ji th. tl1a mw.1t\.faQtt:u:ar • s speoii'j.<::a.tions • this 
material shol~ld be pgetad or fastened 1n a readily 
t:locessibl<l location.t<.J6 

, .. 
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CU'r'riNG TIP 

/ KEHF 

MOLTEN nLAG 

FIGT.TR:~ tl 

ANGLE OJJ' C'lJTrPING rconcH FOFI. CUT'riNG HEAVY STOCK 



•.. 

P:rog~pu:e !:2! ~;t;.o, !!!,ld1~ g.s £!!~ ~· 

1. select th.e alaatrod$. A 3/:.?Z in. eleotxoda is 
:most sui table :t'or pr aot!ce \mr k. Jfo:r speo11'ic jobs, 
consult Table V; paget:s ~7-30, for rod sizes. · 
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2. Place th~ uncovex·ed, or bare, enc1 ot.' th{1 eleo-
trode 1n the elect:rtode holder. sea tllat th(~ corm.eot1on 
ie sac.m.ra. 

~0.. TtU:tl o:n tt1a awi toh. 

4 •. Pois$ the ~leot:t10de diteotly tlbove thfil point 
~'llhe:ra ·the \veld is to start; it should ba perpendicular 
to the vwrk. 

f). Pull ·the .face shi.eld dovJn over the eyas. 

6. IViaka contact bet\veen tile elaotxoda ttnd the 'vJo:tk. 
To mal'a o<.mtaot, or 11strike rm ~tro,a use a slightly 
oitraular • scratching mov{~mant, As s.1oon as contact ia 
~nt:1de und · tllfl c~uxrent b~g1ns to flo'tq 11 ~aiso th~ eleo-
t;ro(le f'l1QI!l th.:l pl,ate. or wo:rHt~ a distance eqtlal 'to tha 
<liameta.r o:t: the alaotroda (o.:t~ 5/32 in. for this 
practice), This distance is called the a:ro 'length, tmd· 
:f.'o;r sound, vJeld.s • it is aesemt;i.aJ. that t;b.e propel! aro 
length pa mainta.in.~d ~~ 

The opal!ator can aasiiJ.y dGtermine the cor.reot arc 
length by obse:r;vin~ th.fi ohal!a.otarist1os o1' th$ arc. · lt 
thit1 a:ro is too lonli$t na the m~tal malta trom the ami o:f' 
the electrode it vJ1ll form small drops end pass through 
the arc ~traam in this mamtar. ExcGasiva spl~tttar and 
poor fusion :~Zeault. This condition is corrected by 
aho:v tening the length o:f' the a.r c. 

7. ~1ove the eleotrot'te sl<H-Jly ~tnd evenly to dEJJ.lOsit 
the metal. along the line of' ~Neld" :u: th(~ 1:e.te of' trav~l 
is too f'ast, sufi"io1.eu:l t met~1l will not be daposi'tad; if 
it is too slow, ttw 'build-up vdll be exoessive, and the 
v~ald vJill bf.'l rough and un$v·en. A 14 ... 1n. eleotroda vJill 
pttoduoa f110XIl f.$ to 10 in. of' e1ngle ... bead \veld. 

When ~Hllding a joint !'ollo~>J tha above tJ:roaedure; hm1• 
tava:r, oscillate the eleotroo.e f:rom sid.a t<; sid.a acxoss 
the ~1o:lnt ·to insuxe per f't~ct t'us:ton o.f ad.jo:l.ni.ng edges 
(see l''igure 2S • p13.gs 44). 
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Whenever it is necestlEil.l'y ~ because of t;he thickn.ess 
o:t: the material and ·ttta depth. o:t.' the groove to meike 
more ttum one pass or l{'lyer or complete the \lleld 11 slug 
should l:H~ thor0ugh.ly cleaned ·~~ :t th a chipping hwmna;,; 
and a wire brush p~f.o.re the suocaecU.ng passes. 0:1: 
la.ye:t's, are nu:.~.d.e.£7 · · 

It is jJilPOl'ttmt that. tha tools, media, ~and processes 

fit the age lflVels and p~trticular abilities of' the students. 

No ta.slt should be (~iven th.at is 'beyond Ertut'lent comprt:1 ... 

hansio11. or ability. The ~Jdolescent will of'tan demand 

:resi.stintt; materials (like met~il) beoause tb.ay ohall.en~a 

his j.ntelligenoe tmd consume his abundant energy. 

S1iuden·ts o!' tb.e Hame oluonologi.cal age m~~,y differ 

v.Jidely in srtistic devalopment. M a.dQl.escent o;f fi:fteen 

mey have th~ c.reat;ive age of a child o:f.' six. ( '.l~he photo ... 

graphs of student p.rojeats used in this .resea:ttah are age 

~rm.tp1ngs :f'.ron1 thirteen to eighteen y(~ars and may illus ... 

trata this meaning o.t' o.reat:lve age.) Some tun.ta the 

orea.tiva ~.mpuJ .. se so inhibited through neglect 0:11 adverse 

ta~cdning ·chat they may not :r.:aspond to any media. ,,since so 

viide a runge o:r media is necessary fo:t continuing the 

mot1va:tion of' (:l.dolesoents and fJ inca the use of metal as 

shovin throu(f1h.out this study is rela·ttvely naw, it is f'0lt 

tha.t one mora approaoh 1£! nc)vJ a.va3.lable to t;b.e harried 

teacher of arts and cra;t'ts. 

27Ib.~~ ..:1. ~ -~ ~· pp. 



vJlth ~egard to use of' techniques. Goethe roma:rked 1 

In th~~ limitation the master ~evetils l11mself. The 
most eoonomionl. use o1' ·ctlohniqua and their applioa. tion 
\~ill be the ba$t. Thd most defin1 te use ot.' 

1
them will 

be the mo.~:rt direot, outspoker.l, and forceful. · 

In devalo ping e. unit o.f study • the aim \vas ·to 

axp(i~l'3.men·t 1'1.r~rt vd .. th copper or soft iron l,vira ba<'t'I.USt?,, 

whenever anyonfi~ picks up a piece of wire • it is usually 

bent by him in many dil'eo·tions in a non ... objectiva ~:Jay, 

whtch j,s similar to tl"Hl resultf3 gained v1hen a· parson 

d.oodles ~~1tli. a pencil on papax. The poss:tbilitias of '-'•ire 

a.::re o.ftan discovexad in this v'Jay, and the training may 

eventually be dixeotfJd tovH7.rd ~ansory experiences, enrioh. ... 

1nent oi.' emot:t. onnl values • aoo the develo plllen t o1' thougl:l t. 

