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ELI::CTRICAL COMMUNI CATIONS HCI-lNIQUI:: 
AND ITS APPLICATIONS IN ALLlI::D FII::LDS 

HOW DIALS ARE MADE 

E ll' lA PS the mos t irnrlOr. 
tunl feature of an)' dial for 
ins trument use is !lIe sca le, 
wllich must have uniform , 

clear, clean-cut di visions, accurat ely 
SPIlCC(1. The sca le lIlay he made by 
8e\'cral possihl(' me thods, o lle of which 
is sl,amping. The disad vant age of this 
method is dI a l, after a few Inuulred 
scales have been produced, the (lie 
shm' s appreciable wear. The resulting 
wide scale marki ngs plus tile high in
icial cost of the die make this me thod 
lIot as sa tisfa clory as 01 her processes. 

I r a vcry accurate sca le ha ving a 
large number of fine, closely-spaced 
graduatioJls is desired, Ihe sca le can be 
indi\·jdually engraved 0 11 an au tomatic 
self-indexing engraving machine.· The 
prccision scalc thus produccd has \'cry 
uniform , accura tely -spaced di visions, 
hut the cost is ncccssari ly hi gh bccause 
of thc la bor in\'olved . 

Where ex treme accuracy is no t reo 
quired and where good apl}Carancc alHl 
low cost mu st bc combillcd, dials ma(lc 

· I,.,br tl,i.,or<><>eoo,h" ,he oc,Ie."" ,he Gene •• 1 R"li<> 
T,-pu701'mI706I'...,.,";"nDi,Io ... n"d •. 

hy thc " photo.etching" Illcthod are 
emincntly satisfactory. As thc na me 
implies, the process is onc in wl..tich 
photol ithography and chcmica l e tch· 
ing are comhined. Pho tolithograph y is 
used to print an e l.ch.resisting coa ting 
over the surface of the (Iia l, after which 
the unpro tcc ted me tal is eaten away in 
a cllcmica l bath. 

Thc proccss is well adapted to thc 
cconomica l production of identical 
scales on a quantity basis. The dctails 
ca n best be undcrstood by tracing thc 
manufac ture of a single dial, but it 
will be obvious that Ulany (lials can bc 
hand led as rcadi ly us II sin gle unit. 

The first essential step in the proccss 
is the making o f a complete and accu· 
rate I.I lack·and·wll it e drawi ng, usually 
to a large scale so that the subsequcnt 
reduc tion to actual size will minimize 
an y smnll irregulari ties. The reduction 
is done in a ca mera ha ving a lens care· 
fully corrected for opti cal distortion, 
and the resulting negativc is thcll used 
to ma kc a transparent contact "posi. 
ti ve," having black (opaque) lines on a 
"'hi te ( tra nsparent) backgrou nd- a dial· 
sized rcplica of the original dra wi ng. 
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The sc: lf_in,Ic"ing ellgra\'ing Inachine which 
rule!! IhescalC!!On Tn'K70-t. alldTYPII706 

Preo;i8 ion Dials 

A Illale of grained li thogra phic zinc 
of uniform surface is !lIen coa led wit h 
a light-sensi tive solution of "ichromate 
and a lbumen ami carefully 
d ried 0 11 a rotating disc al 

Ille proller tempera ture to 
produce an emu lsion of uni. 
fOTlll lhickness. 'I'hezincpl:IIC 
is then held in close contact 
wi lh the t ra nsparent positi ve 
ami exposed 10 intense illu-
mina lion. 

