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CHAPTER I 

INTRODUCTION 

Drafting in its essence is an a.n~lytic-aynthetic procedure. The 

thought process must always follow a definite and sequential order. 

1 

The very first step the student must take is to analyze the problem in­

to its component parts; study each part CF\l°efully1 closely observe ea.ch 

detail, collect all the facts bearing upon the problem in hand, and 8.1'-

range them in their proper sequence. This step presupposes a compre-

hensive experience of fe.ctual knowledge, such as the principles of pro­

jection, as well as the meaning of every symbol, line, and figure. 

This analysis is obviously an intense mental process, and must take 

place before a line is made on paper. The second step is the formu­

lation of specific conclusions from the facts, ae the correct method or 

procedure in the solution of the problem. In this step. the thought 

is completed, and the student is ready to apply the knowledge gained in 

the first two steps. The actual drawing or application is the third 

and final step of this process. The student in drafting must 1nvari-

abl7 follow these three steps, observation, reflection, and application 

or exec·..it ion. 

The hand cannot be trained before definite and clear concepts have 

been formed. Muscular activity begins only after the mental processes 

have been completed. Thus~a complete co-ordination between the mind, 

the eye, and the hand can be established and maintained. It ia folly 

to talk of the training of the hand without taking into consideration 

the role the mind plays in this training process. It is what takes 

place in the brain that gives drafting its greatest value. 



It is obvious that drafting, when properly taught and motivated, 

devel ops clear ;:i.nd definite concepts, stimulates exact thinking, and 

forcefully demonstrates to the student t~e need for systematic methods 

of procedure in the solution of a problem. 

!he Problem Stated: The title: •Mechru1ical Aids to Assist in the 

Teaching of Draft inf. • This study is made to obtain definite and 

firsthand knowledge of the value of mechanical aids and to determine 

whether or not they may be of value in the indnstrial arts drafting 

curriculUI!\. 

To justify continued place in the curricubtm of the public school, 

a subje~t must be one with content acc e~t ed ae valuable fo::- the stu­

i e nts who pursue it, and one of method so effective as to insure rea-

sonable mastery of the content. Drafting is one of the industrial 

subjects, intro<bced early in the movement for "practical• offerings 

and is today universallJ' taught where i!ldustrial arts or trade train-

ing 1P recognized in the schools. Because it is so widely offered, 

it l. e quite logi..cal and necessary that at tent ion be given to basic 

studies of mechRnical aids in this field .• Drafting instructors need 

factual evidence in order to better recomrnen1 i~prove~ents in its ma­

terials and methods. 

As the industrial arts instruct or extends his knowledge of what. 

and how to teach, he is forced to the conclusi on that past and present 

practices are as varied a.s the number of teac:iers. The field of 

drafting is not unique in this respect. Very few attempts have been 

made to establish the superiority of any given method or procedure. 

Since drafting instructors are attempting to prepare students to take 

their places and to function adequately in society, it is their duty 

2 
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to investigate all possible questions relating to worth-while pedagogy 

and presentation of subject matter. It is in keeping with this belief 

that the material presented, here in, was undertaken. 

Purpose of~ Stud,Y: This study of mechanical aids is being ma.de 

f or the purpose of planning the procedures that might be used by an in­

st r,i ctor who is introducing the subject of drafting into the industrial 

arts curriculum for the first time. All the equipment introduced is 

practical and. common enough to justify its use in s1.1c:1 a course. 

There is a great need for well planned drafting r ooms, class room 

teaching aide, a.nd the more usefu.l methods of duplication that will 

help the instructor eliminate many of the common mistakes, made in the 

esta.bli shi.ng of a drafting department. 

Specifically the purposes of the study are : 

l. To classify the types of duplication, that could successfully be 

used in a drafting depart ment. 

2 . To :,:,r omote a clear u11derstanding of the simplicity of the more cor1-

mon useful types of dnplicat ior: , and their application to the teach­

ing of draft ing. 

3. To arrive at the most satisfactory procedure of planning a. drafting 

room. 

4. To faci l itate the mechanics of organizing a drafting class, f or 

permanency of dat a , economy of space , a.ccessi bility of floor space, 

and storage of supplies. 

Limitations £i. ~ Study : Perhaps the most important limit ing 

factor of t hi s study is time. A survey of manufacturing concerns , in 

which drafting plays a vital part , would be interesting and beneficial. 



Statements of leading educators, concerning the value they place on me­

cha..~ical aids to assist in the teaching of drafting, would greatly add 

to the study if time permitted. 

It would be a presumptive thesis indeed, that would pretend to 

explain accurately down to t l1e last detail, the workings of the vast 

amount of mechanical aids in the teaching of drafting. The reading of 

volumes of material are no parallel for nractical experience. This 

may contribute a background. for better understanding, but provides no 

substitute for firsthand 1nfor:nat1on gained by actually seeing the 

vnrious aids in operation. 

This thesis is no encyclopediA. It contains no mathematical 

problems, or detailed discussion o! intricate construction, complicated 

processes, maintenance methods, or visual aids. .The author is not~ 

engineer but an instr~ctor, starting from the beginning in this matter 

of mechanical teaching aids. With this aim, the discovery of the an-

ever to general questions from the instructor's point of view will be 

accomplished. Wherever possible, the technicalities have been taken 

out of what threatens t o be a highly technical subject. The writer 

wishes to succeed, in even a small w~, the development of what 1• cer-

ta.inly an important subject by makine it more comprehensible. 

is accomplished, then this writing is worth its while. 

If this 

iesearch Technique : In the writing of this thesis the library 

technique was applied, for all available material, in seeking the facts 

necessary to presenting this stud;y of mechanical teaching aids. The 

history of duplication was reviewed with an attempt to obtain the 

earliest possible origin of the process. Books and articles written 

b7 recognized authorities were used a.s references in disc11ssing the 

4 
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~ethods of duplication. In regard to the mechanical aids listed, the 

writer has si1pplemented the research with the experiencee of instra.c-

tors in the field of drafting, and t~e personal experience of the 

writer. 

Definition of Terme : In order to clarify the concepts represented 

by special terms used frequently in this stu~, the following defini-

tion1 are offered. The definitions found in existing literature are 

given proper references, otherwise the definition• are proposed by the 

writer. 

Drafting. The art of drawing. (B, page 124) 

Mechanical Drawing. Drawing accomplished with the use of in-
struments . Technically, the term includes orthographic projec-
tion, architectural and engineering drawing, VRrious kinds of per-
spectives , and projection•. (8, page 248) 

Industrial Drawillf:. This includes mechi,.nical drawing, ma­
chine drawing, patent-office drawing, pipe drawing, charts, dia­
gram,, graphs, maps , tables, electrical drawing, furniture drawing 
and design, sheetmetal drawing, structural drawing, and a.ny draw­
ing used ln induetrial pursuit. (29, page 3) 

Sketch. The outline of chief fe e.tu.res of an object, usually 
drawn freehand, a.nd serves mainly as a rough draft. It should 
give c ompl ete in.formation r~gar<ting size . It 1s usually ma.de as 
A prelirr.inary step to a finished d.rawi r.f: . (29 , p9€e 3) 

~ectograph. A gela~in pad for making multiple copies of 
drawine or vritine. (lb, page 193) 

Duplication. Process of reproducir~ a number of printed, 
dravn, typewritten, or handwritten copies of material needed for 
some apecific purpose . 

Stencil. A piece of thin sheet metal, parchment, pa.per, or 
the like, so perforated that when it is laid on a surface and 
color or ink is applied, a. desired figure is produced. (42, 
page 975) 

Mimeograph. An apparatus in vhieh a thin paper, coated with 
paraffin, iB used as a stencil to reproduce copies of writing or 
typewriting . (8, p9€e 252) 



Phot ·?C:,emic<'.l~ . The usinr; of reflected or t ra.ns:ni tted radiant 
energy , in the f :; :- . of li ;,:ht, t ·:> cause cherr.ical changes t'.) take 
:pln.ce on sensitized. papc>r , cloth or fil."ll. 

~l1.1e.E_ri nt_. Drawi:1.,~ which has been transferred. t .'.) chemically 
tre ';;.t ed ,s "' ;, e ":" b:, expo ~m.re t o electric li.~ht or sunlight, and. then 
process !?c\ . Process known as 11 b1'1epri:1ting . 11 (28, -page 533) 

QgJJ._i. The name a pplied t o a. German process, whereby p ?..per 
sensi ti :zed ·.'\'i th dia.zo 'compounds and exposed. to am.":'lon1a vn.por, 
will yield a positive i~~~e . (3b, p g,ge 41) 

wui p:nent. Any tool, eit ::1er m2.jor or minor, thl'l.t makes it 
})Ossi b le f or a person .) r p ersons t o express t11emselves to advan­
ta<3e thr 'JU ? ". t:1e materi ttls of their choice. 

Infu1str\al Teache~. A progre ssive industrial tea cher is one 
who is • go inr p b.ces. • He is one who is not sn.tisfied with pres­
ent achievements; he is striving toward g-oals not yet realized. 
The progressive teacher t:1inks i.:1 terms o; what lies bef ore him. 
(41, page 4) 

Labon ,to1:r:.. The t e rm "labora tory• is g rP,dually replacine the 
term 11 shop11 i n ~'~Y proGressi..ve schoole. The term 11 labor:l tory• 
infe rs a t y oe 0f industria l arts instr,.1ction based on st,1d ent de­

' velopr::en t 1;1 which there is freedom for creative an.d. i!westigA.tive 
work a.s well as the makin;:; o: projer, t s. ( 22, nage 133) 

Crea tive Teachin,,·. Cre '.ltive tea ching 1rnes the tried ideas of 
yest e r ·>.y, bn t r:) 0 !"'e ex:te!rni'Tely the inn.t u.re jud.ement of tod3.y and 
t:ie ev ,J l v:'.. ng idea s of tomorrow. (41, -pai::e 569) 

6 

Need fo r t ~11s St'.t..:.y: Drawi:i~ iR the universal graphic lanP:Uage of 

the ,.., 0r : :1 . ? r ,;.: i ci :_' ncy in the ex:9ressi on of this l a.:1~ .:1.1:e cannot be 

acqui red b:, om· 1'1h0 has not f irst mast ered the technique in the han-

d.ling of mechanical d evice s, wi. th which this langu11.ge is ex:9rea ~ed. 

1-o/it h correct mechanica l devl ce s and prope r guidance, t here i s little 

to :prevent a stuu.ent 2.cqui ri !". g the manual dexterit :;r \,:hk h he needs to 

prod1.1ce the best work i ,, t ::.e l east time. Inst i 11 in the student the 

idea tha t the measure of one's ability is power or r :1te of doine work 

and n ::it just work wit hout the time element . 

lf all implication s are ca r e f u lly we i r;r,ed, it m~ be rightfully 

as sum e el t::l.'lt drawine; shou l d b E:: offered to all stude nts as a. g e neral 



sub :\ ·: ct in t i, e juni '.) r hig':i school. It sh oulc1 no lo~er be co:-rnidered 

si · 1ly as ~r. o-::i adjunct, but a lang,_nge subject useful to a ll. Since it 

1 s useful t ·J mn.ny i ndiv td,rnls i :1 different wa lks of life , cour se offer­

ings sho,_ild be pc1.t terne d more closely to the life situations of the or-

i:Hnary indi v i d11al. 

The meanc- of int eresti rw the st,Hlent in ge nerr1.l drafting is to 

te2.ch the st11dent 'by a. s e:-ies of e asy , c nre:ully r:r A-ded instruction 

sheP • f . Tl:r'.)11;(". these, he acq11i res the esse!"lt ial techniques of the 

art o f ri. r ,1f tinf. In this ::1/ll1ner, the student will acq1Jire dexter ity 

in t ;, e use o ·· t1-i.e mecha:.i cal devices !)laced at rii s cli e ryo sn.J_ a nd acquLre 

a wort.:in,:: k nowledge of tb.e essent l a ~ p!!ases of drafting. 

Inst~.1ctor s wil 1 ft nd t!lat students are enco,, rag ect. t o put m0re ef-

fort into t~eir w0rk , if a sryeci f ic sy~tem of gradin~ is used . The 

point syster. i ~ e as'i l y explained and may be u se d with a great deal of 

satisf:ic ti on . More c,nsideration of the quality of the d. r a.ftint~ . 

r a ther t han i n t h e quanity, g ives the student a clea rer underst ?cnd: nf: . 

7 

The inst:n.1.ct ·,r sho· i ~evel oo the facility of ease in ma::i !lp: teach­

i.n~ aido, the prime functio n of a d.raftin r_i: C-"111 r se. The student will 

not acquire the .<:1bility of vis'.lalizati on, neatne s s , accur a.cy, or sy,eed 

·.,rithout the Rbilit _y t o manipulate w!t r, dexterit y, the mechmical de­

vices placed at his ~is~osal by the in~t~1ct or. 



CHAPTER II 

REPRODUCTION AND DUPLICATION 

Duplication is the procr,es of reprodnclng a number of printed, 

typewritten , dra.wn, or handwritten copies o! ma.teri e.l needed for some 

epeci fie :c:iuI'J,'C!H'. , The actual wo!"k involved in duplica tion is often 

one c f the service functions performed by the drafting instructo::- . 

Bu.ll f':. ti ns, reports , cha rts, gra.phs , maps, lnstru.ctio:rn.l material, mru1y 

typ6s of ln~,ustrial a.rte forn11t, dri;.win.gs of manr types, Md tests ca.n 

be r eprCl dnced profitably on s.pDrcpriete devices. 

Alt hough duy,Hcation pr ocesses and. macr.ines are adapted to many 

needs, sol!le ar~ intended for certa in kinds of wor k . !n selecting the 

prc,per proct\ss or ma.chine, the dri:tft ing instructor should consider 1 ts 

applicntion t o the work , t or,~ther with the speed, ease of oper&tion, 

dur~(bili ty. e.nc. cost factorF. 

Vari.cue Proces e e s : The various processes ma r be grc,.1ped in ac-

c ordar.ce wit !-. t he r,eneral simi ~a.rity in methods . The mechanica l proc-

eases, Part A which follows, forzr; a group which 1ncludee curbon ccpy-

l n6 , hectcgraphing , and mi 1?:eogra.phinf . The photoctemicnl processes. 

using reflei:ttid light, i nclude photography and photocopying . The 

phot ochemica l ~r oceases, requ i r ing tra.nsm:tted light, Part B, include 

Blueprintinc, Ozelid Printinf , BW Process, and Vl'IIl Dyke. (2ii;, page 

533) 

ThP-re a re many typee of repr oducti ons end many methods for making 

them. Th ie thesis deals only with the most important methods, and 

wil l describe the types of repr oductions and the various methods used 

t t) produce ther: .. It il'I not intended t o g ive n c omplete and detailed 
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description of every operation neceeea.ry to procure copies of a needed 

ma.t er i a.1. :But rather to convey a general idea of the different proc-

eeses used. 

Part A 

CAP.EON COPY 

The carbon copy method of duplic~tion is one of the simplest and 

least expensive methods, if on.ly a few copies are required. 'With t'be 

firm striking of the keys of a typewriter, it is possible to produce 

as m1tny as 10 co11ies on thin tissue paper at one writing. 

DUPLICATING BY HECTOGRAPH 

In the up-to- date office, or school, modern duplicating equipment 

bas largely supplanted the hectograph. Thie simple device, however, 

continues to be sold, and ueed, in large numbere indlcnting that it 

must have some advantages over the modern methods. 

"Hectograph" comes from the two Greek words "heoo 11 meaning hun-

9 

dred a.nc. 11 gra.pheiu11 meanir:1€ to write . This descriptive name ii suita-

ble, for under ideal conditions the hectogra.ph wHl produce about one 

hundred legible copies. Webster's dict1onr..ry describes it as a "con­

trivance for manifolding a writing by transferring it to a slab of 

gel atin tree.ted with glycerin, ancl then ta.king transcripts from the 

gelc\ tir:. II 

There nre severed types of duplicators which fit the dictionary 

de acri pt lo r . . Many of these, however, a.re better known by trade names. 

In general, the term "hectograph" has come to refer to the most simple 

style of gelatin duplicat or, the pan style. The writer will use this 



te1·m in the writing of this thesi e. (33, pages 299-300) 

t~us l_r;.ventor :. It was in 1780 tha.t the versatile inventive 

mind of Jamee Watt of steam en~ine fame developed the first method of 

office copying. By writing his original with a flutinous ink, he was 

able to produce a few identica l copies by pressing moiste~ed sheets of 

very thin paper agairlst the original. These copies, then have to be 

read through the pa.per sir~ce the transferred image W?.s a negative. 

This, obviously, necessite.t ed extremely tU n, transparent pa~er. 

Strgngely enough, the English 'business men objected strenuously 

to Watt ' s invention because t hey fe iu-ed that it would lead to forgery. 

This pr~judice undoubtedly was one of the main rea.sons for the negli-

F.":ible success of Watt's inventicr.. It wt~.s not u.ntil the advent of 

the gelatin process a century later that this type of office printing 

came into fav or. (31, !'~ 67) 

g.ermen Discoy.£.U_: Alexruider Shapiro originated the hectograph or 

gelat i n process in Germany in 1880. Hie discovery wne not put into 

wideepread practical ue~e, however, unt i l 1900. At this later date 

and shortly thereafter, several gelatin duplic&tor companies were or­

gn.nized, and this method of reproducing ten or fifteen economical 

copies began to come into its own. (b. page 46) 

Qgfilainer : The hectograph consists of a fl a t container filled 

wi tr.. a gelatin com!'our1d and a cover to keep the surface clean and to 

prevent drying out. Sometimes simple metal pans with separate lids 

are used as cor.tainers. Others are made from wood. These are often 

•double" or "book style." That is, when opened tr:.e box reveals a 

gelatin surface on each side, the tw~ sides being hinged together. 

10 
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The containers vary in siz~. but should be somewh~t larger than the 

copy paper eo that the copies may be ee.sily lifted from the gel~tin. 

Ge lat in .Q.Qeu;,oun~: The gelatin compound must be replaced if the 

hectogra:ph rec e ives extensive use. With care the original compound. 

will de 75 t o 100 printi ng jobe. It finally becomes so ink-filled 

thnt good results are unobtaina.b1 e. The e:elatin COll'.:pound may be pur-

chased in one Gound and two 2.nd oce-half pound canF. The can is 

p laced in a pan of }wt water until tr.e co:nrJound is melted . '!.'he c om-

pound then may be poured into the pan from which all of the old com-

pound has be en scraped. . The pan is then allowed to cool, on a le,el 

surfP-Ce, whi l e the com')Ound is hardeninr. A pitted or da.maged surface 

may be renewed by remelting the compound and po~ring it ba ck tnto the 

:pan. After t he cor.n ound has been poured. bubbles appearing on the 

surfa.ce should be drawn off with the edge of a paper card. If this 

isn't done, a nit will a-pnear a.t t he site of each bubble after the 

hectograph is used. ( lb, page 193) 

Master Cooi.£_t! Master c opies Md impreseion cop ies sh011.ld be made 

on a. hard surfac t na per. Soft papers absorb too much of the ir.J<: and 

make a fewer number of legible copies. Master c opies may be made in 

a. number of ways. Hectograph ink may be purchased in severa l colors . 

The old st anr. - by is purple. It seems to hold u.p better, for _more 

• 
copies. than so~e o f the other color ~. Red, however, gives very sat-

isfactory resulte. Other colors of ink availa.ble are blue, black, 

and gre er .. Bla ck a p ~ears more like blue or. the copies. Ink bottles 

must be kept ti chtly corked or covered as t!";e ink t h i c~..neas rath er ra-o-

idly. It is well to examine hectograph ink before purchasing it. 
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q,ui~ e oft.e:1 the ink thickens on the denle:r's shelf due to improper 

corking. The pen shoc1:,i be cleaned itll'lledi a te:!..:r after finishing t:'1.e 

inking. Often it is necessary to wash and dry the pen du.ring the in-z­

ing process as an 11.ccu.1ru.latior, of dried ink: on the pe n tends t j widen 

the li:ies and ma.ko a bl1rr. Hectograph pencils are av~ilable in violet 

and other colors, a.ltnou.gh pencils produce fewer copies than inks or 

cH.Tbcna. 

Fectogra,21:.. Ri bbonn a..·1ti Car'!:>:i n Paper : Rectograph ri bbo11e for the 

typewriter a.re COffilenient to use. These co~e in purple and red.. 

Hectograph carbon comes in vr1.rious colors . Here a.g~in, the purple 

seems to give the best results . Unit master carbons may be purchased. 

These are des i ,'.;ned for the type of du~licator which ta..1{es a reverse 

~opy. However, they may be used on the pan style duplicator by·re-

vers i ng t:1.e u.ni t and t yping on the back of the CRrbon sheet. 

Transfer E_'.:"_1,_r!.ciple ; The h ecto~aph operates on a transfe r r,rlnci-

ple . The mes ~a!;e is drawn, typed, or written on the master sheet . 

The sul'face ~r the gelRtln is w;ished with a e ::::,on~e or Hntless c loth 

Excess water is s _r)on5ed fl.Waj' . A little practice 

wi 11 show the user how d.am:p the surface eho11l d ':>c. The mast er copy 

is laid face down on the gelntin anct. s m0o thed well to i nsure c omplete 

c ont~ct. After a. mi nute or two, t he maoter copy is on the gelatin 

AI!. soon a.s the master copy is removed , one may begin making 

c o1}i es by s:!looth:n.s pieces of copy paper over t h e inked s,.u-face o ne by 

one and removing them i.'.ll..'!lediately. As each copy is removect., it takes 

with it a ver7 thi n C<">at of the gelatin :rnn e.n i :r.pression of the print­

ed, wri~ten or drawn message on the master copy. 



When the desired number of co_pies have been made, the surface of 

the gelatin e~0uld be washed off with warm water a.nd the excess water 

sponged awn;·. T'.,e a.'Tlo'mt of time which elapses before the surface can 

be used a.gai n Vl).ries . If the previous ink i.ng wo.s light and the sur-

face thoro~ighly scrub:ied with hot water, the s~ll"face may be used im-

medi at ely. Howe·:er, the hot W/'\ter and scrubbing disMl'les a consider-

able amount of the c ,):n~)o1md ru1d tends to make the surface r:,f the gela-

tin uneven. It is better to wash the surface wtth moderately warm 

water anrl. allow it t o stand a. day or t'4fo or longer, before attempting 

Speci a l soaps may be purchased. for easy removal of 

stains left on the hands when handling the inks and cn.rb,:ms. (31, 

pages b8-70) 

M vant~e a: Tlle advantages o.f the hectograph are; · ( 1) it is eco­

nomical , ( 2) it is available, (3) it req_u:ires a small a,ml)imt of storage 

space, (4 ) H is relatively H ght in weight and portable, (5) multi p le 

c0lcr1 ng may be used ln the drawing , a.nd (6) reverse master c,,pies are 

not required. 

