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PREFACE.

Tre formule of D’Arcy, Kutter and
Bazin are gradually, but surely, being
adopted instead of the old formulse of
D’Aubisson, De Prony, Downing, &e.

The former formulse, however, though
admitted to be more accurate, are also,
as & rule, more complicated in form, and
more troublesome and tedious in their
application, than most of the old formulse
in use. In these days, when numerous
works on Sewerage, Water Supply, Irri-
gation, &c., are being constructed in this
country, and in fact all over the civilized
world, hydraulic formuls are, perhaps,
in more general use by Engineers than
at any former time, and therefore, any
ready method which combines rapidity
with accuracy in the application of the
new formule will, very likely, tend to
their more general use than at present.
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It is believed that this combination of
rapidity with accuracy can be gained by
the proper use of the tables in this book;
and Hydraulic Engineers, who make it a
practice to use the formule of D’Arcy,
Kutter and Bazin, and to whom a saving
of time and tedious computation is an
object, will find the tables of material
help in the solution of problems relating
to the flow of water in open and closed
channels.
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FLOW OF WATER IN OPEN CHANNELS,

PIPES, SEWERS, CONDUITS, &c.

" In the following formulse let—

V= velocity in feet per second.

Q= discharge in cubic feet per second.

C = coefficient of mean velocity.

8 = fall of water surface (4), in any dis- -
tance (J), divided by that distance

=;—‘= sine of slope.

a = area of cross section of pipe, conduit
or open channel in square feet.

p = wetted perimeter of pipe, conduit
or open channel in lineal feet.

r = hydraulic mean depth in feet = area
of cross-section of pipe, conduit or
open channel in square feet (a) di-
vided by its wetted perimeter in

lineal ft. r=2
P
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d = diameter of pipe or conduit.

n = the natural coefficient, the value of
which depends on the nature and
condition of the bed of the channel
through which the water flows, or
in other words, its degree of
roughness.

The plan on which the tables are con-
structed will be briefly stated here and
their use will be more fully explained
further on.

Chezy's general form of formula for ve-
locity is—

V=cA/rs=cVr Xs
therefore

Q=acVrs=acA/rX Vs

The factors on the right hand side of
the equations are tabulated, ¢4/r and
acy/r for diameters usually adopted in
practice, and 4/s for 986 slopes.

Now to find the velocity, the diameter
and slope being given. Look out and
note down the number representing cA/r
n its column and opposite the given di-
ameter ; also look out and note down the
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number respresenting 4/s opposite the
given slope. The product of these two
numbers will give the required velocity.
Again, given the slope and velocity in feet
per second to find the diameter. From
the equation

V=cArx+s
we have
'
c‘/F—V._

Look out the value of 4/s correspond-
ing to the given slope and divide the ve-
locity by it. The quotient will be the
value of c4/7. In the column of cv/r
look out the nearest number to the value
of ¢4/ 8o found, and opposite to it in the
same line will be the diameter required.
At the same time the area and hydraulic
mean depth can be found on the same
line and the discharge can be found by
looking out the value of acA/r and divid-
ing it by 4/3. In fact by inspection of the
tables and the multiplication or division
of two numbers, problems can be rapidly
and accurately solved, which, by the use
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of any one of the formuls, would be a
tedious and troublesome operation. When
the value of c4/r or acA/r is found, the
diameter can at once be found by inspec-
tion on the same line.

When the slope and velocity are given
and the diameter is required it is not
found directly. The value of c4/r is first
computed by formula (9) and in the
same line with this value in the tables
will be found the required diameter. In
a similar way the slope and discharge be-
ing given and the diameter required. The
value of acy/r is first computed by for-
mula (14) and in the same line with this
value in the tables will be found the re-
quired diameter.

The columns of ¢4/ and ac4/r can be
used to compare velocities and discharges
of pipes with equal slopes, and this can
be done even when the channels have dif-
ferent degrees of roughness and different
diameters.

For instance, a pipe say of 3 feet
diameter has a discharge of 20 cubic
feet per second by D’Arcy’s formula,
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and it is required to find the diam-
eter of a pipe of similar material which
shall discharge 30 cubic feet per sec-
ond, that is an increase of 50 per cent.,
the slope being the same in both pipes.
Find in Table 1 the value of acy/# oppo-
site 3 feet diameter and it is = 686.76,
and this increased by 50 per cent. =
1030.14 = the value of @cv/r correspond-
ing to the required diameter. By in-
spection of Table 1 the nearest: value of
acy/r greater than this is found to be
1072.6 opposite a diameter of 3 feet 7
- inches, which is the required diameter.
In a similar manner velocities can be
compared by the use of the column giv-
ing the values of c,/7.

For feet measures D’Arcy’s formula is

rs ,}
V= { 100007726 + .000(:.0162} 1)

and from this we have

(2)

S= ( .00007726 + M)Y—

r



12

In order to simplify, substitute for r in
feet the diameter d in inches,and we have

5=(-00007726 + '00000?2 X 48)48dV‘
'v'

S=(.00370848d+.00373248)3-;

As the change will not materially affect
the result, Mr. J. B. Francis, C. E., sim-
plifies this into the form

V’
- 8=.00371(d+1)%; ®)

Sd

V= %W71(d+1) P @
In order, however, to further simplify
the equation into the Chezy form of for-
mula, which is the form required for the
preparation and use of the tables adopt-
ed by the writer, and given in this
book, let equation (3) be transformed
into one with the diameter d in feet and

it becomes

vl

s=.00371(12 d+ 1)m

M4dS },5

V= { 00371 (12d+1)



13

but @’=16 »*=16 r X r=4 d X r substitute
this value for d” in the last equation, and

144 x4 dXxr XS %1}
00371 (12d+1)

therefore, for feet measures D'Arcy’s for-
mula for velocity is simplified into
_ (155266 d\3 _
V= (——12 e LRV

and putting the first factor on the right-
hand side of the equation = ¢, we have

V=cArs = eVr X Vs
Kutter’s formula for feet measure is
1.811 .00281

[ 41.6 + ot
V= X ,‘/,7, (6)
: 00281\ =
1+(41.6 4+ — )—
+ ( + p ) v

|

and putting the first factor on the right-
hand side of the equation = ¢ we have

V=ci/rx s
Bazin's formula for open channels of
the second category and applicable to
channels with an even lining of cut stone,
brickwork, or materials with surfaces of



14

equal roughness, exposed to the flow of
water, is:

v=4/ 1 -:-.0000133(4.354+1;) X4/rs (T)

and putting the first factor under the
radical sign, in the right hand side of the
equation = ¢ we have:

V=cVrxX 3 8)

_ v
o Ca/T =W 9
e (10)

V o\
s=( : _) 11)
Now .Cv

Q=aV=uc\/rX Vs (12)
a=2 13)
acy/r = -—3—3_ (14)
Vi (15)

Q \? ;
s=(acw__ ) (16)
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By the use of the tables of factors as
applied to the solution of these formule
all the information relative to pipes, such
as velocity, slope, diameter, etc., can be
obtained.

In that admirable and useful work,
“ Molesworth’s Pocket Book of Engineer-
ing Formuls,” & modified form of Kut-
ter's formula for pipe discharge is given
in which the value of

181 + 003281
.00281 )

C= 17

1+ 026(416+

For facility of reference I will call this
formula Molesworth’s Kutter (17).

No mention is made by Molesworth of
the value of n, that is as to whether the
formula is intended to apply to pipes
having a rough or a smooth inner surface.
An investigation will, however, show that
his formula is accurately applicable to
only one diameter, that is, to a diameter
of one foot and with the value of n=.013.

The value of the term —ﬁ; in formula
r
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(6) is given by Molesworth in formula
(17) as a constant quantity, and = .026,
whereas, in fact, it is a variable quantity,
its value—with the same value of n—
changing with every change in the hy-
draulic mean radius or diameter of pipe.

Now, assuming the value of n taken by
Molesworth to be = .013 and substitut-
ing this value for n in Kutter's formula

(6) we have
1+ (41 6+ (ﬂfﬂ)&?
181 + .00281

8

e= = (18)
1+(41 6+ 00281) .013

Vr

but by Molesworth’s Kutter (17)

C=

and =1
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If we substitute in formula (18) for
A/r its value 0.5, we have:

1814 00281

o= : 00281)}

1+.026 (41.6 e

which is Molesworth’s Kutter (17).

It is therefore apparent that, no mat-
ter what the value of » may be, Moles-
worth’s Kutter (17) does not give the
same results as Kutter's formula (6), as
it gives a constant coefficient of velocity
¢ for all diameters having the same slope
and the same value of =. .

Kutter’s formula (6) has certain pecu-
liarities which are wanting in Moles-
worth's Kutter, and an investigation will
show that Molesworth’s Kutter differs
materially from Kutter’s formula (6), and
that its application, except to one diame-
. ter, is sure to lead to serious error. 1
will briefly explain:

1. By Kutter's formula (6) the value
of ¢, or the velocity, changes with every
change in the value of r, s, or =, and
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with the same slupe and the same value
of n, the value of ¢ increases with the
increase of 7, that is with the increase in
diameter. It ison this variability of its
coefficient to suit the different changes
of slope, diameter and lining of channel
that the accuracy of Kutter’s formula de-
pends. By Molesworth's Kutter a change
in the diameter, other things remaining
the same, does not affect the value of c.
With the same slope the value of ¢ is
constant for all diameters.

As an instance with a slope of 1 in
1,000:

6 inches | 20 feet
diameter. | diameter.
c= c=

By Kutter's formula (6). 69.5 146.0
““Molesworth’s Kutter(1?)| 85.8 85.3

It will thus be seen that the value of
¢ by Kutter’s formula (6), when s=.001,
has a large range, from 69.5 to 146.0,
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showing an increase of 111 per cent.
from a diameter of 6 inches to a diame-
ter of 20 feet.

It will be further found that Moles-
worth’s formula gives the value of ¢, and
therefore the vulue of the velocity and
discharge, too high for diameters less
than one foot, and too low for diameters
above one foot, and. the more the diame-
ter differs from one foot the greater is
the error. In these respects it follows
the errors of the old formuls.

2. According to Kutter’s formula (6)
the value of ¢ increases with the increase
of slope for all diameters whose hydraulic
mean depth is less than 3.281 feet —one
metre—and with a hydraulic mean depth
greater than 3.281 feet, an increase of
slope gives a diminution in the value of
e

The small table, herewith given, shows
this :
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12 feet diameter.

1in 1,000.[ 1 in 40.

Molesworth’s Kutterc=| 85.8 86.9
Kutter's formula¢=....| 187.7 187.9

20 feet diameter.

1in 1,000.| 1in 40.

Molesworth’s Kutter¢=| 85.8 86.9
Kutter's formulac=....| 146.0 145.7

It will thus be seen that by Kutter's
formula (6), when =3 feet, that is, less
than 3.281 feet, an increase in the slope
from 1 in 1,000 to 1 in 40, causes a slight
increase in the coefficient, but when 7 is
5 feet, that is more than 3.281 feet, the
same increase in the slope causes a slight
diminution in the value of c.

By Molesworth’s Kutter (17), when
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r=38 feet, an increase in the slope from
1 in 1,000 to 1 in 40 causes a greater pro-
portional increase in the coefficient than
Kutter gives, and when r=5 feet the
value of the coefficient does not diminish
with the increase of slope, but on the
contrary, it increases with the increase in
slope, and its value is the same as when
r=3 feet.