The C.'I:POSCO 7,i llc pla te is 
,,,.shed ,,ill! a safc-e lcll so
lution and water a nd ro lled 
up I,ith lit hographic ink ill 
o rdc r to "(Ieve lo p " IIl e 
image. The resuh is a zinc 
printing plate or " m8s ter" 

Generallhtliopreci~ion dialsha,-c 
indiv idually engraved 1!C~ 1Ci!; A 
TYI·g706 Dial wilh a T vps519-A 

0;:&1 Len~ 

" Ilich takes ink wherever the positi ve ~ 
a llowed the light to st rike and repe ls 
ink in tile unc):posedportions. Tllc pl ll te 
is placed on a Oa t-bed offset press which 
transfers the inkcd imprcssion onto a 
rubher-covc re<1 rollcr or " blanket" and 
from tha t onto the ac tual picce of Iw l
ishctlnickel-sih'cr Jial mctal. · 

Aftcr the ink has heen transferred 10 

tbe dial metal, the pla te is then ready 
for c lclling. First it is dus te<1 with a 
comhillation of asphaltum or dragon's 
111000:1 powdcr and French cha lk ,.!lich 
adheres to the ink (background). The 
e"ccss matcrial is remol'cd ei thcr by a 
small , soft brush or hy compresse<l air. 

'11~l>«><eN"l"o'h"l.,i"'i,.i",plr"I,otol;t bo.,.,,hy. 
"",d f"" ,,.in.i nl .... ' ... o.k.,,I .... <iu". l"'"' .... C,< ... ,· 
"","'h .. ' ... i ......... ionl,m.,I ..... p._<>«Io'loin" •• d 
of di.l m<'.1. M.nl or ,I.., ,m.U .. i .. d G.n ... 1 1\ .. 110 
In"."«;",, boo~1e,. or" m.d. by ,1010 ~ frum tl~' 
,,·.i'len"'i~in.I •. -E"'T<). 
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The ink allJ the pouller arc fused and 
hardened Ly heating Ihe sheet of metal 
either in an oven or 0\ cr jUl open flame. 
The heating of lIle plat e forms the 3ci(l· 
resist material which co\'crs the metal 
"here it is not J csircd 10 elch. It is 
especially importa nt in the manufac
ture of dial scales lIot to apply tOOIllUc!1 

heat ,,"iell Illay di stort Ille metal. The 
back of the plate is covered ",j th 
ilspha1tulll paint or olher resisting 
materinl. 

The e tching process is pure ly chem
ical. The dial melal is hUllg in a solu
tion of perchloride of iroll crystals and 
lIIuriatic acid wl1ich is kepi colIslanli) 
agitated 10 hasten the c lell ing. Fifteen 
or twenty minutes is the usual lillie 
required for etching, but this "aries 
"ilh the strength of the acid, the metal 
of which the dials are heing made. and 
the deptll it is desirell to etch. After 
etching is comple ted, the meta l is 
llipl)cll in cleaning chemicals and 
rinsed in WIlier. 

The plate," itll the sea les alHl fi gures 
e tched and tile !'ackgrouml still COY· 

ere.1 "ilh the aeill·resist material, is 
thcn spra) ed o\'er Ihe entire surface 
"ith black lacquer. After this is dry,the 
dial plale is imm erscd in a solvent 

o 
The etching I'""""'~ d"Ol'ril~d in thc an"''''' 
I,anying arlidei" """,I 10 ,naL.f' the...calef'ou 
dialcS like Ihi~ 0 .. ,,: \ TH'K 710· 8. ZJ~·i""h 

dial 

,,' Ilie!. rcmoves thc acid·rcsist mat erial, 
with its coa ting of lacq llcr. lcay ill g the 
polislled dial metal eX I)Qscd. The lac· 
(Itlcr in the etched I)Qrlions is unaffec tell 
hy the soh 'cnt. 