This experience also allows ·the inclividuaJ. to explore 

creatively, or 1mag1m:tt1vely • ~~~hil0 per:feoting his objeot ... -

1n opposition to the traditional process ot' s·tereotyped. and 

stilted mechanical blqf)pr1nt-.t'ollovJ1.ng ot' plans set up by 

others. F'j.gura 5 is an outcome of t\¥isti~g and b$nding 

copper vd.re. The student h.as intimat~)d tht:At he 1t1restled 

.·. lv:t.ktor r.owenfeld, qraa;~i~e ~ Mentr-l.l .Q~N~~Yl! (.NevJ 
York: The Macmillan Company, JJW.;;5. P• 291. 
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vJith the v11re and ended \~ith "':rhe ti'J:t:estlars. •• Jane 

Qehr1ng2 has ta.ught design by .oombinin~ \\lira and oast 

shadows. FiEJ;Ura 6 is a photoe:;raph ot a shadO\~ of ~'lgure '7 

(W~vire ll'orm 11 ), pag~ 53, in which a patte:r:n is d:lsplaye<.l with 
.• 

Itt sense of' design that is ~M3 intere::fting as the objeot that 

was castlng the shadow. 

Wire has its uses in contour drawings. 

In contour drawing, form is care1'ully studied. 

Oontour differs from outline; an outline is thought of as a 

diag:ranL Ol' sil~ouette, flat and ·two dimensional. Contour 

has a three dim<'msional quality; that is; it indicates the 

thickness as uell as the length ~md 'kJidth of the f.orm it 

surrounds. ~'Ji:re may. serve as an aid because it helps ·th.e 

student v1suali~e th~~ quality of· the third dimension. The 

$ye moves sloitJly along the outline or edge of. ·tne objaat 

while the hand holdi~g the lH~noU drt:.wJs the observed outline. 

During this p:rooese, the aye does not \'latch tho pan oil f:.\S 1 t 

moves but a.t·tempts to keE<lp in oo-ordinotion as the ot>jaot 

is being studied. ThEl va.ll\e of this is that thE~ experience 

of touch is oombtnad v~i ttl sight; aleo, hand and eye coo~din­

a.tion i.f) developed. Proportions 1.11111 take oara of' themselves 

~" 

~Jane Gehring, '*Dynamic Design from VJ:J.re and f.~hadows 1 " 

~OflQO~ Ar~, 50:12!5, December, 1950. 

I 
I 
~ • 
f . ~ 

!:' 
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E.'R1..DOVV STUDY OJi' "VJIHE J1,0RJI/Pi 
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'NIHE JTOH\·!l (Ut:f.~t VHHE) 
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in time and a olea.~, strong line is achieved rather th.an an 

unsure, scNl.tohy line. Kimon Nioolaidss3 i:llust:tates a 

contour drawing w1.th tv~o apples in Jrigure 6. 1r1gure 9 9 

pngEtl 56 • does not illustrate contour dra.\vings because the 

l..ine follows the eye and not th~ sensa of touch. F'igurlil 10, 

page 57 ( 11 The Honkt.U~"1 ) and Figure 11, page 58 ( 11 Discus 

Thlto\var 11 ) are sugges t1 ve of' a. con tour drawing tal<en :t'rom 

the thrE!e din1ensional wire project. Calder • s wire 

sculpture called HThe HostEH3H n (J.l'igure 12 _ page b9), 4 

mi~h.t ba described as a line drawing in three dimensions, 

f'or here the l.ino actually carves and defines space. 

In I~igur a :L3 • page 60 ( 11 Action 11 ) and l•'igt.u:a 14, 

page 61 ( 11 '£he nunne:r") the oopper 1J!Ii:ra figu:ces may be 

rel.0.ted to a gesture drawing. aestu:re drawings a:re made 

in aoco:rdanae viith 1rJhat the objeot ls doing and not t>Jith 

t1ha.t S:h looks like nor what it is. In this type of drawing, 

the artist feels the movement of the v~hole form in his body 

and is olosely :relRtad to tha aotual axperiEmae. Figure lf>, 

page 62• illustrates a gesture draw1~.5 The oopper w1l!e, 

3K1mon Ntcolaides e 'l'he NatUl'i~ .~1a~ :!ill_ ~ (Boston: 
Houghtonfl Miff'lin Company, 1941), p. 13. 

4nay l''aulkrHill', F~w in Ziegt'eld ll and Gerald Hill, Art 
.:.f!ld<:~;r:_ (Na\'cl Yorl:t: Henry Holt and compar1y. l9·1:9)fl p. 186. 

t"SNicolaidas, 2.12.• £ll•, p. 16. 
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FIGURE 8 

NICOLAIDT~S CON'TOUR DRA'NING 
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FIGURE 9 

NIOOLAIDE3 DRA~ING 
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FIGURE 10 
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Jl'IG1THF~ 12 

.CALDER '~3 WIEE SOU],PTURE ( rn'E BOS 'rES::-3} · 
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l!'IGURJ£ 13 • 

ACTION ( COPF::.GH WIRS) 
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})'IGURE 14 

TI TEi' ITr'TIJl\TI:'I""> { Il-·o~,J v.J -··r·nj• ) • ... .lUJ.~ •. 'Jl!l' ... :\. I ;,j_ U.!J 
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l!'IGUHE 15 

NICOLAIDES G:rr;.srrcnm DHAWING 



beinf;; soft and pliable • · cru1 be v~orked into any shape 1.\llld 

i'orm, i:$1ving the stqdant the t'reedom oi.' vJork.ing 1tJi til this 

unique physical ohal?aateristie or the mate~rial. The 

results of these oraativ~ p:roJects and the1:r design velues 

a;ra impoz"t;ant and should not b~ sap~<:t:ratad i'l'Om the indivi• 

dual and his psychological needs,. lf'o;t; Gehring • s type of 

projects, the only tools necessary axe a pair o.t· pliers 

and. a soldering iron. Xhis simplifies the t:tse of' coppe:r 

~Jira as t-st material for problem ... solving in the cltlssxoom. 

In a sequence oi' problems, heav~er vJire m~gh' .co~ni: 
' 

next. l.n :Fi~u.ra 16 ( 11 Wir~ v.~onder:•) th~ plier vJt th~ onlY 

tool used ana the materiv.l vla.s baling ltJi:re scraps...,, 

Figure 17, page t3t5 ( 11 Tha ostrich") htts a v~eld:J.r.tg .rod fo.r its 

~egs and si~ver solder to hold the lflgs am body togetl1er. 

An a.cetylana torch. was us(fld to melt the silvo.r solder (hard 

solder). Oth<::Jt joints have b$en joinf;ld ~<Jith sof't lead 

solde:r. This is. an example in vJhioh soft solder was not 

strong enough i'or soma of the joints .required and a com.bina­

tion of' solders beoa.me necessary. The ba.sio st:ruo ture is 

obviously bro~ls;llt out with a sense of' design that is 

it\teresting ~md humol!ous. 