" 8. By Kutter's formula (6), when the
hydraulic mean depth is is equal to 3.281
feet, one metre, the value of ¢ is constant

for all slopes, and is= L i , which in this

1.811
case= 1‘_}_..139 .31.
Let r_.3.281 feet, and therefore, 4/7=
4/3.281=1.811, substitute this value in

Kutter’s formula (6), and we have

416+ 1.811 " .00281
0= _ n s
.00281\ =
1+ (41 6+ — )I-ST:[
and .- c=—:L'%l—1 and when n=.013

¢=139.31.
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This is the only instance, I believe,
where Kutter’s formula (6) gives a con-
stant coefficient with a change of slope.
By Molesworth’s Kutter (17), on the
contrary, the value of ¢ changes with
every change of slope when r=3.281.

It is evident that Molesworth’s Kutter
was adopted in order to simplify the ap-
plication of Kutter’s formula (6), but its
simplification is of no practical use as it
gives very inaccurate results.

As shown above, with the exception of
its application to one diameter, the for-
mula is not Kutter's, although in appear-
ance bearing a resemblance to it.

However, a modification of Kutter’s
formula can be made, simpler in form
than even Molesworth’s Kutter (17), and
giving results near enough for all practi-
cal purposes to those obtained by the use
of the more complicated Kutter formula
(6).
~ The value of ¢ in Kutter's formula (6),

with a slope of 1 in 1,000, and n=.013 is
thus expressed,
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1.811 + .00281
013 .001
.00281) .013
14 (4164202 2=) o=
183.72 .
c= ——-’013 (19)
144441 % v

The following table will show the value
of the coefficient ¢ for several slopes and
diameters according to formulee (17), (6),
and (19):

41.6 +
6=

$E=S| &
O Uk = Ad
B |8 3| 2
2 3 E g 'E
< E|d E
L]
=M S
= c= c=
6 inch diameter, slope 1 :
in40................. 86.9 | 71.6 | 69.5
6 inch diameter, slope 1
in 1,000............... 85.3 (69.56 | 69.5
4 feet dlameter, slope 1 in
400......ciiiiinnn.n 87.2 |117.0 | 116.5
4 feet diameter, slope 1 in
000 ..o iiiiii e, 85.8 (116.5 | 116.5
8 feet diameter, slope 1 in
00... 0 ceinennnninnnn 85.8 [130.5 | 180.5

£

600................. 82.9 |129.8 | 180.5
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This table shows the close agreement
of formula (19) with Kutter's formula
(6), and it also shows the inaccurate re-
sults obtained by the useof Molesworth’s
Kutter.

The first column of this table shows
that a formula with a constant value of
¢=85, that is:

V=854/7s

will give results differing in an extreme
case only 2% per cent. from Molesworth’s
Kutter, and in the greater number of
cases differing only about one per cent.

The second column of the table shows
the wide range of the coefficient ¢ hy
Kutter's formula (6) from 69.5 to 130.5
to suit the different changes in the hy-
draulic mean depth and slope.

The objection to the old formulse was
that they gave velocities too high for
small pipes and channels, and too low
for large pipes and channels. The fol-
lowing table will show that the same in-
accurate results are obtained by the use
of Molesworth’s Kutter (17) : /
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Velocity in feet per

second by
A
= . =]
EA R
> N~
B & ' ]
g 8 g
= ] B
6 i;ches diameter, slope 1
ind40..........0o.0t. 4.86 | 4.00 | 3.89
- 6 inches diameter, slope 1
in 1,000............... 0.9510.78 | 0.78

4 feet diameter, slope 1 in
400..... ..ol 4.86 | 5.85 | 5.83

1,000......000inennnn 2.70 | 3.68 | 3.68
8 feet diameter, slope 1 in ‘

CT00. . e e 4.59 | 6.97 | 6.97
8 feet diameter, slope 1 in|

2,600................. 2.30 | 3.60 | 3.62

This table shows that there is a wide
difference between the velocities obtained
by Molesworth’s Kutter (17) and Kut-
ter's formula (6), and it further shows
that for the slopes usually adopted in
practice for pipes, sewers, conduits, &c.,
that is for slopes not flatter than 2 feet
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per mile, or 1 in 2640, formula {19) will
give velocities that for all practical pur-
poses may be considered as almost iden-
tical with the velocities obtained by Kut-
ter’s formula (6).

The tables of factors ¢4/ and acq/7
of Kutter in this work are computed by
formulse (19) and the table just given, and
also the tables (10) and (11) show how
small is the difference in velocity found by
the tables of factors and by formula (6).
The difference is generally less than one
per cent., and it seldom reaches 3 per
cent. Further illustrations of the close
agreement of these two formule will-be
found further on.

Mr. L. D'A. Jackson, C.E.,, in his “ Hy-
draulic Manual,” and Mr. R. Hering,
C.E,, in a paper read before the Am. Soc.
C.E,, in 1878, extend the range of mate-
rials to which the different values of n
adopted by Kutter apply.

A table of the value of n for different
materials compiled from Kutter, Jackson
and Hering, is herewith given, and this
value of n, applies also, in each instance,

L)
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to the surfaces of other material equally

rough,

n=.009 well planed timber, in perfect
order and alignment ; otherwise
perhaps .010 would be suitable.

n=.010 plaster in pure cement ; planed
timber; glazed, coated or en-
ameled stonewareand iron pipes;
glazed surfaces of every sort in
perfect order.

n=.011 plaster in cement with one-third
sand in good condition; also
for iron, cement, and terra cotta
pipes, well jointed and in best
order.

n=.012 unplaned timber when perfectly
continuous on the inside.
Flumes.

7n=.013 ashlar and well laid brickwork ;
ordinary metal; earthen and
stoneware pipe, in good condi-
tion but not new; cement and
terra cotta pipe, not well jointed
nor in perfect order ; plaster and
planed wood in imperfect or in-
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ferior condition; and generally
the materials mentioned with
n=.010 when in imperfect or
inferior condition.

n=.015 second class or rough-faced brick-
work ; well-dressed stonework ;
foul and slightly tuberculated
iron; cement and terra cotfa
pipes, with imperfect joints and
in bad order, and canvas lining
on wooden frames.

n=.017 brickwork, ashlar and stoneware
in an inferior condition; tuber-
culated iron pipes; rubble in
cement or plaster in good order;
fine gravel, well rammed, } to §
inches diameter ; and generally
the materials mentioned with
7=.013 when in bad order and
condition.

n=.020 rubble in cement in an inferior
condition ; coarse rubble rough-
set in a mnormal condition;
coarse rubble set dry; ruined
brickwork and masonry ; coarse
gravel, well rammed, from 1 to



29

1} inch diameter; canals with
beds and banks of very firm,
regular gravel, carefully trimmed
and punned in defective places;
rough rubble with bed partially
covered with silt and mud;
rectangular  wooden troughs
with battens on the inside, two
inches apart.

n=.0225 coarse dry setrubble in bad con-
dition.

7=.025 suitable to rivers and canals with
earthen beds in perfect order
and regimen, and perfectly free
from stones and weeds.

n=.030 suitable to rivers and canals
with earthen beds in moderately
good order and regimen, having
stones and weeds occasionally. .

n=.035 suitable for rivers and canals
with earthen beds in bad order
and regimen, and having stones
and weeds in great quantities.

The tables in this book are computed :
1st. By D’Arcy’s formula () for clean
pipes flowing under full pressure.
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2d. By Kutter's formula (19) for pipes,
sewers, conduits, &c., flowing full and
also for open channels with :

n=.011
n=.012
n=.013 and

3d. By the second type of Bazin's
formula (7) for open channels, applicable
to channels with an even lining of cut
stone, brickwork, and other materials
with surfaces of equal roughness.

The accuracy of the results by Kutter's
. formula depends on the proper selection
of the value of n for the surface of the
material over which the water flows.

‘With reference to the fixing of values
of n to some materials Mr. Jackson, in
his “ Hydraulic Manual,” remarks:

“A coefficient of roughness n=.010
has been assumed as applicable to glazed
or enameled pipes, and one of .013 for
ordinary metal or earthenware or stone-
ware pipes under ordinary conditions,
but not new; and there is every reason
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to believe that these assumptions are
generally correct; if we compare the
smoothness of surface of a glazed pipe
with that of very smooth plaster in
cement, and that of an ordinary pipe,
in average condition with that of ashlar
or good brickwork ; in addition to this,
such few partial and limited experimental
data as are available support the assump-
tion.”

Again referring to the simplified form
- of Kutter's formula (19) if we call the
numerator on the right hand side of the
equation K, for any value of » we have:

K

e=- —"—

o n
144441+ —
Vr

K
and V= n }»\/ﬁ (20)
1+ (4441 —
{ + (1413 7)

2

In the following table the value of K is
given for the several values of n already
referred to, except those for earthen
channels.



n= : K= l n= K=
.009 \ 245.63 | .015 165.14

010 | 225.51 ‘ 017 | 150.94
011 | 200.05 | .020 | 134.96
012 | 19538 | o225 | 124.90
018 18372 |

If, therefore, in the application of for-
mula (20), within the limits of » as given
in the table, we substitute for » its value
and also the equivalent value of %, we
have a simplified form of Kutter's for-
mula (6).

For instance, when n2=.011,

209.05 .
V= 011\ + X 4/rs
g 1+(4441x W) }

To further simplify formula (20) the
value of 4/, for a large range of diame-
ters will be found in Table 6.

In Table 8 the coefficients of D’Arcy,
and Kutter with n=.011 for smooth
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pipes, are placed in parallel columns for
the purpose of comparison. It will be
seen that beginning with the small pipes
D’Arcy’s coefficients have, for the same
diameter, a greater value than Kutter’s,
but that as the diameters increase, the
value of the coefficients approach nearer
to each other, until at 14 inches diameter
they are equal. From this point as the
diameters increase, Kutter's coefficients
are the greater, the difference increasing
with the increased diameter of pipes.
For diameters greater than 10 feet
D’Arcy’s coefficient is almost constant. It
increases very little more than 113.5
even for a diameter of 16 feet or more,
but Kutter's coefficient continues to in-
crease until such a diameter is reached as
is never likely to be required in prac-
tice. )

Now, the experiments on which
D’Arcy’s formula is based were made on
clean pipes, of the diameters usually
adopted in practice, flowing under press-
ure and under conditions somewhat
similar to pipes in actual use, and there-
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fore, as the experiments were conducted
with great accuracy, the results are
entitled to the confidence of engineers.
D’Arcy’s experiments did not, however,
include pipes of a very large hydraulic
mean radius. In one respect he differs
from most of the modern authorities, in-
asmuch as the slope has no effect on the
value of the coefficient of his formula.

