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This invention relates to apparatus for and 

method of waving hair, and particularly to the 
permanent waving of human hair. 
A broad object of the invention is to automat 

ically control the length of the steaming period 
in permanent waving) in accordance with 
changes taking place in the hair during the heat 
ing process so that optimum results may be ob 
tained in substantially all cases. 
A more speciiic object is to follow the progress 

of changes occurring in the hair during the wav 
ing operation vby measuring variations in elec 
trical resistances oi' elements affected byv the 
hair or by treating solutions in the hair. 
Another object is to measure electrical charac 

teristics of an element exposed to the hair-treat 
ing solution without employing an external 
source of electricity. » 

Another object is to produce current values 
indicative of changes in the hair during perma 
nent waving thereof, which current values‘are 
substantially unaffected by unavoidable varia 

practicing the process. 
Another object is to provide apparatus for 

gauging the steaming time in permanent hair 
Waving, which apparatus is independent of the 
hair waving apparatus itself and may be em 
ployed with various types of waving apparatus. 
Other more specific objects and features of 

the invention will become apparent from the de 
tailed description of certain embodiments of my 
invention to follow: 
In my prior Patent No. 2,235,895, issued March 

25, 1941, I have disclosed that'the electrical re 
sistance of hair varies during the steaming op 
eration (in permanent waving) and may be 
used as a guide to indicate the transformations 
taking place in the hair so that the steaming op 
eration may be terminated at the proper time to 
obtain optimum results. Specifically, that appli 
cation discloses the use of two electrodes sepa 
rated by a mass of the hair being steamed, 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 po 
tential can be dispensed with by employing elec 
trode elements of dissimilar materials which 
form, in combination with the waving solution ' 
permeating the hair, a voltaic cell producing the 
potential necessary to cause the indicating cur 
rent to flow. 

I have also discovered that useful results can 
be obtained without passing the indicating cur- 5 
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rent through the hair itself, but passing the cur 
rent through a porous medium exposed to the 
waving solution onthe hair. This method has 
the advantage that the spacing between the elec 
trodes can be 

of current variations will always be substantially 
the same and the current-indicating device does 
not have to be recalibrated for each waving op 
eration. 
Further, in accordance with the present inven 

tion, I have discovered that expansion and con 
traction of the hair during the steaming proc 
ess may be utilized to produce an indication of 
the progress of the process, by winding with the 
hair on the waving spindle or rod, a pressure-re 
sponsive element adapted to produce an indica 
tion of pressure variations thereon. ` 
A full understanding of the invention may 

now be had from the following detailed descrip 
tion of certain specific embodiments thereof, 
with reference to the drawing. 
In the drawing: 
Fig. 1 is a schematic 

circuit that may be 
invention; 

Fig. 2 is a schematic cross section showing hair 
wound upon a waving spindle, together with 
electrode elements, in accordance with my in 
vention; ' ‘ 

Fig. 3 is a schematic diagram similar to Fig. 
2 but illustrating an alternative electrode con 
struction; y 

Fig. 4 is a perspective View of an electrode 
structure that may be employed with my method; 

Fig. 5 is a face view of an alternative electrode 
construction; 

Fig. 6 is a longitudinal sectional view taken 
along the line 6_6 of Fig. 5; _ 

Fig. 7 is a cross section taken along the line 
‘l-'l of Fig. 5; 

Fig. 8 is an edge view of still another elec 
trode structure; 

Fig. 9 is a cross section taken in the plane 
9-9 of Fig. 8; 

Fig. 10 is a longitudinal sectional view of still 
another electrode structure; ' 