Since the '~ire ~;-Ja.s purchased at a.n army surplus 

store for schools • the very small cost bas prl>V3.ded the 

stuciellts opportunity to angag{l in a mauning:fuJ., ~:n>.~JoyabJ.e, 
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THE 0'3'1T?.ICII ( fJTf.EL WIRE JND IRON ROD) 
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areativa. ~1nd informative experience. Mildred Whittaker 6 

has experimented itl the classroom \dt!l vd.ra toJ&ll plaques · 

.for decorations. Bhe has used coat hangers and although 

tile designs are two dimensional, the work is baokad by the 

undarstand:t.ng o.t.' the1 modium ..... its possibiiities, limitations, 

and .f'urther applied uses. 

To oe.r.ry tl'lasa expsrirnents fa.rthex, ·Anna Pa.uk and 

Ma.rgarat lJii tz1t 7 nave us<Sd crepe papal' • oonstruotion paper 11 

cloth. and yar11 w1 th wire soulptux:a. The project 'Lvas 

introduced ·1n the third grade. l'he possibtl1ty ot ooi.'re ... 

lating art \'llith nature study is me.ntioned in this wor:lc. 

(In o.rda:t1 to stay tv1tb1n ·the limits of ou.r study • .the 

examples ~sed in this :rerJearch wi~l bei mainly oonee1nad 
' . 

witll metal in order to minimize the d1e;t:racting eleRtE.HltS.) 

Some of the more inter estirlg \~o.rk has baerl oa:u; ied 

on at Univet.6ity Hi$h t3chool• state University of' .. Io-v;a. 

Frank ~vaohov~iak EUld Doris Yordy8 have developed problems 

using sa»ap 1nett:'!l. ;rhey have discovered tht:~se projects to 

6Mild,.red Whi ttak:e:r, ncoat Hangers and High School 
~t 0 '1 Jl!chqo;t_ ~. 54~32 ... ~'5~1, Daoell.i.ber. 1954. 

7Anna E. Pau.k ~nd IYJ.arga.ret L:,}. Mitzit, 11 M.akittg lfJire 
JJird.s ,n school AX~§ • {54 :35 ... 37 • June, 1956. 

aF'l'Wlk ~~Ja.ob.O~<viak and Doris ]:ordy, ttt:;crap Metal 
Hcu.l_ptura, '* §9h!J9~ f!X'CS., 51 t1~4 ... 85 11 l1'eb;t;LW.t.l!y 1 1952. 
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be ob.all~ng1ng and :ewa:r<11ng. Eve:ryone in class aohievad a 

new :respect .t'o:r: materials and a reE!ll1zation that beauty oan 

be found in ordinary things. Again • the J.1mi ta tions 

ob!'H:J;rvable in theil' t;)ork ~~era typioal o!' ·the :rast:r ioted 

sizes of the .finisned projects. 1'he tool used \~as a 

solder ina; i:ron vJhi on has r ~ ther lovJ ham. ting oa1)aoi ty. If 

a \>Jelding outfit had been available, the creative aspects 

ot the problem assigned v)ould have bean multiplied. Close­

up photos have been taken ·to show tha two methods. li;igUNt 

la is a. soldered joint. Solder could also ba used to 

build up ,t'o:rm but wmlld be :relatively expenslve i!' used in 

this manntu.~. l1'igure 19 • page 69, and Figu~e 20 • pa.g<a 70, 

illustrate \\!hat ~ovelding end cutt~ng vJU.l do. Note the 

cha:racterist1os of' texture, i'o:rtm~ e.nct design .. 

fv1etal scuJ.ptu.re. if it is going to b.ave its best 

three dimensional impaot, should oo11Vey a largeness of 

spi:cit. It has a useful function in relation to architec­

ture. carroll Ba:rnes9 designed a wall of sculptural metal 

to:vrns f'or th.e ;Jaded :tall ·Elementary School • Hac:u:amento, 

California. Thi~s \·JOrk, being related to arcl11tectctre, 

illustrates the need fox lc1.rger scale as \vall tis three­

diraensi.onal f'orm.. At the University filamentary School, 

--------
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:L~'IGURE 18 
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]'I GUJ:{l£ 19 
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FIGUHE ?0 

H.E,:;,D ]'HOt!} PAUL HT~VERl£ 'S LLS~r HIDE 
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u. C. L. A., Be:rnaxd Hosenth.al• alO bronz~ soulptuxes.; 

11 Jm1.mal G:coup 11 tmd ap'ish Jlountain~ •• have baan rocontly 

installed. The U$1tl of' wr-ought metal a!.3 his rn.adiul11 :i.s quite 

apparent. It is Uluminat1ng to f'ind ·thc'it the seulptots 

are collaborat1n.g \vitb the a.rah1teots. ~vhat is mo:re 

impoJ:~tant is ·that the p:rojeots are beifl€!; introduced in 

elementary school buildings t-vh.er{• the ohild.ren will be 

mora susceptible to this type of work and will grow up 

\~ith it. 

Figuxe 21 illustrates a project using scrap iron. 

The intention 1r1as to present a thxee•dirnens1onal \1ork Nith 

emphasis on line and fo:rm. This work could be tlsed as a. 

stabile or :mobile in xal~ttion to a:cch:ttectu:ra fil'l.d land• 

scapa.. ( 1'he mobile in Figure 22, Pa&<i 73, is suspended 

and moves \vith air our rente. It is a. moving sotllptQre, 

anct its ef"feotlvaness is determined by constantly changing 

spatial relationships. The stabilta in P'igura 21'11 also a. 

sc ulptu:r: e, is moun ted on a roo and is alv~ays s tationa:r y" ) · 

Gchnj,f:l;rll emphasizes the faot that i~mer ioan a.:ttchi teoture 

ha::1 bean ~~ .potent factor in the development o:f.' iim.erican 

l0Barna:l1d nosantb.al, '' H~1cant )?.rorlze Sculptures .u 
~rt! and Architecture, 67:20~21, April, 1950. · 

ll;rr~oquas ~3chn1<~l:" s:-ul~Et!al'.!. !!!. J1.2_'!,e~ Amer:hqfi!: , 
(Berkeley; University of CaJ.!fornrtJ. Prase, 1~148)., p. 16. 

