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This invention relates to a timing apparatus 
and it particularly applies to the timing of proc 
esses in which the time required for completion 
of the process decreases With rising temperature. 

It is Well known that the rate of a chemical 
reaction varies With the temperature, the rate 
being faster at high than at low temperatures. 
For example, the rate of development of a pho 
tographic image increases lapidly with the tem 
perature, and for the best results it is necessary 
to accurately judge the end point. This may be 
done by watching the formation of the image in 
a dim light of suitable color and judging by ex 
perience when the image is of satisfactory qual 
ity. This method is fraught with numerous dis 
advantages among Which may be listed the dif 
ficulty of obtaining a Satisfactory light for view 
ing panchromatic film, the difficulty of judging 
contrast in Such a dim light, the exposure of the 
developer Solution in shallow trays to excessive 
oxidation and the impossibility of the operator 
carrying, over any extended period of time, a 
quantitative memory of density and contrast. 
The preferred method involves accurately com 
pounding the developer solution, and immersing 
the sensitive photographic material to be de 
veloped for a definite time at a constant tempera 
ture. With uniform photographic materials this 
method gives excellent results, provided the tem 
perature is held constant. But, since the rate 
of development of the image increases rapidly 
with a rise in temperature, this method involves 
a degree of control of both time and temperature 
that is difficult to attain; and that represents a 

40 

45 

55 

Source of error very common With amateurs and 
not at all uncommon with professionals who 
have much better equipment for controlling the 
process. This same problem is found in many 
chemical industries where the temperature of a 
reagent is important and it is necessary to . Con- . 
trol the rate of reaction or the endpoint. 
A primary object of this invention is, therefore, 

to provide a device which will time a chemical re 
action and determine when the desired end point 
has been reached. 
A further object of the invention is to provide 

a timing apparatus which Will not Only time the 
reaction for a given temperature but will cor 
rectly compensate for changes in temperature 
and determine the end point irrespective of the 
temperature conditions. 
Another object is to provide apparatus for use 

in the photographic field which will determine 
the required end point for development of a pho 
tographic image whether the temperature of the 

(C. 61-15) 
developer Solution remains constant or changes 
during the operation. 
A still further object is to provide apparatus 

of this type which will give an aural or a visual 
Signal to the operator when the end point of a 
chemical reaction has been reached and thus 
make it possible to prevent the reaction from go 
ing beyond that desired point. Further objects 
Will be apparent in the following disclosure. 

It is well known that the time of development 
of a photographic image can be represented with 
high accuracy by the equation 

(1) 
Where D represents the time required for de 
velopment, T is the temperature on the absolute 
Scale, and A and B are constants. It is cus 
tomary for the manufacturer to state the correct 

log D-1-B 

developing time at 65° F. for a given developer 
and photographic material. One may calculate 
the correct time for another temperature by 
means of the above formula, by subtracting from 
that equation the further equation: 

which results in the equation: 

log Dr.--gist-log Da. (2) 
wherein 525 is the absolute temperature at 65 
F., DT represents the developing time at the ab 
solute temperature T, or 460°--t, where it is the 
temperature Fahrenheit, and D65 represents the 
time at 65° F. The results of much experience 
indicate that A has a value of 5500. 

It is also known that the viscosity of a liquid 
can be represented with very good approximation 
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over a limited temperature range by the equa 
tion: 

log U=+ E (3) 
where U is viscosity, T the temperature on the 
absolute scale and C and E are constants. The 
similarity between Equations 1 and 3 will be im 
mediately apparent. We can, therefore, relate 
the viscosity at any given temperature to that of 
65 F. in the same way that we relate the develop 
ing time at a given temperature and thus ob 
tain the following equation: 

log U-3- is +log Us (4) 
In accordance with my invention, I propose to 
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2 
choose a liquid with the proper viscosity-tem 
perature relationship so as to make C in Equation 
No. 4 equal to A in Equation No. 2, i. e. equal 
to 5500. Hence, after inserting these values for 
A and C the last equation may be subtracted 
from Equation No. 2 and We obtain 

Das D log t-log Uas 
O 

D.U. (5) 
If, therefore, a Small quantity of this liquid is 
brought to the température of the developing 
solution during the reaction, it is only necessary 
to measure the viscosity of the liquid in order to 
find the correct time for development, if one 
knoWS the Viscosity for a standard temperature, 
such as 65 F. 
A fundamental principle of the mechanics of 

fluids is that the velocity of an object moving 
under a constant force through a viscous medium 
is inversely proportional to the viscosity of the 
medium, provided the Velocity is not high enough 
to produce turbulence. It, therefore, follows 
that the time required for such an object to move 
through a stated distance is a, measure of the 
Wiscosity of the liquid. 