The indi"i,llIal dinl sea les are cut out 
and mounted 011 a spitl{lle ami the cir· 
cu lar.grain fini sh is a pplied with fine 
emery nnd Iwlishing "heels. The scilies 
arc then lur1le(1 llo" II 10 the C'l:lIcl 
diameter and sprll}e<1 \\ith clear lac· 
<Iuer to presen -e tile finish. The COlli' 

plete<1 dial scales arc then mounted 011 

their resl)C(:ti'e bakel it e knobs and 
placed in stock. -j\ 1 \'IION T. S \IITH 

A NEW SWEEP CIRCUIT FOR THE 
ELECTRON OSCILLOGRAPH 

LAST June the General Radio Com· 
pany introduced the Tn'E 635·1\ 

Electron Oscillogra ph , a small and 
portable type o( cathode-ray oscillo
graph ",hieh at that time was an iuno
\ ation. Ahhough the Slandard T\"I'E 
506-\ Iletlell S\\cep Circu i.- can, of 
t."Ourse, be used to provitlc a linear time 

axis for this oscillograph, there has been 
considernble demand ror a lower-prk-cd 
unit desiglletl lUuinly ror use will. lhe 
portable electron oscillograph. 

The lal)Qratories of the General 
ilallio Company ha' e, uccordingl), tie· 
\eloped a new Ii"' t.-CP circuit kilO"" as 
the TVI'E 655·1\ Uetlell Sweep Circuit -
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FlGl lI K I. This new jugtr .. ",en\ surl,lie;!" cOlllrolLNllincar g" ""I' for the Gc""rul n lldin 
Tn'K635 Elc<;l ron Ooeiliogra l'h 

for l~ l cClrOI1 Oscillograph and intcntlcd 
ma inly for use wit h the TYI' E 635·A 
and TYI' ~; 635· U Electron Oscillo
graphs.· Since the ne", S" CCP circuit 
was intended primarily for usc wit h a 
si ngle general type of oscillograpll, il 
lIas heen possible to simplify i l nppre· 
ciahl)' "illlOlil sacrificing any of Ihe 
iml)()rl unt fea tures "hich lla ve lIlade 
the TYI '~; 506·A O(l(lcll S" ccp Circuil 
so I)()pula r. 

In lhe firsl pl:lce, since thcsensilj,i ly 
of the Tnt: 635 Electron Oscillograplls 
iS IlO! adjus tublc, Ihe S\\ CCP c ircuit lila)' 
be designed to give a definit e length of 
s\\cep. For the sUllie reason, the direct 
po larizing voltage ', hich cen tcrs the 
pattern on the oscillogra pll screell lila), 
be left fi :\:e(1. These fac tors a lone make 
possible the elimina t ion of t" o COll -

~l5.1I.:Ie<;'''''''00<;lIo,,.,,hi •• ,uodir..Jf, ... m 
.. r''''orilin.ITY~K635·A t: .... ''''"Oo<ilkt • • • ph •• ,]u .. . 
L"' I( CA·906 .. 'hod •• ,.y"""m".,."h ' uL.o",i"<~uin. 

I.",. 

tro:s. It IHIS nlso been I)()ssible to pro- " 
vide fi xed sy nchronizi ng circuits in this 
s,, (:ep circuit which \. ill a llow control 
of the sweeping ac t ion for any \'o lt age 
sufficient to produce a sa tisfa c tory de
fl ection on the cat hode-ray tube. 

JI will, accor(lingly, be seen tl lat the 
ollly characte ristic of the operation of 
the s\. eep ci rcuit which lIlus t be adjust
able is the fre(lucncy. In the TYPE 
655 -A Bedell Sweep Circu it Il lis is 
accomplished by a single knob co\'e r· 
iu g ranges from 30 to 300 cyclcs ]le r 
sccond and frOIll 300 to 3000 cyd es per 
second. A double-pole .switch is pro
,ided for shifting the ra llge. 

