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15Claims?(Cl,132?36) 
This invention relates to apparatus for and 

meth0d of Waving hair,8nd particulary to the 
permanent Wayingof human hair, 
A broadobject of theinventionisto automat 

icaly controlthe length of the steaming period 
(in permanent Waving)in 8ccordance with 
Changestakingplaceinthe hair duringthe heat 
ing proceSSS0that optimum reSults may be ob 
tainedin substantiallyal cases? 
AmoreSpecific objectisto follow the progreSS 

of changesocCurringin the hairduringthe WaV? 
ing Operation by measuring Variations in elec? 
trical resistances of elements afected by·the 
Hair or bytreatingsolutionsin the hair? 
Another objectistomeBSureelectricalchar8C 

teristics of anelementexposedto the hair-treat 
ing Solution without employing an externa 
source ofelectricity? - 
Another object is to produce current Values 

indicative of changesin the hairduring perma 
nent Waving thereof,Which Current ValueSare 
Substantially unafected by un8Voidable Varia? 

.tions in technique in practicing the proceSS? 
* Another object is to provide 8pp8ratus for 
gauging the steaming time in permanent hair 
Waving,which apparatusis independent of the 
hair Waving apparatus itSelf and may be em? 
ployedwith varioustypes of Wavingapparatus? 
Other more specific objects and features Of 

theinventionwil become8pparent from the de? 
tailed description of certain embodiments of my 
inVention to foloW: 
Inmy prior Patent No.2.235.895,issued March 

25,1941,I have disclosedthat the electrical re 
sistance of hair varies during the Steaming op? 
eration(in permanent Waving)and may be 
usedasaguide to indicate the transformationS takingplaceinthehairsothatthesteamingop eration maybeterminatedat the propertimeto 
obtain optimum resuits,Specificaly,thatappli? 
cation disclosesthe use of two electrodes Sepa? 
rated byamass of the hair beiagsteamed,With 
an external source of potential and a Current? 
indicating device connected in Series with the 
electrodes? 
In accordance with the present invention,I 

have discovered that the external Source of p0? 
tentialcanbedispensed with by employingeleC 
trode elements of dissimilar materials which , 
form,in combination with the Waving Solution 
permeatingthe hair,8 Voltac Cell producingthe 
Dotential necessaryto cauSethe indicating Cur? 
rent to fOW? 
I have also discovered that useful reSults Can 

be obtainedwithout passingtheindicating Cur? 
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rent throughthe hairitSelf,but passingthe cur 
rent through 8,porous medium exposed to the 
Waving Solution on the hair?This method has theadvantagethatthespacingbetweentheelec 
trodes can be made uniform so that the range 
of Current Variationswillalwaysbesubstantialy 
the Same andthe Current-indicating device does 
not haveto berecalibratedforeachwaving op eration? 
Further,in accordancewith the presentinven 

tion,?have discoveredthatexpansion and con 
traction of the hair duringthesteaming proc 
eSS may be utized to produce an indication of 
the progreSS ofthe process,by windingwith the 
hair onthe wavingspindle orrod,apressure-re 
Sponsive element adapted to produce an indca 
tion of preSSure Variationsthereon? 
A fuli Understanding of the invention may 

now be hadfrom the folowing detaieddescrip 
tion of certain Specific embodiments thereof, withreference tothe drawing? 
In the drawing: 
?ig?1 is a Schematic diagram of an electrica1 

circuit that may be employedin practicing my invention; 
Fig.2isaSchematic croSSSectionshowinghair 

WOUnd UpOn 8,WaVing Spindle,together with 
electrode elements,in accordance with my in 
Vention; * * 

Fig?3 is a Schematic diagram simiar to Rig? 
2 but ilUStrating an alternative electrode con 
Struction; - 

Fig?4 is a,perspective View of an electrode 
Structurethatm8ybeemployedWith mymethod; 
Fig.5is aface View of analternative electrode Construction; 
Fig.6 is a longitudinal sectional view taken 

along the line 6?6 of Fig?5; 
Fig?7 is 8 CrOSS Section taken along the line T?T of Fig?5; 
Fig,8 is an edge View of stil another elec 

trode Structure; 
Fig?9 is a cross Section taken in the plane 9?9 of Fig,8; 
Fig.10is 8,longitudinal Sectional View of stil 

another electrode structure; 
Fig,11 is 8,CrOSSSectiontaken alongthe ine 1f?#f of Fig,10;and 
Fig,12 is 8,Schematic diagram of an alter 

