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' ' HUMIDITY. : : :

Application filed July 22;

To all whom it may concern:
Be it known that I, Epwarp W. Comrorr,
a citizen of the United States, and resident
of Winchester, county of Middlesex, State
of Massachusetts, have invented an Improve-
ment in Automatic Indicators of Wet and
Dry Bulb Temperature and Relative
Humidity, of which the following descrip-
tion, in connection with the accompanying
drawing, is a specification, like characters
on the drawing representing like parts.
This invention relates to improvements
in instruments for indicating- or recording
conditions of the air which are functions of
the wet and dry bulb temperatures of the
- ajr.
It also contemplates means for constantly
recording on a moving dial or tape the -at-

mospheric conditions thus indicated. All of

the hitherto well known and reliable means
of ascertaining humidity require careful and
accurate observation of the so-called wet and

" dry bulb temperatures as indicated by ther-
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mometers. These readings having been se-
cured it is the common practice to refer to
charts such as the well known “Lloyd’s
hygrodeik” or to consult tables such as those
published by the United States Weather
Bureau and from these tables to determine
the relative humidity and actual humidity.

Various devices have also been designed

to compute the hymidity from the wet and

- dry bulb temperatures of the air which are
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in reality nothing more than mechanical
means of utilizing empirically designed
charts. An illustrative mechanism of this
character is disclosed in Patent No. 1,008,-
341, Comfort, granted September 12, 1911.

So-called hygrometers actuated by the
varying tension of hair, textile fibrous
strands and the like have also been common-
ly used but are known to be inaccurate.

. This inveution comprises an improvement,
over all of these methods in that it elimi-
nates altogether the necessity for reading
thermometers and for consulting tables or
charts. It derives its action from thermo-
expansible elements exposed to the dry and

_psychrometric wet bulb temperatures of the

air and hence is accurately actuated, the
expansion of these elements, being translated

by suitable means into a motion of a pointer

1919. Serial No, 312,543.

over a graduated dial or tape, serves to make
the condition of the air or of the materials
affected by the air directly readable there-
by saving time and insuring accuracy.

It is a well known fact that the condition
or property of the atmosphere known as
relative humidity is a mathematical fune-
tion of the wet and dry bulb temperatures
and the law which defines this relation may
be empirically expressed by the following
formula. :

' Tw—4 _

Tg—a=Ch

in which,

Tw is the psychrometric wet bulb tem-
perature in degrees Fahrenheit.

Td is the dry bulb temperature in degrees
Fahrenheit. _

Ch is a constant for any given relative
humidity.

From the above equation the following
equation may be derived:

Log.(Tw—4) —log.(Td—4) =log.Ch.

By utilizing the principle of the ordinary
Mannheim shde rule it is possible to design
a special slide rule on which one set of grad-
uations corresponds to logarithms of tem-
perature less 4, in each case, and the second
set of graduations corresponds to logarithms
of the different values of the constant Ch.
By means of such a slide rule properly de-
signed and graduated it becomes possible
with any two conditions known, such as wet
and dry bulb temperatures, to so dispose the
slides that a third condition such as rela-
tive humidity, which is a function of the
two known conditions, is directly indicated.

The principle upon which the present de-
vice depends is identical with that-of the
slide rule described, the application being

-made by the use of mechanism so constract-

ed that the motion of a follower moved by
a driver, such as a cam, will bear the proper
logarithmic relation to the motion of the
thermometric members which actuate the
follower.

In a simplified form of the invention a
thermometric wet bulb member actuates a

cam which in turn causes a graduated seg-

ment to swing upon the'axis of the cam, the
angular movements of the segment being in
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logarithmic relation to the motion of a ther-
mostatic actuating member. A pointer at-
tached to a second cam on the same axis as
the first derives its motion from the move-
ment of a second thermometric member in-
fluenced by the dry bulb temperature of the
air and bears a like logarithmic relation

to it. The pointer, therefore, which swings.

on the same arc as the graduated segment,
indicates the relative humidity by its posi-
tion relative to the graduations on the seg-
ment and their corresponding notations or
numerical values.” By a similar method
any property either of the atmosphere or
of the hydroscopic condition of material ex-
Eosed to the atmosphere, which is known to

‘be a function of the wet and dry bulb tem-

peratures only and to vary in accordance
with the predetermined law or empirical
formula, may be indicated. All of these
properties are in fact mathematical func-
tions of the wet and 'dry bulb temperatures
of the air. : .