Th is swt.'1': ping fre(luency ra nge of 30 
to 3000 cycles per .sccorul was (Ie te r
mi ned after a careful inves tigation of 
the uscs to wilich ca thode-ray oscillo· 
gra phs are gener.lll ,. pu t. We Ila ve ~ 
found tha t the most common II SC for 
osci llographs with sweep c ircuit s is the 
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FH~L"" 2. Schematic diasratn for Ih/: 
'1' ,..,,, 655·,\ Bet.lell S"'eep Circuit 

obsenation of 8udio.frc<lucnc)' \\u\c
forms in the range frolll 30 10 15.000 
cycles per second. Another COIIIIIIOII 

use of the oscillograph is for ohsen 'ing 
modulat ed radio-frc<l"cIiCY waves, the 
modulation frcllucncy heing wi thin 
this su me audio range and, accordi ngly, 
rC<luiring the sa me s\\ cepillg (re(llIene), 
as (or a correspond ing audio-frc<lucncy 

rIl'R,'eform. 
The Tn> E 655·A Bedell SIIeel) Cir

cuit allo\\8 observation of frc{I"Cncics 
1.1011'11 to 30 cycles per seeond . AI its 
upper 6" cc ping limit of 3000 cycles pcr 
second a 15,OOO-cycic wave will he see n 
with fiv e complete cycles acr088 the 
ca thode.ray screen. Similarly. 18,000. 
and 2 1,OOO-cycle waves, which arc 
aOOI'C the limit of audibili ty for mon 
people. ma y be seen on the oscillo
graph "ilh six alld seven complete 
cycles, resl>ectively, spread across the 
screen. For the few special occasions 
""hen ex tremely low sweeping fre
(Iuencies are re{luired, an ex ternnl 
condenser llIi1 y be used LO ex tend the 
range. 

We ha ve also found that portable 
oscillogra phs of this t}'J>e arc frc(lucntly 
used for 6O-cycle work. With thc range 

r-- of the TYI'E 655-A Bedell S"eep Cir_ 
cuit either one or two cycles of a 60-

cycle \\3\'e mny l>e seen 0 11 the oscillo
graph. 

The princi ple of ol>eration of the 
T\'I'~; 655-A Bedell S"eep Ci rcuit is 
similar to that of the IlOflular TYI'E 
506-A Bedell Sweep Circuit. Figure 2 
shows the general arrangemcnt. The 
condenser Col is charged at a constant 
current " 'hich is determ ined by the 
se lling of the adjustable current limit
er. When the volt age across this con
denser reaches the LreakdO\\ n I'alue 
for the 885 -1) pe dischnrge tube, Lhe 
tul>e fla slles and discharges the con
denser. The cycle then rel.lea ts itse lf. 
By introducing a sllIall ,'olln ge of the 
frc{lucllcy of the obsen'ed WIII'e into 
the grid circuit. of the di schnrge tube, 
the sweeping action lII ay be made to 
synchronize with the observed wal'e, 
thus gi,'ing 3 s teady p31.1ern on the 
oscillograph screen "hich lII ay 1.Ie in
spected carefu lly or photographed . 

Of course, the arrangement shown in 
Figure 2 is not the complete "iring 
din gram for the instrument, which 
'Iecessa rily includes arrnngemcn ls for 
prov iding the praller grid bia s 0 11 the 
llischarge tulle, for controllin g the 
current limiting action, e tc. The sweep 
circuit also contains a complete a-c 
operated I>o" er-supply unit and a filter 
for minimizing interference trans.mitted 
back from the discharge tube through 
tbe control circu its. 

The ol>cration of the TYPE 655-A 
lledel1 Sweep Circuit is extremely 
sim ple. The terminal posts are so 
arranged 011 the panel thnt it is merel y 
necessary to connect together corre
sl>ondillg IlOsts on the oscillograph and 
0 11 the sweep circuit. Only the sin gle 
large frequency knob and its associated 
two-rallge switch need he adjusted, and 
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this adjustment iIH' O\Ves on ly turning 
Ihe I.lIoh or setting the S"ilch so that 
Ille ~h~tl ircd pal tern is &eCIlOIi the screen . 
TIle panel of 1 he instrument is cngra l'cd 
(\ireell) in a ppro):imal c s\\ceping fre_ 
(lUCile},. milking it I)(}ssible 10 set Ille 
inSlrUIllC1l1 (I !lick! r to any desired 
l'uille or 10 tlclcrmine the approximate 
frC(IIICIII') o f II I! observed \\Ilveform. 