Mr. J. W. Adams, C.E,, in Engineer-
ing News of March 10th, 1883, writes:

“ When the Loch Katrine Water Works
for Glasgow were being extended some
years since, a portion of the distance was
carried over low grounds by a cast-iron .
trough 64 feet deep, and 8 feet in width,
supported on masonry piers, and giving
good opportunity to determine the daily
flow. By this and other means, it was
found that the cast-iron pipes, 4 feet in
diameter, which with a fall of 1 in 1056
on the rest of the line, had been com-
puted to carry 21,000,000 gallons, were
really discharging daily 23,430,000 gal-
lons. The engineer, Mr. Gale, brought
the matter to Professor Rankine's atten-
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tion; who, in a paper and subsequent
discussion before the Institution of En-
gineers of Scotland, March 17th, 1869,
uses this language: ‘It might be inter-
esting to the Institution to know that
there was a formula which agreed exactly
with the results of Mr. Gale’s experi-
ments. Suppose that before these four-
feet pipes were laid, the probable dis-
charge had been calculated by D’Arcy’s
formula, the result would have differed
by one part in a thousund, from the ac-
tual discharge, which was 238,430,000 gal-
lons daily. This went to show that they
now possessed a general formula for the
flow of water in pipes, and the resistance
to that flow, which applied to large as
well as to small pipes, it applied to pipes
of an inch in diameter, and from Mr.
Gale’s experiments they would see that it
algo applied to pipes four feet in diame-
ter.” The Glasgow pipes had been coated
with Dr. Smith’s process, and were treat-
ed as clean pipes and calculated by the
‘formula (for clean pipes). I think that
D’Arcy’s experiments conducted as they
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were under circumstances which contrib-
uted in every way to inspire confidence.
Mr. Francis' labors in presenting this
formula to us in an English dress, with
the prestige growing out of his well-
known capacity for careful investigation
and computation, and Professor Rankine’s
indorsement of its applicability to all con-
ditions of pipe discharge up to four-feet
diameter, must be considered as estab-
lishing the practical value of this special
formula for the flow through éron pipes.”

Further on it will be shown, when ex-
plaining the use of the tables, that the
velocity in the Loch Katrine pipes, found
readily by the use of the tables, agrees
exactly with the actual velocity, and also -
with the velocity by D’Arcy’s formula.

M. W. Humber, CE, in his work on
“Water Supply,” states :

“That which is known as D'Arcy’s
formula, in pipés of large diameter ap-
pears to approach in its results nearer to
the actual discharge than any other, and
it was the opinion of Professor Rankine,
that the resistance decreases to a greater
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extent in pipes of larger diameter than
has been previously supposed. The ex-
periments were made with, and the for-
mula of D’Arcy deduced from, pipes which
had been long in use without offering
any impediment from incrustation.”
Kutter's formula is derived not only
from experiments made on channels with
small hydraulic radius, but also on chan-
nels with large hydraulic radius, and his
coefficients for very large pipes are
therefore more likely to agree with the
actual discharge than D’Arcy’s constant
coefficient of 113.5 for very large pipes.
But again, Kutter's formula is open to
the objection that it is based on experi-
ments made on open channels. I may
here remark, although it is only remotely
connected with pipe discharge, that
Major Allan Cunningham states, as the
result of his extensive experiments for
four years on the Ganges Canal, that
Kutter's formula alone, of all those tried
by him, was found generally applicable
to all conditions of discharge, and that
it gave nearer results to the actual veloc-
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ity than any of the other formulse tried
by him. It gave results with a difference
from the actual velocity seldom exceed-
ing 74 per cent., and usually much less
than that. When we contrast the wide
divergence of the old formule under
varying flow from the actual velocity,
with the results obtained by Kutter’s
formula, it will be seen that the latter
is the most accurate formula for chan-
nels with large hydraulic mean radius.

In Tables 2, 3 and 4 the values of the
factors of Kutter's formula are not given
for diameters less than 5 inches. Mr.
L. D’'A. Jackson, C. E., in his Hydrawulic
Manual, states :

“TFor the present, and until further
experiments have thrown more light on
the subject, it may be assumed that the
coefficient of discharge for all full cyl-
indrical pipes, having a diameter less
than 0.4 feet, will be the same as those of
that diameter.”

Although Mr. Jackson’s opinion is en-
titled to great weight, still the facts all
tend to prove that the coefficients of di-
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ameters below 5 inches should diminish
with the diminution of diameter. The
smaller the diameter the more effect
will the roughness of the surface have in
diminishing the discharge. Table 9
shows that Kutter’s coefficient for 5
inches diameter with »=.011 is 82.9, and
therefore, according to Mr. Jackson, all
the diameters from 5 inches to § inch
should have a coefficient of 82.9. This
is contrary to the principle of Kutter's
formula, the accuracy of which is due to
the fact that, other things being equal,
its coefficients vary with the diameter.
The following proofs are given in sup-
port of the opinion that coefficients of
diameters below 5 inches should diminish
according to the diminution of diam-
eter.

1. In Table 9 the coefficients of
D’Arcy’s formula are seen to diminish
with the diminution of diameter. At 5
inches diameter the coefficient is 103.8,
and at § inch diameter 59.4.

2. In Table 9 the coefficients of Fan-
ning’s formula diminish from 4 inches
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diameter with a coefficient of 103.4 to
one inch diameter with a coefficient of
80.4.

These coefficients are derived from
the mean velocities in clean pipes with a
slope of 1 in 125 given in Fanning’s
tables.

3. In Table 9 the coefficients, as found
by Kutter's formula with a slope of 1 in
1,000, and n=.011, are for 5 inches di-
ameter, 82.9, and for § inch diameter,
32.0.

The facts, therefore, show that the co-
efficients diminish from a diameter of 5
inches to smaller diameters, and it is a
safer plan to adopt coefficients varying
with the diameter than a constant coeffi-
cient. No opinion is advanced as to
what coefficients should be used with
Kutter's formula for small diameters.
The facts are simply stated, giving the
results of well-known authors.

As the coefficients of D’Arcy’s formula
vary only with the diameter, the values
of the factors ¢ 4/ 7 and a ¢ /7 given in
Table 1 for D’Arcy's formula are practi-
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cally the exact values for all diameters
and slopes given, and the results found
by the use of the tables will be the same
as the results found by using the for-
mula.

In tables 2, 3 and 4 the values of cA/7
and ac/r for Kutter's formula sometimes
differ by a small quantity from the actual
values as found by the use of formula (6).
These values by Kutter’s formula depend
not only on 7, but also on » and s, so that
a change in any of these three quanti-
ties causes a change in the values of
¢o/r and acy/r. It is found, however,
that the slope of 1 in 1,000 will give co-
efficients which practically differ very
little from the coefficients derived from
the slopes usually given to lines of
pipe.

The values of the coefficients from
Kutter's formula given in the tables
have been computed for a slope of 1 in
1,000, and they give values of ¢4/~
and @ c4/r near enough for practical work.

I will here give another instance of the
correctness of the tables. In a late re-
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port on the Sewerage of Washington,
D. C, by Captain F. V. Greene, U. S.
Engineers, a table is given of the dis-
charge of several egg-shaped and also
two circular sewers of brickwork com-
puted by Kutter's formula (6) with n=
.013.

The small table, now given, shows the
discharge of the circular sewers as taken
from Captain Greene's report, and also
the discharge as computed by the tables
in this work.
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Discharge in cubic
feet per second.

Kl
() .
g g
$E|lZ29 S
=~ O  Q
Ao tlrzh
g~ & 3
") -
&)
10 feet diameter, slope 1
$'in100................ 1673.66 | 1670.90
10 feet diameter, slope 1
Pin200................ 1183.28 | 1181.49
10 feet diameter, slope 1
in300................ 965.70 964.69
20 feet diameter, slope 1
in100................ 10240.64 | 10255.90
20 feet diameter, slope 1
in200................ 7240.13 | 17251.95
20 feet dlameter, slope 1
in 300.. 5908.85 | 5921.24

The difference in discharge is so very
small that the results as given by the
rapid method of the tables may, for all
practical purposes, be taken as identical
to those given by the use of the trouble-
some and tedious formula (6).
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Should the engineer, however, prefer
to use formula (6), even then the tables
will give a ready means of checking the
computations.

EXPLANATION AND USE OF THE TABLES.

The velocity mentioned below means
velocity in feet per second. The dis-
charge mentioned below means the dis-
charge in cubic feet per second.

Erample 1. What is the velocity and
discharge by Kutter’s formula of an iron
pipe of 2 feet diameter, and with a fall
of 9 feet per mile, the value of n being
assumed equal to .013.

By formula (8) V=cA/rx/s
and by formula (12) Q=acA/rXVs

In Table 7 look out the value of 4/s
corresponding to a fall of 9 feet per
mile, and it is found =.041286. Look
out also in Table 4 the value of ¢4/ and
acA/r opposite a diameter of 2 feet, and
they will be found to be respectively
equal to 71.49 and 224.63—substituting
the values so found in equations (8) and
(12), and we have
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V = T1.49 X .041286 = 2.95 feet per
second velocity. :

Q=224.63x.041286=9.27 c. feet per
second discharge.

If the velocity and discharge are found
by Kutter’s formula (6) it will be seen
that a very great saving of work is ef-
fected by the use of the tables.

Example 2. An open channel con-
structed of brick masonry, rectangular in
cross section, four feet wide on bottom
and with vertical sides, carries two feet
in depth of water and has a slope of 1 in
160. 'What is its velocity and discharge
by Bazin's formula for open channels?
As the channel is of brickwork it comes
under the head of the second type of
Bazin’s formula for open channels by
which Table 5 is constructed. The hy-

area
wetted perimeter
=4 =1. In Table 5 we find that when
r =1 the value of cA/r =118.5. We
algo find in Table 7 that the 4/s corre-
sponding to & slope of 1 in 160=.079057,

draulic mean depth r ==
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substitute these values in formula (8) and
V=118.5x.079057=9.37 feet per second
and Q=aV=8x9.837=74.96 cubic feet
per second.

Example 8. An iron pipe one foot six
inches in diameter, whose natural coeffi-
cient of roughness is assumed =.011, is
to have a velocity not to exceed 3 feet
persecond. What should its slope be by
the use of Kutter’s formula?

By formula (10)

' -V
V8 e

Find by inspection in Table 2 the value
of e4/r opposite 1 foot 6 inches. It is
equal to 71.08. Substitute this value and
also the given velocity in equation (11)
and we have

N “71‘6‘3“ 042206

Look out the nearest value of /3 to
this in Table 7, and it will be found to
be .043519 opposite a slope of 10 feet per
mile, which is the slope required.

FExample 4. A 3 feet 6 inch old iron
pipe whose natural coefficient is assumed
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=.013 is to be replaced by a new pipe
capable of discharging double that of the
old pipe, the slope remaining unchanged.
What is the diameter by Kutter's formula
of the new pipe, its natural coefficient be-
ing assumed=.011.

Find by inspection in Table 4 the
value of ac/r opposite 3 feet 6 inches
diameter. It is found equal to 1021.1.
Then 1021.1 x 2=2042.2. As the value of
n for the new pipe =.011, look out in
Table 2 the value of acA/r nearest to
- 2042.2, and it is found to be 2072.7 op-
posite a diameter of 4 feet 3 inches,
which is the diameter required.

Look up the values of ¢A/r for each
pipe, and it will be seen that the velocity
in the new pipe is to that in the old as
146 : 106.

Erample5. Find by Kutter's formula
the slope of a flume, constructed of un-
planed planks, 5 feet wide on bottom
and with vertical sides 2} feet high, in
order that it may discharge 102 cubic
feet per second.
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Table 3 with n=.012 is applicable to
this channel.
e ares _125
“wetted perimeter ~ 10 .
In table 8 when r=1.25, the corre-
sponding value of ¢,/7>=14T7.9.
Q 102
V=" =125
substitute these values of ¢V/7 and V in
formula (10), and we have:

—__ 816
Vs =T

Now look out in Table 7 the nearest
value of 4/ to this, and we find it to be
opposite a slope of 1 in 330, which is the
slope required.

Erxample 6. This example is taken
from Weisbach's Mechanics of Engineer-
ing. ‘

A system of pipes consisting of one
main and two branches is required to
discharge by one branch 15, and by an-
other 24 cubic feet of water per minute.
The levels show the main pipe to have a
fall of 4 feet in 1,000, the first branch 3

=1.25.