In accordance with the above principles, I 
therefore propose to make an apparatus in which 
the movement in a suitable viscous medium of a 
chosen body moved by an appropriate force may 
be so employed that a time interval measured 
thereby is identical with the time interval re 
quired for a given chemical reaction, such as the 
development of a photographic image. Ex 
amples of such are a falling body, a positively 
rotated disk, cylinder Or paddle, and an ascend 
ing bubble of gas, which are retarded in move 
ment by the chosen viscous fluid. Similarly, the 
capillary flow of the viscous fluid may serve to 
time the reaction and provide an equivalent 
construction. 

In the drawing I have illustrated various types 
of apparatus in which the reaction of chemical 
reagentS is timed by a body movable under an 
impelling force within a viscous liquid and which 
is SO constructed and arranged that the move 
ment thereof varies with the temperature of the 
reaction, the end point of which is to be de 
termined, and wherein the viscosity of the fluid 
is so selected that the rate of movement of the 
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body is proportional to the rate of reaction at 
the given temperature. Other forms of appara 
tuS Will be apparent in view of this disclosure. 
In the drawing: 
Fig. is a front elevation, partly in section, of 

One form of timing apparatus; 
Fig. 2 is an end elevation of the same; 
Fig. 3 is a section of a modified form as used in 

a chemical bath; 
Fig. 4 is a top plan view of the same, partly 

broken away; 
Fig. 5 is a detail of the ratchet drive taken on 

the line 5-5 of Fig. 3; 
Fig. 6 is a vertical section of a still further 

form; and 
Fig. 7 is a section of a capillary tube to be used 

in an apparatus of the type shown in Fig. 1. 
In Fig. 1 I have shown an apparatus compris- . 

ing a tube fo containing the selected viscous 
liquid if and a ball 2 or other properly shaped 
weight which fits loosely in the tube and is only 
slightly smaller than the diameter of the tube, 
so that the frictional drag of the liquid willi 

connected thereto. 

2,234,437 
properly retard the falling or rolling movement 
of the body. Since the viscous liquid permits . 
the weight to fall more rapidly at a higher tem 
perature than at a lower one, it is now feasible 
to immerse the tube containing a chosen Wiscous 
liquid and ball in the chemical solution during 
the reaction thereof, and if the ball is released 
at the same instant as the chemical reaction 
Starts, then the ball Will reach a given and pre 
determined point, such as the bottom of the tube, 
When the chemical reaction has proceeded to a 
correct end point. Hence, it is not necessary to 
take the temperature of the bath and from this 
to calculate by means of tables the proper re 
acting time, but one may neglect the tempera 
ture and need only observe the movement of the 
ball. .. 

that arrangement comprising a tube fixed 
Vertically or at a chosen angle would be satis 
factory if only one class of chemical material 
were beiiig handled and wherein the reaction 
time at a given temperature would always be the 
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same. However, in the photographic field, it is 
necessary to change the developing time with the 
different photographic materials and different 
developerS employed, and this would require. a 25 
large aSSOrtment of different pieces of appara 
tus with different viscous liquids thereii. I over 
come this difficulty by so constructing the ap 
apartus that the tube may be inclined at differ 
ent angles and thus vary the rate of movement 
of the Weight therein. In this case, the baii will 
roll down the tube in a time. Varying directly as 
the viscosity, the same as in a vertical tube; but 
the time at a given temperature will vary in 
versely as the sine of the angle that the tube 
makes With the horizontal. Hence, one may 
vary the time of ball movement through wide 
limits by varying the angle of inclination of the 
tube and yet retain the advantages of automatic 
compensation for temperature fluctuation, 
The apparatus shown in Fig. 1 will, therefore, 

Satisfy these requirements, and in this figure the 
tube made of suitable material, such as glass, 
metal or a resinoid, may contain a chosen viscous 
liquid f and a ball or other shaped weight 2 of 
metal or other material loosely fitted in the tube. 
This tube may have a removable cover 3 at its 
top to prevent escape of the liquid. A rod 4 
having a lower hooked end slides through the 
cover and serves to adjust the position of the 
ball. The tube may, if desired, be provided with 
a groove in its Wall to receive the rod and the 
parts may be so shaped that the rod and wall 
form a substantially cylindrical surface which 
will permit proper movement of the ball. In op 
€ration, the rod is pulled up and its hooked end 
raises the ball to a desired height and holds it 
there. When the reaction is to be started, the 
rod is thrust quickly downwardly to the bottom 
of the tube and the freed ball starts its travel 
unhampered except by the viscous fuid. 
. In order that the tube may be arranged at 
various angles, provide as a simple construction 
the base 5 having an arcuate metal piece 6 