.( 
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FIGURE 22 

SPRINQS ( VO BILE ) 
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sculpture. The f1t~ld ot ~u'chitactu;caJ. sculPture has . . . 

provided a:r.tit;ts the widest oppor~unity for the application 

of. their ~a.lents. Some oontm:ttpora.:r.y buildings are being 

designed i,•Jith saulptLtral en:c~.ohment as a pal't of the 

original plan. 

b"igure 23 (1tPauJ. neva:r.e•s I~ast Hid~") 'ii'Jas at first 

a mast3 <-!f \llelded iron on vJhich the students ~>Je.l.H-J learrling 

to· wald. This f.readom o! t-JOJ:king, being uncontrolled 

regarding 1'orm 11 resulted. il'l a 9onglomeration o! shapes. 

J~fter evaluating this tH~ldad mass oi"' iron for possible 

sl~ggastions of imagery • areas 11~ere cut out (the f:ma.:t;£Y,j.oJll 

p:ocess) vJith the aoErtylene outting torah. Then, to bring 

s!lggest~ld form into oJ.ea:rer definition. piaoes waJZe added 

on (the §.Y.niih,2j;iq }Jrocess) with the elaotrio welder. These 

procedures hava aducati.onal merit ana th~c1 results a:t:t':l 

exciting because they combin£1 the .rational VJith the 

1rnag1nat~1v~ approach to problem solving. 

This project vJas enta:r.ed. in t.b.fJ Daholastic A-rt 

Etxhibition :i.n S!in l'~':rancisoo vJhere it received a oel!ti:t'icet·te 

of' merit.. The a,\<Jarcl prov\\Ul benef1cliiiJ~ to the stuuent•s 

attitude beaat.:tse of' W.s faelirJga of 1nterio:r::1. ty caused by 

poo:r grades in other classes. As a restt.tt of thc:l recogni-

tion this individual also tried. to achieve ata.tus by doing 

extra ~~ork cluring class and ~~po.n:t1 his study hall hou.rs in 



75 

lTIGUHE 23 

I'AUL RTI:VERJ£'8 LAST HIDE (SCHI.P IHON) 
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r-:Ia.ny e. Vt~te:ran of ~\ro:rld Wa:r I! i:Jill X OlJlQ1Hbet hmrJ the 

commonpltl.OG tin cal1 became a llous~lteepine;. necassi ty dur 1ng 

combat days and ho\it late.r. 1 du:dng the ap$.Xa momer.rts of 

ocoupa'tion-t;:cooping and the long wai ·ts in :copple .dappeln 

(r.eplacem(_m-1.:. d~i.~pots vJhe:re troops awaited sJ:l:tpw.ent home ox 

na"t'll assigmnenta) a bit of scrap metal or plastic t'orrn from 

a \'\!,reeked a:t:cpltme vJas convexted into tmme f.orm. o!' 

j_evJ el:ry .14 
lf"' :tt'l a classroom s1tUf:ltion. lv'lorton ° writaEJ on th1l'd• 

dimens:'Lonal a:Kpoxint('lnts with mo'bUes 'lr~hich offer inv:l.f$or­

a ting OXfJU t~ 1 ve expElr ienC$S tor t~ho lovJe:r grado s a.ncl b c-3come 

m~rnrt fo·r thE.l upper laveJ.s. 1:-"'or tlto sake of' inc:ce~tsing 

i.nt,Ho::rh$ thG do::Jit;ne:r can pJ~ojeot his in't;E.u;p:retations 

.rants are plooing manus on thEH3G moving objfJOts i,n :ilpo.oe. 

ltye-catching s:l..t;ns are beint;; const.rt:toted vd. th mobiles to 

aid in advertising, The naed. for· this \'llork is <'Jven greater 

14r~ugonia c. Nowlin, 11 C:taf.ts in th~ United states 
Army, u §..~ ·&~ 11 ·51 :75$ Nov amber, 19f)l.; 

J.oli~Stil~U" de :Lomoa Morton, nl\lature Creates t~obiles;'n 
§iSh~ol ·iq.: .. ~lh bl :326-27, June, l.952, 
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VJhen wa know that ma.n could vi.e\v and appreciate the .f.'o.rms 

and colox~s about hirn, Hitchie states that ho\'iev~r .revol't ... 

tion~:t~y our nevJ e.xpe.rienoes ot space and time ma.y be 1 t>Je 

tend to sac.ri:t'1ce nuany visual expe:ri.enoes that a.re only 

possible at a leisu:rely pedestrian I'aae.l6 

In looki.ng through the student work• it will be seen 

that in an attemr>t to find thamsel ves tb.a stud.ents i 

expression ran .from realism to abstraation. FEnniliarity 

lfJith rtu:rhexials shows that .form Hnd. style are :tni"lllenoad by 

the limitations of the ma.tar 1al usGd and. th6 f'Ullest 

expression oan only be achieved by observint.<; these 

limitations. 

Psy(:hologim:tlly, svar.ycnla respcmda differerttly to 

each matax~E.il, and two-dimensional art vjork had not 

appealed to the stuc1ent \o~hose work ap:pa~l'f13 irt Figure 7, 

p<ilt~e ti3. 'I'll~ ~~ire medium was prasentad because 1 t required 

a u~i.nimum of teob.nioal skill tuld allO\'IIGd a maximum concen ... 

tration on i'orm. The ~asul.ts provGd taso:tnating to the 

taacha.r as v~ell as to the stud$nt, students loolr forw~:t:td 

to this type of work bect1.tlse 1t g1 vas them a ohanoe to 

explore some new materials and to ~u;e strange navJ tools. 
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They en~1oy the physioaJ. stiiuulus of vw.rkirJg v~ith the 

mate:r.iEll that intld.gues as vJell as disciplines them. Viktor 

Lowenteld has illustrated. the sta."es of devf:llopmant of the 

child aocord1n{~ to age groupings .17 He states the.t i;ha 

pe~iod. of adolasoetlCO ( thil'taen to seventeen yeats age 

g11oup) 1.s a.n important perioa of' deo!sion i~ human deval ... 

opm&nt. f'h.a child • a o:reat1vG experienoes are mainly 

conneetetl vJ:i:th su.(;h subje<:rtive expG:riano4Ss as bodily 

:t'eel1:ngs• ruusole sensations, and touch impressions. LO\Iie!l.,. 

.felct olass3.fies i:ndividt.uils and their response ... reao·tions to 

experience in two divisions. He ot~.lls the paxson 'fJJho 

constantly respor1ds to ot.rtsida stimuli the y~~q,!:J: type. 

:rhose other~~ who :eoous all experience on the self, 

referring to th~i subjective f'eelings 11 muscle se.naat1ons 11 

or kinesthetic experiences, ne '~lass:'iSies as th.e !!!U~~+~ 

·type. 