=8.16 feet per second,

=.055172.
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feet in 600, and the other branch 1 foot
in 200. What diameter should the pipes
have?

_For the solution of this example table
1, derived from D'Arcy’s formula, will be
used.

The main is to discharge 39 cubic feet
per minute, equal to 0.65 cubic feet per
second with a slope of 1 in 250. One
branch 15 cubic feet per minute, equal to
0.25 cubic feet per second, with a fall of
1 in 200, and the other branch, 24 cubic
feet per minute = 0.4 cubic feet per
second, with a fall of 1 in 200.

By inspection find in Table 7 the value
of 4/8 nearest to 1 in 250 (21 feet per
mile) and it is found to be=.063066, and
also find the value of 4/s mnearest to 1
in 200 (26 feet per mile). It is found =
.070173. By formula (14).

=2
ac A/r = '\/’—
.*. for main pipe ac,/r =Bé%=10.307

the nearest value of ac4/r to this in
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Table 1 is 10.852, opposite which is the
diameter, 7 inches.

In the same manner for the first
branch,

— 025
ac ,\/'r —Wé—3562

and the nearest value of aca/r to this,
in Table 1, is 4.561, corresponding to a
diameter of 5 inches.

For the second branch,

_ 0.4
ac '\/" —m—5.7

and the nearest value of aca/r to this,
in Table 1, is 7.3 opposite a diameter of
6 inches. The required diameters are
therefore: for the main pipe 7 inches, for
the first branch 5 inches, and for the
second branch 6 inches.

Although the explanation of this ex-
ample, in the use of the tables may ap-
pear somewhat long, still the actual work
can be done very rapidly and with little
trouble. If a comparison is made of the
work required for the solution of this
example, as given above by the tables,
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with the work required for its solution
by the method of approximation as given
in Weisbach’s Mechanics of Engineering,
from which the example is extracted, it
will be seen that there is a great saving
of labor effected by the use of the
tables.

Example T.—Humber, in his work on
Wuter Supply, states:

“With a 48-inch cast-iron pipe in the
Loch Katrine Water - Works, having
an inclination of 1 in 1056, or § feet
per mile, the actual velocity was found
to be 3.46 feet per second, and D’Arcy’s
formula gives practically the same re-
sults.”

Let us now find the velocity in this
pipe by the tables. A 48-inch pipe has a
hydraulic mean depth  of one foot.

In Table 1, computed from D'Arcy’s
formula for clean pipes, we find the
value of r=1, and in the same line we
find the value of ¢ +7=112.6.

We also find in Table 7 that +5 for a
slope of 1 in 1056 =.030773. Substitute
these values in the formula (8),
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V=c¥7 X s, and we have

V=112.6 x 030773 =3.46 feet per second,
being exactly the same as the actual ve-
locity, and also the same as the velocity
found by the use of D’Arcy’s formula.

Ezxample 8. Near the head of a small
irrigation canal the supply of water is
carried in a rock cutting 10 feet wide at
bottom ; 12 feet wide at surface of water;
b5 feet in depth and having a slope” of 1
in 880.

The water supply carried in this cut-
ting being insufficient it is determined to
increase the supply, without, however,
increasing the cross-sectional area of
channel or its slope. The bottom and
sides of the rock cutting are very rough,
and in order to give them a smoother
surface and increase the discharge, it is
determined to fill up all the hollows in
them with masonry, and after this to lay
on carefully a coat of cement plaster with
one-third sand, and to make the surfaces
in contact with the water smooth and
even

After the plastering is finished the di-



53

mensions of the channel will be: width
at bottom 9.8 feet; width at water sur-
face 11.8 feet: depth of water 4.9 feet
and the slope as before, 1 in 880.

It is assumed that a near approxima-
tion to the value of » for the rock cutting
=.0225 and for the plastered channel
n=.011.

Find the increase in discharge in the
plastered channel over that in the origi-
nal channel. '

In the original channel

area 55
= wetted perimeter =202

For a slope of 1 in 880, Table 7 gives
$=.001136 N=.0225.

Substitute these values of », s and n in
formula (6) and we have:

1. 811 .00281

——=2.7228

A AR OV
™ e (snp Q0L ) 025 Y o
001136/ Varam

. V=4.327 feet per second.

Now Q=Va=4.327 x 55=238 cubic feet
per second.
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In the plastered channel :
p— area _52.92
"~ wetted perimeter ~ 19.8

In Table 2 with »=.011 there is no
value of r equal to 2.673, but the value
of r immediately more than it, 2.687 has
a value of ¢ ¥7=264.0, and the value of
r less than it, 2.625 has ¢ +7=260.2.
From these when r=2.673 the value of
¢ ¥r = 263.15.

In Table 7 for a slope of 1 in 880 the
value of 45 = .03371.

Substitute these values of » and s in
formula (8), and

V=cvrX 3 and
V=263.15x.03371=8.87 feet persecond,
and
Q=Va=8.87x52.92=469.4 cubic feet

per second.

We here see the effect of a smooth
surface in increasing the velocity and
discharge of a channel. Although the
cross-sectional area has been diminished,
still the effect of giving a smooth surface
to the channel has been to more than

=2.673.
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double its velocity and to almost double
the discharge. The old formula would
give almost the same velocity and dis-
charge to the two channels, as these for-
mulse do not take the surfaces exposed
to the flow of water into account.

FExample 9. A canal with an earthen
bed in moderately good order is to have
a bottom width of 52 feet; depth of
water 6 feet; side slopes 14 to 1, and a
slope of one foot per mile. What is its
velocity and discharge by Kutter's for-
mula ?

The value of » for this channel may be
assumed as equal to 0.3 The value of s
for a fall of one foot per mile will be
found in Table 7 =.00018939.

_ area __ 366

"= Wetted perimeter 73.64

Substitute the above values of n, » and
¢ in formula (6) and

1.811 .00281

=4.97

41.6+ =55 + 00018999 ‘/x4_97 -
V=1 41.6 .00281 .03 x 000318939
+( : +.00018939)m

.. V=2.037 feet per second, and
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Q=Va=2.037x366="T745 cubic feet per
second.

Therefore the velocity=2 feet per sec-
ond and the discharge 745 cubic feet per
second.

No. 67 of “Van Nostrand’s Science
Series,” by the author, and entitled “Hy-
draulic Tables, based on Kutter's For-
mula,” contains an extensive table of
slopes and4/s from 1in 4 to 1 in 1,000,
and also tables of factors for circular
and egg-shaped brick sewers with n =
.015.
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TasrLe 1.—Circular Pipes, Sewers, Con-
duits, etc., flowing under pressure.
D’Arcy’s formula for clean pipes.

Table giving the values of a and r, and
also the values of the factors c4/r
and ac4/r for use in the formulee.

V=cV7r X3 Q=acy/r X3
These factors are to be used only for
clean pipes under pressure.

=i | =g |22 For d
o~ El s T ve- r dis-
ameter Si’_; §§§ F;o N ;
. Ls]
in 1 2 ST & | locity charge
12 |588| ovr acVr.
ft. ins.| % |lE ’ :

T

.00136/ .0104| 6.702| .00914
.00307| .0156| 9.309|  .02855
1 .00545| .0208| 11.61 .06334
1} .00852| .0260| 13.68 .11659

E .00077| .0078| 5.251)  .00403

.01227| .0312| 15.58 .19115
.01670| .0364| 17.82 .28936
2 .02182! .0417| 18.96 41857
23 1 0.0341 | 0.052 | 21.94 .74786
8 |0.0491 |0.063 | 24.63 | 1.2089
4 |0.0873 10.084 | 29.87 | 2.5630
5 |0.136 |0.104 | 83.54 | 4.5610
6 |0.196 |0.125 | 87.28 | 7.3068

COOOOOOOOOOCO
-
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TaBLE 1.—D’Arcy’s formula for clean pipes.

1
d=di- | o . (25 |
ameter | 'z 8 g B ’ For ve- | For dis-
in cll-f 2 |s ';.E.‘ locity | charge
3 |S8E. "
ft. ins.| S & [JET o¥r ac ¥r.
|
0 7 |0.267 [0.146 | 40.65 | 10.852
0 8 |0.349 |0.167 | 43.75 15.270
0 9 |0.442 [0.187 | 46.73 | 20.652
0 10 |0.545 |[0.208 | 49.45| 26.952
0 11 [0.660 |0.229 5216 | 84.428
1 0 [0.78 0.250 | 54.65 | 42.918
1 1 |0.922 |0.271 | 57.00 | 52.551
1 2 |1.069 [0.292 @ 59.34 | 63.435
1 8 |1.227 |0.813 . 61.56 | 175.537
1 4 |1.396 |0333  63.67 | 88.886
1 5 [1.576 |0.85¢ ' 65.77 | 103.66
1 6 |1.767 |0.375 ' 67.75 | 119.72
17 [ 1.960 (0.396 69.74 | 187.31
1 8 2182 [0.417 = 7L.71| 156.46
1 9 [2.405 [0.437 | 73.46 | 176.66
1 10 | 2640 |0.458 | 75.32 | 198.83
1 11 | 2.885 (0479 , 77.05| 222.30
2 0 |3.142 |0500 78.80 | 247.57
2 1 |3.409 |0.521 | 80.53 | 274.53
2 92 |8.687 (0542 82.15| 302.90
2 3 |3.976 [0.562 | 83.77 | 333.07
2 4 |4.276 [0.583 85.39 | 365.14
2 5 |4.587 [0.604 ' 86.89 | 398.57
2 6 |4.909 |0.625 88.39 | 433.92
2 7 |5.241 |0.646 & 90.01 | 471.73
2 8 |5.58 [0.667 | 91.51 | 511.10
2 9 |5.939 |0.687 . 9260 | 551.72
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TasLe 1.—D’Arcy’s formula for clean pipes.

d=di- | ¢ 5 |2 .
ameter | § 5 8.?; For ve- | For dis-
in 5 2 =4 'f’___g locity | charge
| 3 |5&848 Vo r
f s | & & |TET| oV | @n
2 10 6.305 |0 708 94.40 | 595.17
2 1 6.681 |0.729 95.78 | 63Y.88
3 0 7.068 |0.750 | 97.17 | 686.76
3 1 7.466 [0.771 98.55 785.75
3 2 7.875 {0.792 | 99.93 | 786.94
3 38 8 295 {0.812 | 101.2. 839.38
3 4 8.726 | 0.833 | 102.6 895.07
3 5 9.169 | 0.854 | 103.8 9562.10
3 6 9.621 |0.875 | 105.1 | 1011.2
8 7 |10084 |0 896 | 106.4 | 1072.6
3 8 10.559 | 0.917 | 107.6 | 1136.5
8 9 | 11.044 |0.937 | 108.9 | 1202.7
8 10 | 11.541 {0.958 | 110.2 | 1271.4
8 11 12.048 10.979 | 111.4 | 1342.4
4 0 |12.566 [1.000 | 112.6 | 1414.7
4 1 13.096 | 1.021 | 113.7 | 1489.4
4 2 |13 635 (1.042 | 1156.0 | 1567.8
4 3 |14.186 |1.062 | 116.1 | 1647.6
4 4 |14.748 {1.083 | 117.3 1729.8
4 5 15.321 |1.104 | 118.4 | 1814.6
4 6 |15.904 (1.125 | 119.6 | 1901.9
4 7 |16 499 |1.146 | 120.6 | 1990.1
4 8 |17.104 [1.167 | 121.8 | 2082.6
4 9 |17.721 |1.187 | 122.8 | 2176.1
4 10 | 18.348 (1.208 | 124.0 | 2274.1
4 11 18.986 {1.229 | 125.1 | 2374.8
5 0 | 19.635 |1.250 | 126.1 | 2476.4

l
|
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TaBLE 1.—D’Arcy’s formula for clean pipes.

d=di- | 4 5 |84 For dis-
= 9 1378 -
ameter | ¢ & |2 %g For ve charge
. 5 9 B! locity
In d | =29 ac Vr.
I 3 S ag ¥
E s g|lgT| ev
ins. s | H

-
Lad

271 | 127.2 2580.5
.202 | 128.3 2689.9
.812 | 120.3 2799.7
.333 | 130.4 2912.4
.354 | 131.4 3027.8
.375 1 182.4 3146.3
.396 | 133.4 3264.9
417 | 134.4 5388.9
.437 | 185.4 3516.0
136.4 3646.1
.479 | 187.4 3776.2
.500 | 138.4 3912.8
562 | 141.3 4383.6
.625 | 144.1 4782.1
.687 | 146.9 5255.1
.750 | 149.6 5757.5
.812 | 152.2 6284.6
.879 | 154.9 6841.6
937 | 167.5 7429.3
50.266 {2.000 | 160.0 8043.0
53 456 12.062 | 162.5 8688.0
56.745 | 2.125 | 165.0 9364.7
60.132 | 2.187 | 167.4 10068.