Disa.d·rn.nta.ges: Some of the d"isadva.nt.:i.ges of the uee of the hecto­

graph instea.,i o f other duplicators are; (l) it is a slower method., (2) 

fewer copies may be ma:ie, anc'i. (3) black printing is not possible . 

It may be c on~li.ided that industr l al arts dupl:!.catln.g definitely 

needs a quick, ec.:momical met 110d of reprod,.1clng a small number of 

copies of i!lst~1.ction sheets, drawings. shop forms, etc . The gelatin 

or hect ograph ; rece s s is the :)r ac t ical answer to that need. It is·not 

intended for lo!l.e; runs, o:r f or ma.king permanent records, or for dupli-
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eating that recr-1ires sharr:·, bl::i.ck i:npreseions. Used properly for jobs 



where re~1:rements meet th es e li~~tations, tie hectog raohic nrocesses 

11nde :1i2.bly 'r_) .c:.y t heir wny . Any ef'fort, h n•-rev 1:r, to :nake the hecto graph 

t a.::e the place of any ot he r du~1lic:1tint: '.!1 ethod is no t one of ecn:1omy in 

any e,ense of thP :,•,'.) rd. 
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It wan i :. t he ye fl. r 1906 wh en a .nan e:n9l ·Jyed in the shi:p~l i ns dep,,rt-

ment o f a l a r ge ~ail Jrde r h ouse n oticed that or~ers, tag s, bil l s of 

l3.di n,:· "l.n,i oth' r shi,· JLF ::1nd i:ivoice forn1s were being rewrit ten , not 

oncp but :nany t i;.1es . He wns appalled by the unneces sn.ry wnste of ti:ne 

and m::iney ;,,n /: tr.e ineffic i ent 11anner of rnnd Hnt : thi s Lr. Dortant func-

t,i o:-. . A !'an 0:: ,, elat in n:i·o •1ed t o be & practical ,q,ns;.•e-:- t o tr.i s trvb-

lei,: . iii t h i: , all co :): e G :for·:nerly rewri t te:, co~1l:3. ":-it' T'.:"!:' :·od.ncer. r.1nre 

c1'.li C !. l._y ancl ac,~urat e l y . 

For 100 years o~ ~0 r e , ~he hectorra ot and its 2nt ec 2dente h~d 

been used. fo r rn<ii'. i:1. r· r-o,:ee. An o ;o iriri.c1.l W"!'itten with i:11lel1bJ.e 1.'.'lk 

w,,.s t r ar:s:erred to the ,·elat t ::. surface an(t :rom t'hci.t i :rpref!? io n 25 to 

50 co r,'l es w,. re reprol'.1.:.1ced.. The only im~r ,wement th1lt had. been mnde in 

t h :. t yir oces__s was in 1832 when a Ger::nan co,;1pa:1y manufaetureci the r·e l a-

tin i ;1 l0 '.'1./:'. s::eets WO'.IDd in rolls ,,,hich ,.,ere used i , o. 1vo oden box 

wi :h suitable gu.ide s a::id. 1·atc:1et s . ( o, paf:;e !.:3) 

:.k I c.e ,i_ :i~~e s f ,) nll : CrUtie as it was , thls device see:necl to have 

r eal possibilitie~. It was e ;is ier t n make CO:)ie s , ;:ind. it ·:}ro,rlded 

much more r::elf..'l.t in su::-:· ,,ce 0:1 which to run c ode s th r-m the .:::::el<>.ti n pans 

afforded. Ins oired by the ideR, the mail order man a_1..1it his job and 

set ,qoo1.1t builcing e. better d1.1:'.)li0;::.tor. In 11.n old buildinr; on t:, e 

west sic:1,e of Chicag.J , he develo;Jed hi.s id.eq, This was t he ':J irth 



15 

place of the f i. rst Ditto ma.chine . By 1908, he had created the 

• Bi llograph, • a sectional metal device with bedplat e, side fra..~es and 

carrl agt: , It h.q.d plenty of fau:ts, as in the case of most early in-

ventione, and went through a period of development. 

Sound Foundat i on: In the fall of 1909, J. A. Joy and T. W. 

Robinson, Sr., both s11ccessful b11siness men, became interested in the 

Billogr~ph Company. By 1918, the company was well established. (12, 

pages 2b-28 ) 

Dir~ct PToceee: In the period following 1930, a new process a~ 

' 
peared 0:1 the market, the liquid or spirit method of duplication • . 

It wa.s apparent that this process su:_,plemented the gelatin proceu. 

It did many of the things that gelatin process could not do. The re-

sult was a line of machines which were far superior to a.ny liqui d proc-

ess duplicators. New direct 9rocess supplies were soon developed, 

such as duplicat ing liqui d, direct process carbon papers, masterset 

(combination carbon and master paper) and a special technique of print-

ing t hr ~~h carbon and mastersets. (14, page 53) 

Direct Process Dunlicating Principl~: There are no stenci ls to 

cut, no type to set, no ma.ts to sensitize. The Ditto original is a 

sheet of pa.per . A deposit of dye is p l aced oc1 the sheet by writi rlts, 

typewriting or draw:Ui.e; thru DH to direct :process carbon paper . The 

carbon comes in four colors, yu.rple , red, green and blue . All colors 

may be applied t o t~e s ame original and all will reproduce i n one 

simple operation.. 

The master or original , prepared in the same manner a s you would 

write or type a letter, is ready for instant use. The master is then 



clamp ed in the duplicating machine and the copies are run. If only a 

few copies are r-1->t, the original may be filed and re-used O'ler and over 

again until all of the dye deposit le exhausted. 

The duplicatio11 of dra•.1 in~s in color is a.m.~zingly simn le. Just 

draw on a. sheet of 31aper through direct process carbon using any of the 

four colors available. The carbon copy becomes the original or master 

from which the CO]Jies are made. 

Duplicatillt'; c;:u-bon paper, typewriter ribbons and pencils a.re 

available in four colors, purple, red, green, and blue. Fluid inks 

are ; rovided in eight colors, purple, red, green, blue, black, yellow, 

br0wn, and orange. Any or all of them may be copied in one operatio~ 

tli rect fru;n the original writ t ng o.r drawi r![. A m~et er may c en:-.~. i n.e 

ty-.f,ir~f wit L pencil or ink d.rawirl{~ and letterint:. (31, pages 6B-7l) 

AdvagtMes: The adv ~1,11ta.gea of the Ditto duplicatinf:: process are 

as follows; 

1. Copies direct from original writing , typing or d.rawifl€. 

c'. Coµ iee 4 c c,lc,rs in one orerntion. 

3. Ma.kee 100 or n:ore earlies per :nim1tc. 

4. Pr oduces 300 and more co1.5 EG from each oritina.1. 

~. Copies fcrffis on any size paper until the ma.ximun of ·the machine is 

rea.chec. 

6. Copiee on v ,•.ryir.~ weigHs of par,er and ca.rd stock. 

7. Or1.1;:ir..als may be r e-used until entire ink supply is exhaust e,d. 

g • Delivers c opies face ur. 

':] . P.eq1.1.i r e s only on€: t 11.rn of handle for each c opy. 

Disadv fl.n~ H£f!.: Perha;,e the greatest dieadva.ntaee of Ditto 
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duplicnt ion is the tendency to fade over a period. of time. therefore, 

this metbod could net be used for the making of permanent reco:-c.r.. 

It may be concluded tb.at the iruportEmce of Ditto duplic,,.t.lng de-
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pends upon the in<1iYid,1al usine the equipment. A study of the pl:ysical 

:pr operties should be supplemented ·t,y an "exploring" method used to be--

come acquainted with dur lic~.tion. The great secret of perfection in 

duplicating is continuo11s practice and a complete willirJf:ness to deter­

mine c <1.11ees and results. 

Transferring an image by means of a stencil js a p r oce ss handed 

down from the ages. Play ing cards, silk prints, vases, l a bels, and 

1,ictnre bool-:: a, are an ex~.mple of the multitude of printed p ieces pro-

duc 6d by the ancients witr. the help of stenci:s and p i gw~nts. They 

r.-..re si(')1 i ficant in that they indicat e , by v:!.rtue of their long life. 

the tremendc,,~s part played by the stenci.l in the deve:?.opment of dupli-

cat inc. A stencil is a shE: et of some non-porous rr.aterial so perfo-

rated that wi::en a colored substance i a allowed to penet rat e through 

the perforations to a closely contacted surfac,·. an i r.:age . identical 

t o that mar1r:ed on the st encil by the per forntionr, is left on the c •:m-

tacted surface. (7, page 55) 

~arly Lkitati ons: Early and widespread use cf the stencil metl,-

od of reprod,,ct ion had limitationi;. Large areas cf reading matte:-

were considered impractical f or stencil dupli cation. Moreover, solid. 

continuous lines presented diffic:ulties. These two obste.cles alone 

were enoUf;h to turn the early ex-perimenters :.n the fielc. cf printing 

away fro!!! the stencil as a printing medium. It was not until modern 



business suddenly demanded an easy, fast, economica l way of reproduci~..g 

fonc letters that stencil dur licating came into i te own. Once more 

necessity beca.tJe the ~other of invention. (30, pages 55-56) 

Electric m.: Tho.r!"ias A. Edison's electric pen, ir..troduced in 

1875, wa.s the first step ln modern stencil dirplicHt i n[. It consisted 

of a. 11 pen11 with an electrically vibrated need.le po :. n t which left in its 

patr. a eerie~ of mim1t e holes in the pa.per on which the operi?.tor vae 

writi r. t , Thus was made an autoeraphic, hand~itten, stenc:l from 

which as ma.n;, a.s 5 ,000 copies, dependent upon the la.stir.g q_ualities of 

the paper from whicr: the stencil wa.e ma.de, could be producecl. The 

"press" included ir. Edison's stencil process was simp ly a frai:1e in 

wtich the st.enc il was held s o that the ink from a felt roller pasBed 

over the stencil surface, could penetr~te through the perforntions to 

leave an 1mpressior. of the stenciled matter on the paper beneath. It 

is estimated that at one time, about 6o,OOO of these electric pens 

were in nee throughout the vcrld. (7, pages 175-176) (24, page 339) 

The fa.me of Edison's electI'ic pen had not reached the ears of 

Albert Blade Dick, a young mid-western lumberman who rebelled. at the 

waste of time and effort in copying da ily price lists. The mode:-n 

method of stencil duplicating might never h Rve been discovered if A. 

R. Dick had been aware of Edison's dupli cat ing dev1.ce. As 1 t was, 

after e lone: siege of unsuccessful erf)eriments wt th many different 

ideas, most of them based on the stencil principle, chance finally 

took a ~ru1d in his effort s. Seated at his desk one d,1y, tr..e young 

inventor l e.i d upon an ordinary flat file a piece of waxed paper, such 

as u.sed to wrar, c and.;,· , and ca sually drew an awl a.cross it. Upon sub-

sequent ins;}ection of tr.e pa!)e r, he discov€rt'!d that t he awl ha.cl left a 
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pat h o: tiny p erforA.tio:11:1. It was in 1884, after much experimenting 

that ~:r. Dick finally had a file l'late, a properly coa.ted wax paper, 

and a stylus wit :- · which to write. Wi l h t his e~uipment, he proceeded 

to turn out his price llets and f orm letters more easily and economi­

cally than could be done with Ed1son 1 s electric ~en. 

It was in 1gs7, wh en Mr. Dtck app lied for a patent for tis stenci l 

:--r oc f's s, thA.t he r an acro s1;1 ll~·. Ed ison 1 s electric pen. When he took 

his 1dee t o the great im•ent :; r, Mr. Edison was so inrpreesed with t h e 

si:..p :icit ;.- &id econom'.' 0f A.. 3 . D1.c k 1 e pr ocess that h e a_ereed to pern·.it 

its ::;u-:u factur€ a nd s;:,,le and to A.llow r.ie nar.:e to be a.ssoci t::.ted. with 

the stenci l process . 

Company W&,,!. For lL.ed: A company was f or med to make and sell ma­

chi nes ru-.d s u iip liee fe r st encil duplicati ng , a.nd a tra.d.e-mark we.s coin-

ed t 0 identify ite r r oducts. This wne the word "Mimeograph , 11 which 

was mane t y c orr.binin,_,: two Greek words, 11 :nime" and "graph" witr, an 11 0" 

insert ed. fo r euph ony. The stencil duplicating machines and supplies 

which A.. 3. Diel: Com: .. any t.a s sold under this trade-mark have become so 

widely known and used tr.at the trad e-mark "Mimeoeraph 11 like "Kodak" 

and other well known trade-marks, h .?..Ve bec otie more widely known than 

the name of the marmfacturer who owns the trade-mark . 

. TherE· is little dcubt th?..t stencil duplica t i ng in America owes 

its rapid. and widespreao growtt: t o the Mimeograph machines and stencils 

a.s devel oped by the A. ~. Dick Company. In recent years many differ-

ent makes of stencil du ulicators and otrie r stencil duplicating equip-

ment have been introd11ced. both in America ancl a.broad . In Europe a 

st enc :.l duT,1licRtor c.<1.ll ed the 11 Cycloetyle• was introduced in the early 

Eighties, by D. Jestetner, but tr.e development of the stencil process 
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th€re was not .e.s r .~f·id a s 1 t W<': f'. i n Amer lea . Today , ster.c1l duplica-

tine throu.ghou~. tr:e wo r l.d ha s r eached a re::nnrkab le st ate o: i:igh q_uali-

t y and capabi li ties. ( l , page 1) 

Stencil f)'y:i licr-,~ in,.,. Todn;;z : St encil du:ilica: ine; t 0dn.y is n highly 

deve::. ::,: .,•d r)r c:c r·sf'<. 7:i. Li ~·. e t:-: e :naj or prlntii.1€ p rocesses i t is esse,,ti-

e.ll :r inc~i ·: idual izc·i' . Letterpress nnd offset-lit hography were ori s i =---

IR.t er, i ndi vi ~ua li zed 

equipmer.t fc,r t r,e offi c f.' w,, s develoy,ed by a.dl,\ptior. fror:1 the lar2"er 

f or ~s of thosP r r ocear e ~. StPnc i l du:ylicat i nr,, on t ::e ot.:-.er he.nn, 

had. its ori ,~in!:11 basis i n individualized. du!1lic1'1.tinr,. ( 7, p~e 177) 

Ster~c il Sl'~et : Actu a ll:: , tte he art of t ~e nrocess is the st er.cil 

sheet. Tbe dup licator is s i:o.p ly the mach~.:1e t wh ich t h is ste:',Cil is 

a.ttacr.ec t o transmit 1r,k throu~h the openinc s in the ste:r:cil t o the 

r,,a r;Er. thereby le;:i.vi nc the desir ed i mpressi on . It brings stenci ! , 

paper, and ir.k t ogetr_er at the proper t i r: L 

The all- i mr,ort F.!l.t stenc:1.1 sheet is ea si ly prepared. by any of the 

fol l 0wing ; the t ypewr:l t er, .n. stylus and a specir:·.1 dra,-.•:ng boar c , a. 

:photographi c 9r oce ss, or a s pecia l p rocess of die- impressior: . Each 

of these i1:- a c ontributory factor in making stencil duplicating a c o:n-

plete p rocess . (1, pages 6- 7) 

~ Ma ; e r St~_: The!'e a re t :1ree major steps, t o consir,er in 

ree;ard t c, t h e stencil ryroc(,s ~. They are; (1) plru1ning t h e work , (; · 

:::irepa r i ng the ma chi ne, aJ1d ( 3) opera.tine the machine. 

stt,;Cil-dul)lica ted muet follow nll three o::ierations. 

The job to be 

Ple.n:-d .. r:.c t :-1e WorL. Since s r;eed ruid low c ost are -orirr:e factors in 
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this process, s~ecial attention must be given, in planning, to the most 

eff icient method of doing the job. If the copy is entirely type-

written matter, the typewriter is obviously the means of pre:r,arine the 

stencil sheet . Wrongly spaced and una.ttrn.ctive work, as well as waste 

due to rt:.ined stencils, is prevented by careful ly determining in ad-

va nce just where tbe copy nmst be pla ced on the stencil sheet. Later 

this advance positioning shows its valu e in transmitting tr.e image to 

its proper place on the paper, particularly helpful where cloee regis­

tra t i on is desirec . 

Oft en t ypewr i tten work is not ell that hc"l.d to be considerec. in the 

y,lci11ni rw. In s t e ncil duplica.ting , a.e in the other proceases, illus-

trations and ruleo play an iIBportant ~art. These, t herefore. must be 

planned f or. In any event, the complete copy that is t o be put onto 

the st encil sheet is alwe.:rs carefully positioned before proceeding 

wi tr: actual stencil preparatior.. (2, ps.ges 273-275) 

! mnort arice of Typewriter: Since by f a r the most of all type mat­

ter in stencil duplicating it1 t ypewritten, t he typewriter becomes the 

t ypesetter of t ~i s p roces c . The s i mplicity of t ~is typing op eration 

is one of t he key factors to the success of t he stenc il p r ocess . It 

simply involves insert i. ne t he stencil sheet int o a typewr:i. ter and t y-p-

i ng the co~y as t hough i t were an ordinary let ter . lnasmucl:, as the 

stencil sheet c onsists of an extremely t hin, fl brous sheet c overed 

with a p lastic chemical coating , the striking of the typewri ter keys 

against t he stencil sheet -pushes t h e coatine aside or uressee it 

through, leaving the fibr ous sheet exposec. This sheet is strong 

enough to hold the s t enci l sheet to gether and po r ous enough to allow 

~he ink to pass through. 
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One :net hod . t 1·.e 

and .11:.. etyl~ ·,(,.: . By d r ~~ ~ n~ on tte stenc i l eheet with ~ ~etal stylus or 

n.n i:::. 1v E' is :i. e ft thht will allow ink to pass thr r:,1wh t o t:ie papPr. 

Ruling , t 0 r., 

(1, lesson 4) 

9ared ill11.str:1.ti .)ns ~11 ren/ .. :.' for n e e . T' '. i.S can b e s :) l i ce,i ::.::~ 'J the 

T'.n i s is 

ci l she e t by rDe .'.ln s 'J f ;;, :net al di l ' . 

':1\ e orl gi::1.al ap-

mat er i~l 0nto a nu~ber of s~e~c ~l sheets. T:·mo, it is un.'1.ecessary to 



repr oC.llCC the en t ire f 'J r ·u whe.!1evf-r the variar:10 m!lterial i s add ecl t o 

colo r w0r ~ l n the stencil ~ro c e ~~ . If two ::i:::- i:!~re cnlorA a :::-e used a.ncl 

i f the differefit ~olored sectl1~s o f copy n~e sep~r Rted fro~ enc~ other 

t:r a b lan:t s-ua.ce o: r1:': le:\s t ,)n i :.c'.": , a ll c ,-,10:-s can be :r-.in. at the s~e 

t i - .. . The stencil, t~erefore. i s prepare1 jus t a s if it were to be 

rur. l.n onl y one ·~olor. I f , howev er, the c 0lor1-1 -1re ~ot Rde :iua.tely 

s c::1..rat ed., a c.iffercnt s t e nc i l :r.ust lie ~)reDared : or .enc '.:1 confl ict i :'.l.e 

c ,) lo::- Rect :r ,.. Later, t he stenc i ls w: 11 be run s e_:_')<1.rritely on the s .~e 

~, r :;:Je r :·r)s :.tio:·:. ~!ee :iless t".l s .~y. these d i fferent sect'..:>ns of c o9y 

::n.tst ':ie :1c ~ur atel:,r pooit: oLed ·) n t hei r rcs '..;ecttve stencils s,:, that e:lch 

ste :1cil as it lea ves its i:u.'.1€e 011 t:1c i:.r.prc,s:3:_:,n paper, f:ts i ,, t o a 

we U bal anced :::,a.:,e. ( l , leS !"O~iS g B..'1d 11) ( 12, nll{:e s 26-23) 

_I :Li '.lf: The inking in the stencil '1?, ')cess i s diffeI"eat fro,a any 

o f t't1e ~:i -c\j') r pr l)Ctrnseg in. tha t t he inl: is a~J:)lied fro i:1 t :1e tctns~d.e O'.lt " 

rather thar_:,_ fro::1 t :·:e :'."1':;s:de. ae in ot:·1-".r proc e ss ec . Loca ted jtrnt 

.:1.bov e t he path of the '1:>.pe:r is a. large c :rlinder with a 'Je r f ,,ra ted snr-

'Jver this -;;e r fnrated s,.-:.rface i s att.;u~!lecl an i n.'.c ~n.d. . Thi s pnd 

is inked., wh f>n neces ~.cu-y , wl: h liquid inl: t!~::-0'1.gh the nerforate,'l. s-,tr-

f.1ce froin a reserv )i r inside t::e cylinder . Over the i nk ,-:; !\d is 

stretched the a tenc i:i., M tbi~ i n the du:1licating ~,recess t he in;.: can 

c~rn e ttrouch all t!"'_e '11 inut e openL1,;s th;::a t ~~v e been r:1.1.de i :'.'! the st.er,-

ci l. (30 , :iaee b4) 

Transfer r ing t he I u1a,.,.e: Ti1e actual d't~llica.t i :-", f:: , the tr-an!3ferri nf: 

23 



As t~-:e pa ner is fed i,:t ,) ~he r>rt.pe r "Gt ·::rcs 11 i r: t1::1e with its 

As the st0n releases the ?Rper nnd it 

<ir, t:-ie c .·:l ind.er. T'1is is the 3.ctual du:,:i llc.,tin£". T:1.e press 1.1!"e ,,f 

t ::e :. rr:· ress i :,:1 r ,:iller ~~H~n!Jt the s tenc1.l ~d the ink pc1.d bene:1th it 

ste :1ci l t ,) deposi ': on t :,e _r,aper t be i::1&".'.e that has been at encl li zed. 