native electric circuit that may be employed 
in place of the circuit of Fig,1,under certain COnditions? 
Referring first to Fig,1,the electric circuit 

therein disclosed is adapted to automaticaly 
Controlthe foW0f Current t08nelectric81 hair 
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Waving machine?"hus the Bpparatus enclosed 
within the dotted line controls?ne supply of 
current from 8 supply line 2to 8 feeder line3 
goingto the hair waving machine?The supply 
line 2 may bethe usual110-voltlighting circuit? 
The line3 mayfeedcurrent drectlytoelectrical 
heating elements in 8 permanent Waving ma 
chine,or it may COntrol 8,relay Which in turn 
Controls the application of heat to the hair? 
Whichever particular methodis employedis of 
no importance in connection with the present 
invention which relates only to apparatus guite 
independent ofthe particularmethod of 8pplying 
heat to the hair? 
One side of the ine ? is permanently con 

nected by a 1ead ? to one side of the line 3? 
The other side of the line @ is adapted to be connectedthrough8Switch 58ndthrougharma? 
ture 6 and back contact ? of 8 relay ? to the 
other side of the ine ??Therefore When the switch5isclosed8ndtherelay3is de-energized, 
the line 3 extending to the Waving maChine is 
energized from the line 2?When the relay?is 
energized contact is broken between the arma? 
ture 6 and the back contact ?,Cutting of the 
current supplyto the line 8 and de-energizing 
the Waving machine? - A pair of sign8l lamps 9 and g,respectively, 
nay be employed to indicate the condition of 
the system,The lamp $ is connected through 
atransformer ? to the line3,Sothatit isiu 
ninated whenever the line3 isenergized,.The 
1amp #0is connected inseries with a secondary 
Winding 20f8 transformer 38nd the arm8 
ture 6 and a,front contact ? of the relay?? 
The transformer 3 has a,primary winding ? 
connectedtothesupplyline2throughthe Switch 
?sothatthistransformer isenergized WheneVer 
theswitch5is closed??t wilbe apparent from 
the circuitthat when the switch 5 is open,both 
the 18mps 9 and ? Will be dark and when the 
switch5isclosedone ortheother ofthelamps, 
butonly one,willbeilluminated;thus when the 
relay8is de-energizedthelamp 9 will beillumi 
nated,andafter relay8isenergizedthe lamp ? 
Will beiuminated? The relay 8 is adapted to be energized With 
direct Current under the control of a Combined 
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relay and indicating meter 6?The Source of 
direct current comprisessecondary windings ? 
and 8 on the transformer 3 and8 rectifying 
tube 9,Thissource of direct current is of 
courseenergizedwheneyerthe Switch5is cloSed? 
The output terminals of this source of direct 
current compriseaground connection 20 On the 
transformer winding 78nd81ead2? whichis 
connected through a?lterresistance 22 and the 
winding of relay 8 to afixed contact 23 in the 
indicating device f6,The device 168s shown 
consists of a sensitive Current meter haVing 8 
hand24adaptedto move8croSS8Scale 25,The 
Hand 24 carries a Contact 26 adapted to rest 
against the fixed contact23solongasthe cur? 
rent through the meteris1ess than a predeter? 
mined value?The hand 24 is connected to 
ground27 thereby completing a circuit back to 
thetap onthe transformer winding 17?It will 
beapparent that closure of the contact 26 on 
thecontact23Completes8circuitfrom the direct 
currentsourcethrough the winding of the relay 
8 to energize the latter and move armature 6 
from the backcontact 7 to the front contact 4? 
The actuating winding of the meter 6(not 
shown)connectsto8 pair ofterminals288nd29, 
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termina129 beingaisoconnected tothe hand24? ?5 
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AVariable resistance 3? is shunted across these 
terminals28 and29to permitadjustment of the 
Sensitivity ofthemeter,Theterminal29inaddi 
tion to beinggrounded at 2T is connected to a 
terminal 31 on the exterior of the case repre 
Sented bythe dottedline f,andthemetertermi nal28isadaptedtobeconnectedto asecond 
terminal 32 on the exterior of the Case by a 
Switch 33 Operable into two positions,in one of 
which terminals288nd32areconnecteddirectly 
together,andin the other of Whichterminals28 
and 32 are connected together through 8 bat 
tery 34, 
The terminals 3? and 32 are auapted to be 