If' a case study was ma.da o.f tl:ie stu,lent who did ·the 

\-Jork (.H:\llE)d ~~w,,.re Form1i (Figu:tHa 7, page 53), "1ithout doubt 

it \'1iou.ld be .found that h.a hlQS on the ve.rge ot' n~;mrosis. 

tJ:he c~1us~ !ol! ttds may be due to 'the adoleaoent • s t7.~::u.;.se{i 

energy and. $t~bco.nscious i'rustl:a.·tions. ':fll~~ doing of this 

~iire soulptu.ra, seen 1:1s a means o:f.' $Xp.ression, remEHlied his 
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a&;~essive impulses to a certain extent. It served as 

. therapy, and some oonf'idance in his creative power was 

restored. Being the haptic· type. he has also benefited 

from the follovJing experience. During the soldering 

pxcooess, he :r:equixed assistance by others to hold the vj:lre 

in i·ts place. lriorking together trJith others and help;i,ng 

each other is very important. Class.mates also become 

critical on hovJ joints should he soldered and llow more 

interesting forms could bo developed.. Fellow students 

became more respectful tovJard this p:-coblem-student • s 

abilities, and the sense of bf:longing ·to the group lessened 

the arrogance and incorrigibility of this individual. His 

interest was so aroused that he brought his ovm tools and 

solder. ~his feeling of responsibility turther helped him 

respect his tools and materials. He had never enjoyed 

himself or ·the vJork: until this wi:re project was int:toduced. 

Perhaps thexe may have been some degree of maladjustm<.~nt 

originating fl'om the home. This student may have lacked 

sympathy, kindness, and attention from his parents. but 

his accomplishments in this type of lrJOXk saeln to have com­

pensated his unbalanced life. Many teen-agers do not have 

the ideal h<>me situa.tion, and I.~t:tella Cole lists a desirable 

home for adolescent boys and girls as follows: 



(1) it allovJs its children to grovd up; 
(2) it does not pass on its own maladjustments; 
(a) it is vJilling to modify externals; 
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(4) it provides a haven of security at all times of 
stl'ess; 

( 5) it keeps a haxmonious balance among 1 ts members; 
(6) it serves as a model; 
(7) it is a stimulating and :J.nteresting placef 
(8) :Lt contains a complete family c i:r:cla ;18 . 

The school is challenged ltJ ith these problem-home, situations 

a:nd creative vJOrk bas a distinct place in the cu:rriculum .. 

The teache.r must be atrJa.re of individual· differences. 

Discipline based upon fear in n classroom s:ttua.tion is often 

useless to haptic types. Fea:r.t has an inh1b1 ting ei'feat fol! 

creative \Wl'k, and adolescents need outlets for their 

emotional inta.rest and for $el.:t:-e:xpress1.on. 

Hel!be.rt Head states that art is a profc)undly sig­

nificant facto:r in any psychological app:rouch to the 

problems of humau soclety .19 The theories of F:raud have 

not met ~"Vith un:J.vE1rsal acceptance. but, though they may 

~aqui:re drastic orit1cism and may still have to be axnpli ... 

fied in many directions, there are no longer any serious 

grounds for qu<:Jst1oning the:tr :relevance. (Fraud •s theory 

concludes that the purely forma,l or aesthetic elements in a 

l8Lue11a Cole, psyg.f};'?~~~l ~ Adol~ .. 9 ... ~!l$JEi, (Ne~v ·yoxk: 
Hinel:la:r t and Company, Inc., 1950) • p:-30. 

l9Herbe:rt naad, Art ~md .Q_oc1et~ (New York: Pantheon 
Books Inc •• 1945), pp. 8~-9z:- · 



,.~o:tk. o:t a.:t~t aonst1 tute a so.rt o:t: pleasulH:l•premiwn o.r 

preliminr::u;y seduat:\on whioh, once it opaxates on our 

sensibilities, permits the li'bc.n;ation of a secondary and 

superior kind of enjoyment springing from muoll deeper 

psychic: levels. 11 l: believe," h.e st:1ys; uthat the aesthetic 

plGasure produced in us by the creative artist ba.s a 

preliminary ahFJ.:raatar, tind that ·the :real enjoyment of a . 

vwrk o:r art is due to the ease it gives to certain psyahia. 

tensions,.") 

~Che :results of Figu:re 10, page 57, li~igu:ra 26 (ttThin 

l'*lfln'';. 1!'lr~d li"'igure 26 (liThe Bullu) • page a5, are projects 

o!' tho haptic type. The tactile sensations of the wire 

and th.t1 i'reedom of axpresa:ton appealed to this ver;y 

~nergetic and f'un .. loving student. '.t~his mlill'liu, i'o.r ·~-;orking 
j 

\'lith th1s m(71d1um had become sttch a pa:rt oi'_ the petf13o.n that 

any sug~estiox~ of' a d:raw1ng assignment brought p:rotest. 

This student 1r~as wall adjusted al thou8h. niok .. narr~ed 11 Ta.nl-<11 

:fol: his fatness. (The 1:.1vest1ga.tot, in frequent visits to 

his home, obse:rvad. ttlat ha \'JRS treated 1n a normal and 

haal th:ful mtuu1er in this \'<lell ... to ... do i~amily. His physical 

appe~.u:>ance ~,;;as probably compensated for by this ideal home 

environment~) sorenson oonoludes that faotol!s in u persorual 

adjustment are mantal a.bility, physical traits and 



84 

r --- -------"-- ---
1 ' -

I 

I 

FIGURE 25 

'rHIN MAN (BALING WIRE) 
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1fiGUHE 2-6 

THE BULL (BALING 1NIHI0 
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i 

I 
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handicaps, and the social and economic status of the 

clll1d.20 

An experiment ~as attempted with a girl student. 
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A 

I very sprl.ngy w1re wa.s presented Ylith whi-ch to do a non-

objective problem, or an abstraction o!' a human figure, a 
r 

I bird, or an animal. The springiness of the material was ~ 

I discouragement and a more pliable wire had to be intra-

duced. Since she was so much the visual type, as evidenced 
I 

I 

... --· -·· 

by her wor·k in two dimensions, this extreme experiment for 

the haptic types was questionable. In this case it proved 

to be detrimental because the girl developed an 111-feeling 

toward any wire. .Thayer and othar.s have stated that 

adolescence is the period of greatest change during the 

young person. s school years. nux, ambivalence, 1nstab­

U1. ty enter into all aspe.cts of his. 11fe--phy sical, 

intellectual, and emotional.. Indeed •. the zoost fixed cbar­

.acteristics o:f the. period .are its lack of fixity, 1·ts 

f1u1dity, and the insecurity resulting.21 

Figure 2.7 (''Tha Texan") is an adolescent•s approach 

i.n translating a rider and horse into wire. It is an 

exampla of the spontaneous art effort of children. Tne 

20aerbert Sorenson, Psychol06Y in Education (Naw 
York: McGra-w..;Hill Book Company, Inc., 1948}, P• 145. 