Fig. 11 is a cross section taken along the line 
lI-II of Fig. 10; and 
Fig. 12 is a schematic diagram of an alter 

native electric' circuit that may be employed 
in place of the circuit of Fig. 1, under certain 
conditions. 
Referring ñrst to Fig. 1, the electric circuit 

therein _disclosed is adapted to automatically 
control the ilow of current to an electrical hair 

diagram of an electrical 
employed in practicing my 
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waving machine. Thus lthe apparatus enclosed 
within the dotted line I controls the supply of 
current from a supply line 2 to a feeder line 3 
going to the hair waving machine. The supply 
line 2 may be the usual 11o-volt lighting circuit. 
The line 3 may feed current directly to electrical 
heating elements in a permanent waving ma 
chine, or it may control a relay which in turn 
controls the application of heat to. the hair. 
Whichever particular method is employed is of 
no importance in connection with the. present 
invention which relates only to apparatus quite 

‘ independent of the particular method oi applying 
heat to the hair. 
One side of the line 2 is permanentlyv con 

nected by a lead d to one side of the line 3. 
The other side of the line 2 is adapted to be 
connected through a switch 5 and through arma 
ture 6 and back contact l of a relay d to the 
other side of the line 3. Therefore when the 
switch 6 is closed and th’e relay 3 is de-energized, 
th'e line 3 extending to the waving machine is 
energized from 4the line 2. When the relay 3 is 
energized contact is broken between the arma 
ture 6 and the back contact 1, cutting oiî the 
current supply to the line 3 and de-energizing 
the waving machine. ` 
A pair of signal lamps 3 and I3, respectively, 

may be employed to indicate the condition of 
the system. The lamp t is connected through 
a transformer Ii to the line 3, so that it is illu 
minated whenever the line 3 is energized. _The 
lamp I0 is connected in series with a secondary> 
winding I2 of a transformer I3 and the arma 
ture 5 and a front contact i4 of the relay 3. 
The transformer i3 has a primary winding l5 
connected to the supply line 2 through the switch 
5 so that this transformer is energized whenever 
the switch 5 is closed. It will be apparent from 
the circuit that when the switch 5 is open, both 
the lamps 3 and I0 will be dark and when the 
switch 5 is closed one or the other of the lamps, 
but only one, will be illuminated; thus when the 
relay 8 is de-energized the lamp 3 will be illumi 
nated, and after relay 8 is energized the lamp IG 
will be illuminated. 
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 I5. The source of I 
direct current comprises secondary windings I1 
and i8 on the transformer i3 and a rectifying 
tube I9. This .source of direct 'current is of 
course energized whenever the switch 5 is closed. 
The output terminals of this source of direct 
current comprise a ground connection 20 on the 
transformer winding i1 and a lead 2l which is 
connected through a fllter resistance 22 and the 
winding of relay 3 to a fixed contact 23 in the 
indicating device I6'. The device I6 as shown 
consists of a sensitive current meter having a 
hand 24 adapted to move across a »scale 25. The 
hand 24 carries a contact 26 adapted to rest 
against the ñxed contact 23 so long as the cur 
rent through the meter is less than a predeter 
mined value. The hand 24 is connected to 
ground 21 thereby completing a circuit back to 
the tap on the transformer winding I1. It will 
'b_e apparent that closure of the contact 26 on 
the contact 23 completes a circuit from the direct 
current source through the winding of the relay 
8 to energize the latter and move armature 6 

1 to the front contact I4. 

shown) connects toa pair of terminals 28 and 29, 
terminal 29 being also connected to the hand 24. 
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A variable resistance 30 is shunted across these 
terminals 28 and 29 to permit adjustment of the 
sensitivity of the meter. The terminal 29 in addi 
tion to being grounded at 21 is connected tc a 
terminal 3| on the exterior of the case repre 
sented by the dotted line |„and the meter termi 
nal 28 is adapted to be connected to a second 
terminal 32 on the exterior of the case by a 
switch 33 operable into two positions, in one of 
which terminals 28 and 32 are connected directly 
together, and in the other of which terminals 28 
and 32 are connected together through a bat 
tery 3d. 
The terminals 3l and 32 are adapted to be 