This arcuate piece is suit 
ably graduated to provide a scale for indicating 
either the time of chemical reaction or merely 
the angle of inclination of the tube. The tube 
may be held in position at its bottom by the 
hooked end 7 of the base. The tube may be 
held at a desired angle by a suitable clamping 
device which may comprise a ring 8 fitted 
around the tube and having a projecting post 19 
threaded at its Outer end which passes through a 
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2,234,437 
slot 20 in the arcuate member 6. A binding nut 
2f serves to draw the clamping ring 8 tightly 
against one side of the scale arm and thereby 
hold it in a desired position indicated by the Scale 
and to a suitable mark on the clamping ring or 
other part of the device. 

If a given chemical reaction is to consume a 
time, for example, of 7 minutes at a Specified 
temperature, then the tube will be swung to that 
position indicated by the 7 minutes mark On the 
scale, and the ball after having been pulled to 
the top of the tube or to an indicated point will 
then take the 7 minutes in rolling down through 
the viscous medium if the temperature is normal. 
The ball will travel faster, if the temperature is 
higher, or slower if the temperature is lower than 
the normal requirement. For timing another 
chemical reaction taking 4 minutes, the tube Will 
be tilted to the point indicated by the numeral 4 
on the scale, and the ball 2 will then reach the 
bottom in the 4 minutes under normal tempera 
ture conditions. Hence, by this mechanism, one 
may adjust the tube to take care of various re 
action periods. 
The viscous liquid employed is to have the 

same temperature coefficient as that of the pho 
tographic material or other chemical reagent to 
be timed. The following table gives the time for 
development of a photographic image and the 
corresponding angle of inclination of the tube 
which will correctly time the development, 
where several different photographic materials, 
A, B, C and D requiring different developing 
times at 65° F. are to be processed: 

Development Material time Angle 

Minutes Degrees Minutes 
4 62 7 
5 45 
7 30 20 
12 17 8 

If the tube is filled with the correct viscous me 
: dium and then set at the indicated angle, such 
as 45, which calls for a development time of 5 
minutes at 65° F., then if the temperature of the 
photographic developer is above that tempera 
ture, the ball Will reach the bottom of the tube 
in less than 5 minutes, or if the temperature is 
too low the ball will take more than 5 minutes, 
but the development of the photographic image 
will be completed and correct at that moment 
When the ball reaches the bottom of the tube, 
irrespective of the temperature. Hence, the op 
erator may completely ignore the temperature 
conditions and the time of development and 
merely watch the movement of that ball from the 
top of the tube to the bottom and remove the 
photographic film or plate from the solution 
when that visual signal has been given. 

It will now be appreciated that other types of 
instruments may be employed for this purpose, 
wherein the time interval required for comple 
tion of a chemical reaction is proportional to the 
movement of a body in a fluid whose Wiscosity 
temperature curve is adjusted or selected to give 
a time interval dependent on the temperature in 
the same way that the time interval of the proc 
ess being controlled is dependent upon the tem 
perature. 
In Fig. 3 I have shown another type of appara 

tus in which the frictional drag of a viscous liq 
uid on a rotating body is employed to determine 
the time interval. This construction Will serve 
to give both a visual signal as well as an aural 

3 
signal by means of an electric cell. This particu 
lar device comprises a tube 30 arranged to hold 
the viscous medium 3 and within which is ro 
tated a postively driven paddle, cylinder or other 
Suitable body. The form shown is a cylindrical 
body 32 which fits loosely within the tube but 
near enough to the Walls thereof so that the fric 
tional drag of the Wiscius fluid will tend to retard 
its movement. This body 32 is mounted on a rod 
34 which has a lower pointed end 35 pivoted 
is a V-shaped depression 36 in the bottom of the 
tube. The cylinder 32 may be rotated by suita 
ble mechanism, such as a driving spring 40. One 
end of the Spring is fastened to a fixed angle 
plate 42 secured to the underside of the cover 44 
of the casing 45. The other end of the spring is 
suitably secured to the shaft 46 so as to rotate 
therewith, and this shaft may be the hub of a 
driving gear 52. That gear meshes with a fur 
ther gear 53 fixed on a shaft 54 likewise mounted 
in bearing holes in the cover and bottom of the 
casing. The Small gear 53 is arranged to drive 
another gear 56 through a pawl 57 pivotally 
mounted on the gear 56. The pawl is So shaped 
and arranged that the teeth of the gear 53 will 
Serve as a ratchet and drive the gear 56, while 
the spring is unwinding. When the spring is be 
ing wound by means of the knob 48, the gear 53 
will turn idly and the pawl 57 will slip thereover 
without moving the gear 56 on which it is mount 
ed. The gear 56 is loosely mounted on the shaft 
54 which carries the gear 53, and it in turn 
meshes with a small gear 59 on the top of the 
shaft 34 carrying the body 32. The shaft 34 has 
a suitable bearing in the lower wall of the cas 
ing 45. 
The tube 30 is immersed directly in the devel 