T:'le process is compl e ted when the entire i :na~.;e has been t ;:rpr~asec.. on 

t h e pa-rJer anL~ the fin i shed. c ,.1py is dropped l nto the rece-:.vinc tra.:; . 

in rr. lnd of P :ose i:1tere s ted l.: . . and responsi ·n1,~ for, the d.e·,rnl·)'.;:nent of 

s t e n-: il dupllcn.~ l:1 .:·. 

f r J ·. 1.t i.r. less thP-r1 oneh-,U!'. T:1e c,:1st of m0.terials. equi:,ii;1ent, and 

techn:ic:dl/ or ru-t!st :cnlly trai:1ed ope r ator~. 

right in the scho0l '.)roper . The e ,1uip1:1en t. ta;ces up little rnF•.c e , and 

( .,., • Q".l 94' 
L / 1 !)3.f:_efl / - - J 
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sat i sfa:t ~-=-i ly "'J? means :if ::, s ten::: '. : . 

those of best quali ty a:e S'tn:::-isin1.~l y ·:l:ur.;1.ble, is rar e l y ,1sed for ru:10 

of ov e r :· .. ·)00 copie r . Th~t is t ~e p~inclpl e reason f or t he tene r ~l 

~1le that stencil dupli~ati nn 1 s prRc~icnl value begins at 10 copies and 

Thi s does no t mean t;;e s t; enc i l process S' lO'.:.l ,l never be 

I:idee-.3., t!"l·erE- r.av,· b eE'n cas fl s whe r e ,nan:, mo r e 

c o~oi es wer,:; rW1 fr o:;; one s t eac i} . 

average user of st enc l! du~1licat ln[; t r,ey Rre e,~on,,n,ic 'l..1 ly i.n".": r e:u~t ical. 

It may be conch1(le ,l that stencil d11:?licat i!",e; b:r vi rtue 0 ~ its orj­

iln , its d.ev•·lo naent, a n.:l i ts "v"et7 '."lat ure, :.s undm.1::itedly one of t he 

inpor tnnt s choo l dunli c atin~ pr oc e sz~ s. 

wort:: is a l.l o~ s,:ch r.:,,.t nrc or qumt 1 t y t h~t sett i.'1e up the et e nci l -::,r0-

Man~· induatr i"l.l arts ir.stru.cto-r-~, howe·.ter , find t:'le 

i rres isti b;.~ rec,)u1mendat i. o~ . 

The me thod n0e t c,)m::ion ~~' ·..1sed t · :oroduce du plicate ,: · _1 ie s ·, !" o r i::;-

i.n::i.l :-1l a.ns fo r t he ,.i Be r_, ~· t he c ,)nstr.1cti ::m e ng i ::u,er i r, t\e fie:,: , t n e 

w•J ::-i-:m:m Li t .e s:10p, ·>r for '.rne ir, the dra:tinr: lR.bo r a.t or:,•, i s t:ia.t :)f 

li~.t·)r·:: ln "l.775 t ::e n~·i:1ci ::i lee o: moder n bl11epr inti.n[ wcr 2 dls­

c ,:,ve r erl. in F.ng l:m,i, lmt it was sixt y years ' ~fore Str J ,Jrrn !-:er sc:.e l 

It wri s O'."'.e hand.!'ed year s 
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later that \he proce ss was introduced to the United Stat en at the 

Centennial hposi ti on in 1S7E:. For a process, as widely used as Blue-

pri r. ti11c, to wait one hundred :rears for gener~l use in America is an 

amazine thin~. (l!.4, page 7) 

J . Normar, Jensen's comnents on the early histor:,r of bl11eprii:.ting 

are as follo-ws ; 

In 1g79 , Silliman and FH.l'ns..,,ort h of N' ew York Cit y were eng~ed 
as ArchitectP. for the Chemical Laboratory Buildi~ of Vassar Col­
lege. This buildins had been donated t o the college by the sons of 
Matthew Vassar, founder of Vagsar College. Sil 1iman and 
Farnewcrth had been selected for this work because Mr. Si llima.n 
was alf\o a chemist and f •!llli 11 P.. r with laborP,torr req_u iremer;t s . 

}.!r. Silliman brought fro!D New York City three bluepr.int fl of 
the pror1osed labor1?.tor.r buildlnt: • They were a sens r. ti on in 
Pou.e}"i.keepsie, N. Y., :md well they mig,ht. ae they were the fir@t 
blueprints ever pr c,duced. 

Prier to 1879 cn:piee of ori i:inal plane had been Dcad.e by tr c1.c­
ing laboriously ea ch set on t r acir..e clotr.. A fell ow member of a 
chemical society in which Mr. · Silliman w",s ac tive discov ered the 
formula for tl:e blueprintin{". cheDcica.le. No patents were obtain­
ed. Silliman and Farnsworth tried out the new formula a t U1e1 r 
fi.:·st opportunity and brouglit t r, e blueprints to Poughkeeps ie . 

JUueprintir,g i r: those ee.rly dfiYS coul d harcl~ be called a 
fine art. The instructi (•ns which accoropani ed the formul;::. stated 
th.c.t the chemical solution should be spread on the pa.per eve nly 
with a s ponge in a dark rooni . ln ap:plying th i s solu tion the 
blueprinter• e r.ande were dyed as blue a s Sis Hopki n 1 s hair r:I ::bc r .• 
In t he wir.te:r time his troubles were worse. In making a blue-
p:::-1 nt the traci r..[ and the prepared pa!ler .,,e re placed in a fre.roe 
eXJ)Osed. to the sunlir.ht. After alterrJE.te w1 ehing and printing 
in cold water chapp ed t he hands of the blueprinter so that great 
cracks appe2!.red ir~ his ski n. To the a.spi r c.nt for architectu ral 
fa.me and fortune hands which were blue and cracked were me r ely an 
incident in one 1 s career. (21, p~e 355) 

lli_ ?rinchle s: Those early principles discovered in 1775 are oe-

tensibly the S8llle as those upon which blueprinting is based toc.ay. 

Light, either sun or electric, has a dec~ded effect on a chemical com-

pound known as ferro-pr1.1sE1i ate; it. turns the color from e. place green 

to a deep blue. If a she et of white paper is coated with a solution 
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of ferr o-pru.ssia.te and is rield S') th<,t only n ;)O rt1.o!'1 of it is eXyosed 

to li€;:1t, th:1.t ex:1o serl 9art will L1rn blue w:-iil e t he uneXDosed section 

re.:..,ai!i.13 its ori t; lr,:l. l color. Ther., if t:ie ·nnn e r is washed in water 

w':,ich rem:wes th€ 1meXIJ0sed S·Jlutior,, reveali :tE: t':e w::ite ;::,a::,er, e.nd 

fixes the exl10 se,i blue, a :print is obtained if>. bl,10 and white. This, 

t :1.er:, is a blueprL:. t. 

Direct Conv in , : To u nderst"n,i b:!.nepr :i.ntiHG j_s t0 nnderstancl in 

~enerrJ the direct copying ~r oc c sr . Bl11e :.1·t nt '.ng always requires the 

origi.:1,<i.l ~,aterL: l, be it a dre..1-•:1, ,; or ha.'1d.writin~ o:- tert in type, to 

be or. onl/ oae side of s or:ie translrn~ent :nateri:-11. 

tracing ca11 be ve ry SRt isf"l.ct0rily mad.e on thin paper. 

we ir,ht bond papers are oft en '.rnecl f or t •: :. s ,;ur~ o ::i e , so•r et i::-.en t :r- A.ns-

:;,arentiz e:i wtth a sol-.1ti o~ o.f s oue :i r ht o:l :n:..xture . Wherever great-

e r acc'..lraGJ , clearer pri:1~, :c:id 1.or:,.~er :i..1.;e of the t:-acir.g arc re l'.r1i:red 

a s f ,; r ::i.rchi tectural drm..-incr, a fine ,a:rade of li ~: en, !leavily size<:. , is 

11s 1..:r' .. l l:r used . 

To i.nsw·e a clear, satisfactor:,· print this trnclng should ::ie cr.i.re-

f,.1lly d or.e . A."l ODaq_ue ink or heav y ; Jencil is necessary ; bla.ct is 

general l y use.J , t hou,;-h o:-a..·1ge a.'1d :1elloH a.1·e c on sidered good. Blue 

and violet R.re '.lS'1able if enour,11 Chinese white is a,ided to build u11 

their opacit:·, This last statement is tr.1e fo r -practical ly any c olor . 

( "?.-, 
.,,/ i • page 32;) 

Fo lds, 1;1:rin}:leE=, and water S cJ Ots on t he t racing wil l s how U) on 

the blueprl ,,t, so t :,ey are ,woided. Rolling the tracl..n[; or p r es erv ing 

it fl at to av oid. wrinkles an,i creases, a..'1d. wor i-::in ::; in a co::il room to 

avoi d ~o ist hP~ds are excellent trouble preventatives. 



Once the trac ing or tr,..nfl l nc~nt originnl is obta.ir.ec, H is nEc es-

se.r y to seci.:re r:. :e:iec e of blu e print ~!'.. aper. For the ev1: rage user of 

tluepr :i nte ir: the school , it is cheaper aw1 ha.n clier t o buy bluep:- i r.t 

1)ap er reaf-,y t o use·, tr:ouc;h it c a n te mf:tde v ery e a sily by sir.,ply cor~t iLf 

~aA' ) ' / 

(?,5, pase s 30A., 

weigh t frc o extra-thin thr01.1J'l·: thin, medium t h ! c~: . t hick , t c. extra-

thick. E.xtn·- t Lin i e u seu. wLere light wE~ g ht is f:' S~H::·,.ti r,. l ao in :nri. i> 

lr,£:; med.iw:i- thicL i s not w::..de::;- usec.; ~xtr •,- t Ltc l·: is P.VbiJ n1:,le whercve1· 

strt':n t, t.h ar.cl durability are ? r i rr e requi sit e s o f the :1n.ie-h ed '1r i r: t. 

Ac to t he ch er.1icnl cc•r;.t i ngs, •,1h ich v-e ry wl. (~ E·ly l'l.c r:- o:rc ir:c to t•:E' f orr. ula 

of the s ch,tions u seo , t h e ir , .iri ::!e differer.c e liei; tL t~"f•ir e~-0i:,,:r"'-

ti:,e reqni1·c:r. er.t,. rm e 0 e C ' .Il 1 'e ~···n.,,.e·~ , ""'r.1 c.."'f:. ,. SC'C ',)r •• '.n t r., U t o,'.). J.! , ~ •' • • (>J.\ ., , ... i _, . , , •> , \C V 

mir.ut es, even l ont:('r, t Loq~:, t l·.is is a > ter, 

tliir. coat'..n[ , t hougt irq-JortN.1t, i s not the c,nly ti;;,e- .!etcr :; ir. '. nr ele-· 

:;:cnt, a s oth Er f c,ct ors :r,?.'j' enter int o the rr.:1.k ir"g o f the Y1ri :,t . ( :i r . 

page 

Ma....J.ci~ the !!i nt : Wi th senBiti zed :,:.·a"f,e r i :, or,e 1:1:,r.::: ~.nd t :-.e tre.c-

ir.g or t ransl11cent or:gi nal in the other. it is t Lnfl tc br i n f! thf: hrc· 

togeU: er a.nd t o ex-_:::0£1e them t c H r,ht. To -d.·, tr, ;: .. t , ,:1Ltr;y d.i fferf:Et 

Si:i:r_;lest. of triese is c>.. s mal l hard--woc.,c fr ,...1:,e wit h a clenr €:l ~s~ 

f r ont, a blac.1.c f elt pA.d eo.nr:1 ir. size to tl.£: glHs r , and detachal le 

back . The tl' r:.cint; (. r translucer. t or i fiEal is rlaceci witt i n t Le f r ame , 

tnk or penc i :.ed t>tde Bt·-:c...ir:st t ::e g lasr.. Th e bl Ut":r: r.t ~ia p c r is p laced 
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on to; of the tracinr, sensi~: zed s ide tow~rd the oriricnl. Tr_e felt 

pad j s la.d over t:-:e t;luepr :i :.t. p.c,~ er , t '.i e l ,t1.c'.~ l ocke d. sf'c1-:.rel :-·. AJ~d the 

e:1 fl s s f rollt is tr, er.. t u.rr-C:d town.r e', t }·,e s1:.r1 o~' rliiy o t ~ Pr st. r nr,r 11th t . 

The :nater~a.l t o be corJ1.ed is he ld ti i.¢1t::; i :-. ,lt-.CE·, i ts inied or pen-

ciled ::,a.rte e.llowi Lg the li r'.:---.t to r-eqr:h t !:e sens i t izec e,irfac:e only 

g_oos,, re '::ime : A$ noted befo, f' , e:r.r osn rf ti r:ie v,:,.;-' es 'l<:C'"'l'Clr.g to 

sev,,.ra.l fe.ct c, rr. Fore: ,oe.t is t: :f' s s,l,1t i ,_ir. ,rned. tr· fs,ns itize the eur-

face of tbe bluep ri :. t pc,~,er . Seco nr. , i s t : iE decree ·~ brilli ,u icE- e.nd 

cLa.racter of the light. 

;;:;,,er:. as correct exposure t ri =v~s ou t 1l rie e :- , ,~l e:,r bl1; e ar:d s Lar t 

l i nes. .AJ.l 1.wder-e::c.os ec: I)ri nt, thow;t u s ua~ .1. .~ readable , may lose s ome 

detail and c2.a:-i t ~- . 

Obvi ousl t , with s o :r.any v-,ri pJ)le~, e:x·; -'.'l S11rf: ti : •. e a ~ :_ ,,wi>d by the 

ope r e. tor becon.ee a :nntt er of j'.idvnent EIS dPvel o , ed by e~,eri er c e. To 

supp l e:uent this, trial e::r:;JOS'1res on small r ~ ecet c: b l 11e;:- r1 ,.t ;:a't"er 

ma:,' be made, Ulltil the c···rrrct e.xr o st;.rE ~1::e i s ree.chec . Arter one 

pr int hA.s been u;nde sat 1 sf~,ct r,r t l ;: , subsequent ex-r,os1:res ma:,- be made 

witt tr,e s ame 2.mour,t of ti::1E, under ttose s ame concU .. ti ons. 

in wat er, preferably runnir€ frC> '.!'.t tr,e fauc et . Thi s wast ~ng remcves 

the unexpo s ed gr ercn ·port i c ne of the c ontinc ?.mi "fixes" or partis.lly 

wakes permar,ent the exposed 'blue. Aft.er l:ei c.,<:: was:iec in cle.1.T w3ter, 

the :::,rint s hould be placed. i:-, a bath o f 1 t o 3 µer cent s o h ition of 

potas sium bichromate to 11 fix" 11.nd lntensi:'y the colorec. i rr.n.f; C' . Let 

the print rem~in in this s olution unt il it reaches tte desired blue 
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color and has well defined lines and type mat t.er. Aft er t hi 1,, t he 

pri nt i s washed once more in clean running wn.te!' anc. final ly hunr u11, 

or placed on a flat surface to dry . 

lJ.m1ta.tionp: The a{;e of the paper is a determining fact or . 'the 

older the paper, the quicker it pri~ts and the longer to wash; the 

fres her t he paper, the slower it prints and the qu i cker to was:-.. A 

r rint which is a-?plied. by over-erposure may be rest ored by wash1 ng it 

in hydrogen peroxide. 

Blueprint paper should be stored away from mo isture, tn a cool 

place. When 1.1 sing blueprir:t paper, the print inr: fr ci.me should be open-

ed up and fi l led in a room, shaded from any bright light. 

30 

The equipment and materials used ir:. blue:print.ine hav e been discuse-

ed in ever, detail, . in the preceeding para.graphs. For school stop 

purposes, particular attention should be e:iven t o the fact that t he 

blueprinting process, as an industrial arts subject, would requ ire only 

a minimum of equipment and. su:9plies. Most of the equi pment c an be 

purchased, if desired, at a very reasona.b!.e cost or co,.:. ld be mnde at 

almost no cost whatsoever, exce~ting for ~aterials. According t o t he 

cost of equipment and materials, and to the service rendered by t he 

process to tte students, scho ol and the COJ:1!;:ur. it ~, . the blueprinti ng 

:pr ocess could be one of the more functional phases of the ir,clu strial 

arts program. 

OZAL!D PRINTING 

One of the new methods used to produ ce tuplicate copies of origi­

r..al plans for the United States Government, the constru.ct ion engineer, 

the reee~·c) laboratory, the workman in the shop , or u sed in the 
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drafti r~c r 001,, is thRt of Oza.lid Frintir:c . 

produces poeitive prints dirGct f rom po~ 1tivE ori ,:;-~r:nle , ri. ; ,d n E: ~~tive 

prints direc t fro~ negAtive ori r inale. 

,,rints wi.th black, blue, o r se~, ia ; ines o r, 'l wr.i t.E t .3ckl!r o,1r.d. On 

the ot:i.er hanti , i. f the origir.als are net:!'-:. tive Vf-ln Dyk f'~. r:eu 1tt ve 

n r1nts wi.11 be obtr~ined and tr:ey will be as ens:: t o roP.,~ ~s bl 1 i e>r, r1 ·1ts 

or otter negative reproducti ons. A, ' J .l. 

on any :naterial, are made 1n t •,, . 1uid : st t·: .f' ; ( l) ex1~o s 1u-e ;~.nd. ( ;:- ) de-

.-elonr:.er.,t. No batr.a or dr1ere :ll'E u sed, ::-A r- P.e a:ient1 y . 0 7.'i:: l::l nri •: t. s 

a re t ruer-to-scr~le, and lees inclined t o ·· .r ; . (L:.c . page 170 ) 

Hia.12.!:.z : Ab0ut 1321. the Or.r-: lid n r oceee o f nr1nti r. , was l!i s c r:H' r -

ed by a monk, Fatter Kocel, wh o wue a ·· ; f ee.l'!or ?.t Kt1.rler1:.he Techr. 1 cal 

Institute, in Ger:r.any . He produced a pauer that, when sens ~t ized witt 

cHa.zo compounds, exposed t o a n ult ra.vi olE· t li,~ht, fl.!: d t i': er. r.l A-ced. i n a 

containe r with am:::or:.ia vap0r, woul d yie :.r a po t1i t l v e irr.a.gF . 

The first Oz al id pr cduct, Ozal id M (Red Li ~e on paper bRs e) w~s 

p roduceri in 1923 , by Kalle anf. Com::iar.: , 0f Gerr:,!'l.n,y . T~e ~ate r i ~l ha s 

r.ot been altered since, and stilJ f o r rr.s e c,me 50 ;ier CEr.t of ~-~ e out ::;ut 

of Ozalid materiale. The cnly di sndvant aR: e was ttat t Le backgrom1c't 

b e came slightly yellow on prolong ed storage in the dar ~ . al t hou gh 

prints k e~t well in t h e light. 

Durin1.; t he nineteen--twentiee, Genr: r a l Aniline and. Fil rr, Con or e.ti.on 

of 1Jni ted StEi.t.es. passed under t }1e control and ci omiria.ti on of I. G .. 
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F8Xnen, the German Chemical Trust . With tr:.is s •,ift of control tr;ere 

becM1e av~•.ilable scientific and tec1'.rJ. ica l kn cwledge, anc. the Farben re-

search facilities which assisted General Anil1ne to gain a top-rank po-

sition in its field. Prod~ctive capacity w~s greatly increased, a 

fact which proved a powerful bocmerrang against its former owners dur-

f 
ing the war. 

Shortly after Pearl Harbor, General A.I1.iline wa.e seized by t :-. e 

United States Alien Pr operty Custodian, the most valuable singl e prop-

erty to come into the Custodian's hands. The management was entl"'let -

ed to American directors, with a directive t o give fullest eupnort. to 

the war effort. The directive further stated tha t tr.e cornri Any wc -:.ld 

never again return t o German ownership, and that the st ock wo,_.ld be 

sold to Americen Inve·st ors . 

In tte middle thirties Ozalid anno•mced its 9rocees, i L t he United 

States, referring to it as a new, sim!)lifi.ed and. versat i le me t '.:,od of 

re-producing engineering and arch i tectural dra.wir~f .. (Panrr h let, The 

Making of an American Coir.pa.ny, Genera.l Aniline and Film Corr.orati on) 

Ozalid Chemistri: M?.ny have wondered wr.y Oza. l id is so versa.ti l e, 

why positive prints can be ma11.e, in so many different c ol ors, or, so 

many different materials? 

The answer lies in two facts ; (1) Ozalid Sf'nsitizes all of its 

ma.teriale with a combinat ion of ,rnique Diazo salts and coup lere . The 

Diazoes (a) are light seneitive; (1:.,) react with thtl.' coupler!' in the 

presence of the Oza.lid d.ry-develop ing agent (heated aqua ammonia va-

pore) to form a permanent dye i maf-:~. The color of the dye imB.(-;e de-

pends upon tte combinRtion of tte Diazo salte and the cou~lers used . 

(2) Practica.lly any type of material can thus be sensitized a n d 



subsequently used in sh :.1 .9 made equlpmer.t, since chemical baths and 

driers and all other pr i nt distort:ng influences have been eli ::i inated~ 

When the ori,~inal R.."ld the Oz a.lid sensitized paper ;:Jass through the 

printer or exposed to t~e sun's rays i~ the ~u1 fra.me, the light rays 

p&netrate the origi:1al ~.nd et ri;..:e all '.):' the eensi ti zed surface wh i ch 

ie unprotected (without lines, n1.1.m:ierE1, or other f\.gures on the origi-

nal shielding it) and ca~ses a decoc noettion . It is decomposed. , be-
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CH.use Dia.zo salts in the p resence of water, whic h act ·tally exi @ts in 

sufficient ~uantity i ~ the sensitized m~terial, are changed int o inv t s i ­

ble compounds when ex-posed t o llght on the c .orr&ct s 0ect ral ~o:r. :-,o s : ti Gn. 

If a print is inspected closely after it has been exposed, 1 t ,,..111 

be noticed that only a..'1. exact fa.csi :n ile of the original 1.s present, in 

wea.k yellow '1et <1 i1, and that the area which was expoAed is now color ­

less. 

When the Ozalid print is conveyed to the devel,':J!)inr tank, rieated 

a.mm•)nia vapors will arise and. cont9.ct t:i.e yellow lines tra.nB~ 0 r :ni ng 

the:n into permaaent d:,e i:nar' es. The color t~us develoned being bl~ck, 

blue, red, or sepia., depe nn ine-; upon the t :r:)e of Oz.i:tli d ;r,aterial userl. 