Such a property is the so-called “regain”
of cotton. By the similar use of cams de-
signed to produce the proper logarithmic
motions the scale may be so graduated that
the pointer will indicate on it that value of
regain which corresponds to the actuating
wet and dry bulb temperature of the atmos-
phere to which the cotton is subjected.

A further feature of the invention con-
templates providing means for recording
the condition of the atmosphere above men-
tioned. To adapt the instrument for such
recording purpose it is only necessary to
cause a recording pen or other suitable re-
cording means to move with relation to in-
dicating arcs on the recording “dial or with
relation to parallel lines on a moving tape
which may be actuated by clockwork mech-
anism in accordance with the well known
practice in the art.

A modification however of the construc-

tion above indicated is required in order

that the scale may be supported in a fixed
position while the recording means is caused

- by the action of the thermo expansible mem-

50

 ings in which,
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bers to pass over it.

Preferred embodiments of the invention
are illustrated in the accompanying draw-
. Fig.'1 is a front elevation of a preferred
device for ‘indicating relative humidity or

other conditions which are dependent upon’

the function of the wet and.dry bulb tem-
peratures of the air, :

Fig. 2 is a side elevation, and, .

Fig. 8 is a plan view of the same,

Fig. 4 is a front elevation. of a modified
form of the invention which is adapted to
indicate the wet and dry bu'b temperatures
of the air and to record any condition which
is a function of said wet and dry bulb
temperatures, and, .

1,476,799

Fig. 5 is a side elevation of the same.

The indicating device illustrated in Figs.
1 to 3 inclusive comprises a base 1 and a
front plate 2 which supports the indicating
mechanism. At or adjacent the rear end of
the base 1 a bracket 3 is provided which de-
sirably has flanges 4 and 5 to which the
thermo-expansible members 6 and 7 are
rigidly secured, and which are exposed re-
spectively to the wet and dry bulb tempera-
tures of the air. These thermo-expansible
members as illustrated herein desirably are
of bi-metallic construction, being formed of
two plates of different metals having differ-
ent co-efficients of expansion such as brass
and “invar steel” welded together through-
out their length whereby the unequal expan-
sion of said metals under varying tempera-
ture conditions will cause a bending of said
members.

One of these members, which is to be sub-
ject to the wet bulb temperature of the air,
which will be referred to as the “wet bulb
member,” may be provided with a mantle 8
of suitable fabric which dips into water
contained in a suitable tank 9 resting upon
the base 1 beneath said expansible member,
or it may be subjected to the influence of a
vaporizing spray of water which will re-
duce its temperature to the psychometric
wet bulb temperature of the air. The other
member, which will be referred to as the
dry bulb expansible member, is uncovered.

The wet bulb member 8 is provided at its
free end with an extension 10 which pro-
jects through the front plate 2 and is bifur-
cated at its outer end, the arms 11 and 12
of said bifurcation being connected by coni-
cal pivotal screws 13 and 14 to a post 15
having a central traverse screw threaded
aperture in which a rod 16 is adjustably
mounted, said rod 16 having at its end a
head 17 which is pivotally connectetd to the
bifurcated end 18 of a link 19 which is con-
nectetd at its opposite end to 4 vertical arm
20 of a shaft 21 having one conical end seat-
ed in a boss 22 extending upwardly from
a bracket 23 which is carried by the front
plate 2.

The opposite end of the shaft 21 is pro-
vided with a conical socket which is engaged
by the conical end of a screw 24 which
passes through the base 25 of the bracket
and the front plate 2 by which said bracket
is carried. A movable member 26 is rigidly
connected to the shaft 21 preferably by a
nut upon the screw threaded portion of the
shaft 21.
ably is in the form of a pointer which co-
operates with a scale 27 to indicate the
temperature to which the expansible member
is subjected.

