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To all whom it may concern:

Be it known that I, JacoB M. SpiTzorass,
a citizen of the United States, residing at
Chicago, in the county of Cook and State of
IHlinois, have invented certain new and use-
ful Improvements in Calculating Devices, of
which the following is a specification.

This invention relates to a numerical cal-

culating device and is more particularly de-
seribed as a slide rule and flow computer.
The principal object of the invention is to
provide a device of this class for the direct
solution of problems involving the flow of
@as, air, steam, or water or other fluids in eir-
cular pipes, in addition to all ordinary slide
rule computations. i .
A further object of the invention is to pro-

vide means by which the required answers

may be read from the scales directly, with
the accuracy and precision of the ordinary
slide rule and without the necessity of ma-
nipulating the decimal point or the number
of integer places in the answer.

For the attainment of these ends and the
accomplishment of other new and useful ob-
jects, as will appear, the invention consists in
the features of novelty in the construction,
combination and arrangement of the several
parts generally shown in the accompanying
drawings and described in the specification,

~ but more particularly pointed out in the ap-

40

pended claims.

In the drawings, Figure 1 is a view of a
slide rule constructed in accordance with the
principles of my invention, to which a case is
attached, the flaps of the case, however, be-
ing broken away for clearness; Fig. 2 is a
view of the reverse side of the movable
slides; Fig. 8 is a sectional view of the rule
showing the flaps of the casing in folded po-

:sition, and Figs. 4,5, 6 and 7 illustrate the
:settings of the slides in the solution of certain

L problems.

45

50

65

In construction the slide rule is made of
some suitable material, such for example as
celluloid, and comprises a base 1, to which
are secured at the sides the tongued strips 2
and 3, which bear the graduated scales des-
ignated on the faces thereof as A and D re-
spectively. .- Situated between the side pieces
are the graduated slides 4 and 5, one of
which, as for example the slide 4, is provided
with a tongue 6 having less frictional resist-

.ance either because of its smaller size than

the tongues on the strips 2 and 3, or because
it fits more loosely, which connects the two
slides together so that they may be moved

Specification of Letters Patent.

Patented July 6,1915.

Application filed July 1, 1914, Serial No. 848,342,

relatively to each other and also independ-
ently moved relative to the scales A and D.
The slide 4 will be designated and referred
to as the length slide, and has a scale B cor-
responding to the scale A on one edge, and a
pressure scale for gas or air on the other edge
of the same face. The opposite face of the
length slide is provided with another scale B
and with a steam or water pressure gradua-
tion. )

_The slide 5, which will be referred to as the
diameter slide, comprises on one face a grad-
uated edge for specific gravity for gas or air
graduations, as shown in Fig. 1, and on the
same face a number of horizontal rows upon
which diameters are marked corresponding
with the several graduated rows, with a
dotted line for each diameter extended over
to the scale C which meets and indicates cor-
responding readings on the D scale. These
diameter lines are marked in order from
three-fourths of an inch size to a forty-eight
inch pipe. One column of heavy type fig-
ures in the middle of the slide and one col-
umn at each end thereof indicate the number
of integer places in the numerical discharge
corresponding to the diameters of each hori-
zontal row. The reverse of the diameter
slide is provided with a graduation consist-
ing of a logarithmic scale on one side, as
shown in Fig. 2, and with a graduated diam-
eter slide with a scale C for steam or water
calculations, as shown in Fig. 2. This di-
ameter scale is also provided with a column
of heavy type figures in the middle of the
slide and another column at each end thereof
to indicate the number of integer places in a
discharge corresponding to the diameters of
each horizontal row.

It is to be noted especially that the use-
fulness of the slide rule is greatly increased
by the correlation and fitting together under
the general graduations of the ordinary
Mannheim rule a large number of special
determinations each and every one of those
having a field of application in the engineer-
ing profession, having in the same time the
major scales of the rule in-their usual form

so that the rule can also be used for all ordi-

nary mathematical calculations as the Mann-
heim slide rule.