connected to electrodes8SSociated with the hair 
being waved,and the Switch 33 is manipulated 
to include or exclude the battery 34,depending 
upon the particular arrangement of electrodeS 
that8re to be employed? Onetype of permanent waving machine that 
is in extensive use includes metal Spindes or 
curling rods upon which treSSes of hair are 
Wound,Thespindle is ordinarily of metal Such 
as aluminum and was employed in the System 
of my priorapplication as one of the electrodes 
for measuring the resistance of the hair,the 
other electrode consisting of astrip 0f aluminum 
foil wound with the hair about the Spindle? 
Thus,referringto Fig,2,spindle35,which may 
be of aluminum,supports a treSS of hair 36 
wound spirallythereupon and a Strip of foil3T 
iswoundwith thehairuponthespinde35?The 
spindle35 andthe foi13? are Connected bySüit? 
able1eadstotheterminals3fand32? It Will be understood,of CourSe,that prior to 
winding the hair 36 upon the spindle 35it is 
treated WithaSuitable WavingSolution,the Solu 
tion ordinarily containinga volatilealkali, 
In accordance with my prior application,the 

electrodefoil37 Would be made ofthesamema terialasthespindle35andthe switch33would 
be actuated to include the battery 34 in series 
Sothatthe Currentfowinginthe meter 16Would 
be a,function of the potential of the battery34 
(which is SubStantially conStant)and the re 
sistance of the hair 36 between the spindle 35 
andthefoilelectrode37? In accordance with the present invention,T 
have discovered that by making the spindle 35 
and the foi13T Of Suitable diferent materials 
the battery34 may be dispensed with,andthe 
switch 33 manipulated to connect theelectrodes 
in contact with the hair directyto themeter 16? 
With thisarrangement theelectrodescontacting 
the hair,and the waving solution permeating 
the hair,form a Voltaic cell,the current output 
of which varies duringthe steaming periodand 
afords an indication ofthe progress of thewav 
ing proceSS?Suitable electrode materials that 
nay be employed are aluminum and copper,al 
though the invention is in no sense restrictec tothesetwomaterials,Sinceitiscommonprac 
ticeto makethe wavingspindles orrodsofalu minum,itisconvenienttomakethefoi1electrode 
3T of copper? ’,· - 
With the·arrangement 1ast described,?have 

found thatthe current developed bythevoltaic cel,includingthe spindle35andthefoi37,is 
initialy relatively low,As the heatisapplied 
tothe hair(in any known manner),thecurrent 
outputincreasesto a maximum valueandthen 
Qecreases,fnaly reaching a value which may 
be Substantialy1ess than theinitia1current,? have foundthatifthe heatingisstoppedwhen 
the gyregt developedin the electrodes35and 
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37 has decreased to a predetermined percentage 
of its maximum Value,8 Waye of predetermined 
ck&racteristics can be repeatedly obtained? 
Thus,if the heatingis discontinued when the 
current has dropped to one-third 0f its maxi 
mum value,8 tight curlor wave can be Consist 
ently obtained,If the heating is dScontinued 
When the Current has dropped t0 half of itS 
maximum value,a medium Curl can be consist? 
ently obtained,If the heating is discontinued 
When the current has dropped to about five 
seyenths ofits maximum Value,a1oose curl can 
beconsistently obtained? 
As an example,the fixed Contact 23 Of the 

meter 46 may be positioned to close with the 
movabie contaCt26When the hand24isinap0si 
tion to indicate a reading of.5 miliampere on 
the scale 25andthe Scale may be provided With 
three auxiliary indicia,“L”“M”“T”signify 
ing a,100Se WaVe,a medium Wave,anda tight 
Wave,respectively,Under the conditions de? 
Scribed,the indicia L Would be located opposite 
the 7 miiampere reading on scale 25,The in 
dicia M Would belocated Opposite the 1.0 mi 
ampere reading on the scale and the indicia,T 
Would be located opposite the 1.5 milliampere readingonthe Scale? 
The actual Operation,assuming that a,tight 