The movable member or pointer 26 is
provided with a stud 28 which engages the
face 29 of a logarithmic cam 30 the curva-

The movable member 26 prefer-
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ture of which is computed and designed in
accordance with the formula above given.
The base of the logarithmic cam 30 is pro-

vided with a screw threaded and conically

pointed shaft the pointed end of which en-
gages a boss 832 upon a bracket 33 carried
by the front plate 2. The opposite end of
the shaft 81 is provided with a conical
socket which is engaged by the conical end
of a screw 34 which is seated in the base 35
of the bracket 33 which is secured to the
{front plate 2. '

The cam 30 is connected to or preferably
formed integral with a movable member
carrying a scale having graduations indi-
cating a condition of the air which is a
function of the wet and dry bulb members.
As disclosed herein the extension comprises
o skeleton structure having arms 36 and 37
carrying at their upper ends an integral
segmental scale 38 provided with gradua-
tions which as shown herein are designed to
indicate the relative humidity of the air.

An index finger 39 secured to the outer
end of the arm 36 co-operates with a scale
40 which conveniently may be made upon
the front plate 2 to indicate the wet bulb
temperature of the air.

The dry bulb expansible member 7 of the
instrument likewise has at its free end an
extension 41, the bifurcated ends 42 and 43
of which are connected by conical pivoted
screws 44 and 45 to a post 47 having a
central {ransverse screw threaded aperture
in which a screw threaded rod 48 is adjust-
ably mounted, said rod having at its end a
head 49 which is pivotally connected to the
bifrucated end 50 of a link 51 which is con-
nected at its opposite end to a vertical arm
52 of a screw threaded and conically pointed
shaft 58 having one end seated in the boss 22
of the bracket 23. The opposite end of the
shaft 53 is provided with a conical socket
which is engaged by the conical end of a
screw 54 which passes through a boss 55
extending upwardly from the end of the
bracket 23.

A movable member or actuator 56 is rigid-
ly secured to the shaft 53 preferably by a
nut upon a screw threaded portion of the
shaft 53 and desirably is in the form of a
pointer adapted also to co-operate with the
scale 27 to indicate the temperature of the
dry bulb expansible member. The movable
member or pointer 56 is provided with a
stud 57 or driver which engages the face 58
of a longarithmic cam upon a follower 59
which is rigidly secured to a shaft 60 having
one conical end mounted in a conical recess
in the boss 32 of the bracket 33. The other

“end of the shaft 60 has a conical socket

65

engaged by the conical end of a screw 61
seated in a boss 62 in the bracket 33.

The axes of the shafts 21 and 53 desirably
are in alinement as are also the axes of the

shafts 81 and 60. The cam 59 is connected
to or preferably integral with a movable
member desirably in the form of a pointer
63 which co-operates with graduations upon
the segmental scale 38 to indicate the rela-
tive humidity or such other condition as
may be indicated by the graduations of the
scale.

In order to insure delicacy in operation
counterbalancing means are provided for
the cams and the movable members which
are connected to or made integral with said
cams. A convenient counterbalancing
means for the cam 30 comprises an L-shaped

~arm 64 having a weight 65 desirably

mounted on its screw-threaded free end por-
tion. The cam 59 likewise is provided with
an L-shaped arm 66, the free end 67 of
which is screw threaded and provided with
an adjustable weight or weights 68 which
may be in the form of a pair of nuts.

In the operation of the indicatirig device
above described the expansion or confrac-
tion of the wet hulb member due to varia-
tions in temperature causes a bending of
the plate 6 which actuates the link 19 to
rock the vertical arm 20, thus moving the
movable member . or pointer 26 over the
are 27.

The stud 28 which engages the face 29 of
the cam 30 thereupon transmits to the mov-
able member comprising the arms 36, 37 a
movement which corresponds to the loga-
rithmic function of the wet bulb tempera-
ture, the character of this movement being
indicated upon the scale 40 by the pointer 39.

In a similar manner changes in the dry
bulb temperature of the air cause a flexing
of the dry bulb member 7 which actuates
the link 51 to rock the vertical arm 52 upon
its pivot thereby actunating the movable
member or pointer 56 so that it indicates the
dry bulb temperature upon the scale 27. The
stud 57 which is carried by the member 56
and engages the face 58 of the Jogarithmic
cam 59 actuates said cam thereby causing
the pointer 63 to move over the graduations
upon the segmental scale 88 thus indicating
a condition of the air which is dependent
upon the function of the wet and dry bulb
temperatures, which as illustrated is the
relative humidity of the atmosphere.

In Figs. 4 and 5 another preferred em-
bodiment of my invention is illustrated
which is adapted not only to indicate a con-
dition dependent upon the function of the
wet and dry blub temperatures but also to
record the same.