The che:nic:11 e:itp lant=ttion as to why these :..:ellow lines becof'l e s o trans­

formed lies in the f a ct t hat D!azo salts reac t w1.t '1 their C•J11plers i n 

the presence of an alka -.. i, tea ted A.rntr.on :. ~ f· . .unes t ,, form , e r rr. A.n ent dye 

images ,-,f the origina.l's lines or .~h'1rRctere. 

By select ton of the ·proper Diaz on i tun salt an,i coupler, nract icEtlly 

any color of the rainbow can be forme <'L So fl'lr, rioweYer, only a rela-

tively small numbe~ of these haYe been used cornmerci .Lt lly. 

From the above descr~ption, it is easily observed why Oza.lid 

prints have a ti nted background if too 07>aqne an ori g :i :rn.l is '.1Sed , or 



if insufficient exposure time is allowed, as all of the ,undesired sensi-

tized coating was not eli~inated. Therefore, t he densit y is t he great-

est wher e the least light has struck t he sensitized surface. 

Incidentally, the react i.on of Ozalid !Ilaterials to light is just 

the opposite of the reaction present in pho t ogra ph:,. P.erE: the e;reat-

est dens ity will result froo a l ong exnosure t0 11,;;ht, and conversely, 

shortened ex:io sure will prod,.1ce little or no densit y. In other words, 

O:zalid Dia.zo salts react in just t~.e opposite mAA ner as the ~ilver hnl-

ide-gelatin combinat i ons with whi ch phot ographic pA.pers are c0a.ted . 

In develo-pment, too , t l".e Oza.lid materials reac t i n exactly the 

opposite fashion They are developed dry , i n second s , by ammon ia va.-
• 

pors, whereas, photographic mat eri.ale require the ,1se of devel opi ng and 

fixing sol11tione , W3.shi n.g and dryin ,; , all of wh ich inv olves much more 

time and effort . (36, pa.gee 4, 41) 

Stor i~,£_ Ozalid Sensitized Materials: The life of Ozal id s ensi t i zed 

material!!, like that of blueprint or photographic materials, depends to 

a Freat exten t upon t~e manner in which t hey a re st or ed. It h a good 

practice never to overstock Ozalid materials, t hat is, never order more 

than a. month's supply at one time. Thie will i nsure the use of fresh 

material at all times. 

Oza.lid materials, when received., ehould be st0red in a room which 

is reasonably cool and which has as l ow a ~oi at n re content as is poesi-

ble . Moi st~re in the air has a tendency to increase the printing 

speeds of the papers. 

All Ozalid materials are wraP!)ed i n heavy opaque ~aper and no 

precaution agai nst exposure need be ta.ken while they remain in the 

wrapper. Of course, when they have been removed, p rolonged exposure 



t o da :· lig:1.t o!" r!rtificial light will dete:-ior:=tte the sensithed coat-

ine;c. 

An ideal storage room for Ozali :i :n ·•terials w'l'l1ld be one th:1.t is 

air- ::onditioned between bO and 70 d er;reee 'F ., a nd which has as lo.., a 

moisture CO!'l.tent as 50 ner cent rel a tive hu.cnid i t y, Another reason 

why moisture is not t o be desired lies in t he f a ct th '.lt the longevity 

of the :papers wi 11 be decreased , and the papers wi ll couple more rea(li­

ly. Never b:·ing papers d i r ect ly fr o::i a very l 0w to a very M P;:h temner­

a ture, that is. fror:i O to 80 degrees _ . Mak e the c :-:,0nge g r adually. eo 

that moisture cannot form inside the wrap :,er. A fi:,al c autio!l should 

be added., never store Ozaltd ir. '1 t eri,qls where they ::-:a:: be c ,nt!'icted by 

am::ionia vapor e. (36, page 4o) 

Ozalid 1'ranslucellt ~aper'l,: The Ozalid ~1r ocess is predic~ted on 

the use of tra nslucent ori f:::.na.ls. Ozalid i s ac t ually a means of si m­

plifyi.ng paper work, of s peec:.ing produ c ti ,,n , of saving tine a n d wor }~. 

The accom~::lish!nent of these functions is condit ioned in a l .q,r ;:e degree 

by the ki!ld of rcat e r ial or orid nn.l pR)Jer used, the qualit y , and the 

speed. The cost of Ozalid re? roduct i ons a re all a : fected by these­

l ection, of the orig inal. T:1ere is no one paper suit able for a ll ap-

plications. In some cases printin~ s~eed is the most impo r t~nt con­

sideration, in others, 1Japer cost is a prime concern, o r r.e rhaps a c­

c eT.> t ance of ;0enc1l, ink, or typin17, may be the d e t er7Ilinine: :'.actor. 

'!'here are ot ""er qua lities which m<i:t "b e d.esirec. , erasability, p er ,na­

nence, u ni f ormi t y frol!l lot t o lot, a::ipeara nce and .,,.cce-;; t ,:i,'bi lity of 

printed, stenciled or lit !'.Of.r P:ohe d i m 1)ression ~. All of t he se tM n~s 

shoul d b e c ~nsidered in rela tion to t he j ob a t h a nr,. (3 b, page 25) 

35 



Ozalid Interm~d i 11t e Mater!.al s : Ozalid inter1i1edi a te :pr i nt a, ma.de 

fror:i Oza.lid translucent papers, are Go ca l lee. because they can be su':>­

stituted for valuable origi:1._1.ls in }Jri nt 1,rod·:..cti on, thereby 0roviding 

periaa.nent insurance. When intermediate masters are printed, the ori.£:-

inals can be filed awa:y, safe from los~, wear, and teer. T':ler .:: le no 

limit to the number of intermediate mas t ers th~t IDf.\.Y be printed from an 

ori g inal . (3b , page 11) 

Oz a.lid P' '.) ils fo r Com-oosHe Print~; Ozalid. trans:paren~ foi l s, be­

sides being used a.s intermediat e s, can be ernplo.1 ed to malce co.:n nosi te 

prlnts in the following manner. Sepa rate desi gn detai ls are drawn, 

each on an individual sheet of tra."lsln i~ent pape r , exposed. a.n,i devel oped. 

Then, it is possible t o over lay t h e s e ,nrints 1n e1.n_;; c 0:nbi:1:i. tion o:: i n 

any position and make prints showi:i,:; c omposite details ~s d.esi re,L 

Thus, it is possible to n A.ke printa which show heating , p lumb5 :,~: , elec-

trical, airc ,)nditioning layouts, either separately or corr:b inec . {3 t:, 

pages 15-16) 

Ozalid Accessories: Oz ~lid t>.ccessories a,id t o the scope and ef­

fectiveness of print na.kine operations, and in sooe cases ma.king DOS­

sible a,iditional, ti rr: e-aaV' ing uses of ti:::le and m3. teria.ls . 

Corrector fluid can be used t o rem ove -:i bsolete lines and details 

from all Oza.lid intermediat e pr i nts. It is t },en pos s i ble to add the 

new design ri ght to the intermediate, anc.l use <;Lis corrected ir.ter..lledi­

ate to produce subsequent prints . 

Opaque typewriter ribbons have been develo ped tha t possess all of 

the qualities needed to produce g~od typed ori g i:.als for Ozalid repr o-

duct ion. A special effort has been made to m:::u<e this ribbon suitable 
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preparation of Ozali c. ori gin:>.l s rmd for normal t yping r cquire::ied ~. 

The se ri b:)ons are made with a s peci R 1 blaci: i :,J: which b locks ultrav i o-

let light, and pr od.uees a. t.:;-pecl COI)Y o: m~i :;:um a.ct l .:1i c o,>a.c it:/. A 

hir,h. g rn.de fabric ~s used. , 1:1surinc s~<>.rr clea~ i11press~ ')!'l ~. 

carryin,c: vehicle ls f or ;:iulated t0 ~,:rev ent f eRt ' ~Prin;, 0'.1 ariy ki. nc1 o: 

p~!Jer, and to minimiz e s:nudre. 

Ozal!d tra:1 s 9,..rentizi nc so lnti :,n expa..11.d s the •.: sef'.llnes s o f Ozal!.d 

prin ti.ng , by ma.1<:l ng possible the -re ;:, r odnction ci : ·'>r>aque :;:i.•rners . 

Ozalid tran sparenti zi ng s ol11tion is an lied to t,.._e back o f tte opaq_ue 

sheet, usually with a cotton :,,'I :~ . It should not be a ~plied to the 

fr on t o f t he sheet f or it will smear p e !""l. (! ~l . i::" , o :- t -,rp i n,c-. ':'"'::e so-

lution has a. S'.1rprisi n.t; l y efficier:t trans ~)arent i:;; i1,r r...ctior, . wh ich evt.n 

r,c t ,;.Glly works wel l on f a:. r::..::· :-1er·•. ·. led.f!;eT" stc.:c , . Of c ,:rn.TSE"· . 1 t : s 

those -w hi.ch al"f, prir ,ted or, t wl'.l s i<le e ,:;· which an" o : a ::el l c,,;,, , 0 r.::-J,[:f: , 

c:r br ow!, color, 

trc.li zint Ar..rr,on! a oder. It is t i. blue fl.u::.d w:iich is ad.ded to amn:o r .. i e. 

in the p r o:;i0rt :i 0.!1 of one fluid cunce t c, one. Gal 1.o:· .. When it is used , 

any 13.I!m,onia 'la.pOl'B whi ch m~y eecn~,e i nt o ~J- ,e r (, cr-, during devel oT•inr, 

and. ~light t raC'.es of ar!1monin which m."l.y clin~ t o prir:t 2 il'.ilr.ledi c. tt::;,r 

after cleHv ery from the developer a re com-:il etely maske d. Oza.lid mf:'..sk-

inf a gent is especial ly rec t:i!::'.rr.end ed f or 11se i r: offices, draitinf, ~.nd 

similar r ooms where activitie·s ot )·1e:r t }1an pr intmnl:.iLG are cr,.rr ied or . . 

Prff:,t: .. t· 5nr ':'rac i r~rs in the Dr 11.ft in;:: Roor. . Th e pur-p one o: .:very 

drawir:ro: i s u.l t imately to allow wo r kers i1~ the s hop , t he l abor fatc. r :; , 



assembly lines, er in t:1e fie l d to build accorc..ing t o th,e s:pecifications 

listed. t he re (>r.. In just alou.t every case , many co:_2 iee. of the ori f; :nel 

~.re made, the <1uality of ench dependit:.f, to a grea.t extent, upon t l:e 

quality of the orir;i:1al drawinr . T:1er efo re, it, is ad.visa'ble f or t Le 

dra.ftsrr.an to keep a few things in :nir.d w:,1::n r,1·ep .~ri nc an cri i- inr.::., fo r 

tr, ese vrill eliminate inconv eniencE- s alone t}· .. e way ancl not waste the 

t inie and labor rq:;1· es er.ted i.a eve::y draw-:.:;- . 

Actc:.all:-·, all the draftsman needs t c re;r,em1:icr i s t L::i.t ur1r.ts :u-u st 

be made f r o:Jl the trP,.cin1 • If he does thif. he w-; 11 \Js e a tr ;:,,1 ,t; :.. ·c ent 

tracing · .iJa p e r of good q_uality and he will mr,Jce his :.ines 'ts ore.11,ue a.s 

pose.Hle . 

The pencil u.sE:·d is alco an important fact or whic h clescrv ee t~oas i d-

crat.ion. RE:se D.rc}: has f ounc tr.at draftsme1c r~ener F1} Jy r,r efer a 2H or 

3H p encil for lines and e i tr.er ru1 H ,:,r 2H f or 1 et. t er'i r..1'.. 

pencils, bett e r p ri n ts will be eec~r~l. Sor.,E· ty-r:es of tr.:i. c in< clot L 

takes gra.r.,1:ite :r.ore readi ly than paper c1oe n, a.rid. i !: sor.,e casee 4H and 

5H pencils can t r:en be .;.se c... 

the sP..me for the office as ±'or ti1e drafjnr rooo. The bee t ~o ~sible 

11rints will be securted frO:r! original e whic :-1 RXC trn.nsl,•.cer,t and have 

opaque characters , whether dr2wn, t ype d , or :pri :1 t c C: . 

With t1:e r1e;ht t:;y,e of tracin.,: pa ·:er, tr.e t y ,,ist need only rernen.-

ber to produce opaque fi gnres when contact 1,ri :, ts a:::· e des5red. If a. 

lnrgc nuJr.ber of prints are to be rr.2.de , l:'lnd excepti or.ally fir:.e quali t y 

ls desired, the best a.r,d r·,ost practica l rr.et:wci t o f ollow is t o c e.rbon-

back the ori gina.l copy. 

the carbon paper. tha.t la, has the inked side f a c i nts the sheet which is 
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be ir.:.{: t ypec.. This produces 07-nq_uEi ic:8€es on the reverse side as we::.l 

~\B on tr,e fron t si de , and wren Ozalid. blaci-:-1: n e 1,rlntF are ~ade, t:i:,ey 

will look like the t y!led orir' inab . 

It ie recon::::ended that a hard cP .. rbc,n r·a"!=,er ':le emplo:>7ei::I w:ien cnr't,cn-

bac l: :nc, fer it will !> r od.nee i:nn.,_:::es of rr.axi:nun den nit :: . Carton pape1· 

ie relativ ely inex-yens:ive ann it is rec.or.:r.:en,le<l thA.t U·,e sheet1: eoplo~·-

ed be used. only a few t ime s for carbrm-tacHnt~ ::,;1.1r:cc se ~ . Aft e r th:!.s, 

they cn.n be used. f or t he nor r:;n l. ler.gth of t ::ne .I. re rre:cc>.rin.f:; or <l~ !!.nr y 

ca.rhon co:oies for material not ir;ter.ded. for rer:roduc1;i · ·. 

31) 

Printir,t ,: The printinf: or expos1.;re i s dor.e ~r: t:-.e sf.l:ne mru-.r. e1· r,.e 

bluepr iLtinr. When the paner i s ex :.· ,J sed t o l i.,;h t, •r,e r nyf' c H,.ise a 

chemical reacti on to ta.l-:e ~,lace on t:r:e f.' 7::)0 fH'd 1:>.r e· .. lt C::'.r. CC Sc-.id 

of the paoer reverts back t o its origir:~l w\1 ite c olcr . The r,n.rt under 

the lines drr-i.wn on the tr.·-Lcing retai r. s t ,c che:r,ic;., l with \,:Lich tLe 

paper is coated, because the Hrr:t di~ not rienetrBte .·md. cau£e the 

che:::ical reEi.ction previously r::enti oaec. It is thl..s remaining chemical 

that produce s the dark line when tr.e .9ri:1t i~ subj ec ted. t o the develop-

ing mediUiY;. 

The time of e,_"}_·:o rrur e ir, a s1m fr ;.me is deterniined by a number of 

factors, namely·, tl:e time o: d6.y, the leq-;th o: d.ay. dust in the ,"'.ir, 

and cloudy sky, When a. number o: pri:-,ts n.re to be made, it is desirE<--

ble t o c;1 t a :piece of printing p3.per into sr.:a}l pieces e_'1o.. test unt i l 

a dt"sirable tirre is founc... Takinr, the above fac t.c• r$ into co,.sid.cr-

t!.tiori, anc. tr..e various s9eede of nrintiag par,er, the printi ng t~::ie 

will rang~ fron'. tr,irty seconds to five :r,!n'.1ter. 
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The aim of the Oza.lid user sho,, ld be the r eproducing of a -;irint on 

any t yp e of sensit ized ~at e :·i al whi ch will hP.ve a :na.ri:rium contra st be-

tw e en the line det a il a nd bac :,r:rcm1d . In otl.er words, h ::1ve t:1e dark-

est lines or. tr:e wr.1 tes t backgr ound . 

In the Czalid p rocess, tr-.e st a.nclEt.rdr, fe r 1mclerer.1os~· ·!"e Md ,::1v ere~-

' 
:rosure a.re the direct op) OS:te of !)hot. ofr~ ·,1:ic s t.<tnd.ard s . For OZA.:id. 

matt,ria.ls will have the t; rea test ,::_ensit y wr,ere t : ie leas t light h<1.e 

struc:....: tr .. e s ensiti zed laye:r, wherez.s s ilv er halid e ::-r·.ot o,:: r ;'ir_;Lic r:: ·,tE·ri-

als h::we I!la.-r.:i r::um density only when fi vcn c omrlete ex-p o ri.:rt, . T i:utt , 

,mcler e:x.poscd. Ozalicl '.' r int.:. w:.11 h.avE co ,:sider2.b1 e tac j·v· c,und a,,(\ t:-. e 

line det c.il, while being str(1 r.c, :irovides little contrn.st. Ori t::.e 

ctr.er hand., Ozal.id pri nts wU c h are over ex r,o sef, wi 11 have a w:-d t e bac~~-

ground , b1;.t we /1.k line det F,:. l. 

h10 po ints . 

ter:al and :--.avins op a.q_ue i :1:af·es ) are used, no <li fficu2-t;,: sr. ·~u}d b e ex-

1:,eriencect i n a chl evinf t};e bEJst !"esults. 

Deve l opment c f 01.alid ?r~ r-.t s wi '...'.'l. A:~~r.i r, : TLe dev~lo;:-ment of 

Oza.lid and similar t ype paper ie a. one steD uroce:se. A.ft er t he cap,·r 

ls expo sed, it is rE- moved fror::, t lie S'\111 f rame or pr'l.n t1ng device and is 

rea,ely for tLe deve l O}'.Jing a:ppare.t t:. P. The WT ~ter has founcl fr om a 

ser i es of test s , that the per iod of time be twee,. re:::ov a l fr om the :p r i ;;t-

ir:.e de..-ice ar,d the ril r, cinr:; of t he pr i nt il~ tr~e z: evel0 :-, ine; a ppa.ra.tus is 

n ot critical. Tests were ~m on t he. Ozali d na~er, where seneit izet 

paper was expo s e c. and t }:en :p:!.aced face er eX'!)O s ed. si(.e up i.:1 a r oom 

where the shades were drm-m to exclude the afternoon s1.:: ,. Aft e r be-

ine; ex-posed to the lirht of the sha de c:. r ooi'.i f c,r four :1 0·,xs, tYe :lrin.t 

was placed i11 the developi r,g a pparatt.s and ?.Ji exceL!.ent pr lnt we.o 
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Results fro:r; tr.is experiment lea d.s U·.e w:rit£ r ta r.:ake tte 

pr,ict ice nf :iri.r,t in.r, a 1&.rge rrumber of r1ri :1 ts, s t ac kl. rtf'. t r.em a s they 

are rerr.cved fr '.'.lm t 1ie printer and t l·.er. devel(1 -i:-,i:1g all t~.e ::irint s at one 

Tests were r ,.m on how close toi;etr.er the p rints could be nla.ced 

in t he developer and yet a chieve g ood results . It was f o~m cl t~111.t a 11 

I 

b:r 17 sheet o f expo sed pauer cou l d be r olled i , . ~ c :,-·l 1 !1der or. e i.nch ir, 

diamett!r-, e.xpos ed sid.e i n , sec1!.red. ,,· .i tr, ru b"te!' b!'.l.nds, c ,:inld then be 

-p l <'!.ced in the developer, and -'L'l e:xcell e r.t pr int sec,.;l' t>cl . 

OzP.l id is a 2S p€r cent a(l1.1.A a;;;r2on : • • Do not use wa st€· P.:n:11o r: : .,._ er 

household ammon ia, a!! these so luti ons 1re too we P." . -:'he wr.r mi rw 11p of 

the developer sho1lld start s om e five o~ ter. minut es he::c,re devE- lo· l n[ 

is started . Th is is accomplis~ed b;r ;ilac i n~: t h e 'Ul:won L,,, :.1 c r haf•S or.e-

half t o 0!1fJ otmce, 1n a sma.1:. rue t a.l c o1: t :1iner w}·, ich l e ;.s~::i,ced i n s1de 

the develo _c,er . :Better results wcr.: acl:i ev ed when a r:i ece o f 1:ott'.)n 

we s 1.a,ed to Rbsorb tr.e greater porti or, of the am:::on i a. The a.:,:::;o n ·: a 

: .. ust be he c-sted, from an ot:tsi d.e so,.1.rce, t ,1 ine,ire mn.xi::-:n m .~ffici enc.:, . 

A.."1. i.r.,c ar,d.eecent l ar:lp b1: lb of 200 wntt~ m;:-:ces n desir;-;.bl e hea tinr unH. 

Heated. nmmoni a vapor is a ' .: ':,Jroxi ~1 a t el:: onc- ::n.1 :f t:-ie weight o f a ir , 

wh ich mf\!1:es nece Esary tr, e use of. a l:: tol esc cn:• i.nc; t on to the ~.evelo"'lE'r to 

c:W'J i d l 0 st: o f' the vapor ..-hen t :;e d ev elo::er i s ope1:ec. . Az tr.e teles-

c or_:, i ng t op is r er:.ov e d , t h e ~"nrr.o:::a . .,.'lDO r wi 11 asc end 'Uld will reirm in 

c ont ained a s l ong as t~e t op i s held !n t he vert ic~l ~~si t i or . I t i. s 

we 2. l to move the t ori u~J a r,J d.owr. r ap id:!.:,; a few t ·~::ies, t c- thor ough l ;r 

mix the a i r a nd a r,J;;o nia. v11.por wi t h ~n tt,e deve,lo-::- e :-. 

The p eriod cf deve l o::n nr. de:=; E·nds U'..!O!'l t r .e h eat o f t he a'limoni ~ 

vapor, the amo1.:.nt of v a:por in t h e dei:e l oi::e.r, a nd. the aecu:.cu:."\t t:d 



mo i. st,urf. Un<3er idea l c cnc: it i. ons, tr.i> develC>n'Dent of the , rir1ts tak es 

~, lc3-ce instar.t l:1. Hcw ever, nc, cia.xa,,:;e t'.J tr,e pr "int ia ir.cmred if allow-

£>d t o rer.:i!L::.n in the devPlo:pe r !'or seY€~'~1 rn inut E-S or r1t-' rrw ps even lone-

er . r:·. on re:novin~[ tr:e -rint, t}1e :orint i r1g h:is a creer. c~tst H 1s n.'1 

indication thA.t the IJrint is ,_:.nd.erf evelo:-,e :. The ~r i nt shm1ld then be 

~;la.ced. inside the de,;elo:,er and expos ed to t r.e am:nonia. fum e s for a 

lonrer period of time. "Exeessive moi ntu.re in tr.e ievelo , er c~Jl be 

net ic ed by t}ie de1:1nnesa of the }X>.:_ner and t i-e ext ended len,_;t h of develop-

ing time. The moi sture may accurml<1t e, fo::- at least, the foll."Jwil'l€ 

three conditions; (1) t co wec1k a. s olution of aru1;:onia, (2) u a inr: the 

amr:,oni a for too lone a J)eri.o c. . and (3) he a ting; up and co ol i :,F ,,ff the 

develo!1er during the developlnr peri od . A sxall " .. mo,mt o : :noi ,,.t nre 

ca.n be absorbed. Dj' pl acing :i2.~')er t owels i:,side t 11c devPlo ·.,, r, c) U:e~.,rise 

:.te c.eveloner s :1ould be cc-oled. o ff'", c lear..ed ,'llc1. <1r: ec. thorour:1 ly, then 

st~,rt t;:e :or :>cess ove r "'.gai:· .. 