The layout of the graduations and the ar-
rangement of the scale to attain the desired
end will be explained by referring to the
following formulas representing the results
obtained from experimental data as applied
to the theoretical determination of the laws
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governing the frictional resistance of the
flow of fluids in pipes.

In a technical paper “Flow of Gas
Formulee ” publisheg in the 1912 proceed-
ings of the Illinois Gas Association the ap-

PAd
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plicant showed that in the case of gases
flowing in a pipe under pressure higher than
atmospheric the quantity flowing through
the pipe can be expressed by the formula.

3.6

12
Q= 64'3(SL(1+—a—+0.03d)> Equation (1)

In which formula Q is the number of
standard cubic feet of the gas flowing
through the pipe per hour; P is the drop
of pressure in pounds per square inch caused
by the frictional resistance in the line: L
is the length of the line in miles: A is the
mean pressure in the line pounds absolute:

. PI/Z A1/2

Q

d is the inside diameter of the pipe in
inches, and S is the density of the gas as
referred to air. '

For. the purpose of adopting the scales of

the rule to solve the equation mechanically
transpose the terms of Equation (1) to take
the following shape.

X ==
12 ij2
LS 64.3d°%+ (1+

This can be simplified still further by re-
placing the denominator of the second term

3;6—+0.03d)"2

Equation (2)

by the letter K and we have

K=64.30%+(1+27+0.032)" Equation (3)

and Equation (2) takes the form of

Pyz A2 o
X _S_I/,Z:% Equation (4)

20

Reducing Equatién (4) to logarithms we |

have

1/2 log. P—1/2 log. Li+1/2 log. A—1/2 log. S+log. K~log. Q=0 E’quation (3)

It is obvious that in order to solve Equa-
tion (5) mechanically we need six scales
laid out logarithmically to a given base.
That is the division on the scales in inches
should be equal proportionally to the loga-
rithmic of the quantities represented by those
divisions. In laying out logarithmic scales
it is necessary to adapt a base for the scale,
that is the length of scale which is to repre-
sent unity of the logarithm. In thiscasea 5
inch base is adapted for the four quantities
P, L, A, and S, and a 10 inch base for the
two quantities Q and K, in order to make
the logarithms of the former quantities oc-
cupy one half of the space which is to be
occupied by the logarithms of the latter
quantities-as indicated by Equation (5). Aec-
cordingly the scales were laid out for the
quantities in order from top to bottom. The
top scale represents the quantity P, from 1
or zero logarithm to 100 or 2 units in loga-
rithm which is 10 inches on a 5 inch base.
The second scale represents the quantit%‘ L

or
the quantity A, which is represented by the
third or mean' gage pressure scale, it was

preferred to omit the atmospheric measure

and mark off the numbers from zero to 150
pounds gage. In this scale, therefore, what
1s marked zero represents 14.7 which is the
atmospheric pressure, 1 represents 15.7, 2
represents 16.7 and so on to the end or 150
which represents 164.7. The zero mark on

30

60

this scale is taken at an arbitrary point to

leave the same vacant space in front of zero
and beyond 150 for improving the appear-
ance. The fourth scale representing the
quantity S, beging with the logarithm of 30

65

and ends with the logarithm of 100 placed in

the middle of the available space the same
as the scale for the quantity A. For the
other two quantities K and Q the base of the

logarithms is changed to 10 inches. At first

it 1s necessary to compufe the actual value
of K for each nominal size diameter of pipe,
or rather to find the logarithm of that quan-
tity which has to represent the given di-
ameter. By Equation (8) we solve the value
of the log. K for each size of diameter we
want to represent on the scale. Beginning
with a 8/4 inch nominal size the actual di-
mension of the diameter is 0.824 inches, and
from Equation (3);

3.6
0.824

Log. K=log. 64.3 +—g log. 0.824—%—10g. (1+55571+0.03X0.824) =1.2323.