connected to electrodes associated with the hair 
being waved, and the switch 33 is manipulated 
to include or exclude the battery 3d, depending 
upon the particular arrangement of electrodes 
that are to be employed. 
One type of permanent waving machine that 

is in extensive use includes metal spindles or 
curling rods upon which tresses of hair are 
wound. 'The spindle is ordinarily of metal such 
as aluminum and was employed in the system 
of my prior application as one of the electrodes 
for measuring the resistance of the hair, the 
other electrode consisting of a strip of aluminum 
foil wound with the hair about the spindle. 
Thus, referring to Fig. 2, spindle 35, which may 
be of aluminum, supports a tress of hair 36 
wound spirally thereupon and a strip of foil 31 
is wound with the hair upon the spindle 35. The 
spindle 35 and the foil 31 are connected by suit 
able leads to the terminals 3i and 32. 

It will be understood, of course, that prior to 
winding the hair 36 upon the spindle 35 it is 
treated with a suitable waving solution, the solu 
tion ordinarily containing a volatile alkali. 
In accordance with my prior application, the 

.electrode foil 31 would be made of the same ma 
terial as the spindle 35 and the switch 33 would 
be actuated to include the battery 34 in series 
so that the currentflowing in the meter IB would 
be a function of the potential of the battery 34 
(which is substantially constant) and the re 
sistance of the hair 36 between the spindle 35 
and the foil electrode 31. 
In accordance with the present invention, I 

have discovered that by making the 
‘and the foil 31 of suitable different materials 
the battery 3d may be dispensed with, and the 
switch 33 manipulated to connect the electrodes 
in contact with the hair directly to the meter I6. 
With this arrangement the electrodes contacting 

55 the hair, and the waving solution permeating 
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the hair, form a voltaic cell, the current output 
of which varies during the steaming period and 
affords an indication of the progress of the wav 
ing process. Suitable electrode materials that 
may be employed are aluminum and copper, al 
though the invention is in no sense restricteß` 
to these two materials. Since it is common prac 
tice to make the waving spindles or rods of alu 

, minum, it is convenient tomake the foil electrode „ 

31 of copper.  - 
With the~arrangement last described, I have 

found that «the current developed by the voltaic 
cell, including the spindle 35 and the foil 31, is 
initially relatively low. As the heat is applied 
to the hair (in any known manner) , the current 
output increases to a~ maximum value and then 
decreases, iinally reaching a value which may 
be substantially less than the initial current. I 
have found that if >the heating is stopped when 

 the current developed in the electrodes 35 and 

spindle 35 , 
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31 has decreased to a predetermined percentage 
of its maximum value, a wave of predetermined 
characteristics can be repeatedly obtained. 
Thus, if the heating is discontinued when the 
current has dropped to one-third of its maxi 
mum value, a tight curl or wave can be consist 
ently obtained. If the heating is discontinued 
when the current has dropped to 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 tive 
sevenths of its maximum value, a loose curl can 
be consistently obtained. 
As an example, the fixed contact 23 of the 