oping or other chemical liquid or conduction of 
the heat thereof through the wall of the tube to 
the viscous fluid 3. If desired, a standard may 
be used to support the device, which may con 
sist of a hollow tube 62, which may have perfo 
rated or slottle Sides, and this tube is mounted 
on a base 63 which has a sufficiently extensive 
surface to stand in the solution and hold the 
mechanism upright. The tube 62 of the stand 
ard may make a tight fit with the tube 30 SO as 
to conduct heat readily thereto, or if the tube 62 
is perforated, the chemical solution 64 may con 
tact directly with the tube 30. The top 44 of the 
casing may be provided with a scale, as shown in 
Fig. 4, which is suitably graduated to show time 
intervals, angles or other desired indicia, and the 
edge of a pointer 66 on the knob 48 may serve 
to indicate the movement of that knob from a 
definite point on the scale to the zero point. 

Having selected a suitable fluid medium 3 for 
the type of chemical reaction to be timed and 
having suitably marked the scale in accordance 
with the time temperature relationship, then it 
is merely necessary in the use of the apparatus 
to wind the spring 40 through a part of a turn 
until the mark line of the pointer 66 is opposite 
that numeral on the scale indicating the time de 
sired for the reaction. The spring will have been 
previously Wound to a medium degree of tight 
ness so that one more turn of the spring will not 
greatly change its driving force. Then the knob 
48 is released the moment that the chemical re 
action begins and the paddle of cylinder 32 will 
be revolved at a speed determined by the viscosi 
ty of the fluid medium 3, and that rate will vary 
in accordance with the temperature, as above ex 
plained. If the temperature is standard, the 
pointer 66 will reach the zero point at the exact 
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time set for the reaction, but if the teaperature 
of the chemical solution 53 is too high then that 
pointer will return more quickly, but in any case, 
when the pointer S6 has reached the zero mark 
on the scale the chemical reaction yi have pro 
ceeded to the Correct eid point. 

In order to give an aura indication as to When 
this end point has been a reached, aay provide 
various types of apparatus. A sixtaple form 
shown diagrain natically in the drawings com 
prises an electric attery suitably connacted 
through a switch 7ith an aiectric tel: ; 2. One 
terraina of the as is contraecited arcigh a wire 
3 with a contact oeck is synch is gositioned on 
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7g example, the associated body having a wall which 

the cover is at the zero point of the scale. The 
other terminai of the Battary F5 is connected 
with a spring ar: IS 7aica Yaakas a 7iping con 
taci, with the metal aui 33 of the piyo: 28, so 
that gagirical coate:tics yi ce 33 tie irogh 
that post and the setail kao: 33 to the arish 33. 
This arra is raadie of 322 s, a 3d arranged so thai, 
its oward edge Wii strike ikase cities contact 
nexier 73. The eiectrical circuit say also be 

at to control various electiiga (ascha CO 
risis of use in coax eaction win the liairag de 
vice. The various electricai rats are to be ade 
quately insulated to gi'event, ary s220ii, circuit. It 
7ill also be understood hai; the sciing of elee 
trica arrangements in Sigs. 3 and 
diagraganatic art inct day 
battery 

w S 

and all ray ce iccataf apart from the 
sing device and 23:structed as readed. The 