63 617 | 2.250 | 169.8 10804.

67.201 | 2.812 | 172.2 11575.

70.882 12.375 | 174.5 12370.

74.662  2.4387 | 176.8 13200.

b ek

CHARWOLCARWOORWOORWD = O © =TS T HCO D =
@ ©
@ %:
= 3¢
& §
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o
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.TaBLe 1.—D’Arcy’s formula for clean pipes.

d=di- | 4 . é’.s .
ameter | @ § g 8'1:; For ve-| For dis-
in £ e <) ":,g locity | charge
I §. 'ﬁ g2 cvr ac Vr.
ft. insc| S & |8
10 0 | 78.540 {2.500 | 179.1 14066 .
10 3 | 82.516 /2 562 | 181.4 14967.
10 6 | 86.590 |2.625 | 183.6 15893.
10 9 ! 90.763 |2.687 | 185.7 16856.
11 0 95.083 (2.750 | 187.9 17855.
11 38 99.402 [ 2.812 | 190.1 18892.
11 6 [103.869 [2.875 | 192.2 19966 .
11 9 [108.434 |2.937 | 194.3 21065.
12 0 |113.098 |3.000 | 196.3 22204.
12 3 [117.859 |[3.062 | 198.4 23379.
12 6 (122.719 13.125 | 200.4 24598.
12 9 |127.677 |18.187 | 202.4 25840.
13 0 |[182.733 {8.250 | 204.4 27184 .
13 8 |[187.887 |8.312 | 206.4 28456.
13 6 (143.139 13.375 | 208.3 29818.
13 9 [148.490 | 3.437 | 210.2 81219.
14 0 [153.938 13.500 | 212.2 32664.
14 6 [165.180 |3.625 | 216.0 35660.
15 0 (176.715 |3.750 | 219.6 38807.
15 6 (188.692 |3.875 | 223.3 42125.
16 0 201 062 |4.000 | 226.9 45621.
16 6 [213.825 [4.125 | 230.4 49273.
17 © 226.981 |4 250 | 233.9 53082.
17 6 1240.529 |4.375 | 237.3 57074.
18 0 [254.470 |4.500 | 240.7 61249.
19 0 [288.529 |4.750 | 247.4 70154.
20 0 (314.159 [5.000 | 253.8 79736.
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TasLe 2.—Circular Pipes, Sewers, Con-
duits, etc., flowing full Kutter's
formula with n=.011.

Table giving the values of @ and » and also
the values of the factors c4/r and
ac4/r for use in the formulse, -

V=c/r x+/s Q=acvr X Vs

These factors are to be used only where
the value of n, that is the coefficient of
roughness of lining of channel, =.011, us
for surfaces carefully plastered with ce-
ment with one-third sand in good condi-
tion, also for iron, cement and terra-cotta
pipes, well jointed and in best order, and
also surfaces of other material equally
rough.

a=di- | g4 :;’ 3 .|Forve- | For dis-
ameter | a& | 229 .
in 5 2 =4 'z &/ locity | charge
g 783 v -
& ins.| 8 ﬁ g | evr. ac Vr.
0 5 |0.136 |0.104 | 26.76 3.6398
0 6 |0.196 |0.125 | 80.93 6.0627
0 7 |0.267 |0 148 | 34.94 9.3204
0 8 |0.349 |0.167 | 38.77 13.531
0 9 |0.442 |0.187 | 42.40 18.742
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TaBLE 2.—Kutter's formula with n=.011.

d=di-
ameter
in

2

ins.

a=area in
square feet.

=hydranlic
mean depth
in feet.

r

- —
oo

b
CHOOCDTIRI I CWW O O D0 -TID I H O -

CORVO A 2O 2O 1O 1D 2O 1O 1O 1O 1O 1D +=b bk pomd pd ok Pk ok ek ek ek Pk ek D D

0.750

For ve-
locity
X7

45.83
49.46
52.85
55.95
69.13
62.22
65.21
68.26
71.08
73.90
76.76
79.83
82.11
84.75
87.36
89.94
92.38
94.84
97.33
99.66
102.0
104.5
108.8
109.0
111.8
113.5
115.7

For
discharge
ac vy,

24.976
82.644
41.487
651.588
63.210
76 347
91.037
107.58
125.60
145.51
167.50
190.79
216.76
244.50
274 .50
306.60
840.59
377.07
416.16
457.13
500.78
6547.92
596.70
647.18
701.77
758.16
817.50
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TaBLE 2.—Kutter’s formula with n=.011.

i=di-

. Q
2% %‘g .| For ve- For
ameter | & 238 .
in ‘ﬁ g E 5 ..;.i locity | discharge

8 8.8 -~ -

f. ins| SE [LET| OV | Vm

3 1 |7.466 ,0.771 | 117.9 880.03

3 2 | 7.8756 10.792 | 120.1 945.69
3 38 |8.205 |0812122.1 | 1013.1
8 4 |8.72 |0833)124.3 | 1084.6
8 5 |9.169 [0.854 | 126.3 | 1158.0
3 6 |9.621 |0.875.| 128.8 | 1234.4
8 7 [10.084 [0.896 | 130.3 | 1314 1
3 8 |10.559 |0.917 | 132.3 | 1397.4
3 9 [11.044 (0937 | 134.4 | 1484 .2
3 10 (11.541 0.958 | 136 4 | 1574.7
8 11 [12 048 |0.979 | 138.3 | 1666.5
4 0 [12.566 |1.000 | 140.4 | 1764.3
4 1 (13.096 |1.021 | 142.2 | 1862.7
4 2 |13.685 |1.042 | 144.3 | 1967.1
4 3 |(14.186 |1.062 | 146.1 ; 2072.7
4 4 |14.748 |1.083 | 148 0 | 2182.5
4 5 [15.321 |1.104 | 149.9 | 2296.0
4 6 |15.904 [1.125 | 151.7 | 2418.3
4 7 |16.499 |1.146 | 153.4 | 2531.7
4 8 |17.104 |1.167 | 155.3 | 2657 1
4 9 |17.721 [1.187 | 157.1 | 2783.4
4 10 (18.348 |1.208 | 159.0 | 2917.0
4 11 [18.986 |1.229 | 160.9 | 3054.1
5 0 |19.635 |1.250 | 162.6 | 3191.8
6 1 (20295 (1.271 | 164.5 | 3387.5
5 2 |20.966 |1.202 | 166.0 | 3480.8
5 3 [21.648 |1.812| 167.9 | 83634.2




65

TaBLe 2.—Kutter’s formula with »=.011.

d=di- 2% |24 For For
ameter | & g R
in E g |g ':& velocity | discharge
s |Sg8 » :
f. ins.| S |Ug | °¥Yr | o¥r
5 4 |22.340|1.333 | 169.6 3789.0
5 .5 | 23.044 |1.354 | 171.8 3944 .4
5 6 | 23758 (1.875 | 173.1 4111.9
5 7 |24.484 |1.396 | 174.6 4275.4
5 8 |25.220 |1.417 | 176.4 4448 .0
5 9 |25.967 |1.437 | 178.1 4625.2
510 | 26.725 |1.458 | 179.8 4806.1
65 11 | 27.494 |1.479 | 181.4 4986.1
6 0 |28.274)1.500 | 183 1 5176.3
6 3 |30.680 |1.562 | 187.9 5764.0
6 6 |33.183 |1.625 | 192.7 6394.9
6 9 |35.785|1.687 | 197.2 7057.1
7 0 | 38485 |1.750 | 202.0 77743
7 8 |41.283 |1.812 | 206.56 8522.9
7T 6 | 44179 |1.875 | 210.9 9318.3
7T 9 | 47.173 [{1.937 | 215 4 | 10162.
8 0 | 50.2066 [2.000 | 219 7 | 11044.
8 8 |53.456 (2.062 | 224.0 | 11978.
8 6 |56.745 |2.125 | 228.8 | 12954.
8 9 |60 132 |2 187 | 232.4 | 138974.
9 0 | 63.617 |2.250 | 236.6 | 15049.
9 8 | 67.201 |2.312 | 240.7 | 16173.
9 6 |70.882 |2.375 | 244.6 | 17338.
9 9 | 74.6062 |2.437 | 248.6 | 18558.
10 0 | 78.540 {2.500 | 262 5 | 19834.
10 3 | 82.516 [2.562 | 56.5 | 21166.
10 6 | 86.590 [2.625 | 260.2 | 22534.
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TasLe 2.—Kutter's formula with n=.011.

d=di-

. Q
ays |=38 For For
smeter| =& |3 5
in 5e -E ":..?. velocity | discharge
EEEE - :

ft. ins.| S8 |8 v acvr.

10 9 | 90.763 |2.687 | 264.0 23951.
11 0 | 95.083 [2.750 | 267.7 26444
11 3 | 99.402 |2.812 | 271.56 26987.
11 6 [103.869 |2.875 | 275.8 28593.
11 9 [108.434 |8.937 | 278.8 80285.
12 0 [113.098 |3.000 | 282.4 31987.
12 8 [117.8359 (3.062 | 286.0 33702.
12 6 (122.719 |2.125 | 289.5 35629 .
12 9 |[127.677 |3.187 | 292.9 37399.
18 0 [182.783 |3.250 | 296.5 39858.
13 3 [137.887 |8.312 | 299.9 41362.
18 6 [148.139 |3.875 | 803.3 48412,
18 9 [148.490 |8.437 | 306.7 45643

14 0 [1538.9388 |8 500 | 310.1 47739.
14 6 |165 130 (3.625 | 316.8 52308.
15 0 |[176.715 3.750 | 823.1 57108.
15 6 (188 692 |3 875 | 329.6 62186.
16 0 [201.062 (4.000 | 836.0 67567,
16 6 [213.825 |4.125 | 342.2 73176.
17 0 [226.981 (4.250 | 348.8 79050,
17 6 [240.529 |4.375 | 854.3 85229.
18 0 [254.470 |4.500 | 860.4 91711,
19 0 |283.529 (4.750 | 372.8 105570.
20 0 [314.159 |5.000 | 383.8 120570.
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Tapre 3.—Circular Pipes, Sewers, Con-
duits, &c., flowing full. Kutter’s for-
mula with n.=.012,

Table giving the values of @ and r and*
also the values of the factors ¢ ¥r
and ac ¥r for use in the formulse.
V=c¥rX ¥s Q=acvprx Vs

These factors are to be used only
where the value of 7, that is the coeffi-
cient of roughness of lining of channel
=.012 as for unplaned timber when per-
fectly continnous on the inside and also
flumes.

d=di-

2 % —gg .| For For
ameter | @& & | 299 . .
in 5 E Be* velocity [ discharge
| 5 |988 - -
ft. ins.| S § Ll 8 cvr. ac Vr.