The embodiment of the invention dis-
closed in Figs. 4 and 5 like that disclosed
in the preceding figures comprises a base
70 having a front plate 71 secured thereto
upon which the various movable members of
the indicating, recording and regulating
mechanisms are mounted. A bracket 73
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which extends upwardly from the rear por-
tion of the base 70 supports the wet and
dry bulb members, the wet bulb member 74
being secured to it in a vertical position and
having a mantle 75 which extends into
water in a tank 76 resting upon the base 70.
The dry bulb member 77 is secured to the
bracket 73 in a horizontal position. The
wet bulb member 74 is provided with an
extension 78 which extends through a slot
in the front plate 71 and is provided with

" a bifurcated end, the arms 79 and 80 of
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which are pivotally connected to a post S1
by screws 82 and 83 having conical points
entering conical recesses in the ends of said
post. The post 81 is provided with a trans-
verse screw threaded aperture in which a
rod 84 is adjustably secured by suitable
nuts. The rod 84 is pivotally connected to
the end of a rack 85.the teeth of which en-
gage the teeth of a pinion 86 which is pro-
vided with a shaft 87 which is screw
threaded at one end and provided with a
conical point which engages a complemen-
tary socket in the plate 71 or other suitable
bearing provided for such purpose. The
opposite end of the shaft 87 is engaged by
the conical end of a screw 88 which is car-
ried by a bracket 89 secured to the front
plate 71..

A logarithmic cam 90 desirably may be
fixedly secured upon the shaft 87 by a
clamping nut upon the screw threaded por-
tion of the latter. The logarithmic cam
90 engages and is adapted to operate a
movable member which carries a logarith-
mic cam operable by the dry bulb member
which in turn engages and operates a differ-
entially movable device or -indicator which
serves to indicate and preferably to record
a condition of the air which is dependent
upon the function of the wet and dry bulb
temperatures, the movable indicating mem-
ber being actuated by conjoint movement of
the logarithmic cams which are actuated
;espectively by the wet and dry bulb mem-

ers. — -

The logarithmic cam may be formed to
present an acute angled end 91 forming a

* pointer adapted to co-operate with a scale
. 92 upon said face plate 71 to indicate the

B3
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wet bulb temperature of the air.

The dry bulb member 77 is provided at
its free end with an extension 93 which is
offset vertically and which projects through
a suitable slot in the front plate 71. Means
are provided whereby the free end of the
dry bulb member will actuate a logarithmic
cam which is mounted upon a carriage
which is movable by the logarithmic cam
that is operated by the wet bulb member.
Any suitable means may be provided for
supporting the carriage in such a manner
that the conjoint movement of the logarith-
mic cams will operate the recording device

1,476,799

to give it proper differential movement o
indicate and record the condition of the air
which is a function of the wet and dry bulb
members,

In the preferred construction illustrated
herein the carriage 94 is in the form of a
skeletonized plate supported by rollers 95,
96 upon a preferably horizontal bracket 97
which is secured to the front plate 71.

The carriage 94 is provided at one end
with a roller 98 which is mounted upon a
suitable stud and engages the surface of
the logarithmic cam 90 so that the rotation
of the cam will impart a sliding movement
to the carriage from the action of the ex-
pansion of the wet bulb member. In this
construction the cam acts as a driver upon
the roller or follower, which is the con-
verse of the construction shown in Fig. 1.
The logarithmic cam 99 which is operated
by the dry bulb member is mounted in a
manner similar to the cam 90 upon a shaft
having at one end a conical bearing in the
carriage 94 and at the opposite end a socket
engaged by the screw 100 carried by a
bracket 101 secured to said carriage. A
cear 102 fixedly secured upon the cam shaft
1s engaged by the teeth of a sector 103 which
is pivotally mounted upon the shaft 10t
carried by a bracket 105 secured to an up-
ward extension 106 of the carriage 94. The
extension 106 of the carriage enters a guid-
ing groove in a block 107 which is secured
to the front plate 71 and serves to support
the carriage in vertical position. The shaft
104 is provided with a substantially hori-
zontal arm 108 to the free end of which a
vertical link 109 is pivotally mounted, the
lower end of said link being connected to
an arm 108+ which is parallel to the link 108.
The link 109 is provided with a pin 110
which engages the horizontal face of a bar
111 which is carried by the outer end of the
extension 93 of the dry bulb member. By
reason of this construction the vertical
movement caused by the expansion of the
horizontal dry bulb expansible member will
raise the link 109 through the pin 110
thereby raising the free end of the arm 108
and oscillating the toothed sector 103, thus
rotating the gear 102 and consequently the
logarithmic cam 99. The carriage 94 may
conveniently be provided with a sector 112
provided with graduations adapted to in-
dicate the dry bulb temperature of the at-
mosphere.