7ary Sirrapie i?oria of device Sailable for se 
in developing a photographic image in a given 
type of solution is shown in fig. 6. This corn 
priss's a casing 83 of eita, or any rateria iich 
cordicts heat readily, Winica carries a raassive 
yeight, or plunger 32 thereira. The plager raakes 
a loose fit in the casing 39 so that the viscous fluid 
34 within the casing may pass slowly eitween 
the piger and tie casing ital. The punger 
is attached to a roi 35 y aheans of screty threads, 
and that rod 35 nakes a siding it in an ogening 
th:augh the cover 35 of the casing. The parts 
are so arranged that the plunger 83 may be 
pulled upwardly by the kinos 87 on the rod 35 
to a given scale point izaarked on the rod. Then 
when released, the plunger will gradually sink 
to the bottom of the casing under the impelling 
force of gravity. The scale may he darked in 
nintes So that the pillager finay a set to in ove 
through the nunner of minutes required for a 
given chemical reaction, Such as the photographic 
developineiai of an image. If desired, the 
weighted plunger 33 may have channels 33 there 
through, and flap valves 33 inay a pivotally 
mounted on the botton of the plunger and so 
located and arranged that yien the plager is 
passing downwardly these passages 83 will be 
closed, but when the plunger is pulled upwardly 
by means of the handle 37 the flaps will open 
and allow the viscous fluid to pass easily and 
thus avoid any time delay or effort in resetting 
the device. 
The above described types of apparatus involve 

the use of a body which is nowable through a 
viscous liquid. It will be appreciated that this 
motion may be relative, wherein either the vis 
cous liquid or an associated body moves. For 

2,234,43? 
is in frictional and dragging relationship to the 
viscous fluid may be a capillary tube through 
which the liquid is caused to flow under the in 
peling force of gravity. or a positively applied 
hydraulic pressure. The frictional drag of the 
viscous mediurn on the wall of the tube depends 
upon the yiscosity of the fluid which is in turn 
dependent on the temperature. Hence, the above 
discussed relationships apply, equally Well to de 
vices wherein the fuid noves and the body hav 
ing a fictional wall or Surface is Stationary. 

Fig. 7 shows a capillary tube which illustrates 
this aspect of the above described invention, but 
the specific details thereof are not herein claimed. 
The capillary tube 33 of this construction is 
adapted to ba substituted for the tube it and 
mounted in the ciamping ring 8 of FigS. and 2, 
and it is used in the manner above described. 
This tube is shaped to provide a finely drawn 
capiliary passage it connecting the enlarged 
reservoirs 32 and 23 in the opposite ands of 
the device. These reservoirs are also COAnected 
by a second tube 33 parallel with the capillary 
tube Sti, and the tube 3 has a bore of large 
diameter so as to permit an aaSy return foW of 
fluid therethrough. The device may be made of 
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glass so that the flow of fluid through the gapiilary 
tube may oe visually noted, and the proper leaS 
urements may be made by providing the glass 
with suitable scale lines. The capillary device 
may have an outlet through which different types 
of fluid raay be introduced, or the iuid in ay be 
placed therein initially and the ends then sealed 
as shown. The tube is mounted in the claraping 
ring 43 in Sach a position that the fiuid will fioW 
from the alppar reservoir to the lower one when 
the capiliary dawice is mounted in either a verti 
cal position or at angle, as illustrated in Fig. 1. 
The passage 85 serves for a quick return of the 
fluid from one reseryoir to the other when the 
device is reversed. It will be appreciated that the 
flow of the fluid through the capillary tube de 
pends upon the viscosity of that iuid, and the 
fluid will be selected as herein explained so that 
it will move at a rate which is proportional to 
the rate of the chemical reaction, when that re 
action is carried on at the temperature to Which 
the yiscous fluid is exposed. The rate of flow of 
the iuid Will also depend upon the angle at Which 
the capiliary tube is tilted, hence by utilizing the 
holder shown in Figs. 1 and 2, one may control 
the rate of movement of the fluid through the 
capillary passage and thereby adjust the mech 
anism to take care of various reaction periods. 
Numerous other modifications will be readily 
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apparent to one skilled in the art. it will also be 
readily apparent that the viscous fluid and the 
chemical reagents need hot be at exactly the 
same temperatures, just So long as the tempera 
tures are in a definite relationship as regards the 
viscosity of the fluid. For example, there may be 
a lag in the heat transfer between the chemical 
reagents and the viscous fluid and due compensa 
tion may be made for that lag. Hence, the claims 
are to be interpreted as covering these equivalent 
constructions. 
The viscous liquid employed in this apparatus 

is selected not only from the viewpoint of having 
the proper Viscosity-temperature gradient, but it 
should also show Newtonian flow whereby its 
viscosity should be the same at all rates of shear. 
The material should not be volatile, and it should 
be stable in air over long periods of time. Few 
single compounds have all of these 92 operties and 
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it is ordinarily desirable to mix liquids or to dis 
Solve a solid in a liquid so as to obtain the com 
bination of properties desired. 
One mixture which meets all of the above re 