21Tnayer and others., 212.• cit., P• 22 • 
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FIGUHE 27 

1.VI-IE TEXAN ( COPPEH 11\f.THE) 



approach. :ts di:cGot.ad tm~fxt:d slmplif'icat:ton; gene:ral.:l.zatio.n, 

and abstr~,ction. M.t.lCh pleasur~J 1/1as de:~:ived from ·tnis 'ifJo.rlc, 

to:r the soft copper ltJi:r.e ooni."ormed. with ·tht;1 student 1 s 

de~dl1 S i'o:r. exp:res~3!on and tho proJect lrHlS e.utomnt1m.'tll.y 

oonst.ructed by inl~l&ine.tionq 

According to Sehnier • thia ·tyl':le ot work is not 

o:-:J.lirH:lys art. 22 Chi.ldten and savages usually begin and end 

with mere .random ~~oravJlings or disorganized jt~mbles of 

blurred shapes. It :ts a lo~ vua.y from 't:h.es~ to tho 

sophisticated 11 well ... integrated or&~:utiza.tions of rn«l.et'n 

~H.Jt.tlpt~~re.. It v.;ould be illusory to hoper ·tnat merely 

re'Hiptuxing the naivete aud fraedom o.f ohiloJ:.tood, ;:r that 

of' tb.e savage st~:tte • ·oould produce work as excelJ 1t in 

quaJJ;~y as ·that ot r~oognlzed contempot$..ry ~HJUlptors" but 

·there j.s on G~H3~,mtial continuity between ·the spontaneous 

a-rt or a nat;iva artist o::c gifted oW.ld and that of a. 

modern. nonrealistic soUl.pto:r.. .By cont:raat both: the 

native and. the nonrealistic sculptor are vJolHd.ng along 

similar lines: the s~leotion of significant visible qual .... 

ities, t~heil! xeoomb"-nation into a genE~raliZ$d nonrealistic 

(though not neaas~1a:rily no:nrep:resenta:tional) fo.rm, and th.e 

genexat~ton of the aesthetic pl€t{isuro that a<:.H.lompenies 

.,..,....,,, ~ 
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such a process.~ 

Low~ni'eld gives h:ta int(i!l'pxotation of a VJork .of w;t; 

It is a pro(&uot of' hurna.n spirit; thinking, and 
emotions~ and can be only understood vJhen the d.rlv1ng 
forces ·~~hich lead ·to i'ts Qrea·tion ar(j und<atstood. 
These driving i'o:rcss t't:tte oi.' essential signifioanc:a and. 
evetythi~ als('$ is onl.y a by ... p:roduot. If these d:d.vi.ng 
.t'oroes are laold.ng, not even the most deV~iiiloped skUla 
can aver :c aple.~e them. ~(lb.a t is ~1by the u or lrs ot tb.a 
:Primitives can be gre.H,tt works of art, wh.Ue 1noe·t skill• 
!\tlJ~Y exaou·ted "~ol'ks a:ro no·t uecess~u:ily 'VJOXlts o.t' art 
1!' tttey laok of:' the dri vi~ fore as, the j.nner spirit 
that dGterruines tile g:re~t~trv:Sss of an a.rt,. wol'1t:. ~rhey a1:e 
like beautiful vJ:cappers. t'tround nothing.24 · 

In ll'ie;tu:e ~.38 ( 111Hn:obats 11 ) 0 tho ;form..~? ara s i.mple in 

theLt' construction. ~rhe stiok ;f'igures are aJ.most repre­

sentative of the hieroglyphic art of the p:c:iJ:nit:tves. 

Al.though som~1 adolescents a.re bothered bY this oh:tld:tnh 

interp:retat~.on 0 the cJ;ea:bor of. n.Ao:roba.ts•• enjoy€1d the VH.Jrk. 

(l:r;rom ages elava.n to fourteen is a stage of development in 

vJhj.oh the child beoomes disillusioned em(\ <:tisoouxaged 

because his offoJ:ts to l 1eproduea objeots are now laborious 

and sJ.ot'll, )25 By the st.ifi'nass of the wiJ:e, the t:itudent 

. recognized the :t'aet that to get the maximurn out of this 

medimn, the PI'O ,ject '~<Wuld have to be ltapt ~>i.mpl<-3. HenJ:y 

24Lmven.feldt 9.ll• £*..~·, p. 2b6. 

25Herbert Head 11 J1{iucation Throt;t~£ Art (NavJ Yo:r.k: 
Pantheon Hooks, J .. 945) ~ 3~(j pp • . 
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FIGURE 28 

A c:}:)oBr. TC' ( crrTj'·q•J· 1~TIR"~) .t·i _, \. '. 0 1.). l!JJ..:.i J /~-- l~! 



Grigson, in qu.oting Henry Moore \<JJ:ites • 

Tile most stril'..:ing quality oommon to all primitive · 
art is its intc:msa vitality. lt is something n1ada 
by peor;J.e with a direct and immediate response to 
life ,2t) 

.$;Jeaney follows up -''Jith this statement, 
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soulptu:re for the p:rimitive people 1:~as not an 
aotivity of' aaleulutio.n or acadeutioism, but a oha.nnel. 
for eXJlXessing pcnrlEU~i\.11 belieft;'!, hopas * ana fears. 
All art. he oanH:i to feel, l1as its roots 1n ·the 
primitivtlS • .. ,27 

some of the sculpture e of MonJ:cH;l28 ar <a atHH3mbled 

w:tth m.etal :rods. They are r:tnms;tng, invantivat and l3iraple • 

ln oonstxctction. It is the type of work thut vmuld 

mot:tvate adolescents f'or 1t conveys a playful 1m.ag1nat1on 

s im:tlar ·to so m.o of' Calder • s vm :r .k • 

. fi·rom the ·teacher~ s personal e.xpexience, lt ·vals found 

t1rnong students • o t;he l' teache:r s, pa:ren tf>, end. conunun:.t ty, 

that some of' the f'oxegoing p:r:ojects and extn:o.:tsas vJhich are 

not understood are incllned tci be l:'idicul.ed 11 lmt. are 

f:':\6 
N H6n:ry Gl'lgsun~ J.:!,m.r:;v,. ~+oou (E;ngland • Pll3ngutn Books 

Limited, Haxrnonds\~Ot~h, · r~iddlesex, · 1944), p. a. 