Tile inslrlllllcnI is supplied comple te 
"it l. 1I se t o f lubes " hich consist of olle 
885-'H.c lube, one 58.type II/Ue, and 

one SO.type tube. No batterics ",hat80' ~ 
e ver are required for the operation. 
The instrument operates 011 a ny source 
of 110·120 volt s, 50·60 cycles alt er
na ting current. - II. II. SC01T 

IThe price o f the new '1'\'1' >\ 655." HeJel l 
Swccp Circuit delle.i!.c" ill Ihe forl:going ar ti _ 
cle is 160 including ' ubell. The new TVI'J; 
635-11 Eleclron Ihcillogral'h. 01&0 mcn';oned 
i ll.he ulicle.i~l.ricet.l 01 SUO inch"ling IU'-. 
The . ... eel'circuil ... u de' ·elo l>4-OU by \1r .Scoll ; 
Ihe new OIICillOI;ral.h I.y E. Kaq.I".. EIllTOH ] 

PHOTOGRAPHY OF TRANSIENTS 
WITH A CATHODE-RAY OSCILLOGRAPH' 

T:t:II~:.,U:~ liS::;,:;;;·ntpll:~:~:;::!18 a:~ 
pcaring on Ihc fluorescent scrccn of u 
modcrn cA thodc-ra y oscillograph is a 
rairl) simple matter inasmuch as the 
cJ.posure lime Ileed be limitcd only by 
the observer·s abil ity 10 ma illi ain a 
slnble pattern. \Vhen, ho ... c\'cr, he 
mllst reeonl transien t phenomena in 
... hidl the spo t s\\eeps only once across 
the scrt.-eI1. lIle "speed" of both lens 
ami scnsili\e emulsioll must be suited 
to the hrillillllC) o f the SpOt a nd to the 
sl>eetI \. ith ... hich it moves acrosa the 
screen. There is a maximum sllOt "C· 
locil y IIC)ond ... hich a given 81lOt bril. 
liancy II ml a given ICIIS-eIllUlsioli com· 
Lilllliioll will fni l to produce a usable 
recorcl . Thc cX llCrimcntal determina
tion of this limiting ' elocit) is a funda· 
me ntal eOIl"i. lcra tion. 

The lSimple method o f mcasuring the 
limiling .. doci l) dcscrilJed here is IJe· 

<~ '(:J_.. I ':<.\ n 
... ' ...... - ,/ 

Two fIluimum_.cloci , y 1!C11;r.1, or lhe lrlle 
ddlCrihet.l in die aeoo"'pDnr;ng Irlicle. E.eh 
",·a8 •• ke""·i'hadilff:reI1 I D~lcr"lil1gvoltage 

ol1lhe lulle 

lic"cll to have Lecn the original illca of 
Ed uard Karplus, Engiru .. -er, of Ihc CCII
crn l Hadio Compuny. It dcpends for its 

·H~I"-ODt""rromlhe ·· "<>t .. onl::l«l"""·ut-.ndo,._~ 
Cu".-....,,_intheAI'F,I. 193 1.iN...,oIlil ___ iao.Ce>pr· 
<ilh •• 1931,MoCra ... II.II I'"bliob,nlC<>. 
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"-""oreration on the (act that, when bOlh 
pain of dcllecting plales are excit ed by 
e(ll!!ll /I ·e voltages of the same fre
(I uclley but 900 out of phase. the cir_ 
cu lar (Lissajou) fi gure nppenrs. This is 
traced out by the fluorescent SpOI 