A word of ca ution sr:.011 ld be afLdec:.. If the h11.nds of t:-:e O(·er c;.t or 

1:-.re ex:,o sec. to tl:e a:n:::oni:1 fo.:nes for t oo greAt a lengt:-. of tirr.e, t:~e 

cut er s;;.in dries an <: scc:1ler;. 

veloued urints hast !l; w: t ~ a wire t on~ . 

It may be concluded thAt Ozc1lid -Jrintinc is 1.mdoutt6J.:y or.e of 

Fer sc ', ool 

uset t~e 07.a.lid pro c t.~ss re cp.1i~es only a m5 ni :::'" E:: of equi pmen t nnC. s 1.1.. ;r-

r,Hes. 

le~st nosnible cost . Tl:e ;:.r in l is eau; '.,:) re\ ~: , the pc1.per is ,lnr:/o~.<", 

and penc:.lec., inked, or typed a.dditl'.)r.:3 or c t1rrE'c:t~ ·:ins ;nn.y be easily 

ad.dee. . 

F·.1t1.1re Possibil:.ties w:";\ 1 Ow.::.id; Huc!l wor'.-::: h ;:t S been done to 



produce a copying paper that can be dev,elo::ied by c::eiu1s ·Jf heat on.l y . 

Descri ) tion of this kind of coated paper may be founcl in an enrly Du:ch 

patent . .Accor d ln...:; to t'. ie patent the coatine; soluti,)n contai :1e; 

1. Diazo compound. of a s lact~ cou::,ili r.g Ct'l.i)ac J.ty . that is , r,.n a :.i inoc:. i azo • 

2. A c 011pling compound .. 

3. A salt. combined of a stro:-i[ base (soJ.iu.11 ,Jr :_:J Ot'l.ssitu;-; ) with ~ weM 

aci cL The ,<i.c id sho· tld \ 0 c o lat ile when '.'leA.t e.i t ,) h:L-r. df:cr cee. 

After coat 2.n1:;, the d.r ·ing of the pap e-r- Jmst be C/\rri ed tr:rout~h 

v ery ca;1ti o11sly to ;w)i d disc ·•lor ~n r; of the bac;:cr ')'l.u, ! . Whe:1 r a per a 

of this kind are expo.sed to li.~ht , the d.ia.zo coripo·,md is ::>Oil!"d t; , fade 

o:::. t :'lose :port ::. ons of the copy which are n o t screened :'ro::-. t:.e lip::1t by 

the dark p~rts of the traci:i.e,. At t"le 11nex; >c-11ed port i 0n ')f t ':rn c oated 

s-J.rface, format io 11 of t he dyest'1ff w:11 take })lace by hent1 ng , tha t : s , 

b<.r usine a flat-iron yiel(ling th,rn a posit i'le c opy f r om a. positive 

tra..:: t nf. For:ua t i,)n cf the dyest ·1.ff is obtained i:l. the foll0wi ,1.c.: man-

ner; 'llhen-heate,i . the above r.ientioned s"..lt w:.E s -:,li t 11,:-: , setti:1.t: free 

the alkaline bas0 , while t he co lat i ve acid i:>'n:1.1)01' ':ttel'. T:he free 

line effec t s the cou i::i l i n.5 ac t i ,)n between diaz0 ~~·:·~-' '>Ound a nd component . 

(3s. pages 1-3) 

Resul ts: Res'J.l te gained fr or.1 the G.;)0 Hl ~x:;eri ra enti:.1.l W·) r i: , and 

similar proJe ct fl are ver/ int eres: inc , but n,1t enc ouraging as f a r as 

exploitation of the met }iod on a bi g conr.ercL1l scale is concerna ,'L 

adva.;1 t ages. 

Adva..'1t n.g~'!.: The onl:r ir.rporta21t adva.ntae;e , of c o·.1rse, consists i:-. 



avoiJ.ing the disa2:,Teeable in.:h1ence of ar:1:':!Cn'ia va:;or s while develO!)lnf. 

Disa.d. '[antages t"/f t:11e N~ Procc!l9 : Some of the di s:1.dvanta.ge s of 

the new process are: 

Dia.Z')SU.lphona.tes req_,.1ire co.:rnUer;i::ile longer time to fai1_e when ex-

posed to light, than the us-.: ..-:1.l d.iazo c 1)m')ou.nds. The t i r: e 0f ex:,osu re 

of a paper man.u.factured accorJ.in:.: t ,:, the best for:nula wor ked ,)nt for 

hEat development up to now, exceeds the "!'."eq11ire:-e1ent for Ozalii TS by 

about 100 per cen ~. The lif~:1t has t he twof<:·ld tas\: oi: transfor i:'. :.ng 

the s~.1lphona.te into a. dlazo c ,)p:po·md firs~, a nd of decomposia~ the lat-

ter int o a colorless y,heno l afterwa.r d.!3. 

exposure. 

!t is cor.iman knowlE=,d f e a:.1ong e:x--.ert s :n tr:e a.rt of H ,rht r,ri nting 

that highly dried copyi ng :!)ttYJers tend to becn,ie brittle, es~)E2 cic1.lly in 

winter, when used in heated r 1o~s. Now, it i s inrlispensnble to care-

fu lly dry the papers ces .:. ~:ned f en· heat c.evel ,,p:nen t. r,referably at a 

temper.<\t ·.ire r:, f about 110 deerees C. The a:nO".mt of water i ncorpora':ed 

in the paper should be limited to 2 t~ 3 per c 0nt. Moist~re i~cre~ses 

the dispoai.tion of prer:iatiire couplin~; . On the other hand, the drying 

p rocess increases the disposi ti on of the papers ta become brittle . 

W:i.at has been said for the unexpc sed :pa.ner ,'.\?plies all the mo:-e to the 

finished print which 'has t o w1.derso a s ec ond heat trea.t::ie :1t dur ing de-

It beca1ne eYident that S'..Uficlent develoyment w:11 take 

p lace only at a minirn1.1.il temperature of lSO deerees C. 

Storing of these papers before use requires s -:iecial precautions. 

T:he usual packing C1ateria.l, s ,1ch as wl'l.X pauer or tar ~) a !)tr' does not 

warrant safe prot ec t ion agai:'.lst ::prematu:r-e c ,)up li ng. Small bags c on-

taining we.t er-absorb:ng che:nicals have t o be i :1co!"po~o.ted in a t inplate 



container together wi t h t he paper r ol 1. 

tory f -:> r t his purpose. By means of t:1is devic ;, , a keey.,i :1g (pality of 

several months le obtai ne~. 

this kee-p i!lg q_uali ty may o. lwa:,s be expect erl. Tn e paper ~ill sometlmes 

,:leteriora.t e from 1.mir".n•)Wn cause!l . 

Tn 1935, a sampl e ') f this paper, mam1fac L reil b Ka lle an c. Cc. 

La.borFttor.v , i .:1 Gerr.,a.n;y , ... m s f".Jrwardeil to tr.e. 0 ~alid Cor-pi)ration, in 

The }JaT,>er d.l d :10t surv:,e t he Atlant i c tri p , s'1.:)win1~ 

p:re:nat11re c ,)u:9ling when l t was t ested in United Stat es. 

It wi.11 be necessar:,- to c onst:rnct new mg,chines to rep lace the ml'\-

chines especi;;i.lly desi!sned for an11:onia devel opment. No en~;i neeri ns 

work has been d one for t :·.is purr;ose to dnt-e, except in a s:na l : :11)para-

tns f or laborat :)r y u se, co'.'l:; isting o: a .netal c :,rli :-.<l.er, fitted with 

elec t. rical heating , a..'1d w". t h s :-:1all gui .Je r oEers . This appar:>. ~us i. s 
\ . 

only a pp l i cable f or smal l sized prints . (18, pages 1- 38) 

3-10) 

Sundnf: up the ava.l. b.ble informati on on hea t developmen t o.f Ozalid 

paper w:11 l ead t o the concln s ion tha t t he s>r '.)C-?s ses o f dry dev e:.".>'!).nent, 

without ammo::iia, have n ., t be en satisfact or ily ])erfected at t h is t ir.',e . 

T~ IM ?ROCESS 

The Bruning BW pr i nts Are exr-v:t 11 pos it ive" c 0;1ies 0r duplicates 

o .f an ori.:::: ina l or u.a.ster copy t hat h:1.s been e: t :1er draw:-. , prir.t ed , 

t ype d or writ t en 0:1 tran.sl~1cent 0 r tra nsuarent mA.teri al. T'he BW pro-

cess of repr odu ct ion is by n,., me~ns new . It ha s been 11s e,i f or y ears 

tn e:1g ineeri ng de~3.rtments and dra: t i.nc r oo:ns t o produce ?OSitive 

c op ies of eng ineeri ng draw3.nf:, s, s-,,e ci fic~ti ons, cha rts, plats, maps, 



et c . T11e drafting inst ru~tor can find equally as many uses f •.)r t~ie 

type of re!iroduction yiaper. BW :p:rint s a.re easy to rea.(l and t ·:> check, 

with black or colored lines en a white baclq;ro1.md. They are exact du-

Hiatcr1 : The BW proceos has r:rcwt: 01:t of the dyeing i!:clust::-~-. 

Greer:, Cross ru1cs Bcv r-.n in 1890 first prepv.r ed e. m~1nte c'. clotL by in':·· 

pregne.t i r..g it with diazoti scd Pri n,nlin. erpo si nr; under :\ ~at tf.•rr. , and 

tten c oupline with a~o dyestuff c omp onent i1. A few yeare lat er tLey 

!t was not unt:.l t :,e 1?.t6 teer.a e,nd e nr ly twer:ti(: n o f the twei:tiet r-

century tr.,.at tr.is prccer,s first beca.r.1 e cc::if.iE· r c: .<1i ly availa1.1h. Numer-

c.us technical difficult i e ~ st ood. i n thewP.v . Pv en " t t!1<> t ti '.:':P, such 

ye ll owir..g of the backgr o,_u1ds. Corr• :nt1.nies i L Gerr,:;;1,y and t.Tc1L<tnd were 

(·\c ti Ye in d.e,;eJ. 01> ing two s ouewha t differer.t t ;,-'.)es o f d iazo t sT,6 p·ocess-

es. The ~ pr oc es~ w~s deve101,,ed by V1-1n der Grtnten in Hol]a.n cl. a..'ld 

was int r od.ne ed by the Eruning Compn.n;r, i :-.t c, Un ~ ted St n tee, '..n thE -.- .. ~.r 

of 1930. 

JlW Cher. istr:.:..; The catecory into wL~ cb tbe :EW pr oc i:.:: us fc:'.llc is 

called the diazotype, or direct printing prccecs . It is "bas e cl 1.:pon 

the princi!;ile that cert n.ir, chemical c om~;m.mdo k noW?". a s d ia.zo co:7ip oun<1 s 

can; ( 1) be decom~)oaed by ult r c'.Viole,t li{:ht, and. (2) co::ib i ne with 

phenolic- azo dyeotuff COU})li n g com ::,onents to for,., insoh:tle dyes. 

'J'he BW pr ocess is a light-sensitive !)rocer.!'1 by which pos : ti v e 

co1,i es can be made of 2.nyt: :i r.ct~ dr 2i.wr. , t :/~ue d , or urinted on a transpa.r-

snt, translucent or O!>c,que pn:per, film, or cloth. These c op ies are 



producec. d:!.r·ectl:, witL only 1)r.e ex1,osure Nie\ f ollowir,c thnt, :nQisten-

ir.g of tt.e surf;, c e witr: .3. dcve~.c, ;, ir"c s olutio: .. BW nrcducts cor.s:.r,ts 

of a base ~~~has ~aper , clot h , or fil~ .• canted wit h a soluti on cont a in­

ing the di .c,zo c o:::;ound, alorl{'. wit h ot:ne r chemical s snc11 ;:~s ac:d t·.iffer~. 

anti-oxidant e, ancl stabi.ll zen: . These produc~s ar~ relatively ineec-

sitive to artifici al , ir.cc.nd.esco::- n t li i; h t, or ind.oo!' c.a;:lL·~:t, s o rr.ay be 

r:a.ndlec. rmd.er f ,1-1c h c o ~1d.ition s witi't safe~ ~ for a rea s onfl.l. lf· ler. r tL of 

t i::e . 

1/foen the con t i nc i. r. "brougr.t in CC',ntgct , ,it;-. t }:e dev e l o-r,,ing so:l:-

tion c on t~ i nir. g the coupling acent, a dye is for:;;ed.. 

this co ati:1{; is expo tH.' d t o l ight, tr,e di~z.o compc,unc. is d. ec or1:,osed and 

is i:.o loricer cap:::.ble of formi ng a d;re>. 

Exvomt:-e o;' Se ns:'..tiztl fia ::, e,r : The mechr-n~cs 0f ex :·,o s,~re are as 

sirr:p le as that for b1.u e ;::ri d s or tlie Oz,J.i d '.lrocess prE·v i onaly de-

sc ,·ibeo . When t!"le· coated or sensitized surfac e i s e:xi ;os ed t o a strong 

.<i..c tinic li r;ht, a che::dcal chanr:e takes ;,lacf . The s eneitirinc s ol u-

ti on disa; .• r.e nrs, leavin1; tl 1e s1.:rface 1)f t he T,•aper w:-.ite, w·: t L t~.e ex­

ce:pti on of t he drawn, r, rinteL' , t :n )e c-1. or wr!tten matter e1 :::- e r:.rin,.:: on 

the orir-:inal copy whjch acts ns a sri.e:ld or mask f or the light. The 

light, ur,able t c -pene trate this por tio :, of the ori ;;:.nrtl, leaves a11 e,:-

8,ct replica of tr.e lmare on t}1e sensit i zed pa.per, for::-.ed by tlie r emain-

in.r, BW solutior . . Thi.s 01 erati on i s !~erfor1:1ed. in a :na: ter of t1econde, 

and the exrc,sed mediu1n ·i.s !': OW read.y t o be develc~,ed. 

Develo::iment of Print : T)·.e expo s e c. sens ~ti::ec. p.:iper cc1.L easi l.y be 

develo?ed b;· coatir.g the tack of t he nr int with a solu tion of BW devE:1-

It is poss il>le to c oat the bac~ of U-_e pap er 



evenly by pas sint th e e r.po s ed prv:>e r bet ween r ol "'... ers, the l :'.\wer roller 

ce..rrying the J3W develop e r fr om c ontainer to the ~mck of t he paper . 

The developer solution transfo rms the fAlnt lm3.p:e on the exuosed medium 

to an exact du:~licate of the orir, i nal CO?Y , that is , a po sitive prin~. 

The entire pri n tinic; an,l devel op! ':1{!, o-perati ,:m '.nn.y be ~ccomnli shed i!l a 

very nhort t l me. The process i. ~ p lea.s .qnt, , sirr.p le , c l eqr. , .9.n,t od0rlees. 

(Inf o rma tion on the :lrur,i ,,,< BW procesn furn:!. f',hed. t Le wr it er of t '-'.i s 

t hesis, by the Cr1F,rles :P.runir:.g Comrany, of !fow Yor l, .) 

Brown Print Pa.y,e r is also known as Uega tivf:: Pape r or S 0 lF1l' Pririt 

Paper. The mo st wic.ely used. na1,:e , however, i~ Ve.n Dyke Paper , wh ich 

is a Dietzgen t r· ;:_de nr,me. , o.nd han been E-ver s ir.ce Dietze er: introduced 

the brown print process ir. this countr~·· Thi s ii=; co11ted usnally on 

light wei r,ht -paper of l C•O per cer.t rF:.g stock a nd is obt .e;L:wc in any of 

the following wei ghts; 12 l'b. , 1l.L 1 b • • and 16 n .. . anc occasionally in 

24 11":. 

fornmle.: The f ormul l'l , which i ~; also se~ret, !las s1 lve:- a s its 

be_se, 2.l".r t h is is one cf the r ea.so nti thf;t t he kee :'. in~-:: qu.c1lities ?.r e not 

~s grent c•. s coro na. red with bluepr int pa:,er . If kept t oo lon,-, or if 

the prir.teo s:1eet is not wn.shed tn.orou,:hly , the pa·:-,er h ,'1.s a tend ency 

to become britt : ~. 

Print i.r • .t,;. Proc cd '!J.r e : The :printins proc edur e is t :,:e same as blne­

:printin1c, exc E-p t thnt it usual l y is slower . Tl:e develo-cinr., however. 

is dif ferent, in t hat Van Dyke salts are u sed t o "fix" a.nd set the 

print after it has ite first cle~r water waeh. HY!)ota.ssiu.m cf Soda 
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is a lso co:'.;:1c n l y used for tr1is paper for tl:;e Sc>~rr:e p,.tr~iosr:. After t::.e 

fi.x:.Lg salts are c".:JJ_:.l i cc, tLe pr:r.t ls washt>d ns e. in i n cle~ ~at. er. 

If t:1e ori f~ ir:.al is positive, s,;.ch a s a r ec1'. P.r tracint, t r.e re.s,1l t ­

['.f~t tr:nrn ;-,rint will b8 a. negat ive; thr,t i s , w:S--.ite :!.i r:es a.gai r~st a d<ll"/.: 

Vwt Dyke brown l 1ackr,round. If a brown pri ~t positive is desired, ~ 

negative is used a s t te subj ect o~ med1u~ . I r. ttis wa:: , the res"J.lU:.nt 

print wi 11 be dark Van D-,1ice brown }. 1 ncs P.pai ns t a w}, i te "L.t•.c :co ' oun c . 

Th e VD.n tnJke brown ie <rpaq_ue.ancl t h erefore br nwr. ,"ir 1n t ~,o si':.ives can 

a lso be 11s ed l i k e a n ori ginnl trf_cin.:- for rnakinr: ot he r ,,r i nh:. T":. e 

trowra pri ;-;.t, or Scla.r process is also av;,.ila.blr•, w}· ich i s pretra.nsnar-

entized with M o L:. S".l l1.1tio:,. PretrN 1s~~.rent ized negat i\'e p aper is 

u su c:,::.ly u sed where a great ntL11ter o f ·:Jri nt s a;-e t ,) :_,.,. :nad.e fro :r, t Le 

negative and sneed is ti desira1:,le fact or . ( In f o rmaticr_ on the Vnr1 

Dyke process f u rnished the writer of tr.is thesi s , by the :Eugene 

Dietze:en Com11any, of Cticago Illinois) 

Conc::.1,lli.Q.!l.: In summarizing thia chap ter on reproduction and dup­

lica t i :ln, the writ t, r h:1s put f qrt:i an e:'.:':fort to fa:nil b.ri ze the ren.der 

with a few of the im1)ortant p r ocesses . An impfl.rt i al di.!'ClH!Gion and e::c­

:plana tion of e a ch p:-ocess froi., the h:i st ::i r y d own to !Jr ? sent day p r actical 

use in the scho ,) l 1.q b ,) r ,'.'<t OI"J has been mai1 c- . 



CHAPTER III 

DRAFTING TEACHING AIDS 

'l'he individual who understand• hov learning take• plac:• recognises 

the importance o! the sense of sight to the learning process. The 

learning situation which brings into play the greatest number of sense, 

11 likely to be the most effective. It is human to learn more throtl&h 

the sense o! sight. tb&n through any of the other aeneea. The atudent 

who hears a particular mechanism explained. sees how it operate,. and 

then actually operates it. is participating actively in a eituation fa,­

vorable to economical learning. Viau.al aide enable the instructor to 

make excellent use of the important sense of sight in many and varying 

learning situations. 

The devices illustrated and described in this chapter attemptC to 

pre1ent to the drafting instructor a fev of the visual mechanical aids 

that may be used in presenting the subject of drafting. The aids 

1hould be used only when they will assist the instructor in presenting 

a lesson. If the aid is displayed before needed, the student, are 

likely to concentrate their attention on that particular aid, rather 

than upon what the inatructor is aaying or doing. In other words, the 

a.id 1hould not be called to the attention of the cl.au until the et~e 

11 reached in the lesson where it will clarify certain points being 

taught by the teacher. 

Part A 

SEATING CRAR!' 

A seating cha.rt. l!g. 1. 11 provided to accompany the plan of the 
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drafting room, chapter 4, Fig. 12. The instructor's table could have 

a receae in the top, at a convenient location, to provide a place !or 

the _eeating chart. OYer the chart, a piece of double strength glass 

could be placed, bringing the surface of the glaae e-ten with the eurface 

of the table top. 

'!'here are at least three purpose• that the seatint chart could 

juati!y; (1) assigt the instructor in learning the names of the student•, 

(2) provide a quick eaey check on clan attends.nee, and (3) aid a eubati­

tute instructor in the administration of the drafting room. 

Part B 

S!UDEET PERSONNEL OBGIDZ.il'IOB 

.u the areas of actiTitiee presented in the industrial art, labo­

ratory have increaeed in number and scope, it has been expedient for 

the instructor to aesign many of the clerical, preparatory, aa1ntenance, 

and general routine duties to the students. Thie plan which ha• been 

organized in many ways. is generally referred to as a student personnel 

organization. 

Taluable Experience: Pupils can receive valuable experience 

through participation in such a plan. Some of the basic values de­

rived from a carefully planned organization are as follows; (1) broad­

ens pupil development, (2) increases interest in work, (3) relieves the 

inatructor o! routine work and allows more time !or instruction, and 

(4) shows the student the value of responeibility. 

Student personnel organization• may va.ry according to many condi­

tion• that prevail in the laboratory, such as the number in cla.as, kind 



of equipment, area9 of work, and age of the etudents. An effective 

and wortb-vhile organization calls for careful planning on the part of 

the inetructor. Because of many variables tbat exist, no one plan 

could possibly fill all situation•. 