0.136 [0.104 | 23.70 8.2234
0.196 |0.125 | °7.46 5.8800
0.267 {0.146 | 31.05 8.2911
. . 34.51 | 12.042
0.442 |0.187 | 87.80 | 16.708
0.545 (0.208 | 40.95 | 22.817
0.666 (0.229 | 44 23 | 29.183
0.785 |0.250 | 47.30 | 37.149
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TasLe 8.—Kutter's formula with n=.013.

d=di-

s Q
8% |58 | For For
* ameter | @ & 28 . .

in 5 g =4 5.9.’. velocity | discharge

i <88 ~ -

. ins.| §‘ LIE e Vr. ac Vr.
1 0.922 10.271 | 50.11 46.199

2 1.069 10.292 | 52.99 | 56.641
3 1.227 10.312 | 55.78 | 68.445

4 | 1.396 |0.333 | 58.50 | 81.661
5 1.576 10.8354 | 61.26 96.548

6 1.767 10.875 | 68.83 | 112.79

7 1969 [0.397 | 66.41 | 130.76

8 2.182 | 0.417 | 69.03 | 150.61

9 2.405 [0.437 | 71.38 | 171.66

10 | 2.640 |0.458 | 73.92 | 195.14

11 2.885 10.479 | 76 33 | 220 21

3.142 1 0.500 | 78.72 | 247.38
3.409 10 521 | 81.07 | 276.38
8.687 10.542 | 83.20 } 307.10
3.976 1 0.562 | 85.54 | 340.10
4276 10.583 | 87.81 | 375.46
4.587 |0.604 | 89.94 | 412.54
4.909 10.625 | 92.09 | 452.07
5.241 10 646 | 94.41 | 494.78
. . 96.52 | 539.07
5.939 |0.687 | 98.49 | 584.90
6.805 {0.708 | 100.6 634.46
6.681 | 0.729 | 102.6 685.64
7.068 10.750 | 104.6 739.59
7.466 10.771 | 106.7 796.38
7.87510.792 | 108.7 856 12
8.295 |10.812 | 110.6 917 41

bk ok
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TaBLE 38.—Kutter’s formula with n=.012.

—di. . |o
d=di- £ 9 §§. For For
ameter | 2 « | 822G

in ﬁ E E’Eﬁ velocity | discharge

= Q o~ - ~

ft ins.| S & LI g cVr. ac¥r.
3 4 8.726 (0.833 | 112.6 982.39
3 & 9.169 [0.854 | 114 4 1049.1
3 6 9.621 |0.875 | 116.3 1118.6
3 7 |10.084 |0 896 | 118.1 1191.1
3 8 10.559 |0.917 | 120.0 1267.0
3 9 |11.044 |0.937 | 121.9 1345.9
8 10 | 11.541 |0.958 | 123.8 1428.3
311 | 12.048 |0.979 | 125.7 1514.0
4 0 | 12.566 [1.000 | 127.4 1600.9
4 1 13.096 |1.021 | 129.1 1690.7
4 2 13.635 |11.042 | 131.0 1785.8
4 3 |14.186 |1.062 | 132.7 1882.3
4 4 14.748 [1.083 | 134.4 1982 3
4 5 15 321 | 1.104 | 136.2 2085.9
4 6 15.904 | 1.125 | 137.9 2193.0
4 7 16.499 |1 146 | 139 5 2301.0
4 8 17.104 |1.167 | 141.2 2415.4
4 9 17.721 | 1.187 | 142.8 2530.8
4 10 18.348 | 1.208 | 144.6 26562.8
4 11 18.986 | 1.229 | 146.3 2777.8
5 0 |19.635 [1.250 | 147.9 2903.6
5 1 0.295 |1.271 | 149.4 3032.9
5 2 |20.966 |1.292 | 151.2 3169.8
5 8 |21.648 |1.313 | 152.8 3307.0
5 4 |22.340 |1.333 | 154.4 3448.3
65 &6 |23.044 |1.354 | 155.9 35938.5
5 6 |23.758 |1.375 | 157.5 3742.7
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TasBLE 3.—Kutter's formula with n-- 012.

—di . lo
d=di- | o ¢ %"‘g .| For For
ameter | « & | 82'g . .

in ﬁ g E’ g.;g velocity | discharge

f. ins. | % l g | evr a Vr.
65 7 |24.484 |1.396 | 159.0 3892.0
5 8 |25.220 (1.417 | 160 6 4049.5
5 9 |25.967 [1.437 | 162.2 4211.2
5 10 | 26.729 |1.458 | 163.8 4376.4
5 11 | 27.494 |1.479 | 165.1 4540.5
6 0 |28.274 |1.500 | 166.7 8713.9
6 3 |30.680 1.562 | 171.1 5250.1
6 6 |33.183 |1.625 | 175.6 5825.9
6 9 |35.785 1.687 | 179.9 6436.7
7 0 | 38.485 |1.750 | 184 2 7087.0
7T 3 |41.283 |1.812 | 188.3 7.7
7T 6 | 44.179 |1.879 | 192.4 8501.8
7T 9 |47.173 |1 937 | 196.6 9275.8
8 0 | 50.266 |2.000 | 200.6 10083.
8 3 |53.456 |2.062 | 204.56 10934.
8 6 |56.745 |2.125 | 208.5 11832.
8 9 [60.182 |2.187 | 212.3 12766.
9 0 | 63.617 |2.250 | 216.2 137561.
9 3 |67.201 (2.8312 | 219.9 14780.
9 6 | 70.882 |2.375 | 223.6 15847
9 9 | 74.662 |R.437 | 227.2 16965.

10 0 | 78.540 [2.500 | 230.9 18134.

10 3 | 82.516 [2.562 | 234.6 19356.

10 6 | 86.590 [2.625 | 238.0 20612.

10 9 | 90.763 {2.687 | 241.5 21921

11 0 | 95.083 [2.750 | 245.0 23285.

11 3 | 99.402 [2.812 | 248.5 24703.

.
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TasLe 8.—Kutter's formula with n=.012.

—di . |o
g=di- | o g |58 For For
ameter | # & | @ £
in 5 g iga velocity | discharge
s |=8.8 — -~
f. ins.| S & Ll g cvr. ac Vr.
11 6 103.869 | 2.875 | 252.0 26179. -
1 9 108.434 {2.937 | 255.4 | 27689.
12 0 113.098 | 3.000 | 258.7 20254.
12 3 117.859 13.062 | 262.0 30876.
12 6 122.719(8.125 | 265.8 32558.
12 9 127.677|3.187 | 268.5 34277.
13 0 182.783 | 3.250 | 271.8 36077.
13 38 137.887(3.312 | 274.9 37909.
13 6 143.139 | 8.875 | 278.1 39802.
13 9 148.490 | 3.437 | 281.2 41755.
14 0 153.988 | 3.500 | 284.4 43773.
14 6 165.130 | 3.625 | 290.5 47969.
15 0 176.715|8.750 | 296.4 52382.
15 6 188.692 | 3.875 | 302.4 57061.
16 0 R01.062 |4.000 | 308.4 62008.
16 6 213.82514.125 | 314.2 67183.
17 0 226.98115.250 | 319.8 72594.
17 6 240.529|4.375 | 325.6 78289.
18 0 254.470{4.500 | 331.1 84247,
19 0 282.52914.750 | 342.1 96991.
20 0 814.1495.000 | 352.6 | 110905.
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TasLe 4.—Circular Pipes, Sewers, Con-
duits, etc., flowing full. Kutter’s
formula with »=.013.

"Table giving the values of @ and r, and also
the values of factors c4/7 and aca/r
for use in the formulee,

V=cA/7 X4/s Q=acA/r X /3.

These factors are to be used only where
the value of n, that is the coefficient of
rToughness of lining of channel =.013 as
in ashlar and well laid brickwork, ordinary
metal, earthenware and stoneware pipe,
in good condition, but not new, cement
and terra-cotta pipe not well jointed nor
in perfect order, plaster and planed wood
in imperfect or inferior condition, and
also surfaces of other material equally
rough.

TRLE

d=di- E 3 § §'g For For
ameter | & £ | g% velocity | discharge

ol LE N8R ovn | aowr

ft. ins.| S8 |8 :
0 5 |0.136 [0.104 | 21.20 2.8839
0 6 |0.196 [0.125 | 24.60 4.8216
0 7 |0.2087 [0.146 | 27.87 7.4425
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Tasre 4.—Kutter's formula with n=.013.

—di s 9
d=di- 29 ’ﬁg .| For For
ameter 33 2.2 %
in e |Ta &1 velocity| discharge
I § 4.5 - .
f. ins s g ﬂ g cyy. acyy,
0 8 0.849 [0 167 | 81.00 10.822
0 9 |0.442 |0.187 | 34.00 15.029
0 10 | 0.545 |0.208 | 36.87 20.095
0 11 |0.660 |0.229 | 39.84 26.296
1 0 |0.785 |0.250 | 42.65 83.497
1 1 0.922 (0.271 45.22 41.692
1 2 |1.069 |0.292 | 47.85 51.157
1 8 |1.227 |0312| 50.42 61.867
1 4 |1.396 |0.333 | 52.90 73.855
1 5 1.576 |0.354 | 55.44 87.376
1 6 |1.767 |0.875| 57.80 | 102.14
1 7 1.969 |0.396 | 60.17 118.47
1 8 2.182 |0.417 | 62.58 136.54
1 9 |2.405 |0437 | 64.73 | 155.68
1 10 | 2.640 |0.458 | 67.07 177.07
1 11 2.885 |0.479 69.29 199.90
2 0 |38.142 |0.500 | 71.49 | 224.63
2 1 3.409 |0.521 73.66 | 251.10
9 9 |8.687 |0.542 | 75.70 [ 279.12
3 8 |3.97 (0562 777 809.23
2 4 |4.276 [0.583 | 79.87 341.52
2 5 |4.587 [0.604 | 81.83 875.87
9 6 |4.909 [0.625 | 83.82 | 411.27
2 7 |5.241 |0.648 85.95 | 450.49
9 8 |5.585 [0.667 | 87.89 | 490.88
g 9 (5.939 [(0.687 | 89.71 532.76
2 10 | 6.805 [0.708 [ 91.68 | 578.02
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TaBLE 4.—Kutter's formula with n=.018.