The logarithmic cam 99 may be arranged
to impart the differential movement caused
by the conjoint action of the cams 90 and 99
to a movable indicating and recording mem-
ber adapted to co-operate with a suitable ro-
tatable dial or traveling tape graduated to
indicate the condition of the air or ma-
terials which is a function of the wet and
dry bulb temperatures. A convenient de-
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vice which is illusirated herein comprises
an arm 113 supported at its lower end upon
a pivot 114, which preferably is a stud mount-
edin the front plate 71 and provided at its up-
per end with a pen 115 which rests upon a dial
116 which may be suitably supported from
the front plate 71 and rotated by clockwork
in a usual and well known manner.

A link 117 which is pivotally secured to
the arm 113 is provided at its free end with
a roller 118 which rests upon’ a track 119
secured ¢o said carriage, said roller 118 also
engaging the face of the logarithmic cam 99.
In order to maintain the voller 118 constantly
in engagement with the face of the cam 99
counterweighting means are provided forthe
arm 113 which desirably is in the form of a
screw threaded arm 120 which is connected
to -or: integral with the arm 113.

The roller 98 may be maintained constant-
1y in contact with the face of the logarith-
mic cam 90 in any suitable manner, a_con-
venient means which is shown herein com-
prising a weight 122 connected to the end of
the carriage 94 by a cord 123 running over a
suitable guide pulley 124. Or if desired the
track 97 may be slightly inclined: so that the
weight of the carriage will tend to cause the
same to travel downwardly on said track
and maintain the roller 98 in contact with
the face of the logarithmic cam 90, the bar
111 being similarly inclined.

In the operation of the machine the loga-
rithmic cam 90 which is actuated by the wet

5 bulb member forces the carriage 94 along

the track 97 in accordance with the move-
ment of the expansible wet bulb member un-
der varying conditions of temperature while
the logarithmic cam 99 is similarly actuated
by the expansion of the dry bulb member
under varying temperature conditions. The
connection between the dry bulb member and
the cam 99 above described is such that the
proper actuation of cam 99 is effected not-
withstanding the sliding movement of the
carriage upon which said cam is mounted.

The cam 99 therefore imparts a differen-
tial movement to the arm-113- which is a re-
sultant of the movements of the logarithmic
cams, thus the arm 113 which carries the pen
115 may be caused to scribe upon the con-
tinuously moving dial 116 a line which rep-
resents a condition which is a function of the
wet and dry bulb temperatures of the air,
such as relative humidity, or cotton regain,
ete., dependent upon the character of the log-
arithmic cams aforesaid. s

It will be understood that the embodi-
ments of the invention disclosed herein are
of an illustrative character and are not re-
strictive and that other mechanisms for ac-
complishing the same or a similar purpose
may be employed within the meaning and
scope of the following claims. Various
other mechanisms may also be employed for

translating the movement of the expansible
member into the proper logarithmic motion.

Having thus described my invention what
I claim as new and desire to secure by
Letters Patent is:

1. A psychrometric device comprising wet
and dry bulb expansible members, co-operat-
ing movable indicating members and means
simultaneously operable respectively by said
wet and dry bulb expansible members for
transmitting motion to said co-operating
nmiovable members in logarithmic relation to
the respective temperatures of said expan-
sible members whereby the relative positions
of said movable members are indicative of 2
eondition of humidity which'is a function of
the temperatures of said wet and dry bulb
members. - :

2. A psychrometrie device comprising wet
and dry bulb expansible members, movable
members and means simultaneously oper-
able respectively by said wet and dry bulb
expansible members for transmitting motion
to said movable members in logarithmic re-
lation to the respective temperatures of said
expansible members and means operable by
the differential movement of said movable
members for indicating a condition which is
a function of the temperatures of said wet
and dry bulb expansible members.