27 J·~1mes JcJhnson SvJeeney • f!.~!1!l. MoorE! (l\Ie'>J Yo:rk; 
Simon and schustex, 1946), p. J.5. -

2<3Ke1th Nonroe, '1Dcl.U.ptux'e, l''unl.ituxa$" Af: .. ~f! g 
ill;C::,(lt~e.~ll£.!!1 69 tl6-1'7' r;ept~.nnb~n~. 19{)2, 



pl'Eiised vJhen they a..re undeJ:~stood. Kainz and Hilay29 

suggest that~ judgmont should he resG.rvad about art wo:rk 

1;haat is not unde.r:silood or things that an e.:rM.st has 

92 

craa.ted solely for h:l.s pc:~rsona1. satis:fact:i.on until \'JEl have 

a background and understanding vd.th \rJh.tch to accept o,r to 

reject them. 

The px~ojeot of b1 igu:r.e 17 (•nrr.~.e ost:rioh," page 66) 

'Was undertaken by an antj ..... sooi~l.l or introvert type. Since 

he needed assistance, vJo:rkiug alongs:Ld.e someone else 

improved his b(?havio:r. in. the group, :i'o:r no1.11 be app:teciated 

his f.elJ.mvs for their cooperative part.tcipat:ton :Ln his 

vJo:rk. His l.nte:ros t in the 1<"¥orlt: and in the p.~:oc~ss of 

ctaating, :i.s evi<'le.n<le of the pleasure be derived i'rom ''The 

ost.:rich. 11 11 '£ho soul ts made tlp of cipposites&n remarked 

FloJ:'ence canfj $ nona 1s active, ex.pr esa1 ve; the other i$ 

receptive, dreamy, inwal'dJ and. $aOh must play its part.tt30 

Group stimulus can d.o much for art education. Th.e 

body of 11 'llha Ostriah" vH'.l.S a. mob:i.le t:tt one timH. The 

student vJas proud of this \vo:r.lt but after \~atch1ne; the 

29Luise c. Kainz and Cll.iva L. Hiley • ~~.;t'~l:3i !tl 
(N'€1\-J Xo:rkt Ha.roourt, H~a.ce tmd Company, 194'7) t P• e. 

30F'lorenoe GEme, u Possibilities of Integration 
l'hl:otlgh Art 11

11 f:..Y~ ~uq¥,:t~9J! I,o.d~U (Nt:HJ York: Bureau of 
Publioatior.lS' 0 TAf.LChers College. Colllrnbia untve.rsi ty t 
l ('J'~7) "t~t• ,v,) ' p • 0 ::) • 
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projects o!" oth<~rs. he convextod this mobile itlto a part 

tor tha body ot' thr:3 bird. 

The first attort in try~.ng tho metal sctA.lpturo 

O!'J.gu:r.e 2~3 ~ p~tga 7o) was more successful than the saoox1d 

(F.1.gure 29$ uvJhoa11 ).. Th(i f'orma:J? uas :race:tved in such a 

b.umorous manner by the students tllat tht1 latter* being 

inflL1encacl by the first one, vJas woxlted out on u similar 

ldaa bltt laolts the .f'reedom and t'rastmess o!' ttle i'ixst. 

nevertheless • this type of vJork has promoted more inter oat 1 

comment;, and criticism among tha students than any of the 

t•iilo d.imansional '\rJork. 

Ail inquisitive attitude o:E' this natt:u:e should UlEiH:ill more 
·-

ths.n loolr.ing at a po:rtrait painting and oayingt 11 011 0 it 

looks ju.nt 1:1.ke harg'1 'rile porta:ait may have illustrated 

one•s ability in craftsmanship and has ~l. plaaa in a:~:·t but 

o.ften lacks the creative aspao ta .. 

ll The pr:l.ma.ry business of axt eduoutior~, u am Mur sell 
states, 11 is to J:ender human beine~s sensitive to the 
aestb.etic values J;(;lsi.dant in al1 the a(rtiv.lties o1' 
li:t't;; to lead them. to app.r~H::iate fil.'!d fJ.ppra.ise ~moh 
va111es ~r1hen they are present, to d em~md them '"Jhen they 
are absan·t, and to taka initiative in p.roou:cing and 
crEJating them. u31 
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li'IGURE 29 

WliOA ( SCRJ~.P IRON) 



Sf> 

· One student vuas so anthtlsiastic about this vJire work 

thut he decided to invt-;st in a trif$tJ,;el' type solde:cinG iron 

.for himself.. His sample hark. is :IYigure ~)0 ( 11 Contempo:ru:ry 

rest"). Thls studi!iln.t '.oJB.S inconveniel'l<Hiid by ttH~ shorta~a 

ot: Bolde::cing :t:rons at the time vnd had to have son1aone 

else solder ·the joints. ~rnis 1trl~el\rupt1on. making a delay 

neoessary, had rwt appealed to him, so he dotel~mit1ed to 

purchase a soldering iron. Tl1e incident illuBtrates how 

IHH3 en~xgetic adolescent, once he begins, likes to keep 

WOl?king t>V;ttbout hav;tug to btebk thE~ trend of his th.inking. 

As thene driv(iW develop, the l'£H.n~J.tiug tsnsior1 has to be 

tQ .relate and intcl!p:ret a i'oxm J.n his own viay •. 

In x~for.~nce to these typee, of. outlets vJittl. mental 

hygitme, zachry32 comments on tho impoxtance of students 

usln1;1 a.rt to vJork out thei:r dilGmm~.~, in a highly competitive 

and neurotic society. It must also be br:oadenGd to include 

t:ioll individuals a.nCl all media of' expression. 

J.magination has no bound.£;. In Fj_gu:re 31, page H7 • 

11 F'(-;athc.Jred Frienet 7 !t scraps o:r: metal ~1e:re o:rganize<l in sucP, 

-------· 
3}~caxol1ne B. zach:ry • 11 'fl1e Hole of Ment:::u Hygiene in 

the A.r:ts," .Art J!iducation '£odl~t~ (NevJ Y.ork: BurH£tu of Publi­
cations o:f ~eacheiscoi!ege ."""columbia. university, 1937), 
P• 36. 
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FIGURE 30 
• 

COWrEMPORARY PEST' (COPPER WIPJ':) 



---·--·;-------

FIGUim 31 

JtEJI/PIIERED FRIEND ( SCHAP IRO'N) 
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a ·way that hu.mo;c baoama an integral part ot tb.a project. 

since ~.wrap materials v1a:e employed• tnl.i the stude.tlt 

learned the t-Jeld in~ p:r:ooess in th.is \'iOrk, the approaol1 

appea:rs to be a sot!lnd one. AlthOUl$h. the ·tools are modern, 

t~ha student nas not J.ost sight of the na.ti.ve qualities 

inherent in his materials. His vJo;r k is honest and sino era 11 

with inte.rast and li!qt,q., ;t:.X:.O!fl'i (of one•s o~m iulpulses). No 

doubt thG:re <U'e impar:Leotio.ns in tha !ird.sll.ad prod.uct but 

this aspect ~~hould be oonsiqared as secondaxy j the grovJttl 

o:t: the individ~al is more impor~ant. The development o! 

skill should be eousiae.red a pal't ot' this expE~rianca. 