Organization of Student•: In handling large classes and keeping a 

neat orderly laboratory. it become, necessary for the instructor to es­

tablish an organitation to assist him. The organization i• compoaed 
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of students from the class in which they are enrolled. They can aasiat 

the instructor in caring tor the equipment. aupplies 1 a.nd help guard 

against accident hazards. To carry this program on effectively. it ia 

necessary to inetall an organisation whereby the instructor become• the 

executive. Under him are foremen &Aeigned to certain definite and 

specific responsibilitiee. 

In setting up a peraonnel organization it muet be explained to the 

student• in detail the purpose, their duties, and the advantages of such 

a syste11. !oo IUUl7 inatructors mate the miltake of never explaining the 

program and making the 1tudents feel they are nothing more than a jani-

tor or custodian for a portion of the period. When the organization 

is firat introduced to the etudent• 1t eho1.1 ld be pointed out, thP..t when 

they are given euperviaory reeponeibilitiee, that these reaponeibilitiee 

eerYe as a means for givirag them the finest type of training in the art 

of leaderehip and cooperation. It aleo ae~uainte them with what it 

means to be a good follower in order that the whole organization may 

function smoothly and efficiently. 

There have been several different type• or shop organizations 

tried, and, no doubt, each have their good points as well as their weak 

pointe. Too many times the instructor has used one system so long 



that he •follows the old groove." neTer realizing there could be much 

improvement ma.de in the method. Others lack the initiative to try and 

work out a new and better method. 

Jxplanation of Clase Jnrollment and Responsibility Board: At the 

first •hop meeting this method should be explained and the general and 

assiatant foreman should be elected by the student•. There are two 

reasons for allowing the students to elect their foreman with the ap­

proval of the teacher; (1) they feel like they have taken part in the 

cl~as organization, and (2) the students will ueually pick a general 

foreman with vhom they think: they can work. Moreover. they vtll know 

him ae •man to man" much better than the instructor doea. 

The general foreman ie the coordinator between the pupil and the 

inat~ctor. Hie duties ae general foreman are many. and he ha• the 
I, 

greateet responsibi lit y ~fall the etudenta in the shop organization. 

He must check on the helpers under him to see if their work it complete 

and done correctly. He is to ta.ice the place of the inetru.ctor in 

eTent the instructor mu.et be out o! the room for a short time. He can 

also atop many of the diecipline problems be!ore they rea.ch t~e in­

atru.ctor, or find the cauae of a.ny disturbance during the class period. 

He is elected !or one seme•ter, but m93 be repla.ced at any time the in-

structor deems it advisable. The assistant foreman is a helper to the 

general forell8Jl and ia elected for the ea.me period of time . !he number 

of daily tasks assigned the remainer· o! the students in the class de­

pends upon the number of work stations there are in the laboratory. 

There is one column, Yig . 2 . for every class period and each atu-

dent enrolled in the class has his name card block. On this block the 

following information is found; name. work station number, date started, 
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responsibility record, and special assignments. At the end of the 

week, the block with the last name in the column 1• removed and insert­

ed below the eecond. block fro~ the top while the others below elide. 

.down. The reason for putting this block in the third from the top, is 

due to the fact t!lat the general and assistant foreman remain on the 

two top bloc~s . To the right of their name, printed on drafting tape, 

will be found their weekly work station to keep in a neat a.nd orderi,-

manner. If there a.re more students in the class than there are vork 

stations, it is well to leave some blanks evenly spaced along the board 

so some weeks a student will not have a station to supervise. 

A method o! familiarizing the new officers with their dutiea 1B 

desirable. Moat instructor• will feel that it is valuable ! or the 

etudent, who just previously held the atation, to spend aome time in­

structing or assisting the student newly assigned to the .tation. !hie 

instruction would take place on the day the organization is rotated, or 

previoua to that day. 

When uaing the •class Enrollment and Respons1 bili ty :Board.• the 

responsibility of a student starts as soon as he enters the labor~tory 

by checking himself in on the attend&nee board. Thia represents the 

time clock of industry. The attendance column is found in the las\ 

row to the right, of the board. or in column seven. The attendance 1a 

taken in the following manner; each goes by t he number of the work sta­

tion which ia assigned to him. By each number is a removable peg. 

When the students enter the drafting room. all the pegs will be either 

to the left or right of their number. To cheek in, the7 merely move 

their, own ,nd no other peg to the oppoeite side of their number. By 

this means the instructor or time keeper can very easily discover who 
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is absent by checking the pegs that have not been moved to the correct 

side . 

Every instructor will find it necessary to modify the use of the 

RReeponsibility and Attendance Board" to meet his own particular needs . 

If ti:ne Call be arranged, it is suggested that the instructor and fore­

men meet every two weeks to discuss , in pri~acy, problems that have 

arisen . Thie conference affords opportu.nity to develop and train the 

foremen in cooperation and leadership , which is very i ~portant to the 

success of the industrial arts department . 

Part C 

RECOBD 01 CLASS ATTENDANCE~ PARTICIPATION 

An individual record should be kept of the 9rogress of each member 

of a drafting class . A busy instructor cannot hope to keep in mind 

the status of progrees of each individual of a class, or the value of 

each exerc i se or piece of work completed. 'l'he simpleet way to keep a 

record of progress is to make use of a chart, Fig . 3, designed for that 

purpose. .A.cross the top of the chart, the names of the exercises, op­

erations, and jobs are recorded. As indicated on the drawing that ac­

companies this article, the names of the class members are recorded on 

the horizontal lines to the left of the checking columns. Charts may 

be made up in quantities in the blank form and filled in to suit the 

need of the individual class. The instructor must have a system of 

marks to indicate what progress the student is making. 

Recording: Recording of progress on a chart according to units of 

in•tru.ction might appear to be a difficult t ask. Progresa must be 
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recorded, hovever, and the recording should be based on mastery of 

fundamentals. The atudente should be checked on their ability to do 

what the instructor has taught them. At any point during the semeater, 

comparisons may be made to determine individual grades and standing of 

student• in the claea. 

The instructor must develop a technique !or recording the progress 

ot his clasa. Recording progress is not difficult to learn, if the 

instructor will develop a technique of transferring grades from the 

exercises, operations, or job• to the progrees chart. It is one of 

the fundamental things that an instructor must do in & akill:t'ul vay. 

'!'he progrese eh&rt should be posted ao that the student• will have 

access to it at all timea . Thia will create a desire for self im-

provement. It is natural for students to wish to excel, and posting 

the record publicly tends to inspire them t o do 10. 

P'1rt D 

A good start at the beginning of a school semester is very essen­

tial to the success of the instructor of drafting. If the instructor 

of drafting is prepared when the students arrive, his success is very 

largely asfflU'ed. If he is not prepared when the students arrive, he 

atanda a very poor chance of getting prepared afterward. The instruc­

tor should bear in mind that whether he is prepared or not, the students 

will be ready the first day. 

Preparedneaa: The students should be impressed with two evidence, 

of preparedness on the part of the instructor the first day they see 



the inside of t ·he draft 1ng laboratory. First, a laboratory should be 

planned and arranged to the last detail, with not one small item out of 

place . The laboratory should be just the way the instructor expect• 

to keep it throughout the year when his students enter for the first 

time. Second, there should be evidence that the instructor has in 

mind a carefully thought out pls.n for handling classea, issuing sup­

plies, supervising work, etc., and that he knows exactly the motivation 

techniques to establish. 

LaYout Sheet: To avoid confusion and unnecessary delay in the 

starting of a drafting class , the layout sheet, Fig. 4, ii suggested . 

A layout sheet should be prepared for each member of the c l.Aes, by one 

o! the better methods of reproduction, and placed in their possession 

the first day of school . This eliminates a hurried explanati on on the 

blackboard b~ the instructor, or the student• going to the bulletin 

board for layout procedure. 

The layout sheet with title block is for an 11 by 17 drawing. 

The paper size should be 12 by 18, and is trimmed to size after the 

drawing ie completed. The purpose of the wide margin at t he left is 

to leave space for bindi?li:. The print of the layout is self explana­

tory. Although the layout sheet is a~own for a 12 by 18 sheet of 

paper, the size could be reduced one-half and used on a 9 by 12 sheet. 

It is good teaching techni~ue not to use the same size layout 

sheet that the text book recommends. Students should learn t o space 

a drawing early in their drafting experience , a.nd not to depend upon 

the spacing recommended by the text . By using a.n "off-si ze• layout 

sheet, the student acquires the ability ear l y in his drafting experi­

ence to layout any drawing without hesitation. 
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Part E 

BLACKBOARD 

The blackboard, Jig. 5 and 6, is the most common a.nd generally 

accepted medium of visual instruction. Instructors in drafting should 

develop expert skill in the use of this teachine device. Well executed 

pictoriRl drawings. diagrams, and sections will reduce the necessary 

amount of verbal instruct ion and thus aid the student in a better under-

standing of the material. The majority of instr~ctor• have failed to 

ap~reciate the advantages of blackboard presentation and, therefore, 

they have made no special effort to become proficient in its use. 

(19, page 301) 

Sketches: There are times when the sketches should be drawn before 

the period in which they are to be used. Tbis ia particularly true in 

the case of complicated devices a.nd dia.gr~~e that would require t oo much 

of the clau period to complete and co,1ld probably create discipline 

problems. Although the blackboard is an effective device in the hand 

of the instr~ctor, the student should be requested to use it when he is 

called upon to explain his understanding of a principle or operation. 

Every drafting laboratory should have a portable blackboard available. 

Colored Chalk : It is well to use colored chalk to accentuate cer-

tain parts or materials. The added attractivenaee has considerable 

influence on etudent interest. Another important feature of bl11.ck-

board sketching is the uee of shading. It will give a drawing depth 

and will create the illusion of a third dimension. 

Us~ of Blackboard: A good instruct or will make use of the 
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FIG. 5 PORTABLE DRAFTING BLACKBOARD 
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blackboard f or all new techl,ical words, the names of ma.chine parts and 

opera.tiona, in addition t o well dr:wn sketches. The use of the sense 

cf sight, in addition tc tre sense of hearin.r , w1ll in.cre2.se the learn·· 

1.n.g pos d tilities oft.he student. 

The instructor sho uld stand ir: sucb a post ion t lint he can acidrese 

the class clearly, and at the sazne time point out ea sily or! the eket ch 

or d.:rawine.. the things he wishes to e mphasize . An i nstruct or wh o 

faces a blackboard , with his back t c, the clnss , fc rr:ets t'tat the stu­

d.er.ts cannot see thro1:1~h him, and c anno t r:.e ar wh"lt he is expla.ir:i ':',.£. 

A pointer is a useful device for tel'lc h ing fro:: thP. blackboard. (26 , 

Pat:ee 50- 51) 

Desigped and Developed: It is 'loiitb the abo'\'"e thow~r.ts in mi r.d, 

that tr.e writer of this thesis designed and devel oped n.e blackboard 

that accomr,a.nies tr. is article. As the blackboarc is i r rt1:,.ble, 1. t is 

desirable thnt castere be mount ~d on the b&ee. This wi ll :nake it 

poasi ble to move the blacJ.:boEi.rc. ar°'.wc. the r ccm for use wi. t.h e-peci.al 

Theri. the blac1.hoard can be s o placed that the stude nts need 

not look into the light . Reflected lig,ht from the surfa cf: of the 

blackboard should be a.veiled. Unde r sou:e conditions, it ir.ight be ad-

vi sable to mount a sbacied fluorescent light on the top of the bl~ck-

boa.rd. This would tend t c, spotlir,ht tte material placed e n the black-

board. 

The ma.jori.t.:r of drafting ir.st:ructors find it very hard to make a 

presentable drawing , freeha.rcd . In tte me,j crl ty of Ctlees, the st 1;_dent 

is required to make his dre.w:ngs with the traditional dra.ftine; tools, 

-and the freehand sketch c,f the instructor on the blackboard is of 

little va.lue . If, on the other hanc, the drawing on the blackboard 
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is constructed with the T-squ.a.re and triangles, the student will learn 

the correct methods and techniques to use on his drafting board. Like­

wise, as the drafting board can be tilted to a desirabl e angle, the 

blackboard oan also be tilted to provi.de ease for the instructor in 

drawing, and to avoid an undesirable reflection of light from the writ­

ing surface. ~he blackboard ia designed vith the thought of using 

both front and rear of the swinging blackboard surface. While the 

front may be used, as suggested previously, the back could be used for 

freehand sketching, tests, solution of problems, etc. 

Construction: It is suggested that the portable blackboard be con­

structed from a ha.rd vood, and extreme ca.re be used in the accurate con-

struction of the track carrying the head of the T-equa.re. The black-

board surface ehould be of a good grade of pr••4wood, securely glued 

and bradded to the :frame. The hardware listed is of standard des i gn 

and can ~e purchased from the larger hardve.re stores or eupply houses 

that provide for industrial art• needs. 

Naturally, to make such equipment entirely workable, triangles ere 

needed. These mc\Y be constructed of 1/4 in. plywood in both 30-6o and 

45 degree types. Likewise , a scale may be made from 2 by 2 soft pine, 

divided and marked to represent all of the scales of a triangular 

architect's scale. A regular blackboard compass may be purchased, or 

made, to complete the equipment. 

Slating~ Surface: A reliable paint supply company should be 

consulted for material to be brushed on, to form the writing surface . 

There are many brands on the market and a reliable product maybe easily 

secured. 



Part F 

PROJECT! ON BOX 

Probably no co,1rse of s tudy in industrial arts has undergone fewer 

chru1ges du:-tng the :9a.st 30 years than mechanical drawi n1> New Text 

books Lncor:9oratlng the reco:cJ- nd.a.tione of the A:.~eri can Stand.a.rd Associ­

ation h:ive c ontributed r:iuch toward the stano.ard iza.t!. on of t he s'.lbJect. 

There le less abstract work i!i the problems contained in the c.'.) dt>rn 

t ext bo ok. The ei-p erien,~e gained from the defence t r al:1i nt; ,., r osra.ns 

have u la:,ed an important part b the c:i.angod po :.icie s o f the ecr. )o l 

drafting l~boratorJ, As a result, man:, of the instructors 3.I'e r tvtng 

m()re atte::-.ti ,n. t o the a.ctaal n ,?eds of the c n:i.r s ee as they a .,ply t o the 

stude nt and his w~rk. Blueprint reading and s~et c~ lng a.re no~ reg~rd-

ed as more important than the mere m.~1ng of drawings involvi ::,· tech-

Obviously, the majority of the stadente are not :)re~Rrln,:: for 

drafting voc~tions and the ma.jor object ive is to tea.ch students to 

have a working knowledge of dra.ftin e.. 

Teachi~ ~ : There is one ph.-'ise, however, ln the teaching of 

drafting which has been 0verlooked or regar,led ,'\S not subject t o any 

particulr:u- improvement. T~i s is in the methods, or t~aching aide , 

used by the instr..ictor. Gras :"J i:i.g the fumla:nentals of orthogrnpr:i'C 

~r o ject ion is not ea sy for all members of a class , Teaching this 

unit means that the 1nstr-t1ct or must give 1nd.ividual instruction, b lack-

board dem.onstrati -:ms , and. strees the material i!l the text book. The 

etude:1.t doe s t lw beat that he can t o master these fundamentals , How-

ever, there are time s when n,:,rri.1a.l , intel ligent, and willing beginne rs 

find it difficult to understand. the printed page, oral inst r-J.ct!. ?n, or 



complex diagrams on the blackboard. 

~h£. Projec.11£.a, Box ; The box shown in Fig. 7, ie made of 3/16 in., 

water clear, plexiglass. Such plexiglass mn.y be purchased from deal­

ers ir: craftsman's sup}Jliee, companies making plastics, or industrial 

arts supply r.ouse s. To m!'.ke t he box, purcha.se ;; r·,iece o f plexi glass , 

11 by 21 inches , and c11t it accurately t o the sizes indicr,t ed in t~e 

drawing. Ca re mus t. be t aken in wcr king o,lt t he hinge ··.: E>tl'\il, so that 

the box ma.y be opened without the hine--es bindi r.f. The :'e. se should be 

of yelJ seasoned ... ood, and should be enameled or stained a different 

color, in order to identify it at a dista~c e . It is possi ble t o plan 

a projection bo:x of a diff erent shape, t c fit tr. E> t:' i z e of t he object 

to be drawn. The corner bloc.k rcay- be ma( e of hard wood or three 

p ieces of plexlglass cemented together . 

68 

Purpose ; The purpose of t hi s box is to show the relationship of 

the orthographic views of an object, when projected on a flat surfac ~. 

Many classes in drafting are c onducted mere ,y for the purpose of teach­

ing the students to read drawings , and consists chiefly of copying com-

plated drawings, or by compl et ine partially made drawl nge. The basic 

principle of orthographic drawing is often neglected tc such an extent , 

that many wl:o have completed such a course, could not draw a simple 

model unless the instruct or supplied specif i cat i ons for tte layout . 

The majority of students , who hav e completed a drafting cotU' Fe , have a 

general lalowledge of reading drawingF, 'trut it is disa-ppointing to find 

many wbo cannot express an original idea graphically i n a correct man­

ner. Perhaps the views a.re not correctly placed or connected or pro­

porti oned, as no use has been made of projection lines to save repeated 
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measurements and to prevent errors. (5, pages 81-84) 

[!!_ of lll£. Projection Bo.!,: With the projection box in a closed 

position, as indicated in Fig. S, the object to be drawn is placed with-

in the enclosure of the box. To make the object center for the front 

and side views, it is suggested that supports of fine piano wire be 

placed on each corner of the base of the object. 

It is an accepted rule that the surfaces of an object suspended in 

space may be projected onto planes to which they are parellel without 

changing their shape or area. This means that the projection lines 

are parallel to each other because if they were not, the projected 

images would be either larger or smaller than the act~a.l 1ru.rfaces. 

The process of making a.n orthographic projection involves the enclosing 

of the object in a transparent projection box. After having projected 

its surfaces to the sides of the box, it is opened in such a manner 

that the corners nearest to the observer are the hinge lines. When 

the open box lies fl at, all tte views lie in the same plane. The stu­

dent will learn that the images are definitely related because the same 

points are shown in many of the views, except that ttey are viewed from 

a different direction. (5, pages 84-86) 

It is not always necessary to use all the views which appear when 

the box is opened. Only those views which t ogether furnish sufficient 

details for reproduction of the original object a re necessary to be 

shown on the drawing. As a generai rule, simple objects require the 

use of three views, and in many cases less t han three. 

After observing t he demonstration of the projection box, the stu­

dents sh~ild be permitted to place their models in t he pr ojection box, 

and work out their problems. To complete the lesson on orthographic 
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pro j ection , the student will draw t he necessary views of the A.Sf1igned 

object. 

Part G 

GLASS-TOP DRAFTING BOARD 

The glass-top draftin[ board illustrated in Fi f. 9, a..nd described 

herewith may be made quite easily in the schoo l shop. Its construe-

tion does r.ot involve great expe nse . It is m11 e with a gla.ss to~ size 

of 14 by 18 , inches to accomodate the standard layout sheet, illustr~ted 

in Fig. 4. Around this glass. a frame 3 inches wide is constructed. 

The total overall size of the top is 20 by 24 inches, which is the size 

of the standard school drafting board. The to~J is ::ineec. for the f ol­

lowing purposes; (1) to facilite.te emergenc:r ventilation, (2 ) t o adjust 

the t 1 lted drawing surface, and (3) easy ace es s t o the bu lbs. '!'he 

glass top is nade of two pieces of double streng th glass, t o ~ i ve ad-

ditional strengt h . It is desire.ble to ::,lace a piece o f trac1nr; par: er 

or cloth between tte two p ieces of r,las " , so a s to diff ~1se t r. e H r:ht. 

(32, :page 31) 

The reflector i s of sheet alumi nu.T. In order to insure ventil a- · 

tion, openings are made in the two sides ,and t t e back. For i llnmina-

tion, eight 20 watt tubulRr bulbs may be u sec. They a.r e arranged in 

72 

two sets, each with a separate switch. Thie s eparation of the circui ts 

allow for choice of intecsiti es . The material used in t he ccnstructton 

of this drafting board sho'1 ld be of a hard wood , and finished to harmo­

nize with the draft i ng equipment. 

~ 2f. Glass-~ Drafti11£. Boa.rd: The use b which the drafting 
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boar,l ca..-i be extenie,'l. l s l imited 0!1 l y by the i :na.gi na t i on o.f t :-,e inst ruc-

tor and. st ude.:-,t s who ma.de use 0f this devi ::e . For the i nstru ct o r , t he 

i l l umi nated board may be uB ed , tcJ j, repa.1·e 1'.!0!)Y f or an:, of t:,e dupl:..ca­

t lon and r eprod·.1c t io:t p r oce3 s es, check drafting pr oble!.'!s f r ,)iJ a mas t er 

c opy, c om11arison of t he indiv Li'.la.l s t mlerit r; r,) b:!. em w~t:, th::.t of tJ-:e 

r est of the clasR, Rnd to illus trate c 0r r~ct wei ~h t 0f lines. For t.r.e 

sf'. ad.e nt, the ill,xr:inated bon.:-d ma:,' be u sed t o ·:,re yy , :-e io::JY for stnd.e ,,t 

pu bl i cat i on , tJ check thei r dr awings •.1i th ead ot her fo r ~1os s i '::-:. e er-

::- ) rt1 , ~ld e:c,.s P. of chec~ ing : 0 1· cor.::J lete:H's s ·) f 1raw:.'.lf". 

Part H 

Charts ar e used to draw the ·attention of the cla~s t ~ i mportant 

facts or ideae . Charts are v i sual represe nt at ions of facts, situa-

tions , ·:>r objects fo r making couma.risone, for summarizi ng , or for show-

ing quant i ties and developments. Excellent charts can be made s howing 

such t h ings as functions of wor~dng part s, t he ca.re and servicing of 

equipme nt , pictorial s ymbols, exploded drawi ngs, and details of con-

s t ruct i on. Manufactu::-ere have placed at the disposal of t :ie drafting 

instruc tor , man..v charts that are indispensable in the teachi ng of 

draft i ng. To choose the type of chart that will best present the 

idea, the instruc tor must know exactly w~at t he cha.rt is to show and 

be fn.miliar with the different posaibili t \ea of display. 

Sto rage of Charte : The secur i ng of charts . rolling them up , a.nd 

filing away in a ,cabinet serves neither the instruct or or the st11dent . 