—di . Q
d=di- 28 |5 'g .| For For
ameter | a& |2 2%
in % g ng velocity | discharge
=] O~ — -
ft. ins.| °F |l& (273 acyr,
2 11 |6.681 [0.729 | 93.52 624.82
3 0 |7.068 [0.750 | 95.37 674.09
8 1 |7.466 |0.771 | 97.25 726.056
8 2 |7.876 |0.792 | 99.13 780.63
3 38 |8205 [0.812 | 100.9 836.69
3 4 |8.726 |[0.833 | 102.8 896.27
3 5 [9.1690 [0.854 | 104.4 957.856
3 6 |9.621 |0.875 | 106.1 1021.1
3 7 |10.084 |0.896 | 107.9 1087.7
3 8 (10.559 [0.917 | 109.6 1157.2
3 9 |11.044 |0.937 | 111.3 1229.7
8 10 |11.541 [0.958 | 113.1 1805.3
8 11 {12.048 |0.979 | 114.9 1384.1
4 0 |12.566 |[1.000 | 116.5 1463.9
4 1 [13.096 |1.021 | 118.1 1546.9
4 2 [13.635 |1.042 | 119.8 1683.5
4 3 [14.186 |1.062 | 121.4 1722.0
4 4 [14.748 (1.083 | 123.0 1818.8
4 5 |15.321 |1.104 | 124.6 1908.0
4 6 (15.904 |1.125 | 126.2 2007.0
4 7 116.499 [1.146 | 127.7 2206.1
4 8 |17.104 [1.167 | 129.8 2211.1
4 9 |17.721 [1.187 | 130.7 2316.9
4 10 (18.348 (1.208 | 132.4 2429.1
4 11 |18.986 |[1.229 | 134.0 2543.9
5 0 [19.635 |1.250 | 185.4 2659.0
5 1 [20.205 |1.271 | 136.9 2778.7
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TasLE 4.—Kutter's formula with n=.018.

—di N Q
d=di- | gg |52 | For For
ameter | a& | 8 9%
in a g2z 5.2 velocity | discharge
3.4 — —
ft. ios. : g‘ ! §T| oV acvr.
5 2 [20.966 |1.292 | 1388.5 2908.5
5 3 |21.648 |1.312 | 139.9 3029.4
6 4 |22.840 (1.333 | 141.4 3159.0
5 &5 |23.044|1.354 | 142.9 3202.8
5 6 |23.768 |1.375 | 144.3 3429.23
6 7 |24.484 |1.396 | 145.6 3566.2
5 8 |25.220 [1.417 | 147.1 3710.9
5 9 |[25.967 |1.437 | 148.6 3859.7
5 10 | 26.729 |1.458 | 150.1 4012.2
5 11 | 27.494 |1.479 | 151.4 4162.7
6 0 | 28.274 |1.500 | 152.9 4322.9
6 38 |380.680 |1.5662 | 157.0 4816.8
6 6 |83.183|1.625 | 161.2 5839.7
6 9 |35.785|1.687 | 165.2 5911.5
7 0 |33.485|1.750 | 169.2 6510.6
7 8 |41.288|1.812 | 173.0 7143.0
7 6 |44.179 |1879 | 176.9 7814.2
7 9 |47.173 11.937 | 180.8 8527.9
8 0 |50.266 |2.000 | 184.5 9272.6
8 8 | 63.456 |2.062 | 188.2 10059.
8 6 |66.745 (2.125 | 191.9 10889.
8 9 |60.132 (2.187 | 1956.4 11758.
9 0 | 63.617 |2.250 | 199.1 12663.
9 8 |67.201 {2.312 | 202.6 13613.
9 6 | 70.882 |2.375 | 205.9 14597.
9 9 | 74.662 (2.487 | 209.3 15629.
10 0 | 78.540 |2.500 | 212.8 16709.0
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TasLe 4.—Kutter's formula with n=.018.

—di . |e
d=di- | g¢ =55 | For For
ameter | «& | @899

. 2o |°ST&|velocity| discharge

n ig |28a

ft. ins.| S8 zll g | evrn acyp,
10 8 | 82.516 [2.562 | 216.2 17837.
10 6 | 86.590 (2.625 | 219.4 18996.
10 9 | 90.768 [2.687 | 222.6 20205.
11 0 | 95.033 |2.750 | 225.9 21464.
11 8 | 99.402 [2.812 | 229.1 22774 .
11 6 [103.869 |2.875 | 232.4 24139
11 9 (108.434 |2.937 | 235.4 25538.
12 0 (113.098 |3.000 | 238.6 26981.
12 8 |[117.859 |3.062 | 241.7 28484
12 6 |[122.719 [3.125 | 244 8 30041.
12 9 [127.677 [3.187 | 247.8 81633.
13 0 (132.733 ' 3.250 | 250.9 88301.
18 8 |[137.887 |3.312 | 263.8 84998.
13 6 1[143.139 |3.375 | 256.8 86752.
13 9 148.490 3.437 | 269.7 88561.
14 0 (153.938 |3.500 | 262.8 40432.
‘14 6 [165.130 |3.625 | 268.4 44322.
15 0 (176.715 |3.750 | 274.0 48418.
15 6 (188.692 |3.875 | 279.6 52753.
16 0 [201.062 |4.000 | 285.2 57348.
16 6 (213.825 |4.125 | 290.6 621382,
17 0 |226.981 |4.250 | 295.8 67140
17 6 |[240.529 |4.375 | 801.0 72409
18 0 [254.470 |4.500 | 306.3 77982,
19 0 |282.529 [4.750 | 816.6 89759.
20 0 [314.159 [5.000 | 326.5 102559.
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TasLe 5.—Value of ¢,/ to be used only
in the use of the second type of
the use of Bazin’s formula for open
channels with an even lining of cut
stone, brickwork, or other material
with surfaces of equal roughness
exposed to the flow of water. This
formula is

V=c\/r Xr/3
where c=4/'1.+. 000013(.354 + 1)

Hydraulic ‘|| Hydraulic
mean mean _
depth in cyr depth in cvr
feet, ». feet, 7.

0.104 23.710 0.312 §5.783
0.125 27.617 0.333 58.846
0.146 81.284 0.354 60.898
0.167 84.569 0.875 63.836
0.187 38.147 0.896 65.756
0.208 41.327 0.417 68.159
0.220 44.484 0.487 70.837
0.250 47.480 0.458 72.615
0.271 50.267 0.479 74.764
0.292 §3.077 0.500 76.907




78

TaBLE 5.—Value of ¢ 4y in Bazin’s Formula,
'Second Category.

Hydraulic I Hydraulic

mean | mean
depthin | %" | depthin | °¥7
feet, ». feet, ».

0.562 83.048 || 1.750 | 163.46
0.625 | 88.7712 || 1.875 | 169.80
0.687 | 94.315 | 2.000 | 175.99
0.750 | 99.573 || 2.125 182.02
0.812 | 104.53 || 2.250 187.77
0.875 | 109.85 || 2.87%5 | 193.36
0.937 | 114.00 || 2.500 | 198.88
1.000 | 118.50 || 2.750 | 209.31
1.062  122.82 | 8.000 | 219.36
1.125 | 127.05 | 3.250 | 228.98
1.187 | 181.00 | 3.500 238.18
1.250 | 185.03 | 8.750 | 246.96
1.312 ' 138.93 || 4.000 255.58
1.875 | 14279 | 4.250 | 263.81
1.437 | 146.42 || 4.500 | 271.87
1500 | 149.90 | 4.750 | 279.78
1.625 | 156.88 | 5.000 | 287.30




79

TapLe 6.—Values of 4/r for diaweters
given in Tables.

Diamerer. 7 || Diameter. Vvr
Ft. Ins.| in Feet. || Ft. Ins-| in Feet.
0 5 0.323 2 9 0.829
0 6 0.354 2 10 0.842
0 7 0.382 2 1 0.854
0 8 0.408 3 0 0.866
0o 9 0.433 3 1 0.878
0 10 0.456 3 2 0.890
0 11 0.479 3 3 0.901
1 0 0.500 3 4 0.913
1 1 0.520 3 5 0.924
1 2 0 540 8 6 0.935
1 6 0.559 3 7 0.946
1 4 0.577 3 8 0.957 .
1 5 0.595 3 9 0.968
1 6 0.612 3 10 0.979
1 7 0.629 3 1 0.990
1 8 0.646 4 0] 1.000
1 9 0.661 4 1 1.010
1 10 0.677 4 2 1.021
1 1 0 692 4 3 1.031
2 0 0.707 4 4 1.041
2 1 0.722 4 5 1.051
] 2 0.736 4 6 1.061
2 3 0.750 4 7 1.070
] 4 0.764 4 8 1.080
2 5 0.777 4 9 1.089
2 6 0.790 4 10 1.099
2 7 0.804 4 11 1.109
2 8 0.817 5 0 1.118

|
|
|
|
|
[
1y
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TaBLE 6.—Values of 47 for diameters given

in Tables.

Diameter. Vr Diameter. Vvr
Ft. Ins.| in Feet. | Ft. Ins.| in Feet.
5 1 1.127 10 0 1.581
5 2 1.137 10 3 1.601
5 -8 1.146 10 6 1.620

-5 4 1.155 10 9 1.639
5 5 1.164 11 0 1.658
5 6 1.178 11 3 1.677
5 7 1.181 11 6 1.696
5 8 1.190 11 9 1.714
5 9 1.199 12 0 1.782
5 10 1.208 12 3 1.750
5 11 1.216 12 6 1.768
6 0 1.225 12 9 1.785
6 8 1.250 13 0 1.803
6 6 1.275 13 ] 1.820
6 9 1.299 13 6 1.837
7T 0 1.823 18 9 1.854
7 8 1.346 14 0 1.871
7T 6 1.369 14 6 1.904
T 9 1.392 15 0 1.936
8§ 0 1.414 15 6 1.968
8 38 1.436 16 0 2.000
8§ 6 1.4568 16 6 2.081
8 9 1.479 17 0 2.061
9 0 1.500 17 6 2.091
9 3 1.521 18 0 2.121
9 6 1.541 19 0 2.180
9 9 1.561 20 0 2.236
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TaBLe 7.—Giving fall in feet per mile;
the distance corresponding to a fall
of one foot, and also the values of s
and /5.

s=-’7‘-= sine of slope = fall of water sur-

face.(h) in any distance (J) divided
by that distance.

Fallin | Slope, _
feet per .8 Ya.
mile. one in
1 5280. 000189393 .018762
2 2640. .000378787 .019463
] 1760. 000568182 .023836
4 1320. 000757576 .027524
‘g | 1056. 000946969 .030773
7
8 .

003787878 .061546
.003977272 .063066

£l
—
gw
iy

880.0 .001136364 | ,.083710

754.3 - 001825797 .036411

660.0 .001515151 .038925

9 586.6 001704445 .041286
10 528.0 .001893939 .043519
11 443.6 .002083333 .045643
12 440.0 002273727 .047673
18 406.1 002462121 .049620
14 877.1 002651515 .051493
15 352.0 .002840909 .053800
16 330.0 003030303 .055048
17 810.6 .003219696 .056742
18 293.8 .003409090 .058388
19 277.9 .003598484 .059988

64 g
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TaBLE 7.—Slopes.

Fallin | Slope,
feet per 8 7
mile. one in
22 240.0 .004166667 .084549
23 229.6 .004356060 .066000
4 220.0 004545454 .087419
25 211.2 004734848 .068810
26 208.1 004924242 .070178
27 195.2 .005113636 071510
28 188 6 005303030 072822
29 182.1 005492424 074111
30 176.0 005681818 075378
81 170.3 005871219 076624
32 165.0 006060606 077850
83 160.0 006250000 .079057
84 155.3 006439393 .080246
35 150.9 .006628788 .081417
36 146 6 .006818181 .082572
37 142.7 .007007575 .083711
88 139.0 007196969 .084835
39 185.4 007386363 .085944
40 182.0 .007575757 .087089
41 128.8 .007765151 .088120
42 125.7 .007954545 .089188
43 122.8 .008143939 .090244
4 120.0 008333333 .091287
45 117.8 008522727 .092319
46 114.8 .008712121 .093339
47 112.3 .008901515 .094348
48 110.0 .009090909 .095346
49 107.7 .009280303 096334
50 105.6 .009469696 097313
51 103.5 .009659090 008281
52 .| 101.5 009848484 099241
58 99.60 .010037871 100189
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TaBLE 7.—Slopes.