For 4 1 inch nominal size log. K is equal
to 1.5344; 1} inch nominal size log K=

1.8758: 1} inch log K=2.0671; for a 48 inch

diameter, log K=5.8113. As the base of the
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scale has to be 10 inches it is obvious that in
order to cover the sizes from 8/4 inch to 48
inches we need an extension of 50 inches to
represent 5 units in logarithms. - This was
eliminated by extending the scale of K rep-
resenting the diameters over 5 horizontal
rows; the first or top row representing the
unit of logarithms from 1 to 2, the second
from 2 to 3, the third from 3 to 4, the fourth
from 4 to 5, the fifth from 5 to 6.

From Equation (4) we see that Q is al-
ways in proportion with K, which would
necessitate a 50 inch extension or a 5 row
scale for Q the same as for K. It was more
advantageous to avail this and to lay out a
single unit logarithm scale of 10 inches for
Q representing the numbers from 1 to 10,
and since Q follows K in the same propor-
tion. a colummn of heavy type figures were
placed on the diameter or K scale to indicate
the order of Q or the number of integer
places corresponding to the row where the
given diameter is located on the K scale.
The number of the heavy type columns
showing the integer places in the quantity
are determined from Equations (4) and (5)

by a single solution in the usual algebraic

Wa)y._ For instance, substitute in Equation
(5):

P=100; L=100; A=100; S=1.00,
which values represent all the scales set in

line (100 on the mean gage pressure scale
being equal to 85.3) and we have:

1/2 log. 100—1,2 log. 100--1/2 log. 100—1/2 -

log. 1.0041log. K—log. Q=0 or 1—141—
0-+log. K—Iog. Q=0, from which log.
Q=log. K+1. . '

Therefore, the number of integer places in
Q is one more than the number of integer
places in X. 1In the first row the values of
K are between 10 and 100, and the values
of Q, between 100 and 1000 which is indi-
cated by the figure 8 in the heavy type col-
umn in the middle of the diameter slide. In
the second column the number is increased
to 4; and the third to 5 and so on. This
column of heavy type figures placed in the
middle of the diameter slide, covering the 5
rows of diameters, indicates the integer
places in the quantity when the respective
scales meet after the setting of the first 4
scales or the adjustment of P to L and A to
S. It happens sometimes that after the first
two settings the required diameter_is pro-
jecting over the scale of the quantity either
to the left or to the right. In such a case
the slide has to be shifted a full scale or one

8

unit logarithm, either to the right or to the
left. This shifting does not change the abso-
lute value of the number, but it multiplies
by 10 when shifted to the right and divides
by 10 when shifted to the left. To take care
cf such cases one heavy type column of fig-
ures is placed on each end of the diameter
slide, the left column to be used when the
scale is shifted to the right and the right
column to be used when the scale is shifted
to the left, in each case the difference from
the center column being one unit of log-
arithm or one integer place. It is obvious
and well known to those acquainted with
the laws of logarithms that with such an
arrangement of scales any time L is set op-
posite P, and S opposite A, then K and Q
must meet in the proper relation established
by the solution of Equation (1). Similarly
if K is set to Q and A to S then P and L
must meet in the proper relation.

It was desired to adopt the same set of
scales for problems involving flow of gas or
air in pipes at pressures close to atmospheric
conditions. In such problems the mean pres-
sure in the pipe is considered a constant
quantity which is included in the numerical
co-efficient, and the equation is reduced by
algebraic transportation to the form of

Hs 12 .
Q=340<S.L.(1+?’('Z—6+0.03d)) (6)

Where @ is the quantity of gas in cubic
feet per hour; H is the drop of pressure in
the line in inches of water; d is the diameter
of the pipe in inches; S is the density of the
gas as referred to air; and L is the length
of the pipe in 100 feet units.