meter |6 may be positioned to close with the 
movable contact 26 when the hand 24 is in a posi 
tion to indicate a reading of .5 milliampere on 
the scale 25 and the scale may be provided with 
three auxiliary indicia, “‘L,” "M,” “T,” signify 
ing a loose wave, a medium wave, and a tight 
wave, respectively. Under the conditions de 
scribed, the indicia L would be located opposite 
the .7 milliampere reading on scale 25. 'I'he in 
dicia M would be located opposite the 1.0 milli 
ampere reading on the scale and the indicia 'I' 
would be located opposite the 1.5 milliampere 
reading on the scale. 
e The actual operation, assuming that a tight 
curl is desired, is as follows: the hair having been 
treated with the waving solution and wound upon ‘ 
the spindle '35, together with the foil 31, and 
the connections completed from the spindle and 
foil to the terminals 3| and 32, the'swítch 33 is 
actuated into the position shown in Fig. 1 to cut 
out the battery 34, and the resistance 30 is ad- ‘. 
J'usted to its maximum value or completely cut 
out of the circuit. Thereafter the switch 5 is 
closed. As a result of the adjustment of the re 
sistor 30, the instrument |6 would be very sensi 
tive and the initial current developed in the spin- f 
dle 35 and the foil 31 will be suiiîcient to move 
the contact 26 away from the contact 23, which 
de-energizes the rel-ay 8 and energizes the line 
3 going to the waving machine, thereby causing 
the application of heat to the hair. As the hair 
is heated, the current developed in the electrodes 
35 and 31 increases, causing the hand 26 to rise 
on the scale 25, this movement of the hand con 
tinuing until the current reaches a maximum val 
ue, -as indicated by the hand 24 ñrst coming to 
rest and then receding. The operator observes 
the movement of the hand 24 and when it starts 
to recede the »operator adjusts the resistor 30'to 
reduce its value and shunt a greater proportion 
of current from the meter |6. 
sistor 30 is reduced suiliciently to bring the hand 
24 back to the indicia T on dial 25, after which 
the operator pays no more 4attention to the ma 
chine, sincevfrom that point on it is fully auto 
matic in operation. Thus, as the current devel 
oped in the electrodes 35 and 31 decreases, the 
hand 24 recedesl and when the current has 
dropped to one-third its value the contact 26 will 
close on the contact 23, completing the circuit to 
energize the relay 8. This moves the armature 
6 away from back contact 1 onto front contact 
| 4, cutting off the current s-upply to the line 3 
and the waving machine. It also extinguishes 
the lamp 9 and illuminates the lamp I0 to añord 
visual indication to the operator that the waving 
process is finished. 
The procedure described would be the same if 

a medium or 'a loose curl were desired except that 
the resistor 30 would be adjusted to bring the 
hand 24 back to the index L or the index M. 

s. 

The value of re- . 

When following the method described with par 
ticular reference to Fig. 2, it is necessary for 
the operator to initially adjust the resistor 30 to 
a high value and then readjust it when the cur 

Arent has reached its maximum value, to bring 
the hand 24 back to one of the indicia L, M, or 
T, because the labsolute ,value of the current gen 
erated may differ considerably in successive op 
erations, it being impossible to always wind the 
same amount of hair on the spindle 35 with the 
same degree of tightness. In general, the tight 
er the hair is wound and the less the thickness 
of hair, the larger will be the current. How 
ever, by employing a different electrode struc 
ture, the values of the current can be held sub 
stantially constant during successive Waving op 
erations. With this different electrode structure, 
the electrodes are maintained'in fixed spaced re 
lation to each other and are separated by an 
absorbent material such as blotting paper, in 
stead of being separated by the hair itself. 
A specific electrode construction that may be 

employed is shown in Figs. 5, 6, and 7. Thus, it 
may include a strip of copper foil 40 and a strip 
of aluminum foil 4| positioned in juxtaposed re 
lation to each other but separated through the 
larger portion of their length by a piece of blot 
ting paper 42, the latter being preferably of 
slightly greater width than the foils 40 and 4| 
so as to project therebeyond (as shown in Figs. 
5 and ‘7) and prevent the possibility of contact 
and short circuit of the foils. Through the re 
mainder of their juxtaposed portions, the foils 40 
and 4| are separated by sheet insulating material 
43 impervious to moisture. The exterior sur 
face of the foils 40 and 4| are electrically insu 
lated and mechanically protected by a strip of 
flexible impervious material 44 which extends 
around the lower ends of the foils 40 and 4|, as 
clearly shown in Fig. 6. A collar 45 is prefer 
ably provided around the structure adjacent the 
upper end of the porous filler 42. To provide 
for ready electrical connection to the foils, the 
foil 40 may be extended beyond the end of the 
covering 44 to form a tab 46 and the foil 4| may 
be folded and extended laterally to form a tab 
41. Electrical connections to these tabs 46 and 
41 may be conveniently accomplished with ordi 
nary test clips. 