quirements is made by thoroughly mixing 17 
parts by volume of viscous oil i. 23497-R, Ob 
tained from the Standard Oil Company of Cali 
fornia, with 83 parts of medicinal white oil, Sold 
by the United Drug Co. under the trade-mark 
"Puretest.' Both oils are highly refined and 
therefore resistant to oxidation and change with 
storage. To illustrate the applicability of this 
oil mixture, a glass tube was filled with the oil 
except for a small bubble of air. It was then 
placed in an inclined clamp in a waterbath held 
at a constant temperature of 65° F. After Sufi 
scient time was allowed for the tube and contents 
to come to the temperature of the bath, the 
tube was quickly inverted and placed in the 
clamp So that the bubble was at the lower end. 
The time required for the bubble to move be 
tween tWO marks on the Wall of the tube was 
measured with a stop-watch and found to be 174 
Seconds. The temperature of the water-bath was 
now raised to 80 F. and the observations re 
peated. This time the bubble required 89 sec 
Onds to traverse the distance between the two 
marks Fitting these values into Equation No. 4 
and solving for C, the value of 5500 is obtained, 
which is the value of A in Equation No. 2; hence 
Equation No. 5 is valid. 
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Another suitable viscous fluid consists of solu 
tions of different amounts of FF wood rosin, fur 
nished by the Hercules Powder Company, dis 
Solved in tricresyl phosphate. Both substances 
are stable and meet the requirements if they are 
used in a sealed container to avoid oxidation. 
This time an inclined tube containing a steel 
ball was used and the time required for the ball to 
roll between two marks taken as a measure of the 
viscosity. When the mixture contained 10.7% 
by weight of rosin and 89.3% of tricresyl phos 
phate, it required 112 seconds for the traverse at 
65 F. and 57 seconds at 80° F., which again is 
the same temperature coefficient as for photo 
graphic material. 
Another pair of liquids that is eminently suit 

able for sealed apparatus is glycerine and water. 
A mixture of 95.5% of glycerine and 4.5% water 
shows the above viscosity-temperature coeffi 
cient. 

Still another mixture that is extremely resis 
tant to change due to oxidation or evaporation 
is obtained by dissolving one of the many cou 
marone resins commercially available in tricresyl phosphate. 
Other combinations of liquids or liquids and 

Solids can be readily found that will fulfill the 
requirements, so that while I have given the 
above four combinations for illustration, it is 
to be understood that I am not limited to them, 
but may choose any of a great number that would 
readily come to the mind of a skilled chemist. 
While the above description of my invention 

has been Specifically applied to the development 
of photographic images, it applies to other types 
of chemical reactions. For example, it is ap 
plicable in the ageing of alkali cellulose in the 
manufacture of Wiscose for rayon or cellophane. 
This process is dependent upon temperature and 
time in a very similar manner to the photo 
graphic process. The cellulose, moist with a 
strong caustic solution, is customarily stored in 
large cans With loose covers in a room whose 
temperature is very accurately regulated. The 
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time of storage decreases rapidly as the tem 
perature rises, and therefore, if there are tem 
perature fluctuations, it is very difficult, to de 
termine when the alkali cellulose has aged to the 
desired extent. My timing device is eminently 
Suited to this situation, since it can conveniently 
be thrust into the Center of the mass of alkali 
cellulose and therefore will make allowance for 
any spontaneous heating of the mass or for a 
temperature lag between the room and the in 
terior of the mass, 

Still another process of industrial importance 
that can be better controlled by my timing device 
than by any existing method is the vulcaniza 
tion of rubber. It has long been recognized that 
the rate of Vulcanization increases rapidly with 
an increase in temperature, and numerous ex 
pedients, no one of which is entirely satisfac 
tory, have been devised in an attempt to deter 
mine accurately when vulcanization is complete. 
It is especially necessary to make allowance for 
Small fluctuations in the temperature of vulcan 
ization When the modern ultra-accelerators are 
used, since optimum properties are obtained only 
over a narrow range of vulcanization. At pres 
ent, it involves a laborious calculation to deter 
mine the actual cure that a rubber article has 
received, since much of the time it is in the vul 
canizer, the temperature is either rising or fall 
ing. My viscous timer is especially well suited 
to the determination of extent of cure of rubber 
goods due to the fact that it is an integrating de 
vice and therefore makes allowance for all 
changes of temperature during process. 
Although the rubber vulcanization process 

takes place usually at a much higher temperature 
than that of the photographic process or the 
ageing of alkali cellulose, there are numerous 
Substances available that have proper viscosity 
temperature relationships at these temperatures 
from which a suitable combination can be chosen. 
In fact, neither high nor low temperature is a 
limitation to my invention. For very low tem 
peratures there are petroleum hydrocarbons, al 
cohols, etc., that are suitable. For medium tem 
peratures the number of suitable substances is 
Very large, and for moderately high-temperatures 
the fusible synthetic or natural resins serve; while 
for very high temperatures, the inorganic glasses 
are available. 