By transportation we have
HE 1B Q
e K 7

and

K, = 34088+ (14 55+0.030)F (8)

By comparing Equation (8) with Equa-
tion (8) we see that K,;=5.18 K approxi-
mately and we can substitute K for K, in
Equation 7 as follows:

HE, (5.18)F_Q
7 s K

Reducing Equation (9) to logarithms we
have

(9)

1/2 log. H—1/2 log. L+1/2 log. 26.7—1/2log. S+log. K—~log. Q=0 (10)

The diﬂ’erénce between Equation (10)
and Equation (5) is that 1/2 log. A in the

latter is substituted by 1/2 log. 26.7 which
has to be used in the low pressure problems
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instead of the mean pressure in the high
pressure problems. Since the zero on the
mean gage pressure scale corresponds to

" 14.7, as explained above, therefore the num-

10

15

20

45

50

ber 26.7 corresponds to the 12 pounds mark
on the mean gage pressure scale. Accord-
ingly the arrowhead, called gravity mark,
is noted at the location of the 12 pound mark
to be used in connection with low pressure
problems instead of the mean gage pressure
in high pressure problems. »

Steam and water problems were treated
in the same manner on the opposite face of

the slides. ‘The equation was first derived
. ‘see that

algebraically for water; it reads,
Hg?

, : i
Q=5'(L({1 +§§J§+0.o3d)> an -
where Q is the quéntity discharged in gal-

1,145,042

lons per minute; H is the loss of head in
friction, feet of water; & is the inside diam-
eter of the pipe in inches and L is the length
of the pipe in 100 feet units.

By transportation:
H: Q

BK,

(12)
and o
52 1136 0 aand
K,=5d -.—(1—!-—d—+0.03d) - (13)

By comparing Equation (13) with (3) we

K
K=1586’

“and we can write Equation (13) reduced to |

logarithms

1/2 log. H—1/2 log. L+ (log. K—log. 12.86)—log. Q=0 (14)

from Whiéh we deduce that the scales for
H, L and Q are identically the same as on
the face for gas and air, only the scale of

'K representing the diameters is spaced by

a constant difference from the gas and air
scale, the difference being equal to the
logarithm of 12.86 which is equal to 1.1092

in logarithmic units. In these problems the

middle scales are not used; the slides are
shifted simultaneously, while the number
of integer places in the quantity is also in-

25

30

35

40

dicated by the heavy type figures corre- .

sponding to the rows of diameters, the fig-
ures being determined by the relation of
Equations (12) and (14) which can easily
be accomplished by solving the equations
for one case in the usual algebraic way as
illustrated above. '

The equation showing the fundamertal
relation of the quantities for the flow of
steam reads

PYds %
W=8 L(1+§§+0.03d)) (15)

In which W is the weight of steam dis-

. charged through the pipe in pounds per

. 65

70

75"

80

minute, P is the pressure drop in pounds,

'Y is the density of the steam in pounds per

P: Y%

and

K3'=8d5’2—:—(1+§('z—

By comparing Equatién (17) with Equa-
tion (13) we see that K,=1.6K, and we

w
XTK,

cubic feet at the mean pressure, d is the

55

60

diameter of the pipe in inches, and L is the

length of the pipe in 100 feet units.
By transportation we have -

(lﬁ)v

6. 0.030F (17

can write Equation (17) reduced to loga-
rithms.

1/2 log. P—1/2 log. L+1/2 log. Y ~log. 0.625+1og. K;—log. W=0- (18)

From Equation (18) it follows that P, L,
K, and W are identical in numerical value
with H, L, K, and Q of Equation (14). Of
the other two terms, 1/2 log. Y was pro-
vided with a scale on the lower edge of the
length slide reading in pounds of the mean
gage pressure of the steam. The gradua-
tions, however, are laid out according to the
logarithm of the density of the steam cor-
responding to the pressure marked on the

‘'scale. For instance, at zero pressure the

density of the steam is 0.03733 pounds per
cubic foot and the logarithm of this quan-
tity is 8.57206-10. The mantissa of this
logarithm, .57206 multiplied by the base
(5 inches) gives 2.86029 inches as the posi-
tion of the zero pressure mark from the end
mark of the scale where the 5 inch base
begins.