The electrode structure described with refer 
ence to Figs. 5, 6 and 7, is Wound into the curl 
of hair o_n the curling spindle in the same gen 
eral way as described with reference to Fig. 2, 
and the two strips of dissimilar metals 40 and 
4|, respectively, are connected to the terminals 
3| and 32 of the circuit shown in Fig. l. The 
blotting paper 42`is quickly permeated by the 
waving solution in the hair, creating with the 
dissimilar foil strips 40 and 4| a voltaic cell 
supplying current to actuate the meter I6. The 
procedure in the initial operation will be identical 
with that described in connection with the elec 
trode structure shown in Fig. 2. Thereafter the 
variable resistor 30 need not be adjusted during 
subsequent curling ' operations (assuming the 

_ same type wave is wanted) because the current 
values produced during subsequent operations 
will be substantially the same as those produced 
during the initial operation. This is true because 
of the fact that the spacing between the elec 
trodes 40 and 4| remains constant and variations 
in the current appear to be a function only of 
the electrolyte within the blotting paper 42. This 
electrolyte is, of course, the waving solution -which 
permeates the hair, a portion of the solution 



4 
being transferred, chieñy 
from the hair to the blotting paper. The in 
crease and subsequent decrease in the current as 
the waving process proceeds is probably due in 
part at least to chemical changes in the waving 
solution, which changes are associated with and 
indicative of changes in_ the hair structure dur 
ing the waving process. 
An electrode structure identical with that de 

scribed in connection with Figs. ̀ 5, 6 and 7, but 
having the two electrode elements 40 and 4I of 
the same metal, may be employed if an external 
source of potential is used. Thus the electrode 
elements 40 and 4| may both be of aluminum 
provided the switch 33 (Fig. 1) is actuated to 
cut the battery 34 into the circuit. The results 
obtained are then identical with those obtained 
when the electrode elements 40 and 4| are ofl 
dissimilar metals and the batteryl 34 is cut out 
of the circuit. f 

Still another electrode structure that may be 
employed is disclosed in Fig. 8. This electrode 
construction consists simply of two strips of 

. metal foil 50 and 5|, respectively, separated by 
a strip of impervious insulating material 52 such 
as Cellophane, rubber, or the like. The structure 
is wound into the hair as shown in Fig. 3 and 
the two foils 50 and 5|, respectively, connected 
tothe terminals 3| and 32, respectively. The 
foils 50 and 5I may be either of similar or dis 
similar metals. If they are similar, then the 
switch 33 is adjusted to cut the battery 33 into 
the circuit. If the foils 5i) and 5| are of dis 
similar materials, capable of functioning with 
the hair waving solution as a voltaic cell, then 
the switch 33 is adjusted'to cut the battery 34 
out. - 

With the arrangement .shown in Fig. 3, the 
electrical path between the two foils 50 and 5| 
is chieñy through the hair separating consecu 
tive layers of the foil. Thus, some of the paths 
of current flowing between the electrodes 5t and 
5|, through the hair, are indicated by the dotted 
lines 54. 
The arrangement of Fig. 3 has the disadvan 

tage over the arrangement shown in Fig. 2, name 
ly, that it is impossible to exactly reproduce the 
physical arrangements of the two electrodes dur 
ing successive waving operations, so that the 
range of current values obtained is not constant 

by capillary attraction .À 
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and the resistor 30 must be adjusted during each . 
waving operation. However, the electrode struc 
ture of Figs. 3 and 8 has the advantage that it 
is entirely separate from and independent of the 
curling spindle 35. This is desirable, among other 
reasons, because the spindle is subject to sur 
face corrosion which affects its contact resist 
ance. The foil electrode of Fig. 8 is not so sub 
ject to corrosion as the spindle and furthermore 
is lvery inexpensive so that it can be replaced 
frequently. 
As previously indicated, it is also possible to 