3. A psychrometric device comprising wet
and dry bulb expansible members, movable
members ‘and means simultaneously opera-
Lle respectively by said wetand dry bulb ex-
pansible members for transmitting motion te
said movable members in logarithmic rela-
tion to the respective temperatures of said
expansible members and means operable by
the differential movement of said movable
members for indicating and for recording a
condition which is a function of the wet and
dry bulb temperatures of said expansible
members.

4. A psychrometric device comprising two
thermo-expansible members subject respec-

“tively to the influence of the wet and dry

bulb temperatures of the air, mechanisms
operable thereby each including a driver and
a follower having engaging means for corre-
lating the motions of each follower to those
of its driver in predetermined logarithmic
relation, indicating means including a grad-

70

76

8¢

a¢

3

100

118

nated scale and a co-operating pointer actu-

ated by the differential motion of said fol-
lowers to indicate a condition of humidity
which is a function of the wet and dry bulb
temperatures of the air.

5. A psychrometric device comprising wet
and dry bulb expansible members, means
including pointers actuated by said respec-
tive members, dials co-operating with said

ointers indicating respectively the. wet and
gry bulb temperatures of.the air, logarith-
mic cams movable by said indicating means
and differential means operable by said
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which is a function of the wet and dry bul
temperatures of the air.

6. A psychrometric device comprising wet
and dry bulb expansible members, means
including pointers, respectively actuated by
the expansion of said members, dials co-op-
erating with said pointers indicating respec-
tively the wet and dry bulb temperatures of
the air, logarithmic cams movable respec-
tively l()iy said indicating means, a recording
index differentially actuated by said cams

canis for indicating a condition of h'umiditgt

and a continuously rotating dial co-operat-.

ing with said index for continuously record-
ing a function of the wet and dry bulb
temperatures of the air.

7. A psychrometric device comprising wet
and dry bulb thermo-expansible members,
pivotally mounted members actuated there-
by, logarithmic cams operable respectively
by the movements of said pivotally mounted
members and co-operating differential indi-
cating means actuated by the movements im-
parted by said cams to indicate a condition
of humidity which is a function of the wet

~and dry bulb temperatures of the air.

8. A psychrometric device comprising a
wet  bulb  thermo-expansible member, a
pivotally mounted logarithmic cam, means
operable by the movement of said wet bulb
member for actuating said cam, a carriage
movable by said logarithmic cam, a second
logarithmic cam pivotally mounted upon
said carriage, s dry bulb thermo-expansible

5 member, means actuated thereby for rotat-

ing said second logarithmic cam and means
actuated by the conjoint motion of said
carriage and said second logarithmic cam
for indicating a condition which is a func-
tion of the wet and dry bulb temperatures
of the air.

9. A psychrometric device comprising a
wet bulb thermo-expansible member, =
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pivotally mounted logarithmic cam, means
operable by the movement of said wet bulb

member for actuating said cam, a carriage

movable by said logarithmic cam, a second
logarithmic cam pivotally mounted on said
carriage, a . dry bulb thermo-expansible
member, means actuated thereby for rotat-
ing said second logarithmic cam independ-
ently of the movement of said carriage and
means operable by said second logarithmic
cam for indicating a condition which is a
function of the wet and dry bulb tempera-
tures of the air.

10. A device of the character described
eomprising two thermo-expansible members
subject respectively to the wet and dry
bulb temperatures of the air, mechanisms
operable thereby including drivers and fol-
lowers having engaging means for correlat-
ing the motions of each follower to its driver
in  predetermined logarithmic relation,
means operable by said followers for indi-
cating a condition which is a function of the
wet and dry bulb temperatures of the air.

11. A psychrometric device comprising a
wet bulb thermo-expansible member, =2
pivotally mounted logarithmic cam, means
operable by the movement of said wet bulb
member for actuating said cam, a carriage
movable by said logarithmic cam, a second
logarithmic cam pivotally mounted on said
carriage, a dry bulb thermo-expansible
member, means' actuated thereby for rotat-
ing said second logarithmic cam independ-
ently of the movement of said carriage and
means operable by the conjoint movement
of said second logarithmic eam and said car-
riage for indicating a condition which is a
function of the wet and dry bulb tempera-
ture of the air. :

In testimony whereof, I have signed my

name to this specification.
EDWARD W. COMFORT.

65

6o

70

80