Curlis desired,isasfolows:the hair having been treatedWith theWavingsolutionandWoundupon 
the spindle 35,together with the foi137,and 
the connections completed from the Spindle and 
foilto the terminals3f and32,the Switch 33is 
actuatedint0the p0sitionshown in Fig.1to Cut 
out the battery34,andtheresistance30isad 
justed toits maximum Value or completely cut 
Out of the circuit,Thereafter the Switch 5 is 
clOSed,Asaresult of theadjustment of the re 
sistor30,the instrument 16Would be Very Sensi 
tiveandtheinitialcurrent developedintheSpin 
de 35and the foi137 Wilbe suficient to move 
the contact26awayfrom the contact23,which 
de-energizesthe relay 8 and energizes the line 
3goingtothe waving machine,thereby Causing 
theapplication of heatto the hair,ASthe hair 
isheated,thecurrent developedintheelectrodes 35and3Tincreases,causingthe hand26torise 
onthescale25,thismovement ofthe hand Con tinuinguntilthe currentreachesa maximumVal? 
ue,asindicated bythe hand24first comingto 
restand then receding,The operator ObSerVeS 
themovement ofthe hand24and whenit Starts 
torecedetheoperatoradjuststhe resistor30 to 
reduceits value and shunt agreater proportion 
of current from the meter f6? 
sistor30isreducedsufcientyto bringthe hand 
24 backtotheindicia,Ton dial25,after which 
the operator paysno moreattention t0the ma? 
chine,sincefrom that point onitis fuly auto 
maticin operation?Thus,asthe Current devel 
opedin the electrodes35and37 decreases,the 
hand 24 recedes and When the Current haS 
droppedtoone-thirditsvaluethe contact26wil 
close on the contact23,completingthe Circuitto 
energizetherelay8,Thismoves thearmature 
6awayfrom back contact T onto front COntact 
14,cuttingofthe currentsupplytothe ine 3 
and the waving machine,It also extinguisheS 
the1amp9 andiuminatesthe lamp 10toaford 
visualindication tothe operatorthat the WaVing 
Drocessisfinished, 
The procedure describedwould bethe Sameif 

amedumora1oosecurlwere desiredexceptthat 
theresistor 30 would be adjusted to bring the 
Rand24backtotheindex LortheindeXM, 

The Value Of re? ; 
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Whenfolowingthemethoddescribedwithpar 

ticular reference to Fig,2,it is necessary for 
the operatortoinitiallyadjust theresistor30to 
8 high Value andthenreadjustit whenthecur 
rent has reached its maximum value,to bring 
the hand24 backto one of theindicia L,M,or 
T,becausetheabsolutevalue ofthecurrentgen erated m8y difer considerablyinsuccessive op 
erations,it beingimp0SSible to always Wind the 
Same amount Of hair on the Spindle35With the 
Same degree Of tightneSS,Ingeneral,the tight 
er the hairis Wound and the 1ess the thickness 
Of hair,the larger Will be the current?How 
eVer,by employing a diferent electrode struc 
ture,the Values Of the current can be heldsub 
Stantialy Constant during Successivewaving op 
erations,With thisdiferentelectrodestructure, the electrodesare maintainedinfixedspacedre 
1ation to each other and are separated by an 
abSorbent material Such as blotting paper,in 
Stead of being Separated bythe hair itself, 
A Specific eleCtrode Construction that may be 

employedisshownin Figs.5,6,and 7,Thus,it 
mayinclude a Strip Of copper foil 40 andastrip” 
of aluminum foi141 positionedinjuxtaposed re 
lation to each other but Separated through the 
larger portion of theirlength bya piece of blot 
ting paper 42,the latter being preferably of 
Slightly greater width than the foils 40 and 41 
Soasto project therebeyond(as shownin Figs? 
5 and 7)and prevent the possibility of contact 
andsh0rt circuit of the foils,Through there 
Imainder of theirjuxtapoSed portions,thefois40 
and4f areSeparated bysheetinsulatingmaterial 
43 impervious to moisture,The exterior sur? 
face of the foils 40 and 44 areelectricallyinsu 
lated and mechanicaly protected by a strip of 
flexible impervious materia} 44 Which extends 
around the lowerends of the fois 40 and 41,as 
clearly ShoWn in Fig,6,A Colar 45is prefer? 
ably providedaround the Structure adjacent the 
Upper end of the porous fller 42,To provide 
for ready electrical Connection to the foils,the 
foil 40 may be extended beyond the end of the 
coyering44toformatab 46and thefoil44 may 
be folded and extended laterally t0 form a tab 
4T. Electrical Connectionsto these tabs46and 
47 may be conVenientlyaccomplishedwith ordi? narytest clipS? 
The electrode structure described withrefer 