indicate the progress of permanent waving proc 
esses by measuring pressure changes within the 
mass of hair wound upon the waving spindle. 
This is because the hair first expands under the 
inñuence of the heat and the waving solution 
and then contracts as the end of the process is 
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. This electrode 
structure comprises a pair of similar foil strips 60 
and 6| separated by a layer of carbon particles 
62. The electrodes are insulated and mechanical 
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ly protected by an enclosing strip 53 of insulating 
and waterproof material, such as Cellophane or 
rubber. As shown in Fig. 11, the edges of the 
strips 63 extend beyond the foils 60 and-6| and 
are sealed together so that the carbon particles 
62 cannot escape. The electrode structure of 
Fig. 10 is wound into the hair on the waving 
spindle exactly as shown in Figs. 2 and 3 and 
the two foils 60 and 6| are connected to the 
terminals 3| and 32, respectively. The battery 
3&„is cut into the circuit by means of switch 
33. The procedure when employing the electrode 
of Fig. 10 is exactly the same as that previously 
described with the other electrode structures. 
Initially the current produced by the battery 34 
is low because the electrode strips 60 and 6| press 
against the mass of carbon particles 62 with a 
relatively low pressure, and the electrical resist 
ance of the mass of carbon is relatively high. 
However, as the waving process proceeds, the 
hair expands, thereby increasing the pressure on 
the foil _strips 50 and 5| and compressing the 
carbon particles 62,- which reduces their electrical 
resistance and permits anincreased current to 
ñow through the meter I6. _, So long as the hair 
continues to expand, the/pressure and the cur 
rent increase. Thereafter the hair contracts and 
the pressure and the current decrease. 
The electrode 31 in Fig. 2'may consist simply 

of a strip of metal foil. However, in practice 
I iind it convenient and desirable' to employ a 
thin metal foil backed with a strip of insulat 
ing material, as shown in the perspective view 
of Fig. 4, in which the foil strip 31 is backed with 
a strip 10 of relatively strong material such as 
Cel'lophane. It also ’preferably has an imper 
vious insulating collar 1|, through a portion of 
its length, to deñnitely ñx the length of the strip 
that is exposed to the hair. The end of the foil 
31 is, of course, extended through and beyond 
the collar '|I to permit electrical connection 
thereto. 
When employing an electrode structure of the 

type disclosed in Figs. 5, 6 and ’1, in which the 
two electrode elements are spaced a ñxed dis 
tance apart by an absorbent material, such as 
blotting paper, a simpler electric circuit than 
that disclosed in Fig. 1 may be employed. Such 
a circuit is shown in Fig. 12, which is adapted 
to be connected to a supply line and to the cir 
cuit going to the waving machine exactly the 
same as the circuit of Fig. 1. The supply line 
3 going to the waving machine and the electrodes 
3| and 32 therefore correspond to the same par 
ticular elements in Fig. 1. 
also be of the same construction as in Fig. 1 and 
corresponding elements thereof bear the same 
reference numerals as in Fig. 1. Y 
The essential differences‘between the circuits 

of Figs. 1 and 12, respectively, is that the D. C. 
relay 3 and the rectifying circuit of Fig. 1 have 
been eliminated and an alternating current relay 
tu substituted; and the single variable resistor 30 
of Fig. 1 has been replaced by three separate  
resistors 8|, 82 and 83, respectively, any one of 
which is adapted to be connected in shunt across 
the `terminals of the meter I6 by an associated 
switch 8d, 85 or 86.. 
The arrangement of the signal lamps is also 

a little different in the circuit of Fig. 12. Thus 
the supply line 2 is connected through the 
switch 5 directly to the primary winding of a 
transformer 81, the secondary winding of which 
is connected directly to a signal lamp 88. One 
terminal of the secondary winding is also con 