A suitable storage and displ ay c~bi net, Fig. 10, is needed t o secure 
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the greatest benefit from the chart. With this thought in mind, th• 

cha.rt cabinet was desi~ned. The construction is quite simple and would 

not be difficult to construct in the school shop . The depth of the 

cabinet could be increased to make available an increased number of 

swinging panels . It is to be noted, that the hinge on each panel is 

so constr1.1cted. that the panel can be removed by pushing the panel up­

~ard until the lower dowel clears the supporting member and then pull-

ing the panel outward froc the bottom. Special attention is called 

to the construction of the door. T!lie type of door will not warp, 

and is light in weight . Even the inside of the door co,1ld be used for 

chart display, as well as ea.ch side of the swinging panels. Scotch 

cellulose or drafting tape serves a very useful purpose of securing the 

charts to the swinging panels . With the door closed, except when the 

cha.rta are in use, the cha.rte will remain clean and in an usa"ble condi­

tion for many years. 

Part I 

INpUSffiAit DRAFTING CHECK LIST 

Instr~ctors a.re very prone to instruct their classes in the same 

manner yea:r after year. Certain devices have been found to be good 

teaching technique. These have been kept and used co nt i rr~ously which 

has produced a deadening effect on the inetructor•s iaitiative . There 

are many other devices which, if used, would produce more pleasant 

pupil experiences than the traditional methods used. The course of 

study cannot be changecl to a great extent, but the procedures can be 

varied. 



Qorrections : It is traditional for a drafting instructor to write 

corrections on the student' a drawing, d~iring t~e process of grading. 

This tends t o detract from the appearance of the drawing and creates 

within the student the desire not to show his drawings to others . 

However, if the industrial drafting check list, Jig. 11, is prepared in 

advance, paesed out to the st1.1dents with a few words of e)q)lanation, 

and is conscientiously used by the instructor , the students will appre-

ciate the correctione rnade on the drafting problem. 

Check Mark: Errors a.re noted on the students drawing by a check 

mark with a number and letter . For example; ~shows that the in­

dicated lines did not meet a.ta definite point and a neat joint did not 

result. This check mark should be made lightly , with a soft penci l . 

This will a.llov the student to check and correct his er rors, erase the 

check marks, a.nd then not be ashamed to show his drawing. 

/ 

"'J Qonglusion: The expanding program of drafting in the public 
(~ 

schools have developed a greater need for more elastic teaching aids . 

It is wise to make the teaching a.ids flexible enough t o cover the field 

of drafting. While teaching drafting. the instructor is frequently 

confronted with the problems that become time con8'Ul!ling in his efforts 

to assure full comprehension on the pa.rt of the student. Proper 

teaching aids at the right time are often tremendous timesavers and 

produce a more thorough and lasting impression. 

Many of the best teaching aid~ used in the laboratory are made by 

the instructor or under his direction. There are several advantages 

in making them. The teacher may prepare just what he wishes to shov 

in an aid and omit all unimportant or undesirable features. These 
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DRAFTING CHECK LIST 

1. VIEWS 
A. Selection--Have proper views been selected which most clearly 

picture the object? 
B. Placement --Are the views placed in proper relationship and 

located so that the sheet iB balanced? 
C. Sca.le--Is the d.rawilll; too large or too small for the sheet? 
D. Completeness--Are there too many or not enough lines? 

2. LINES 
A. if'Jl)e- - Has the right kind of lines been used in ea.ch part of the 

drawing? 
B. We1ght--.Are the lines of proper width and density? 
C. Uniformity--Are all lines of each type the same throughout the 

drawing? 
D. Junction--Do the lines meet at a definite point so that a neat 

joint results? 
E. Eraeure--Are the erasures adequate and neat? 

3. Dl!4ENSIONING 
A.. Pla.cement--.Are dimensions conventionally located to giTe good 

balance and readability? 
B. Completeness--Have any dimensions been omitted or duplicated? 
C. Accura.cy--Do the dimensions conform to those of the problem? 

4. ARRO()IEADS 
A.. Size--.Are the arrow heads the proper size for good appearance? 
B. Weight--Arc the lines of the arrow heads of correct width and 

density? 
C. Shape--.Are they properly proportioned and conventionally formed? 
D. Uniformity--Are the arrow heads the same throughout the drawing? 

5. LETTERING 
A. S1ze--Are the letters of appro~riate size? 
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B. Weight--Are the lines of the letters of correct width and density? 
C. Shape--Are they properly proportioned and conventionally formed? 
D. Spa.cing--Is the proper si:iacing 11eed between letters and words? 
I. Guides- -Have guide lines been used and properly spaced? 

6. SPECIFICATION AUD NOTES 
A. Pla.cement--Are the specifications and notes conventionally 

located, easily read, and well balanced on the sheet? 
B. Coropleteness--Are there sufficient specifications and notes to 

give necessary information? 
C. Accuracy--Do specifications an1 notes give correct information? 

7. CLEANLINESS--Is the drawing free from dirt and amudges? 

J'i g . 11 
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can be made to the size most desirable for laboratory use, and with a 

minimum of expense. It is much easier to tea.ch drafting when the in-

structor has at his command, all the teaching aids involved in a course . 

This is a more positive approach to teachine. 

The drafting teaching aids discus1ed in this chapter are a few of 

the many items that may be designed and constructed for use in the 

drafting laboratory . If the instructor has the time and material, the 

development of drafting tea.c~in~ aids would modernize the instr-uction 

in the drafting laboratory. 



go 

CHAPTER 4 

LABORATORY AN;D ~UIPMENT AIDS 

The responsibility which rests on an inetriictor assigned the task 

of planning for a drafting laboratory of a echool, is an i mportant and 

challenging one, and the task demands considerable tho,.ight and insight. 

Errors in room planning and equipment mirchases are costly, in terms of 

money. Wrong planning and wrong equipment selections may obviate the 

very purposes being sought through the drafting l~boratory experiences. 

The problem should, therefore, be a~:rproached with a thorough under-

standing of the general educational philoso~hy and of the objectives of 

drafting as a guide. 

The importance of the equipment and its function in carrying ou t 

the aims and :purposes in the drafting laboratorl is a factor condition-

ing the teaching process of drafting. This is a matter not given due -
recognization by too many instructors 1~ the field of drafting. It is 

only too evident t o the experienced instructor that the behavior of the 

students while they a.re in the drafting laboratory ma.y be gP;£atly in-

fluenced by the many op:p•)rtuni ties it affords the!n in giving d.efinite-

ness to le '3.rning in all the inetructional areas. Indeed, the success 

of the instructor may hinge u,on the factor of laboratory layout, 

equipment, 'J.Dderstanding of mechanical principles, aids, and devices 

of the modern drafting curriculum. 

Part A 

THE. DRAFTING m_ 

A drafting room in a unit industrial arts program is a room 



dev0ted entirely t o the ex;:;loratory and training of students for the 

various fields of draftinc. ~1e d r afting r oom should have f ~cilities 

for training the students, whereby they will e;ain a wholes '.)me experi-

ence with otjects, and make drafting the record o f t~ose experiences 

which include t~~e ') f mat er i als, processes, and many other f .·.v;tors . 

The major pr ob:'..em in laying out a ne.,r dr~ting de-;)ertment, e r in 

reorr,n.ni:zi~ an old one, es1)eci a lly ir, the small school, is t o c et tho 

most n s able s pncc, tr:.e most e,1:l. table e<tuiJ1ment, and the very best pr0-

gr an:. possible with the means avai l a ble. To this enc\ t he dept>..rtment 

shculd be c,.rcfu:i. ly planned in. detail befor e construction ber,ins anc.. 

be fore equi pmen t is constn,cted or purchas E: d. In any event, the draft-

inc r -:· orn sr:oulc.. be c onstructe,":, equinpe c. , and arranged. s o a s t o insure; 

(l ) i nstruct io111>.l c onve:liericc, ( 2 ) s::i.fe a.nd econo::c1icRl cperation, (3) 

ease cf c'-dmi n1 stration, anc. (4) maxirm.1m educa tional v alues to tte st,:-

ent . 

~ Draftil":£, ~- La;,rout : The :;,reposed lc1yout 1 Fi;-, 12 , shown 

and descrl1!1=d in thi e e.rti cle i c a planned la~out, embodying sorr.e of 

the i ':~:r0'1enie nt£1 t o t e dcs:rcc: in a modern i ndustrinl :-1.rta d.raftine 

r oo:: . The p r rr1_1oeec. p lan call s for a r ootr. appr oxi:!lately 34 fe e t 6 

\nches by 49 f eet. W'i th a floor area. of 1691 S(lua re f ee t 1wd draft inf: 

t a'bles nr o,: i ded fo r 33 sti..:.dents , t hi s makes a.npr oxir.:.rttely 51 squa.l"E, 

f r:e t of floor area s r>ac e y)er student. Newkirk e.nd J ohnson, i n tbei r 

book on the l rd.-..ist:· ~:: l Art s ?r ,f~· q~, . suf:rest ed 4o square feet o f floor --,,-----~-.. --·----_ .. .._.....,__ ... _ 
::,..r ce. s -pace :per st 11de nt i11 a high schoo l fu·aft i ng r oom ar..d s :.i r::ht ly over 

64 sq_nare f eet per student i n jU!1ior :c1gh. 

Tr.e rati. o of th e wi c.th cf t r.e ,_:r ,'.!ftir.1.t-; r c• 0m to t l.e l ength is ap-

-;;r o xirua t ely one t u ,:: ne r~'1.d 0ne hal f . T~-1i s allows for ;1. suffi. cie.nt 
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:':r ,'1ft :i;;: Roof!:: .A..rrfa-D.__g_ement : The w:- iler c.·~· t:-is t11ee~s h,, ~ tau$11t 

i n A numbe r of differtat r c: .Jrn e , attenied. dr ,,.f t:~,!'; clas3es i!i 'J t1:.e r s . 

9.nd v::. Hi ted l:-1 .T.:'\."lY others. 

c '1\? o :' Mr. Ornrn.n's d. raftlnt: ro •J:: , rather Ii p lan that c ,:l'1 ld f J /> qd.apt ed 

t.o 9.ny room .:-i f the eame rat ~-:> . v11r yi1.g the !'!Wnber 'Jf dr :-, ft \n;,: t~blc:3 

wi ~:-. the fb.:,r r,.rr:; ,,. 

alleviates S8:ne o : t 11e fa~ tor$ u s·.1ally f:,u:,d i:-, the dra~, . fo r wn.l d.rn.ft -

: nr ro o~: , Ir. the firs t ) lace, the n n,elt J of any change m-'\de i '.l the 

t rd.iii t i o n::1.l drt1ft inr; roo:-:i cre::i.t~s a desir 3.bl~ ch-1 :1P·e in a t. t it ,1de . T:1e 

'irl' ,Lr,geue nt o.r the drc>.ft 1n~ t1.ble s r:. r tw idE> s a distri b~1tf'd 1:. :-;n.t , bal-

:u1ced as m•1ch ;-, s r,o seible ,:nd.er l ::e ct rc-a :nsta.i1crs , f o r t he r rc a tes t 

number· o:; st~1dents . 

'rhe l"•,o!r; lo '.)ks v e r y s rJac~ ,) US and f ree :fro:-:i encumbr,mces . T:,e 

stude n4:. s CM move aro'.1.ud very f r~ely w'ctho~ t di.stur b,t.'1~es. T:<1e l.!1struc-

t or ca.; l s ee the st ·:,(lents, ~t work , a t, a gl.q_nce arid c;in mov e ar lm::irl from 

t :-i~le t ,, t i'-\ble ver:; qu il~\.:: l ;.r <tnd un ,;1:>tr·.iai•rel:,•. 

w.:. ll ~1i:.d ,lp a treme nd,).:..s psycholof,i,~~l Hft . 

Gene:-,, 11:,' , t}; e •'.:h.<u ge 

Since the isol ~t i on 

a r:d ti t:htness 'J: the f or :ua l clr ·-'>.fting r oo:r: no 1:)ng er exist s, t>ie student s 

feel at home and b ehave as the;:r natur ::,. l l y w?iild. 

The fl.!'ra :11:ement r) f t h e ')Ot't :1ble b l."l.ck b o::\rd nea r the i nst1-.1 c t o i-' s 

l f :r.·wec. t o 
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a posit i on directly back of tr.e ir.str..:.ct or ' s t .s.ble, all stuc.er. t s C?.J) 

t;_u·n or. their dra:'tir.g st cols t o view t!-.e natt>rial being pllaced on the 

b lackbon.rc' . Being t 11.rned s i dewise fror:· their table ri , t~e at~1dc::'. t s nre 

not confront i:·d with the desire t c. cont !n·.1e- wor 1. on a dra.wir, ,; while 

listening t o t!°;e ir instructO!'. 

The furnit,.:.n-· nece ssar::,· i n a drafting; r oom is locrtted arou.:1d tl:e 

sidewalls of the r con-. , t o nr ovide for tte g r entest conveni er,ce of stu-

<ients and ir, et 1--u.ctor . As t!-,e studer.t ent ers t r.e roor:· , he ca.n st op ;.t 

tt.e respo~,sibili ty board , and :;)(>rha;:,s even :'ick up a boo:r.: fr 0:r. the b 00;: 

ca se or. tr.e •,-:ay t o hie drafting t 1.:,ble. The duplica.tine t able i s 

equipped. wHh a v ent f o r Oz/'l.1id develo: lr,r; , sufficient r oom for a sn:.all 

reprod11ctio11 printer, wa shint: S~)c:.c e f or bl:.ie!-Jrints, .'.\!1c1 suit .':.b le s ~r,r-

age ur.de:rneatL. 

The wash b e.sin and fount airi , nece ssn.ry eq_1 . .1ipmer.t in a dra.f tlr,e 

roo~ . ore locat ed ~here they wi ll be least noticed when entering the 

ro cm , yet reaoi ly available t o tte occu~cU1ts of the r 00;.. 

l l l t1:ni n n~i c:. ; The desirable. condition for t ::.e d r aftlr~s r -om is 

n atural illumina t i or: . with an abundance of evenly di f fu s <'·d li ght with 

a. minlmum of ar..adows. The winc.ows 1::ei r.g nlong one side of tr.e r ,J rJ ::-1, 

located from 3b to 4o inches abo-.,c fl ocr l evel to t11e c ei lir.f' hei sht, 

beine o f frosted elae s, allow8 f •, r a '.!l A.Xiu.u.m o~ natural lir;ht from 01:0 

' 
side . Accordlng t o Newki rk ~-1!".l--: Jchns c.n, in their bc ok on t he Inc.:.:_~.U:l.-

'.!! !>.!.~ Pr ot,r,s , t he a rt ifici ::-11 111,,:n ina t ion f or a d r ~.ft inc r oo:,. should 

p rovi de for a t l eAst t r.i rt y fc, o t-c!'l.n.dl f's on t he draft "! r~p: t abl es. To 

ga5n t h is illumina t\ or. , 3 rows of louvered fluc resce!'l.t s ·.v it!'"~ fo ,:r 4,::, 

watt bulbs, a.r e equal ::.y s paced acros s the w1d..t \ of tl' e r 00L , t he r ow8 

runn i ns t r. e l ont: way of t he r oo:. .. :Sach r ow of fluoresce~:t e sho·1ld be 



controlled by a separate switct neP.r the entrf;Jlce of the room. This 

allows the nse of indenendent row~, to bring the natural light up to 

the requirement for individual tables. In Mr . Orman•e: drafting room, 

v.ith a lighting systen: desc:-ibed a.s above, it is irr:nossiule to find a 

shadow in any part of the roo~ and durtng any part of the school d~y. 

T~ 91. ]Faftir_,.g Tables_, Two different types of drafting tables 

are described i.r. cha-pter fcUl· of this thesi s. Either may easily be 

cor.structec in the ind1.1strlal arts shop. and w:.11 meet the requirements 

of a modern drafting r oom. It is cons 5. dered a good "!)ra.ctice t o have 

the tablee of s,_tfficient height that the student can stand ur. Then, 

pr ovide a stool of the correct height tc seat the student co!nfortably 

at the table. 

Storf'.f:e ~~: A careful stud-:t of the floor plan will indicate 

storat;e space p r ovided f or continuous use of the drafting r oom during 

the school day. Attention is called t o the file cabinet, near the 

instr,;.cteir 1 s table, for the filing of instructional material , drafting 

s~p-plies, and c omr,l eted drawlngs turned in by the st11dent s. Individ-

ual storage could ea sily be taken care of by use of the cabinet space 

under tr.e two worY- tables. 

users of the r oom. 

The book case is readily accessat:e to all 

~ in ~he Draftiµg ~oom : Tl,e interior color treatmer.t cf a 

drafting room rr.ust be a.nnroached from two angle!'. Of nrima.ry i~por-

ta.nee is the creat ion of an environment thet is at once pleasant and 

st irnulat in{;. .N!decl to t h is is the 'C_SO of finishes t ha t possess suffi-

cient re s istance t o wi thst c:u1d t he rig orE of re1, eated waohing and clean­

ing. Moderr: science has establi shed the fact t b:it c olor :is a s pecific 
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teaching aid. By effiploying color as outlined in the princip~es of 

color dyna..'llics, drafting r coms h ,:w e increased efficienc;r and production 

because color possess e r, inherent power. The new technolo~i c a l devel-

oumente in !'.laintenance finishes :plus the knowledge of scientific color 

application now make3 it possible for the a.vera.f:e drafting rcom to have 

a decorative pattern that is bot~. beaut iful and dura ble. No longer 

shou ld measures of economy and dura.bi 1i ty bE the barrier to making the 

drafting laborator~, as attractive a.s other rooms of the 11oderr:. scr oo l. 

By careful choice of finishes and p roper selection of colors, t h e at­

mosr,here of the drafting root:1 can be tr "."1 Bforrr.ed into a direct terlching 

aid. . 

Part B 

PORT AB1E DRAW ING ~ 

With the increase in enrollment, the draft in.;: laborator:,• n:aybe 

crowdec.. to overflowinr~ during the entire school day. The beginning 

d.raftin~ classes are usua lly, in tl:is case, assigned t c, another room. 

In all urobabi lity the r oorr. will be well s,r::,pliec. with flat t op tables, 

and perhaps even stools, yet t'heee t ables are indirect ccntravention to 

the basic philo s ophy in underly i ng drafti~ l aborator; situatlons. 

!!_ra'flil".~ ~£_: With the above t} iou.ght in mind, the po rtP.ble draw-

ing board, Fir . 13, is s11ggested. As the na'T.e imp lies, it is a stand-

e.rd drawinc: board mad.e usable in any ro or.. To the back of the draft-

ing boa.rd is attached tte two supports to for.r. the bas e. Asi d.e from 

forming the base, they ur ovide a slanting t c,p :nuch like the standard 

drafting table. The supports are held in a vertical po sition by a 
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s pring formed fro m 1/4 · '-Jy l-1/? by 20-1/8 lJi ece of hard wo od. When 

the boarda are not in u se, they m?.y be eas i ly c o lla})sed, the T-sq1.1are 

p laced under t h e folding su~rJorts, with drafting t ools alons side, and 

stored end-wise i n a drafting board cabinet . The cost is very r:ii nin::um 

to make this addition, while the satisfacti0n to the student and in­

structor is one of indemnific~ti on . 

Part C 

DRAFTnm TABLES 

The dr~fting table is t)1e worl: station of th e student i n the draft-

laboratory. This is t:-,e place or area where he will s~,end the greater 

part of the period. and ::ier forr.; t he greater !,art of his work. With a 

suitable table 'lpon which t o execute the rr. a ny oner at ions required in a 

draftine r oorr:, the student will feel at eas E-. 

Frame Drafting Tab lE: Tn e drafting table s h own in Fig. 1L , is one 

o f the c onvcnticnal t ype f ound in the d r afting l a boratory. It c ould 

easily be c onstructed in the ca::, i ' :Et shor , on a producti on basis. The 

rigidit;/ c f this t ab le is due to its frarJe construction a.nd b:race of 

1-1/4 i r: . pilie, w\,i ch fo r ms the f ee t rest . 

the to!) is adju stable for cho ice o f slope. 

lt wi ll be observed that 

The total he ig~t of th e 

table is su it able f or standi n{''. w··,ile drm,i ne;, or the student r:i ey be 

seated on a st0o l 30 ir.. h i f h . Th is is suitab le to t he average learn-

er enrolled i n t h e drafting c curse. 

Me t a l Drafting Table : Th e draft i ng t nble described in Fi g. 15, 

can be constructed at a low c ,::- st i1: any schoo l tr.at is sup91ied with 

weldi ng ec1u i:pment. It is sinple t~ design. h a s a..~ all-~etal base, and 
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is rigid a s well a s durabl e • Wit l1 the u se of jigs, it can be r api d l y 

.<\Sse:iibJ.ed.. 

The table h e ight is adjustable , a s well as the elo pe of the t,)p. 

With this adjustment, ~he t~ble C.J.n be made ~1itable to the ave rage 

hei ght of the student s enrolleii i r. the drafti ng cours <' . The top is 

constrncted of wood, a:1d o~ si1ffic i ent s ize to accomodate all t :rpee of 

public scho~ l draftt n~. 

!nstructo!'s o f draftin.-__: a re faced wi th the problern of ef f ici ent 

arrangem ent of necessary equi pment on t he drafting table. The hinged 

portion on the front of the t op is des i~ned to hold that p~r t in R 

le?el p ,.,s1t!o~. regardless of wha t pos ition the t abl e top is se~, The 

additional she l f , aJ.ded t o t~e front of the t n,, :-i <") ld.@ the !. :u1trument 

case, irregular cu.rves, tria.nc l ea, ink bott liP, et,:: . 

will keep the l?1 s tru:. ent s f r om slid. : nc: a.nd. the ink bo tt :.e fro ,n s lipping 

off the table to: . T:.~e additional shelf is s o arranged tha t it will 

not i nterf ere with the movement ,,f the board or T- 11qu,1.r ,· . The shelf 

all,,ws free use o f the entir e table t o;> fo r draft :n6 . 

Part D 

D!ZAFT rNG S·I'OOL 

One of t he essent ial :ri eces of eq_u!.p,aent in the draf ting l:'tbora-

tory is the sto-:>l, Flf. lt. To nurchase the r ,3qu~red n'.u.iber o f stools, 

for the draft in~ l .ci.borat'.l~ :;, woul d inv ::Jlve a conside r able amount of 

money. A p r oject of IDA.-'..:tne t he drl'\f t ing stools would. be worth w~ile 

economically, and of high educat i <:rnal val·1e t o the student . The c ,:m-

struct i.on of the s t o:::i ls cou.ld be so or ganized , as a project. for the 

semes ter. The opera tions i ntroduced to the welding student are t ho se 
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that every beginner should learn. 