Teohniqctes must be introduced tor .tb.e purpose ot arousing 

free ElXprass1on. 

Mt:nlraux has said • "The. art ot ch:I~dl1ood dies t<Jith 

childhood. ~~~>3 wa oar1 only hope to keep the spit it ot 

childhood alive i.'oJ; our aim is not a sterUe sooiety; 

33And.ra lulalra.ux, nhe Voices of• Sil~Hl(le (NEH.U Yo.rk; 
Doubleday and Cmn.pemy, Ino., 95a) 1 "'1).'"28s;-



CHA.P~rl\1t VI 

I • SUMMlHiY 

Oreat:l.ve pXt;:>duation is only one phase of the art 

p.t:og:ra~n. ~t education rnust ulso make ·the public a\val'e ot: 

its wllues fo:r lif~. It is .not limited to formal teflohing 

ana practices of art in tl'l.e elementary-. secondary. o:r 

colla~e levels, which we agree is impoxtant, but must be a 

force for continuation ot awareness of and practice in the 

arts long after formal sohoolifli has ended. 

Creative experience requires materials. media, a.nd. 

tools t;tlat have to be understood as to th.ei:r :possibilities 

and lim:tta't:i .. ons and t.l:H1 prooa:ssafJ by which they are tl'ans­

:rormed into tJ.rt object£h These inst.ruments should fit the 

indi vidqala • t>llateVt"l: their age group, and. be at tlleir 

oomn1and for thE~ exp:vession of ideas. 

G.reat;i.ve teo.cllirlg Eihould be adapt~Jd ·to tlle ahangi.ng 

neec1s, cap<'..\:d.ties, £'..111.tl intoxests of g;vo~;\ling individuals, 

baoausa thGsa 3.ndiv1duals progress tluoLtgh sohama:tio 

stages in tb.eir allt daveJ.opment. 
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II. CONCLUSIONS 

It may be well to m(ant3.on that there is f'.t basic 

kno'<~led~~e of the sul;.ljeot of meohanios of materials or 

resistance of matellials whioh mny be inco:rpol~ated in tb.is 

type of stlldy; also·~ this alEl!nfnlta.ry knot~Jledge chang~s t'iith 

the daveloplnEmt of' naw methods and materials resulting :f:r:om. 

appli.cations to new n~;eds. We should be looh:ing f'o.rwaxd to 
•t:.\ 

. ' l 
thesa pa:rticmlar properties of met~ll such as lisnt vJaj.ght 

aluu1inum and magnesium for mobiles and. sculptuJ:1as. VJbel'a 

strength·weighti :r.atj,.os can be calculated to g~1t the 

maximum out of the materials • 

. Alttl.ough many slgn:i.fioant oontributions are being 

made to the f'ield. o.f t~u:t a<ill.O~~tion, s.ny or1g:tm1l type o!' 

study should. be at1ded to tile list. '.r.b.e \·iorld itself is in 

need of' tlfuth, beauty • and. goodness. M.ate.riEll values ovar­

shadm-.~ the spix1tual values as a .t~esult of rapid indus­

txializv:tion, rnecht~nization, and specializn tton. As Frttnk 

Lloyd Wl'ight states, 

~t'he artificiality of' oLu; m~EJehanized soci~'ty is 
h<ttlplessly driftini to'll~ard a buraauoraoy so top-heavy 
that the buroauoraoy of soviet nussia w:tll seem honest 
and innocent by oomparison.l 

----·----·--··-'!'· 
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ln orde:r to help design a master plan for art educa­

tion. mater :lals a.ncl. · mattwda as v~~Jl El.s taciJ.ities should be 

thoroughly studied. 11:0 aotmterbalanoe the ever ... increasing 

t$mpo of' modern liVti:l€h art e<'iucation will have to act as 

n heal thy meu.ns of' et$cape ~~·.nd pro.f'j. tFtbl<s relaxatj.on from 

the te:cr1i'io ment,al, emoti9na1, ~md physical strain of 

daily living. 

l 1here are obstacles, o:f.' cou..tc>a • \vi th. 1Mhioh vHa must 

deal. l~'Ol1 e:x:ample• :f.'.r.om the ltLnda:rgarten level up$ many 

schools do n.ot h!::.Wa propa:c f.aoj.lltias, equipment~ ex1d work ... 

ing condiM.ons. Admlnj~atratol'S and fll~chi taots should 

realize that lrJorkshops are cheaper tQ build :t~or art 

education than pexma.nentt ini'lGXible. overly .:'l.nstitution ... 

alizect class.;rooms.. The praotj.cability ot' a multi ... pu:rpose-~ 

workshop is \'~Jhat will serve our eduoationral a:t.m.s. ~rhe 

older schoolrooms ~~1J.l nave to be redesigned to tit the 

na$ds of indivi<lt:uals a.nd the objecti vas of' teaching. 

Keeping tradit1o.nal classrooms in a.n o:rtd.arly • 

shi.n111g state ma.y be good for school l'oal:d visits, but 

prod~~c·cive and creative tvoxk j,s often hamstrung under such 

d.isciplined 11 ja.n1torizi.ng. n 

ln the upp~l! levels (the bigtl. sohc>ol), thelle is tlle 

possibility of coordinating the axt p:ogram. with thHt of 

the shops. Some shop teaflhe:t:s wlll be ooop;al:ative and 



others n1ay not be so helpful.. Utilizing the shops is an 

idaa+ soltrtion because there is s<> rnuah sorttp material 

thl'OvJn at·Jay. Some of' tbe for tunnta ~;tltdents ·may .t'tnd 

acH.u.nq; to equi,pment ln. m£lOl1it1Jl shops an(i ~a.ragf3S. 
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With a limite~, :rangt1 of mfttar:t~-'lls. tools, and NOI'k• 

:r:oom; trie cannot expE:lGt th() l>e~rf:; Op(JJ:nt.do:n of such a program 

as has been outlined. :tvlany otherw:tse alert teachers are 

overlooking this fant ~l.nrJ 1.1aed <mly becon1e avu.1.re of the 

potElrrtla13~·tit:H3 :tnb.axent ;in ttvJ foxGgoine sue;gost;1.ons to 

become even more ef!ective in th.f~ ·~1ork they do with the 

studf.lnts under their gl~idanoa. 

11 J.i' v1e refuse to 1.1se oct.r mird.s, to develop our 

sen.sof3 and poxaapt:tons • tl1ey will. gxadually atrophy and 

disappear" 112 
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