The meter i6 mayV 
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nected to ground at 88 and the other terminal 
is connected through the winding of relay 88 
to one terminal of a switch 88, the other terminal 
of the switch being connected to the ñxed con 
tact 23 in the meter I6. The hand 28 of the 
meter is connected to ground as in Eig. 1. A 
second signal lamp 8| is connected in shunt 
across the winding of the relay 80. The line 3 
is adapted to be connected to the line 2 through 
the armature and back contact of relay 8. 
The two electrode elements of the unit shown 

in Figs. 5, 6 and 7 are connected to the terminals 
3| and 32. The operation thereafter is as fol 
lows: The operator closes one of the switches 
84, 85 or 86 to select the type of wave wanted. 
’I'hus these switches may be identiiied by the 
letters “L,” “M,” and "T,” respectively, desig 
nating the words “loose,” “medium” and “tlght.” 
The resistor 8|, associated with the “loose" 
switch 8|, is of relatively low resistance; the 
resistor 82, associated 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 will be apparent therefore 
that when the switch 84 is closed, the meter will 
be relatively insensitive and a relatively slight 
drop in the current will cause the hand 26 to 
drop back against the contact 23. If ‘the switch 
85 is closed, the meter will be' more sensitive 
and the current _through the terminals 3| and 
32 will have to drop to a lower value before the 
hand 26 will return to contact 23. If the switch 
86 is closed, cutting in the highest resistance 83, 
the circuit will be even more sensitive and the 
current through the terminals 3| and 32 will 
have to drop to a still lower value before the 
hand 26 will return to contact 23. 
Having closed one of the switches 84, 85 or 

86, depending upon the type of wave desired, 
the operator next opens the switch 90 and closes 
the switch 5, whereupon power is supplied 
through the contacts of relay 8U and through 
the line 3 to the waving machine and signal 
lamp 88 is illuminated. It is necessary to ini 
tially open the switch 98 because ordinarily the 
initial current through the meter I6 is insufñ 
cient to carry the hand 26 away 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 a few minutes, the current 
through the terminals 3| and 32 to the meter 
increases suiiiciently to carry the hand 26 away 
from the contact 23, whereupon the operator 
closes switch 30. From then on the operation is 
automatic. 
The` current rises gradually to a maximum 

value carrying the hand 26 higher on the scale, 
after which the current gradually drops, per 
mitting the hand 26 to drop back until it reaches 
the contact 23, whereupon the energizing circuit 
for relay 8U is completed, causing the latter to 
open its contacts and zie-energize the line 3 
going to the waving machine. At the saine time 
the signal lamp 9| is lighted to indicate tc the 
operator that the heat has been turned on. 
The value of the resistors 8|, 82 and 83 will 

depend, of course, upon the constants of the 
meter i6 and upon the dimensions of the elec 
trode elements wound in the hair and may be 
determined by experiment in any individual case. 
However, if the eíective portion of blotting pa-v 
per 42 in the electrodes is one inch long, % inch 
wide and 31g of an inch thick, (the thickness is 
not critical, however), and themeter l5 is a 
millimeter of one mill full scale of deñection, 
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and a resistance of 45 ohms, and with the co  
tact 23 positioned to close at a reading of .15 
milliampere, then resistor 8| may have a resist 
ance oi approximately 2.5 ohms, resistor 82 ap 
proximately 5 ohms, and resistor“ approxi 
mately 10 ohms. Qt course if the electrode struc~ 
ture has dissimilar electrodes, _ 
aluminum, the switch n in msm/is positioned 
to cut out the battery 38. However, it is to be 
understood that substantially equivalent results 
can be obtained employing electrodes of Similar 
materials by cutting in the battery 34. This bat 

as are employed in flashlights. . 
For the purpose of explaining the invention, 

certain‘ speciñc embodiments thereof have been 
described in detail. It is to be understood, how 
ever, that many variations may be made from 
the particular practice described without depart 
ing from the invention, which is to be limited 
only to the extent set forth in the appended 
claims. 