To complete Equation (18) the fourth
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term having the constant value of log. 0.625
(requiring the 10 inch base) which has a
mantissa of .79588 was marked off on .the
corresponding position 7.9588 inches from
the left end mark of the log scale on the
upper edge of the diameter slide. This
point was noted as the “pressure mark”
which engages with the mean gage pressure
scale in problems involving flow of steam in
pipes. By comparing Equation (18) with
Equation (14) it will be noted that the addi-
tion of the middle two termsin Equation (18)
did not alter the ratio of the last two terms
which enabled the heavy type. columns to
indicate the decimal point for the steam
problems in the same manner as for the
water problems. In addition to this it may
be said that the scales of the slide rule are
marked off by a dividing engine which is
set for each mark according to tables read-
ing in inches and }irepared for each scale
by multiplying the logarithm of the corre-
sponding term by the base of the scale.

A casing is provided for the slide rule
comprising a stiff back portion 7 secured to
the base 1 of the slide rule by snap buttons
8 or other suitable means. Extending from
the stiff back portion 7 are flaps 9 and 10
which fold over the slide rule and form a
complete covering for it and for a rider 11
carried thereby. On the inside of the flaps
they are preferably provided with directions
for operating the rule and with other de-
sirable information.

The rider 11 preferably consists of a
single piece of transparent material such,
for example, as celluloid, bent over at the
ends 12 to engage lateral notches 13, so that
the rider may slide freely along the rule,
being provided, however, with a spring 14
for holding the rider firmly in position from
which it can be removed by sliding it off
the end of the rule.

In the calculations for gas or air the spe-
cific gravity scale is used on the basis of air
equals 1.00. .

Besides the regular slide rule computations,
which are accomplished in the ordinary way
by moving the two slides simultaneously
with the scales B and C registering, this

“rule is designed and adapted to be used in
the following classes.of cases: Class A, prob-

lems involving the flow of gas in low pres-
sure mains, and service pipes; also the flow
of air in pipes close to atmospheric condi-
tions. Class B, problems involving the flow
of gas in high pressure mains and the flow
of compressed air in pipes. Class C, prob-
lems involving the flow of steam in pipes.
Class D, problems involving the flow of
water in pipes. Class E, the problem of
finding the number of smaller pipes equiv-
alent In carrying capacity to one pipe of
larger size, and the finding of the length of
a larger sized pipe that will take the same

S

drop when discharging the same quantity as
a given length of a smaller sized pipe. Al-
though these are the main classes of cases

to which the present rule is applicable, it is -

obvious that various other problems may
be solved by the use of this rule, and that
the problems solved in any particular class
may be solved for any unknown having
given the proper information as to the other
quantities.

In determining the number of integer
places in the numerical quantity represent-
ing the discharge which is readable on the
lower scale D, the diameter slide 5 is pro-
vided with horizontal graduations previ-
ously referred to, upon which are plotted in
succession in the various horizontal gradu-
ations the sizes of pipes corresponding to
the numerical quantities represented on the
scale C. These horizontal graduations are
designated by three rows of heavy type fig-
ures, one row in the center and one row at
each end of the scale. For reading the dis-
charge the numerical quantity correspond-
ing to a certain graduation -of the scale is
read and the decimal point is determined by
referring to the horizontal graduation in
which the corresponding numeral appears
on the horizontal device. If the diameter
slide has not been changed end for end in
either direction the number of integer places
is read from the center row of heavy type
figures, but if it is necessary to shift the
slide end for end in either direction the num-
ber of integer places is read from the row
of heavy type figures at that end of the
slide which is held within the base, the other
end of the slide being shifted beyond the
base. Itshould benoted that these figuresin-
crease from left to right. Since all the values
in this rule are plotted to a logarithmic scale
the values which are read from any scale
are the numerical values and constitute the
mantissa of which the heavy type numerals
in the horizontal graduations on the diame-
ter slide are the characteristics. In other

words, the horizontal graduations on the di-

ameter slide take care of the decimal point
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and indicate directly the number of positive .