enCe t0 FigS?5,6 and 7,is Wound into the curl 
of hair onthecurlingspindleinthesamegen 
eral Way aS deSCribed With reference to Fig,2, 
and the tWO StripS Of dissimilar metals 40 and 
4f,respectively,are connected to the terminals 
3# and32 of the circuit shown in Fig,1?The 
blotting paper 42 is quickly permeated by the 
WaVing Solution in the hair,Creating with the 
dissimilar foi strips 40 and 4f a,Voltaic cell 
suppying Current t0actuate the meter 16,The 
prOCedureintheinitialoperation Willbeidentical 
With that describedin Connection With the elec 
trodestructureshownin Fig.2,Thereafterthe 
Variable resistor30 need not beadjusted during 
SubSequent Curling Operations(assuming the 

,Same type WaVe is Wanted)because the current 
ValueS produced during SubSequent operations 
Will be SubStantialythe Sameas those produced duringtheinitialoperation?Thisistruebecause 
Of the fact that the Spacing between the elec 
trodes40 and 4fremainsconstantand variations 
in the Current appear to be a,function only of theelectrolyte Withintheblottingpaper42,This electrolyteis,Ofcourse,thewavingsolutionwhich 
permeates the hair,8 p0rtion of the Solution 
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beingtransferred,chiefy by capilaryattraction 
from the hair to the blotting paper? 
creaseand subsequent decreaseinthe current as 
the Waving process proceeds is probably due in 
part at least to chemical changesin theWaving 
solution,Which changesare aSSociated with and 
indicative of changesinthe hairstructure dur 
ing theWaVingproceSS? 
An electrode structureidentical with that de? 

scribedin connection with Figs.5,68nd 7,but 
having the two electrode elements 408nd 4f of 
the Same metal,may beemployedif an external 
source of potentialisused?Thus the electrode 
elements 49 and 4f may b0th be of aluminum 
provided the switch 33(Fig,1)is actuated to 
cut the battery34into the circuit?The results 
obtained are then identical With thoSe obt8ined 
when the electrode elements 40 and 41 are of· 
dissimilar metals and the battery34is cut out 
of the Circuit? ? 
Stil18nother electrode Structure that may be 

employed is disclosedin Fig?8?This electrode 
construction consists simply of two strips of 

,meta foil50 and 51,respectiVely,Separated by 
astrip of imperviousinsulating material52Such 
as Cellophane,rubber,orthelike,Thestructure 
is WOund into the hair 8s shown in Fig?38nd 
the two foils,50 and51,respectively,connected 
to the terminals 3f and 32,respectivey,The 
foils 50 and 54 may be either of similar or dis 
simiar metals,If they are similar,then the 
switch 33 is adjusted to Cut the battery 34int0 
the circuit,If the foils 508nd 5f are of dis 
Similar materials,capable of functioning With 
the hair Waving Solution as 8,Voltaic cel,then 
the Switch 33 is adjusted to Cut the battery3? 
Out? - 
With the arrangement shown in Fig?3,the 

electrical path between thetwo fois 50 and5? 
ischiefythroughthe hair separating consecu 
tive layers of the foil,Thus,some of the paths 
Of Currentflowing between theelectrodes5@ and 
51,through the hair,areindicated bythe dotted 
ines54? 
The arrangement of Fig,3 has the disadvan 

tage OVerthearrangementshownin Fig,2,name 
ly,thatitisimpossible to exactyreproduce the 
physicalarrangements of thetwoelectrodes dur 
ing SucceSSiVe Waving operations,So that the 
range of Current Values obtainedis not constant 
andtheresistor30 must beadjustedduringeach? 
Waving Operation?Howeyer,the electrodestruc 
ture of Figs,3 and 8 has the advantage thatit 
is entirey Separatefromandindependent of the curlingspindle35,Thisisdesirable,amongother 
reaSOns,because the Spinde is Subject to sur? 
face corrosion Which afects its Contact resist 
ance?The foilelectrode of Fig.8is nots0Sub 
ject tocorrosion asthe spindle and furthermore 
is Very inexpensive So that it can be replaced 
frequenty, 
AS preViousy indicated,it is also possible to 