It is also to be understood that while I have at 
tempted to explain this invention in the terms 
of mathematical equations and certain theories, 
yet the invention is not to be limited by any 
Such consideration. Moreover, the apparatus 
above described, is to be considered as merely ill 
lustrative of the invention and not as limitations 
thereon, and the claims are to be interpreted as 
covering all equivalent constructional features 
and all combinations of apparatus which will 
Satisfy the desired end herein described, and 
which comprise the use of a viscous liquid ar 
ranged to retard the movement of a body under 
a given impelling force, and wherein the viscous 
liquid is so selected for the timing device that its 
viscosity-temperature relationship is Substantially 
the same as the time-temperature relationship 
of a process that it is desired to time and control. 

I claim: s 

1. A device for timing the reaction of chem 
ical reagents comprising a viscous medium and 
an associated body which are relatively movable 
under an impelling force and in frictional rela 
tionship, said fluid being so constituted that the 
relative movement of fluid and body is propor 
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6 
tional to the rate of the chemical reaction at 
different temperatures when the fluid and the 
reagents are held at related temperatures. 

2. A device for tinning the reaction of chem 
ical reagents comprising a body Inovable under 
an impelling force and a viscous fluid retarding 
the same, whereira the fluid is so constituted that 
the rate of coverneat of the cody is propor 
tional to the rate of a chemical reaction at dif 
iferent te: nperatures when the fluid and the 
chemical reagents are held at related tempera 
tures, 

3. A device ior tinning the reaction of chem 
ical reagents comprising a body and a viscous 
fluid which are relatively nowable under an in 
peling force in a frictional relationship, the 
fluid being so constituted as to its viscosity that 
the rate of novement, is proportionai to the 
rate of the cheinical reaction at different ten 
peratures when the fluid and reagents are held 
at related teiperatures, and inseans for varying 
the impelling force and the relative rate of 
movement. 

4. A device for tiring a chemical reaction. 
comprising a containei, a viscous fluid therein 
and a body which are relatively nowable inder 
an impelling iforce but retarded by the frictional 
drag of said fluid, said device oeing so construct 
ed that the Ynovement, day be started at a pre 

30, determined but variable starting point so as to 
time chemical reactions of different ti?ine inter 
vals, and said iiigid having a viscosity-tempera 
ture relationship of the reaction over a mod 
erate temperature range near the standard tem 
perature, ior the eactio; a 

5. A device for timing a chemical reaction 
comprising a container, a viscous fluid herein, 
a body movable in the fuid and retarded there 
by, Caesas for causing in overent of said body, 
3aii iid ceing SC constituted that the body 
SiO72s at a rate facia is proportional to the 
ise of She cheine reaction yithin a limited 
temperature range whaa tha temperatures of 
the viscois fluid and the reaction are held in a 

$3 definite relationship. 
6. A device ior traing a chanical reaction 

comprising 9 container, a viscous fiurid therein, 
a cody traoyable azader aa. irmgaiting force within 
the said to, Criccasily retarded thereiby and 

30 means for variag the rate of novernent of the 
body, said fluid oeing so constituted that the 
body moves at a rate which is proportional to 
the rate of the caerica reaction within a limited 
temparature range when the temperatures of 

86 the viscous fluid and the reaction are held in as 
definite relationship. 

7. A device for timing a chemical reaction 
comprising a he, a viscous iaid therein, a 
body movable under the impelling force of grav 

Oity within the fluid but frictionally retarded 
thereby, means for varying the insiination of 
the tuba, said fluid being such that the rate of 
movement of the body is proportional to the 

63 fate of the chemical reaction within a limited 
temperature- range when , the temperatares of 
the viscous fluid and the reaction are held in a 
definite relationship. 

8. A device for timing a chemical reaction 
Coringbrising a tube, a Wiscous fluid therein, a 
body movable under the impeting force of grav 
sity within the fluid but frictionally retarded 
thereby, and means providing a scale whereby 
the tube may be inclined to predetermined posi 
tions for timing chemical reactions of various 
time intervals, said fluid being so constituted 
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that the body moveS. at a rate Which is propor 
tional to the rate of the chemical reaction with 
in a limited temperature range when the tem 
peratures of the viscous fluid and the reaction 
are held in a definite relationship. 