I claim: 
1. The method of following the progress of a 

permanent hair waving operation comprising po 
sitioning a portion of the hair being waved be 
tween a pair of 'dissimilar spaced apart conduc 
tive plates to form a voltaic cell, and producing 
an indication of the electrical current produced 
by said cell. , 

2. The method of indicating the progress of 
a permanent hair waving operation which com 
prises forming a voltaic cell the electrolyte of 
which is constituted by the waving solution per 
meating the hair, and producing an indication 

. of the electrical current produced by said cell. 
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. produced by said cell. 

3. The method of indicating the progress of 
a permanent hair waving operation which com 
prises closely positioning a portion of the hair 
being waved to a pair of dissimilar, spaced-apart, 
conductive plates to form a voltaic cell having 
said plates as its two electrodes and having the 
fluid permeating the hair as its electrolyte and 
producing an indication of the electrical current 

4. The method as described in claim 3 in which 
the spacing between said plates is substantially 
constant. ` 

5. Apparatus for determining the progress of 
a permanent hair waving operation comprising a 
pair of spaced-apart electrodes of dissimilar con 
ductive material adapted to be positioned in in 
timate relation with the hair during the actual 
waving thereof, and current responsive means 
connected to said electrodes. ‘ 

6. Apparatus as described in claim 5 ín which 
said electrodes consist of a pair of flexible plates 
separated by a strip ci impervious insulating ma 
terial.A ' 

‘7. Apparatus for determining the progress of 
a permanent hair waving operation comprising a 
pair of flexible conductive plates of dissimilar 
materials separated by a sheet of nonconductive 
porous material, the complete assembly being 
adapted to be wound with the hair to be waved, 
and current responsive means connected to said 
electrodes. l 

8.. Apparatus for determining the progress of 
a permanent hair waving operation` comprising a 
pair of ilexible metal plates separated by im» 
pervious insulating material and adapted to be 
wound into the curl of hair to be waved, and a 
source of current and current responsive means 
.connected in series with said plates. 

such as copper and « 

small dry cell, such i 
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, 9. Apparatus for ' determining the progress 
of a permanent hair waving operation comprising 
a pair of iiexible conductive plate elements sepa 
rated by a ñexible sheet oi non-conductive por 
om; material, the whole forming an electrode as 
sembly adapted to be wound into the curl of hair 
to be waved, and a source oi potential and cur 
rent responsive means connected in series with 
said electrodes. 

10. Apparatus for determining the progress of 
a permanent hair waving operation comprising 
-a pressure-responsive means adapted to be wound 
into a mass of hair and left there during the 
actual waving thereof, and means associated with 
‘said pressure-responsive means and responsive 
thereto for indicating variations in pressure. 

1l. Apparatus as described in claim. 10 in 
which said pressure-responsive means comprises 
`a pw of conductive electrode elements sepa 
rated by a material having electrical conductiv 
ity that varies with pressure, and the means as 
sociated therewith comprising means responsive 
to variation in electrical conductivity. ` 

' 12. An electrode unit for use with hair during 
permanent waving thereof and adapted to pro 
duce a current indicative of the progress of _the 
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waving process, said unit comprising a pair of 
foil elements or electrically conductive dissimilar 
materials' capable of forming a voltaic cell in 
the presence .of waving solution, and iiexible 
means for relatively supporting said foil elements 
in substantially iixed spaced relation to each 
other, said unit being adapted to be wound with 
hair onto a waving spindle. 

13. An electrode unit for 
permanent waving thereof and adapted to pro 
duce a current indicative oi the progress of the 
waving process, said unit comprising a pair of 
foil elements of electrically conductive dissimilar 
materials capable of forming a voltaic‘cell in 
the presence of waving solution and supporting 
means comprising a non-conductive sheet mem 
ber interposed between and 
elements. 

14. An electrode unit as described in claim 13 
in which said sheet member is of porous ab 
sorbent material. 

15. An electrode unit as described in claim 13 
inwhich said sheet member is substantially non 
`porous and non-absorbent. 

JAMES A. MAIZE. 

use with hair during ' 

separating said foil ` 