indicatethe progress of permanent Waving proc 
eSSes by meaSuring preSSure changes within the 
rmass of hair Wound upon the WaVing spindle. 
Thisis because the hair first expands under the 
infiuence of the heat and the waVing Solution 
and then contracts as the end of the processis 
approached,I Can meaSure SUch Variations in 
the size of the hair by employing a pressure 
Sensitive electrode structure such as shown in 
Fig.10,with the-circuit of Fig.1?Thiselectrode 
structurecomprisesa pair ofsimiarfoistrips60 
and 6t separated byalayer of carbon particles 
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1yprotected byanenclosingstrip 630finsulating 
andwaterproof material,such as Cellophane or 
rubber,As shown in Fig?11,the edges of the 
StripS 63 extend beyondthe fois 608nd·6f and 
aresealed togetherso that the carbon particles 
62 cannot escape?The electrode structure of 
Fig?10 is wound into the hair on the Waving 
spinde exactly as shown in Figs?2 and3 and 
the two fois 60 and 61 are connegted to the 
terminals 318nd 32,reSpectively?The b8ttery 
34,is Cut into the Circuit by means of switPh 
33,The procedurewhenemployingtheelectrGde 
of Fig?10isexactlythe Same as th8?previously 
deScribed With the other electrode Structures, 
Initialythe current produced bythe battery34 
islow becausetheelectrodestrips60and6f press 
8gainst the mass of carbon particles 62 with 8 
rekatively low pressure,8nd the ejectric81resist 
ance of the mass of carbon is relatively high, 
However,as the waving process proceeds,the 
hairexpands,therebyincreasingthepressure on 
the foistrips 60 and 64 and compressing the 
carbonparticles 62,whichreducestheirelectrical 
resistance and permits an·incre8sed current to 
fow through the meter f6?Solong asthe hair 
Continues to expand,the/preSSure and the cur 
rentincrease?Thereafterthe haircontracts8nd 
the pressureand the Current deCrease? 
Theelectrode 3T in Fig.2 may Consist simply 

of a strip of metal foil?However,in practice 
T find it convenient and desirable to employ 8 
thin metal fo? backed With 8 strip of inSulat 
ing material,as Shown in the perSpective view 
of Fig.4,in whichthefoilstrip 3T isbackedwith 
8 strip 70 of relatively strong material such as 
Celophane?It also preferaby has an imper 
Viousinsulating collar ??,through a portion of 
its length,to defnitelyfixthelength of thestrip 
thatisexposed to the hair?The and of the foil 
37 is,0f Cot1rse,extended through and beyOnd 
the Collar If to permit electrical Connection 
thereto? 
Whenemployinganelectrode structure of the 

type disclosedin Figs?5,6 and 7,in which the 
two electrode elements are Spaced 8,fxed dis 
tance apart by an absorbent material,such 8S 
blotting paper,8,simpler electric circuit than 
that discloSedin Fig,1 may be employed?Such 
a circuit is shown in Fig?12,Which is 8dapted 
to be connected to 8,Supply line and to the cir? 
Guit going to the Waving machine ex8ctly the 
S8me as the Circuit of Fig?1?The Supply line 3goingtothewavingmachineandtheelectrodes 
34and32thereforecorrespondtothesame par? 
ticular elements in Fig,1?The meter 6 may 
alSO be of the Same construction asin Fig.1 and 
COrreSpOnding elements thereof bear the Same 
reference numerals asin Fig,1? - 
The eSSential diferences”betWeen the circuits 

of Figs?1and12,respectively,isthat the D.C. 
relay8and the rectifying circuit of Fig?1 have 
beeneliminatedandanalternating currentrelay 
8@ Substituted;andthesingle Variableresistor30 
of Fig,1 has been replaced by three separate 
resistorS81,82 and 83,respectivey,any one of 
whichisadaptedto be connectedinshuntacross 
the terminals of the meter 6 by an associated 
switch84,85or 86. Thearrangementofthe signallampsisalso 
8 little diferentin the circuit of Fig.12,Thus 
the Supply ine 2 is connected through the 
Switch 5 directly to the primary winding of a 
transformer 87,the Secondary winding of which 
iS connected directly to asignallamp 88?One 