9. A device for timing a chemical reaction 
comprising a cointainer, a viscous fluid therein, 
a body movable in but frictionally retarded by 
the fluid, mechanism for moving the body under 
a Substantially uniform force, said fluid having 
a Viscosity-temperature relationship which is 
Substantially the same as the time temperature 
relationship of the chemical reaction. 

i0. A device for timing a chemical reaction 
comprising a container, a viscous fluid therein, 
a body movable in out, frictionally retarded by 
the fluid, and mechanism for noving the body 
under a substantially uniform force, and an 
electrical Gaechanistin, which is rendered oper-- 
able by completion of a predetermined move 
rinent of the body, said fluid having a viscosity 
teyngarature relationship which is substantially 
the sane as the tine terrigerature relationship 
Gf the chemical reaction. 

3. A device for inning a chemical reaction 
Cornprising a container, a viscous fluid therein, 
a body movajoie in but ifrictionally retarded by 
the fuid, and rechanis?a for moving the body 
under a substantially uniform force, and an 
electrical signaling mechanism which is rera 
dered operable by cornpletion of a predetermined 
in ovement of the body, said fluid having a fis 
COsity-itempezattire relationship 'yhich is Sub 
Stantially the Sane, as the time temperature re 
lationship of the chemical reaction. 

2. A device for tinning a chemical reaction 
CoSigrising a container, a viscous fluid therein, 
a body movable in but irictionally retarded by 
the fuid, mechanism for inoving the body and 
aeans for varying the extent of anoyegheni, of 

the body, said fluid having a yiscosity-tempara 
ture relationship which is substantially the same 
as the time terraperature relationship of the 
chemical reaction. 

3. A device for timing a chemical reaction 
comprising a container, a viscous iudd therein, 
a body movable under an impeiing force within 
the fiudd but retarded thereby, said fluid having 
a viscosity-eingerature relationship which is 
Substantially the same as the time-temperature 
relationship of a chemical reaction, and means 
for varying the time required for the body to 
travel through a predetermined extent. 

14. A device for timing the reaction of a chern 
ical solution comprising a container inraersioie 
in said solution and made of material capable 
of exchanging heat readily, a viscous fluid there 
in, a body nowable under the impelling force of . 
gravity within the fluid but frictionally retarded 
thereby and aeans for raising the body to a 
predetermined position and releasing it for 
novernent through the fiuid at the beginning of 
a chemical reaction, said fluid having a viscosity 
tenaperature relationship which is substantially 
the Sarae as the time-temperature relationship 
of a chemical reaction, and means for varying 
the time required for the body to travel through 
a predetermined extent. 

15. A device for timing a temperature de 
endent process comprising a relatively movable 

viscous fluid and a body providing a surface in 
contact therewith, said fluid being so consti 
tuted that the relative movement of fiuid and 
body is proportional to the rate of the process 
under related temperature conditions, and means 
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whereby an impelling force may cause said rel 
ative movement. 

16. A device for timing a temperature de 
pendent process comprising a relatively movable 
viscous fluid and a body providing a surface in 
contact therewith, said fluid being so constituted 
that the relative movement of fluid and body 
is proportional to the rate of the process under 
related temperature conditions, means whereby 
an impelling force may cause said relative move 
ment and means for indicating when said rela 
tive movement has reached a predetermined 
magnitude. 
1. A device for timing a temperature de 

pendent process comprising a relatively movable 
viscous fluid and body providing a surface in 
contact therewith, said fluid being so constituted 
that the relative movement of fluid and body is 
proportional to the rate of the process under 
related temperature conditions, means whereby 
an impelling force may cause said relative move 
ment and means for giving a signal which is 
rendered Operable when said relative movement 
has reached a predetermined magnitude. 

7 
18. A device for timing a temperature de 

pendent process comprising Walls forming a 
reservoir and a capillary tube, a viscous fluid 
therein and means whereby the fluid may be 
caused to flow through said tube under an im 
pelling force, said fluid being so constituted that 
it will flow through the tube at a rate which is 
proportional to the rate of the process under re 
lated temperature conditions. 

19. The method of timing and controlling a 
temperature dependent process comprising the 
steps of causing relative movement between a 
viscous medium and a body in frictional rela 
tionship by an impelling force, wherein the fluid 
is so constituted that the relative movement of 
fluid and body is proportional to the rate of the 
process under related temperature conditions, 
and stopping the temperature dependent process 
when said relative movement has reached a pre 
determined magnitude. 

SAMUEL S. KISTLER. 

  