Ji£!.: Modern methods demand modern production faciliti i·e . TL ere-· 

fo re, to expedite the e.sflembly of the stoole , and to insure the pr oper 

a.l i gnment of ea.ch part, a. jig was ccmst.nictec', for this wor1~. The jig 

is inexpensive ancl the time element involved in its const.n.;_ction 11tould 

be compenen.ted for by the speed in tr.e pr ocluctior, of the st ools. The 

jig is so cor,structecl. tl:at the he ight of the stool CM: be var ied to 

suit t.he individual ne oc.s . This is made possible by the to:} find rn1d-

dle crossarni~ of the Jig bein,g rr:ov able on t he centra l suppor t. 

Con stri.:.cti ol!_ : The operations involved in the !Laking of the st ool 

are a s follows : 

1. Cut the legs to length. 

? . Place the le{:s in position, and slip the 1/2 ! n . ring dow<:i c.ve:r 

ther~. This serves as a clamp tc· holr, tr:e legs in poei ti or. . 

3. Ci.,t the four leg braces t o length, ancl sli p them into po sit.:\on rest­

ing on the r;1iddle crossa.rn, , of the ji f. 

l+ . Tack weld the fou r leg braces to the legs. 

5. Rerr.ove the parti ally welded stool, from tr.e ji {:'. , and weld the 1-1/2 

by 1-1/2 plat e to the top of the le r . Thh c?..n be accomplished, by 

turning the st oo l upside down on a flat rrurface. 

E. The top being of hard wood a.nc. previously turned, aho11ld nex.t be 

fastened to the p lr1-tes with 5/lb by 1 ir.. le,g screws. 

7. With the top fastened in posHion, the braces shot:ld be completely 

welded ~o the legs. By fastening the top t o the legs, before c om-

pletion of welding, the frame work of the stool will not dist ort 

from the correct shape. 



S. The rough B:5iOts should b.e smoo thed and all sea.le and dirt remov ec, 

preparatory to paint inr . 

9. The color of the stool should be one that will har:r.onize with the 

color scheme of the dra.fting laborator:.,· . 

The wood seat is suffi c iently strong to support any normal load 

that might be applie c . Havi1Jg the st ool welded, inete,,c of bolted, 

eli:::inates the posst biE ty of a:ny mov1 ng parts t hat might get loose and 

t bus insures snfet:i' . Thie , ale(, . removes any- occurrence of sq_1.1eE-.ks 

and other undeeira.ble noitH:s at the same time. The addition of crutch 

tips, to each le[, will make the stool noiseless a.r,d create l ittle wear 

on the floor . 

Part E 

DRAWI~G BOAP.D AND T-SQtTA..'tlE STORAGE C.A.E!N3T 

The storfl.ge of drawing bo.~de end T- s qu...'l.l'ec, a s wel l as the toole , 

1 s a problem that confronts :na.ny instructors ir: the drafting labora­

tory. It is wise economy to have the drA.ft ine tables clearE>d o f all 

drawing equipment a.t th e clcse of the day, for the foll cwi !.:f, rE,as cne; 

(1) this permits the cle.anir'C'. of tr:e r oom for the ne:xt . day 's classes, 

and ( 2 ) the instruct or, who is responsible for the drawir:g equipmerJ; , 

can be reasor1ably assured th;:..t all of the st ored equipment ls in readi ­

ness to eta.rt the first class in the morning. 

!h.£_ Ca..12ift .. ~J_! The storaee c~binet, P'1 g. i_._ 7, is de eignec. t o held 

the drawing b oards , T-squrL r es , and drawing t oo l11. '!'he pr oblem of de­

signing involves; (1) suffi.ci ent s pace t o ca.re for the t otal number of 

drafting boards. {2) SE-.fet y for the material beint: stored, (3) 
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sufficier.t a.ccesaibiHty so as to req_uire a minim'U!l1 time for the student 

t o get his draft in& equipment from the cabinet, and be st crec n.g:1in a.t 

a later th:e , and (4) an arrangement thAt wil1 pern:it tr,e hol\I'de a.nd 

drafting tools to bEi placed in t~e ca'btnet a.ncl. removed. from it with a 

mir.i;num o! difficulty and confusi on. 

The cabinet may be construct ed "9rimn.rily of plywor.d, >tlld enn!!lele-l 

t o Sl\it the c olc-r scheme of the labora.tor:;. The hlnr;ee should be 

bolt ed or1 and tr..e nuts riveted dowr . The doc•re sr.01.1ld be fitted with 

a good cabinet lock, tblt will insu:rt" absolute safety of the et ored 

eq_uipment. 

The efficiency of this cc~bin,?t is in the st c r 1:ige of dr ;:if t ir.f. 

equ ipment and tools, where they can be easily checked ancl A.11 under tbe 

p r c.tection o f one lock. The C[,binet ahould bEi locrit ec near the door, 

to provide acces a i li i li ty f or the first cla.s EI in t h6 morni ne a.nd return­

~r.g to stor age by the last class in tte da: . . 

Pa.rt F 

Th 1.?re a.re many methods of priding Blu eprint£, O::al1d prints, Van 

Dyke prints, and BW process. The eim!1lest method is the u se of a sun 

fram e. , Fig .. 18, which contains both the tracin[ and the sensitized 

paper ar1ci is exposed to tbe r aJs of the sun or t o bright actinic light. 

Makg~_g_ lli ~ Fra.nie: The s ize of the sun frame should be deter­

mined by the maxi rru.m ei ze of print e to meet t he individual neede of t he 

drafting la,borA.tory . It is well t o cr.net~·nct the frame of a hard wood, 

to withstand the natural wear involved in ma.~~ing p r iti t£1 . A first 



grad.P- , dJmble strength g lass should be selected. for the fr on~ of the 

fra:t • . The glaos 1 s h e ld in :;il Rce to the cd.ge of the frame w1 th a 

moldi:1-g, securt:l ;;• held in plact? with flat head s:::rew!' . 

f o r e a sy rep lacement in case of br .) icen glaM . A dari<: felt pa d , ap-

proximately 1/4 l :: . in thi~ess ts desirabl e . Till.a helps t o eq_,vu-

lze the pressn ,·e on the back of the sensitiz~d pn.n er ag al:1st the trac-

ing or negRt i v e . A w.-:,rd c> !' C:"\uti on ts adde :l: tt is a1vtsable to 

secure a ft:lt 9r.i.cl that d ,)ee nnt all ,')",.; ftbera of the m3teri <il t0 bre.qk 

awr-i.y fro:n the pad a...'1d l odge between the glass and the tr::\.cl ::.,· . 

c-:mses a.'l undue a 11.ou:1t of a.'1::.oyance Md results in t".'le Jisfigur ·::1 ~lo r. o! 

the pri.nt. The ply1,.r.:>0d bac '.-r.: ing 8710'..l.ld be eelectaJ for h;:.i.,,rl r, ,::-: a s0.1r-

face that is not in wind . Type }')2 s'; a tnless steel is r, snlt<t t le 

rr.aterlal to form the s p rir.~tt. 

plR.c "", the s-pri:i.e s e(lti,"\lize the pressu ::- e evenly over t h e 011rfn ~·-~ of the 

glRse . A n1.tm·al finish ;nay oe a i>p lie•.i t o the fra:ne t 0 <tdd t ·J the 

genertt.l a p :;ea.rane "' . 

~ce,J.t~:-e for Makil.!C. a Print : The p rocedure for ma.king a nrir.t tn 

the sun fram,? is a.a follows : 

Place the fra me on a tat,:e or flat surface with the rla.ss or fror,t 

si:ie down. 

~, Re::no..,e the back o~ the frAJI1i:>. 

3. Place the translucent C<"l?/, t ,:i be re produce~ , in the frrune with the 

in.'.ced o r printed side toward the glas s, , 

l~ . Place the sensitized paper on the translucent copy with the c o s.ted. 

stde down . 

5. Place the back 0:1 the fraJ,.'le, ma.king cert ::i. in that t:1e sensi ti ,z;ed and 

translucent copy are smo Jth a:1d in line. 

;8 
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6. Then place the frame i.n tr .. e sunlight or under a bright actinic 

light. 

7. Time for expos1.ire will depend on their.tensity of the ligl:t, quality 

and type of sensitized paper. 

8. Remove the print and. develo p according tc, tbe directi cns t hat ac­

company the type of sensitized paper bein~ use t . 

Liidtati ons : The use of the sun frame is most often used where 

the cost of installing modern reprodnction equi pment is prohibitive. 

This method is suitable for S!!!all prints, bd is er.tirely inadequate 

for use in industrial plant s wtere -;::irir,,ts as large as 12 or 15 feet 

long are very cc,mmor. .• The use of a. sun framE> for a great mir. ber of 

pri.nts is highly undesirabie, as it is necessary to have pro:'er inten­

sity of sunlie:ht availa:, le for a. s a tisfactory prir,t. 

It may be concluded that nee of tr.e S't!D frame will meet the repro­

duction requirements of the instructor and students in the small draft-

ing laboratory. There are cases wher~ the \tork ie of s,1cr. nature and 

quant Hy that the purchnse of a. reproduction printer would be justified . 

Part G 

DEVELOPER Fog_ OZALID PRINTS. 

The develo ping of Ozalid prints is a very simple process. lt 

requires a very minimum of equipmer.t for tr_e process. The writer de-

veloped his first prints in a carbide can, resting on the bath r oom 

heater for a source of heat. The aqua ammonia was placed on the ir.-

side in a small can. with tl-.e eroosed :prints dro:r,ned in around tl:e can 

of ammonia. This producec. very ,!'.ood prints, howE:'ver, en;r-:,· time the 



lid was rem•)ved fr om the carbide can, a larse volume of the a.L~monla 

fu:nes wo•.1ld eecape, Thie wr,s <he to the f ac t tha t a.qua &"l:Ilo~ia fm,es 

a.re one- half the weight of air. Then, the reaching int o the can. for 

the ;• rinte caused the akin or:. the wrlter 1 s hands to dry and. scale off . 

C,:rnaid.era ble thou,ght was e iven t o modernizing the develol) er, somet h ing 

that wo·.1ld eli:nin,'3.te the difficulties enc0'1.lltered with the use of the 

ca.rbi de car, . 

Ne'*: Desk: The write :- , af t e r exnerir:ienting , c,)llected the necee-

sa.r-J materials and asse:nbled the new develo ::>er, as shown in Fi ?~ 1"1 • 

A low cost, l~w heat method was s0lved by the nse of a 200 watt i nca.n-

d.escent l"l.l!lp bu l 1:,, Thie supplies the necessary hea t, w':'.i ich r i. see from 

the lighted lawp , penetrating the floor plate of gal v.~.ni ze:1 1 r 0:i w~ich 

supports the small can of aqua amwoni R. The top w.'\a m:de t :::;. t ele-

scope, much t!'le same a.s a galvanized iron chicken w.•.1.t e r e r. 

ina.ted the l •:>se of a...111r.onia f'u:nee ever1 time the developer was O!Jened, 

a.s the fumes wo".lld travel upward with the telescoping rm t atde c ,,!itain-

er. The adding of undeveloped prints to the developer and fr is r er,},:.c-

irf (; f the telflecopine: cove.r wi 11 r~place the lur.mor<'i a. f-wr. es in t he ci. e-

'Z'e!.oper, and ~.gitate the fur.1es a.r ound the printl'. 

is changed into a heated v apor, vM.ch is essentia.J. f (',r trJe deve l opment 

c f s~ch prints . 

For conve-nience of moving t he, devt.tlope r a r c,m (l, ae we ~.1 a s f or 

support of the hea t W1it a.nd telesco r-in.g cane, a func ti onrd stand was 

add eel. 

There are perhAps other methods of develo!-d ng pr i ri ts by t he a.tI-

monil.\ vapor procees, w'.1 ich ma:;- 1,:ork equalli· as we ll. The writ el', hov-

ever, will use this developer in developing the pri 1, tl! th:::t t rn a.kee up 

100 



FIG . 19 

2"-NO. 9 0 . H. SCREW 

----16---

C\J 

1---1:.4~---11 
I I 
I I 
I I 

l I LO 
I I -
I I 
I I 
I I 

I : 

: 11rl 
I ~~-

SCREW 

EYE 

0 

ftlj'lt' 
_j_ 

t 
I ,..._ 

~ 
r<) 

DEVELOPER FOR OZAL tD PRINTS 

101 

STEEL 

LY WOOD 

SCALE ·Ii': t" 



the pa~es of this thesis . 

Part H 

HECTOGRA.PH FRAME 

The duplicatio n of a few 111·rittt=n or ty~ed article! , oI' drawing 

protl~ms maybe ec-.sily accori.;1,1: e:hecl or. the bectoe;n-\pr. , Yi ~- ?C. The 

eimpllci ty of the op~r~ti on, tlt~ coet of cnnetruct ion, lcw c a! nte, na1,ce 

u r,kee :r,. and epeed of du!i: icr~tlon should make the hectog raph ~ fa,• or-:t te 

w 1th the d !'[I.ft ir.f i r~s t l'c.~ct n . Made wit r.. two g f'latin s~rfac<itt. the 

wc:'k mayr,e s pt:cdc:d up because two or mor·r c c: ,iee u:.Fl.y be rr: fl.c.e ;,.t tr.e 

same time. By the fold!..ag c f tLc frl't.lX!e l1ke e. book, the :r.ect ograph 

may be stored aw~y free from dust and in H rrd.rdmu.:n of e nacf . 

Const_r u ctior,. : The t,nd £.nrI s ide o:embera of the frarr:1::, e n.re made of 

S/B by 1 i ::. ha.rd wc,od stripe . The corners a re mitered and '!)r o-vl.. d.ed 

with a s pline for addit1ona: s t rengtl .. The irmer edgee cf t1 te frar;,e 

rr, bevelf!d to lock tlie gelatin in tl ie wood pan . The twc· fraruee a;"(· 

g lued tc- t ""o piecee of pr t, stwood t o f orm thE- t o!, and 1:,ctt ori o : t}1e 

~ect ograph , whet c losed . lt is ad•ri sable t o g:!. ve nc.lded reir..forcement 

t o th e gluei jo l r..t , by the additi cn of o~' al hend screws . ThP. frames 

&re ::.inged tcigethe. r a nc. p r o•;idf:d w ~ th a looking de-viee . A na tural 

fi rd. eh , added. t o the outs :.,~.e of the frame, will grehtly add to the a.p-

The c onst ruct ion of a rolle.r , as shown !.r. Fi g . 20, will 
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l(J l.j. 

Part I 

The T- s q_uare clB.l:lp, Fi;~. 21 , is found vt"r y useful in repair-ine T--

squares for dra.ft!_r!g cle.ssef!. 1t happens frequently thti t 'bo:,e dro1, 

their T- sq1H-1.r es, witt tt.e ree~:.t that the hE<a.d o : tr.e squi;.re t s uBUally 

r,r oken 1 oose fr c,1:1 the blR.d .;- , 

the drnfting et ui.h,nt t o rE"m0'\' e t he scrt».,.'!-', ecr ?.p the g J.ue, an d drill 

new hole.e f or t,Le sc rews H necf'ssa r ~. _ Glue is t.her.. a.ppli e-d to t h e 

eurfli C E: S bet-ween the h ead a.n d the bl. .r.:\,i f- _ The hec-.(: ar,d blacie -:i f the 

T-·G(itrnre i s clR.n1ped i n pr O}Jt,f 1;osHior; and the scr-ewe a.r e l'e t 1n the 

l:o!. l.',e provi ded f e r the!: . 

IL<:Vt0 d frora the c~amp and will be fc ,und tc- be as v .9-luablf· <"'l- 8 r.efcr e t:-,e 

'I-square ,,ms d r0ppetl. 

The c l~ur.p ia s "impl e tc, cor,struc t., and provides a mncr. needed p i ec e 

of equlp~nt, fo r the drdt ict: rooa .. Sir·ill in aqu.arint the mat. erh1.l , 

tt~rriin.g the wood disce, and placint t he Vb.ri ous r::ieces i n their r:-ro'!'.-•er 

relation are the only requi s! teu . 

l t 1s s1.1ggeet ed t,h nt t h e ba se and di t1ce be made of .3/ h 1 r .. , 5 p l;i•. 

and th.e rest of mapl e o r ei 1t ill\l' hard wood. Structurn l eizes an.:!. de-

t ail e are shown i n Fi g. ..., ' c.:. . .. 

After tr~f' T- square cla.nrp 1s corietr,1cte -3 , surp liie glue eho11l d be 

r emo•1ed and t.hc sul'fe ce s t r,o r oug1-:1y sur,de(. A C N.lt of w?J o, l lr,eeed 

o il s hou ld be a.,,r:·lied t o All e,,r !"ncee arid rubt,e<!. in wd l. A.ft er the 

linseed oil is t hor ough l y dry, a paste or Ho.uid. WA:X s ho ~ld i:e .<>.ypl! e d 

and poli shed _ Thi s kind of a fin i sh will keep any s~r plu e glue, 
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reaul tine fi·om T .. squa rE· rHpAir. fr (Jm adhering t o t he surf1-1c e of the 

Conc l_J; si on : Draft i ng le.borator1ee, plMmed and equicpt:d, a.a sq~ 

geett:d in tr.is ch;,ptel' will meet the requ ~rtir.;ento of a we ll pl~nned. 

lnrhrntria.l Arts Progra.rr. The plar.niti;::- ;;t•ov : ,ic,{, f C; r fle.xibi : ity i :c the 

v a ri ous courses tr.;,t :riay be taught in tr,e .!:ra; ting lAbCr':'tt or:r , 'l' te re 

is ?.dequi'i te apace f o r dre.!:t ing, and facil 1 tio:>tt f or e o od work:mAI1shi 1=: on 

t ~e pa.rt of tl'.,e stude.:-:.t iB aV /'.l.1lab1 e . 

rig):t f or m.:D:ir,g the mo ~t. out of what dr::i ft ing: hae t u o: :· .- r 1..:-, addir,g 

t o the desirallE' eXJ:,e-riencee of tht) st udE<r,t. 
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CHAPTER 5 

SUMMA.'TU AXD CONCLUSI1;''TS 

Fro:n reac.ing the title of this thesi..~. tt will be noted that tr..e 

problem deals with rr.echruiical tea.chine; aids . This ~ork has been done 

in an effort to compile material which wi11 A!'>siet the industrial arts 

instruct ,,r in the oreMizati on and a.d.ministrn.t ion of a drafting depart-

ment. MBUOI) t l ,1ns were eli;r,innted and el'l.rnest effort vas mace to n r o-

vide accurate datf\. A l ar[ e part of t :r.e referenceo 1U1d quot.<\ti '.rns 

came from leaders ia their 1·cs pective :fields. 

9umma:r-y : To justify c ontin·1ed pl.<1c c· i n the cu.rriculum of our 

public schools, a subject must be one ')f content P.cc e ::; t ,, : 1. s v .=.J.11.able 

for the students who pursue it and one of method so effect i ve as t o 1!1-

sure reasonable mastery of the co:1tent. !)raf tinc:: i s one o f t.;:e in<lus-

trial subj ect s introduced earl.)' in the mwement for p r::i.ctical 0fferLlgs 

and is today unlvers~lly taueht where industri~l ~rts is of~ered l~ our 

public schools. Becauae it ts s o widely .!)rese:1t. ed., it ~s qu'it e l ,) r,i-

cal and necessary that atte:1~ior: be t;iven t .) basic studies i:1 t.1-J.s 

field. We need factual evidence i:1 0rder t ,) recomoend imr,r oveme!"lts in 

its materiale and methods . 

As t he indut1 trla.l &-ls i!'lstruct c r extends his k!'lowledGe o f w~at 

and how to tea.er:, he is f orced to t:1e C0!1Cl'1sion thnt past .'\."ld pr£> se nt 

practices are as v ~ried as the number of instruct ~re. The field of 

drafting is not unique in t!'.is resp ect . Very few at te: .pts have been 

made to establ ish the e1.1pe r 't ori t y 'l f any g iven metho(l or :>r oca,hre. 

Since draft ing ~!'lstr·,1ctors are attem oti ng to pre pare thei r 'irafti ng 

s t ·.1.dents to take their pb.ce a:1.d to function a~.equ.atel:; in Mciet :r, 



they fail in their dut;r i f they do not i nvestigate a ll possi ble ques­

tions relating t o worth while subject matter and organization. 

The objectives of drafting should ;,lace it in every i.rnh0ol c·1r ric.-

u l um ?..nd justify the teaching of the subject. Students gain educa-

tional values and social habits not otherwise acqui red. 

in meeting life experiences. 

It i. s an aB 

Textbo oks s ::iou ld be used a.a a:1 "!.id t '.'.l the stndent, ruid t o the in-

struct 0r of draftine . However, they sr.ould be evaluated t o determi ne 

their s11itabilit:; . Althoug!l methods ·)f tea , hl ng drafti:ig see:n to be 

li :~ited, much instructi onal material may be placed before the stu dent. 

The instructional material may easily be presented t ·~, r nw-·h the ex ten­

s ive use of one or more of t he reproduct Lm and d~1p licat ion :nethods 

mentioned in this thesis. The writer has made 11se of extensive pre-

sentation of ::.nstr-.ictiona l material b:r one o! t :-i e :nethods of cop;r i ~,f' . 

The continuity of a drafting co,.irse can be maintai ned throur;h t he in­

telligent presentation of well written 1nstr-.ict ion sheets. 

Conclusi o!:s : Progress in the develop:nent of a drafting labor.'l. t or-,r 

that is functional in the modern in<iustrial arts '!)'?"Ogram hAB be en rel q-

tively slow. Perhans this is true beca~se the drafting insti-ictor h..~s 

been subjecte,i to the school of tradition and afra id of any n'"w trends. 

The drafting laborat ,1ry s!'lould be so organized in regard to t r'. e General 

arrangement, equipment , a.nrl s•ipplies, that it c~n be judged on the ba­

sis of c~pacity, utilit y , speed a:id such other qualities as might in­

crease production and quality of the work. 

The instructional materials which most instructore need are the 

kind which will per.nit the individual student to progress with a Ti i ni­

murn o f supervision and instruct 1 ,1n t:: • .t ,E;, on tl ,~ part of the instructor. 
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