62?Theelectrodesareinsulatedandmechanical-75 terminal of the secondary windingis also con 
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nectedtoground at89 and the other terminal 
is connected through the winding of relay 80 
tooneterminalofaswitch 90,theotherterminal 
of the switch being connected to the fixed con? 
tact,23 in the meter 16,The hand 26 of the 
meteris connected toground asin ?g.1?A 
second signal lamp 9f is connected in shunt 
acrossthe winding of the relay 80?The ine $ 
is8daptedto be Connected to the line 2 through 
the armature and back contact of relay8? 
Thetwo electrode elements of the unit shown 

in Figs?5,6and7areconnectedtotheterminals 
318nd32?The operation thereafter is as fol 
lows:The operator closes one of the Switches 
84,85 or 86to select the type of Wave Wanted? 
Thus these switches may be identified by the Ietters“L”“M”and“T.”respectively,desig? natingthewords“loose”“medium”and“tight.” 
The resistor 8f,associated with the“looSe” 
switch 84,is of relatively 1ow resistance;the 
resistor82,8SS0ciated With the“medium”Switch 
85,is of higher resistance,and the resistor 83, 
associated with the“tight”Switch 86,is of still 
higher resistance?It Wilbe apparent therefore 
that WhentheSwitch84isclosed,the meter Will 
be relatively insensitiVe and 8,relatively slight 
drop in the current Will cause the hand 26 to 
drop backagainst the contact23?If theswitch 
85 is closed,the meter Will be more Sensitive 
and the current?through the terminals3 and 
32 will have to drop to 8,Iower Value before the 
hand26 wireturn to contact23?If theSwitch 
86is closed,cuttingin the highest resistance 83, 
the circuit wilbeeven moresensitive andthe 
current through the terminals 31 8nd 32 Wii 
have to drop to a stillower value before the 
hand 26 Wil return to Contact 23? 
Haying closed one of the Switches 84,85 or 

86,depending up0n the type 0f WaVe desired, 
the operatornext opensthe Switch 90 and closes 
the Switch 5,whereupon power is SUpplied 
through the contacts of relay 80 and through 
the line 3 to the waving machine and signal 
lamp 88 is illuminated?It is necessary to ini 
tially open the Switch 90 because ordinariy the 
initial current through the meter f6 is inSufi 
cient to carry the hand26away from the COn 
tact 23 and the relay 80 Would operate to pre 
Vent energization of the line 3?After the cur? 
rent has been on 8,few minutes?the current 
through the termin8is3f and32 to the meter 
increasessuficientyto carrythe hand26 away 
from the contact 23,Whereupon the Operator 
closesswitch 90?From then on the Operationis 
8utomatic? 
The current rises gradualy to a maximum 

Value Carryingthe hand26 higher on thescale, 
a?ter Which the Current gradualy drops,per? 
mittingthe hand26to drop backuntiitre8ches 
?he contact23,?hereupontheenergizingcircuit 
?or rel8y 80 is completed,Causing the latter to 
open its contacts and de-energize the line 3 
goingto ?ne Waying fmachine?At the S8me ?me 
the Signailamp 9f is lighted t0 indicate to ?ne 
operatorthatthe heat has beenturned of? 
The value of the resistors 8?,82 &nd $3 wi? 

depend,of CourSe?UpOn the Constants of the 
meter 62nd Upon the dimensions of the elec 
trode elements WoUQd in the hair and may be determinedbyexperimentinanyindividualcase? 
?oweyer,if the efective portion of blottingpa 
per 42inthe electrodesisoneinch long,%inch 
wide and & of ar inch thick,(the thickneSSiS 
not critical,hdwever),and the meter 45is a 
?illimeter of one mill ful Scale of defection, 

S 
andaresistance of45ohms,and with the con 
tact 23 positioned to close at a,reading of.15 
mliampere,then resistor 8 may have aresist? 
ance of approximatey2.5 ohms,resistor 82 ap 
proximatey 5 ohms,8nd resistor 83 approxi matey10ohms?Ofcourseiftheelectrodestruc 
turehas diSSimilarelectrodeS,Suchascopperand · aluminum,the switch33inFg."12/ispositioned 
to Cut Out the battery $4?However,itisto be 
understood that Substantially equivalent results 
Can be obtained employingelectrodes of similar 
materials by Cuttinginthe battery34?This bat ,tery34mayconsistofasinglesmaldrycel,such 
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as areemployedinfashights? ? 
For the purpose of explaining the invention, 

Certain Specific embodiments thereof have been 
deScribedin detail?Itisto beunderstood,how? 
ever,that many variations may be made from 
theparticular practice described withoutdepart 
ing from the invention,whichisto belimited 
Only to the extent set forth in the appended Claims? 
I Claim: 
1·The method of folowingthe progress of a permanenthairwavingoperationcomprising po 

sitioning8 portion of the hair beingwavedbe 
tween &pair ofdissimilar spacedapart conduc 
tive platesto form a voltaic cel,andproducing 
anindication of the electrical current produced by Said cel? 
2·The method of indicating the progress of 