\1 hich s\\eeps around the circle once for 
each cycle of the applied a-c voltage. 
Obl,jollsl)" the \feIIXil )' of the spot is 
proportiona l to the dinmeler of the 
circle, SO that if its dinme lcr is progres
sively increased, there will be a point 
beyoml 'I hich a single passage of the 
spot fail s to make an impression on the 
emulsion. A record of this Iype is 
sho\\ n in which the diame ter of the 
circle II as rapidly willcncd (luring the 
exposure 80 d18l lhe spot executed II 

spiru!. 
A convenient circu it (or makillg the 

test, usi ng the 1 LS-voh , 6O.cycle line is 
,",sho"'n. The Iwo quadrature ,·olta ges 

f are taken off across C aud R io R , being 
adjustable 90 that the voltages can be 
Illude eq ulIl. 1<2 is a ,'olt age di vider 
across the line. Il y adjusting it , the di 
ameter of the circu lar pall ern can he 
cha nged a t will. 

The test exposure is made by lle
creasing R2 un t il the circle is a mere 
spot, thell the camera sllutt er is o l>Clled 
a nd 1<, (Iuick ly illcrcuscd to a maxi
I1IUIII . This produces a correSI)()nlling 
rupid increase ill the diameter of the 
circle traced by the 1II0" in l;: sl)Ot, which 
result s in the spira l 10110\\ n. The ,·e· 
locit y at any I)()int on thc spiral is givcn 
I,y the relation v = 211"1/, where r is tile 
di slfllll"C from theccllter to the l)Oilit in 
(Illest ion, f is the frc(l"cllcy in cyclcs 

'I" 
.. RZ ------.--

R, 
5,OOOohms 

r 0000000000 1 
IIS ... ,6()cycfc 

Cin:uil ror mcasuring the ""nimu", veloci ly 
o r OIICil1ogrlll'h 81>01 lhul II. givcn I cn~-e"'ulsion 

oombinMion will reeonl 

per second, and 1/ is the velocit), ill 
li nea r unit s per secOIl\l , the unit bei ng 
t hc S:lIne as that choscn 10 mcasure r. 
Tlte use of the 6O-cycle line will usually 
gi ,'e a sufficiently \1 ide runge or test ,·e· 
1000ities ror ca thode.ra), oscillogra ph 
tubes 1I0W genera lly ava ilable, but 
grea ter veloci ties ca n, or coursc, he oh· 
tllined hy incrcasing the lest fre(IUclicy . 

Beca use or the ellsc lI'ilh wh ich this 
les t ca n be ca rried oul, cxperimellt crs 
working with transiellts that approach 
Ihe limiting \'elocit y can eas.ily lest 0 111 

each ne'" package or emulsion siock in 
the w ille way tha t pho tographers who 
nrc trying for perfection orlen deter· 
mine by trial Ihe eX I)()sure re{luired lJy 
Illc particular hatch or pri nting pa pe r 
bcillg used. - J O lt "\" D . CII .. UH01(l) 
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CROSLEY'S W L W 

R'\;;:~da:~ 1:~,;O~L~,I:~~~ ;~~::; 
at \Iason, Ohio, has just gone on the 
air full time as the world's larges!. 

The £rperimcl!/cr reverses the em
phasis given LllCse two pbotogra phs in 
the popular press to ca ll atlentioll to 
General Radio frc(lucncy monitors in 
the right-hand relay rack in the fore -

grOUll(1. At the top is the frc(IIICIlC)_ 
deviation indicator which operates 
frOIll one of the three standard-frc_ 
(Iucney osci ll:ltors below it. Three oscil. 
lators are required because thi s Ba me 
control roolll is used for WSA I and 
\V8XA L, two o ther Crosley ch:ulIIcls. 

J oseI'll A. Chambers is the 'l'ccllllical 
Supervisor. 

TIlE GENERAL RADIO COMPANY mails tile Experimenter, without c1large, 

each month to engineers, scien tists, and otilen intere,ted in commun
ication-frequency memmrement and control problem,. Plea86 ,end reqUe8t8 
for ,ub8cription, and adtlre".change notice, to tl16 

6ENERAL RADIO COMPANY 

30 St~te Street - Cambridge A, MassachuseUs 
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