integers in the answer as read from a scale
with which the extensions of the plotted nu-
merals on the diameter slide register. It
is necessary only to state that the sizes of
the diameters recorded on the diameter slide
were determined only after years of experi-
mental work combined with a careful study
of the subject of the flow of fluids in pipes.
In order that the operation of this device
may be more readily understood, the solu-
tion of a number of problems is given here-
after with figures illustrating the settings
of the rule to correspond therewith.
Ewrample 1—Find the discharge of gasin
cubic feet per hour of an 8’ pipe with a
drop of 5"/ of water over a length of 5,000
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s
geg(t), the specific gfavify of the gas being
50, -\
Nore.—For short distances with a number
of bends in the line add to the actual length
of the pipe the equivalent length of the
I ads, as given in a table usually disposed

ov. the inside cover of the rule, and take the
total equivalent of pipe and bends in feet.

First: Move the length slide until the given .

length, 5,000 feet, divided by 100, (as direct-
ed on the length slide)-is under the drop 5
(see Fig. 4) on the drop scale A. Second,
move the diameter slide until the given spe-

cific gravity 0.70 is set to the gravity markon -

the main gage pressure scale. Third, locate
on the diameter slide the vertical line mark
for the given diameter and if this line
should be on the projecting part of the scale,
shift the slide end for end, setting the end
mark which projected to the position of the
other end. In this case, however, under the
8" diameter line the number 1.74 is read on
the discharge scale D. Fourth, in the mid-
dle heavy type column on the diameter
slide—since the slide was mot moved end
for end—find the figure 5 in the horizontal
row on which the 8’ diameter is marked.
The answer is 17400 (five integer places)
cubic feet per hour.’ _
Example 2, Case O—Flow of steam—To
find the drop of pressure~—Find the drop of
pressure in a 3"’ pipe delivering 150 pounds
of steam per minute over a length of 100
feet"having 10 right angle bends in the line,
mean pressure to be 10 pounds gage.
Nore—The 10 right angle bends each
have an equivalent length of 9.3 feet so that
the total equivalent length should be taken

as 198 feet. First, referring to Fig. 5 and

with the steam and water faces of the slides

uppermost, set the 3’" diameter line on the.

diameter stide to 150 on the discharge scale.
Second, move the length slide until the 70
pounds mean gage pressure is set to the
pressure mark on the diameter slide. Third,
note that the 1.93 (193 divided by 100) mark
on the length slide is out of scale. This
necessitates shifting the length slide énd for
end to the position shown by Fig. 6. The
hair line of the rider is placed at the right
hand end of the length slide and it is shift-
ed end for end in the well known manner.
Fourth, over 1.93 on the length scale read
on the'drop of pressure scale 29.3 pounds,
which is the required answer.

Example 3, class £—To find the length
of a 24" pipe equivalent to three miles of
16" pipe—Referring to Fig. 7: First, set
the 16’ diameter mark of the diameter scale
to the right end mark of the discharge scale
D. Second, move the length slide until the
left end mark is opposite the 24" diameter
mark of the diameter scale. Third, read on
the drop scale A over the three mile length
graduation on scale B the number 20.8.

1£145,04%

Note that there is one horizontal line be-
tween the 24’ diameter mark on the diam-
eter scale, but as the right end mark of
scale D was used at the start the horizontal
graduation is neglected and no places are
added to the final reading.. The answer
therefore is 20.8 miles of 24" pipe will take
the same drop as three miles of 16’ pipe.
It is obvious that a great number of prob-

lems can be solved directly by the use of this:
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calculating device and that it is unnecessary .

to give all the cases or the solution for all
the different problems. ‘ :

What I claim is: =

1. In a-calculating device for the solution
of problems involving the flow of fluid in
the pipes, and comprising the ordinary slide
rule scales, the combination of a slide there-
for comprising a plurality of horizontal
graduations indicating successive logarith-
mic characteristics of respective quantities
as referred to the scale on the slide.