8 permanent hair Waving operation which com 
prises forming 8 voltaic cel the electrolyte of 
whichisconstitutedbythewavingsolution per 
meatingthe hair,and producinganindication 
oftheelectrical current producedbysaidcell? 
3·The method ofindicating the progress of 

8 permanent hair Waying Operation which com 
priSes cloSely positioning a portion of the hair 
beingwavedtoapairof dissimilar,spaced-apart, 
Conductive platesto form a voltaic cel having 
Said plates asits two electrodes and havingthe 
fuid permeating the hair asitselectrolyte and 
producing anindication of the electrical Current 
produced by S8id Cell? - 
??The method8S describedin claim3inwhich 

the Spacing between Said platesissubstantialy 
COnStant? - 

5·Apparatus for determiningthe progress of 
apermanent hairwavingoperation comprisinga 
pair of Spaced-ap&rtelectrodes ofdissimiarcon? 
ductive material adapted to bepositionedinin? 
timaterelation with the hair duringtheactual 
Waying thereof,8nd Current responsive mean 
CODnected to Saidelectrodes? - 
G·Apparatus as describedin claim5in which 

SBidelectrodes Consistcfa par offexibleplates 
Separatedby8Strip Cfimperviousinsulatingma 
teriai? 
7·Apparatus for determiningthe progressof 

apermanent hair Wavingoperationcomprisinga 
pair of fexible Conductive plates of dissimiar 
naterialsSeparated byasheet of nonconductive 
porous m&teriai,the complete assemby being 
Edaptedto be woünd with the hairtobewaved, 
and Cürent responsive means connectedtosaid 
electrodes? - 

8,Apparatus for Geterminingthe progress of 
& perüanenühair wavingoperation comprisinga 
Pair,offexible metal platesseparated by im 
perviousinsulating materia andadapted to be 
WOUná üto the CU? of hairto be waved,anda 
S0ürce Cf Current and Current responsiye means 
Connectedin Series withsaid plates? 



6 
9?Apparatus for determining the progreSS 

of8 permanenthairWavingoperationcomprising 
8 pair offlexible conductive plateelementSSepa 
rated by 8,flexible sheet of non-conductive por? 
ous material,the Whole forming an electrode aS? 
sembiyadaptedtobe woundintothe curl of hair 
to be Waved,8ndasource of potential and Cur? 
rent responsive means connectedin Series with 
S8id electrodes? 10?Apparatus for determiningthe progress of 
8,permanent hair WaVing Operation Comprising apressure-responsivemeansadaptedtobewound 
into a mass of hair and left there during the actualWavingthereof,andmeans8SSociatedwith 
“said pressure-responsive means and responsive 
thereto for indicating Variationsin pressure? 

11?Apparatus as deScribed in claim 10 in 
Whichsaid pressure-reSponsive means comprises 
a,pair of conductive electrode elements sepa 
rated by 8,material hayingelectrical conductiv? 
itythat Varies with pressure,andthe meansaS? 
soclated therewith comprising means reSponsive 
to variation in electrical conductivity? - 
?12?Anelectrode unitfor usewith hairduring 
Permanent waving thereof and adapted to pro? 
duce a currentindicative of theprogress of the 
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waving process,said Unit comprising8 pair 0f 
foilelements of electrically conductive dssimdar 
materials cap8ble of forming 8 Voltaic Cel tn 
the preSence of Waving Solution,8nd flexible meansforrelativeysupportingsaidfolelements 
in Substantialy fixed spaced relation to each 
other,Said unit beingadaptedto be Wound with 
hair ont08 WaVingspinde? 
13?An electrode unit for uSe With hair during“ 

permanent Wavingthereof andadapted to pro 
duce 8,current indicative of the progress of the 
Waving proceSS,Said unit Comprising a,pair of 
foilelements Of electricalyconductive dissimilar 
?naterials capable of forming 8,Voltaic·cel in 
the preSence Of Waving Solution 8nd Supp0rting 
Imeans comprisinga,non-conductive Sheet mem 
ber interpoSed between andSeparating Said foil 
elementS? 
14?An electrode unit as deSCribedin claim 13 

in which Said sheet memberis of porous ab 
SOrbent material? 
15?An ejectrode unit as deScribedin claim13 inwhichsaidsheetmemberissubstantialynon 

p0rouSand non?8bSOrbent? 
JAMESA?MAIZE, 