2. In a calculating device for the solution

of problems involving the flow of fluid in

circular pipes, the combination with the or-
dinary slide rule scales, of a slide compris-
ing a plurality of horizontal graduations
with diameters indicated thereon in order on
the several horizontal graduations.

3. In a slide rule for the solution of prob-
lems involving the flow of a fluid in circular

pipes, the combination with ordinary slide-

rule scales and a. movable slide, of horizontal
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diameter graduations on the movable slide =

upon which are indicated in succession the
diameters of pipes with indicator lines lead-
ing to the scale at the edge of the slide which

-correspond therewith. :

4. In a slide rule for the solution of prob-
lems involving the flow of fluid in circular
pipes, the combination with the crdinary

slide rule scales, of another scale consisting’

of horizontal and transverse graduations ar-
ranged in succession with the rows indicated
by numerals in direct succession, and having
lines leading to one of the ordinary slide
rule scales corresponding therewith.

5. In a calculating device for the solution
of problems involving the flow of fluid in
pipes, the combination of the ordinary slide
rule scales, one graduated to indicate the
drop of pressure and another graduated to
indicate the discharge of fluid, a graduated
pipe length slide, and -a graduated pipe
diameter slide, the said slides each being
provided with one of the ordinary slide rule
scales and being movable both with respect
to each other and to the other slide rule
scales. '

6. In a slide rule for the solution of prob-
lems involving the flow of fluid in pipes, the
combination of ordinary slide rule scales
eraduated to indicate the pressure drop, the
fluid discharge, the length of pipe, the pipe
diameters, and two additional scales adjust
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able with respect to each other but each
fixed and having a definite relation with
respect to one of the other scales, one of
said additional scales indicating the mean
gage pressure and the other specific gravity.

7. In a calculating device for the solution
of problems involving the flow of fluid in
circular pipes, the combination with ordi-
nary slide rule scales, one of which indi-
cates the pressure drop and another indi-
cates the fluid discharge, of two slides mov-
able relatively to each other and to the said
scales, one of the slides being provided with
a scale adjacent the pressure drop scale for

15]|indicating the pipe lengths and the other
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slide being provided with graduations adja-
cent the discharge scale indicating the pipe
diameters and the said slides being provided
one with a mean gage pressure scale and the
other with a speecific gravity scale adjacent
each other and adapted to be adjusted with
respect to each other.

‘8. In a calculating device, the combina-.

tion with the ordinary slide rule scales, of
another scale having a series of graduations
with characters in the graduations leading
to one of the ordinary slide rule scales, and
numerical designations for the said gradua-
tions to indicate the number of positive
int?ger places of any number referred to the
scale.

9. In a calculating device, the combina-
tion with a slide rule having the ordinary
slide rule scales, of another scale referred to
one of the slide rule scales having a series of

7

graduations with characters in the gradua-
tions leading to the slide rule scale, and
numerical designations in the said gradua-
tions to indicate the logarithmic character-
istic of which the numerical value on the
scale corresponding thereto is the mantissa.

10. In a calculating device, the combina-
tion with a slide rule having the ordinary
slide rule scales, of another scale referred to
one of the slide rule scales having parallel
and transverse graduations with characters
in the graduations leading to the slide rule
scale, different numerical designations for
the parallel graduations at the ends and in-
termediate the ends thereof to indicate the
logarithmic characteristic for the numeri-
cal value on the scale and to indicate the
changed logarithmic characteristic when the
slide is placed end for end.

11. In a slide rule, the combination with
the ordinary slide rule scales A, B, C and D,
of a double slide having additional gradua-
tions and independently movable with respect
to each other and to the fixed scales for the
direct solution of problems involving the
flow of fluid in circular pipes.

In testimony whereof 1 have signed my
name to this specification, in the presence of
two subscribing witnesses, on this 23rd day
of June, A. D. 1914.

JACOB M. SPITZGLASS

‘Witnesses:
Cuarres H. SEEM
Kent W. WONNELL
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