Fall in

feet per |

mile.

Slope, -
8 Vs.
one in
97.77 | .010227273 | .101130
96.00 | .010416667 | 102060
94.28 | .010606060 | .102983
9263 | 010795454 | 103901
91.03 | .010984848 | 104809
89.49 | 011174242 | 105708
88.00 | 011363636 | 106600
81.23 | .012310606 | .110953
75.43 | 013257575 | 115141
66.00 | .015151515 | 123091
58.66 | 017045454 | 130559
52.80 | .018939393 | .137620
4400 0227127272 | 150756
8771 | 026515151 | 162835
38.00 = .030303030 | -.174077
2033 .034090909 | 184637
26.40 ' 037878787 | .194625
22,00 | .041666667 | 213200
18.86 | .053030303 | 230283
16.50 | .060606060 | 246183
14.66 | .068181818 | 961116
1320 . .075757575 | 275941
11,78 .085227272 | 291937
10,56 .094696960 | 307729
8.800  .113636363 | 387100
7.548 , 132575757 | 364109
6.660  .151515151 | 389249
5.866  .170454545 | 412861
5.280  .189303939 | .435194
30520 | .284000909 | .532995
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TabLe T7.—-Slopes continued.
(This table is a continuation of the Table of
Slopes given in No. 67, Science Series, en-
titled ‘‘ Hydraulic Tables Based on Kut-
ter's Formula.”)

Slope, Feet,
8. Vs
one in | per mile.

100 52.80 .010000000 | .100000

200 26.40 005000000 | .070710

300 17.60 .003833338 | .067735
1001 5.214 000999000 | .031067
1002 5.269 000998004 | .081591
1003 5.2064 .000997008 | .031576
1004 5.259 0009960168 | .031560
1005 5.253 000995025 | .031544
1006 5.248 .000994036 | .031528
1007 5.243 .000993048 | .031513
1008 5.238 .000992064 | .031497
1009 5.233 .000991080 | .031481
1010 5.228 .000990099 | .031466
1011 5.222 000989120 | .081450
1012 5.217 000988142 | .031435
1013 5.212 .000987167 031419
1014 5.207 .000986193 | .031404
1015 5.202 .000985222 | .031388
1016 5.197 .000984252 | .031378
1017 5.192 .000983284 | .081357
1018 5.187- | .000982318 | .031342
1019 5.181 .000981354 | .031327
1020 5 176 .000980392 031311
1021 5.111 .000979432 | .031296
1022 5.166 .000978571 | .031282
1023 5.161 000977517 | .031255
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TaABLE 7.—-Slopes.

Slope, Feet,
8. Vs
one in | per mile.
1024 5.156 .000976563 0381250
1025 5.151 .000975610 031235
1026 5.146 -. 000974659 031219
1027 5.141 .000978710 081204
1028 .5.136 .000972763 031189
1029 5.131 .000971817 031174
1080 5.126 .000970873 081159
1081 5.121 000969932 031144
1032 5.116 000968992 031129
1033 5.111 .000968054 031114
1034 5.106 .000967118 081099
1085 5.101 .000966184 | .031083
1040 5.077 .000961538 .031009
1041 5.072 | .000960615 | .030994
1042 5.067 .000959693 .030975
1043 5.062 .000958773 .030964
1044 5.058 | .000957855 ] -030949
1045 5.053 .000956938 | .030934
1046 5 048 .000956023 .03u919
1047 5.043 .000955110 .030905
1048 5.038 .000954198 | .030890
1049 5.033 .000953289 | .030875
1050 5.029 .000952381 ‘ .030861
1051 5.025 .000951475 .031846
1052 5.019 .000950570 ' .030831
1053 5.014 .000949668 .030817
1054 5.010 | .000948767 | .030802
1055 5 005 .000947867 .030787
1056 5.000 .000346970 .030778
1057 4.995 .000946074 .030758
1058 4.990 .000945180 .030744
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TasLe 7.—S8lopes.

Slope. Feet,
8. V.
one in | per mile.
1059 4.986 000944287 | .030729
1060 4.981 000943396 | .030715
1061 4.976 000942507 | .080700
1062 4.972 .000941620 | .030686
1063 4.967 .000940734 | .030671
1064 4 962 000939850 | .080657
10656 4.958 .000938967 | .030643
1066 4.953 .000938086 | .030628
1067 4.948 .000937207 | .080614
1068 4.944 .000936330 | .030599
1069 4.939 .000985454 | .030585
1050 4.935 .000934579 | .080571
1071 4.930 .000933707 | .030557
1072 4.925 .000932836 | .030542
1073 4.921 .000931967 | .080528
1074 4.916 .000931099 | .080514
1075 4.912 .000930233 | .030499
1076 4.907 .000929368 | .030485
1077 4.902 .000928505 | .030471
1078 4.898 .000927644 | .030457
1079 4.893 .000926784 | .030443
1080 4.889 000925926 | .030429
1081 4.884 .000925069 | .030416
1082 4.880 .000924214 | .030401
1083 4.875 .000923361 | .0303887
1084 4.871 .000922509 | .030373
1085 4.866 000921659 | .030359
1086 4.862 +000920819 | .030345
1087 4.857 .000919954 | .030831
1088 4.853 .000919118 | .030817
1089 4.848 .000918274 | .030303
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TasLe 7.—Slopes.

Slope, Feet,
8. Va.
one in | per mile.
1090 4.844 000917431 | .080289
1091 4.839 000916590 | .0302756
. 1092 4.835 .000915751 | .030261
1098 4.831 .000914914 | .030247
1094 4.826 .000914077 | .080234
1095 4.822 .000913242 | .030220
1096 4.817 .000912409 | .080206
1097 4.813 000911576 | .080192
1098 4.809 .000910747 | .030178
1099 4.804 .000909918 | .030165
1100 4.800 000909090 | .030151
1101 4.796 .000908265 | .030187
1102 4.792 000907441 | .030124
1103 4.787 000906618 | .030110
1104 4.783 000905797 | .030096
1105 4.7718 000904977 | .030083
1106 4.7714 .000904159 | .030069
1107 4.769 .000903342 | .030055
1108 4.765 000902527 | .080042
1109 4.761 .000901713 | .030028
1110 4.757 .000900900 | .030016
1111 4.752 000900090 | .030001
1112 4.748 .000899279 | .029988
1113 4.744 000898473 029975
1114 4.739 000897666 *| .029961
1115 4.735 000896861 | .029948
1116 4.731 000896057 029934
1117 4.727 | *.000893655 | .029921
1118 4.7123 .000894508 | .029908
1119 4.719 000893655 | .029894
1120 4.714 000892857 | .029881
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TaBLE 7.—Slopes.

Slope. Feet,
8. Vs.
one in | per mile.
1121 4.710 .000892031 | .029868
1123 4.708 .000891266 | .029854
1123 4.702 .000890472 | .029841 .
1124 4.698 .000889680 | .020828
1125 4.693 000888888 | .020814
1126 4.689 000888099 | .029801
1127 4.685 .000887311 | .029788
1128 4.681 .000886525 | .029775
1129 4.677 .000885740 | .029761
1130 4.673 .000884956 | .029748
1131 4.668 .000884173 | .029735
1182 4.664 .000883392 | .029722
11383 4.660 .000882623 | .029709
1134 4.656 .000881834 | .020696
11356 4.652 .000881057 | .029683
1136 4.648 000880282 | .029669
1187 4.644 000879507 | .029656
1138 4.640 .000878734 | .029643
1139 4.636 . 000877963 .029630
1140 4.632 .000877193 .029617
1141 4.628 .000876424 | .029604
1142 4.623 .000875744 | .029591
1143 4.619 . 000874890 .029578
1144 4.615 .000874126 | .029566
1145 4.611 000873365 | .029553
1146 4.607 000872600 | .029540
1147 4.603 000871840 | .020527
1148 4.599 .000871080 | .029514
1149 4.595 .000871192 . 029501
1150 4.591 .000869566 | .029488
1151 4.587 .000868810 | .029476
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TaBLe 7.—Slopes.

‘Slope. Feet,
- s. ¥s.
one in | per mile.
1152 4.583 .000868055 | .029463
1153 4.579 .000867303 | .029450
1154 4.575 .000866577 | .029438
1156 4.571 .000865801 | .029425
1156 4.567 .000865052 | .029412
1157 4.563 .000864304 | .020399
1158 4.559 .000863558 | .029386
1159 4.556 .000862813 | .029374
1160 4.552 000862069 | .029363
1161 4,548 .000861326 | .020348
1162 4.544 .000860585 | .029336
1168 4.540 .000859845 | .029823
1164 4.536 .000859106 .029311
1165 4.532 .000858370 | .029298
1166 4.528 .000857623 | .029285
1167 4.524 .000856898 | .029278
1168 4.521 .000356164 .029264
1169 4.517 | .000855432 | .029248
1170 4.513 | .000854701 .029235
1171 4.509 | .000853971 .020223
1172 4.505 | 000853242 | .029210
1178 4.501 | .000852515 | .029198
1174 4.497 | .000851789 | .029185
1175 4.494 | .000851054 | .029173
1176 4.490 .000850340 | .029161
1177 4.486 | 000849626 | .029148
1178 4.482 | .000848896 | .029136
1179 4.478 | .000348176 | .020123
1180 4.475 | .000847458 | .029111
1181 4.471 | .000846740 | .020099
1182 4.467 [ .00084602¢ | .029086
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TaBLE 7.—Slopes.

Slope, Feet, _
8. Ys
one in | per mile. |
1188 4.463 .000845309 | .020074
1184 4.459 .000844595 | .029062
1185 4.456 .000843882 | .020049
1186 4.452 .000843170 | .020087
1187 4.448 | .000842460 | .029025
1188 4.444 | .000841751 | .020018
1189 4.441 . .000841043 | .029001
1190 4.437 | .000840336 | .028988
1191 4.433 | .000839631 | .028976
1192 4.430 | .000838926 | .028964
1198 4.426 | .000838223 | .028952
1194 4.422 | .000837521 | .028940
1195 4 418 | .000836820 | .028928
1196 4.415 .000836120 | .028916
1197 4.411 .000835422 | .028904
1198 4.407 .000834725 | .028892
1199 4.404 | .000834028 | .028880
1200 4.400 .000833333 | .028868
1201 4.396 .000832639 | .028855
1202 4.393 .000831946 | .028843
1203 4.389 .000831255 | .028831
1204 4.385 .000830565 | .028819
1205 4.382 = .000829875 | .028808
1206 4.318 - 000829187 | .028796
1207 4.374 | .000828500 | .028784
1208 4.371 | .000827815 | .028772
1209 4.367 .000827129 | .028760
1210 4.364 | .000826446 | .028748
1211 4.360 | .000825764 | .028736
1212 4.356 .000825083 | .028724
1213 4.353 .000824402 | .028713
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TaBLE 7.—Slopes.

Slope, Feet,
s ¥a.
one in | per mile.
1214 4.349 -000823723 | .028701
1215 4.346 .000823045 | .028689
1216 4.342 000822368 | .028677
1217 4.339 .000821693 | .028665
1218 4.835 .000821018 | .028653
1219 4.331 .000820344 | .028641
1220 4.828 .000819672 | .028630
1221 4.824 .000819001 | .028617
1222 4.821 .000818355 | .028506
1223 4.317 .000817661 | .028595
1224 4.314 .000816993 | .028583
1225 4.810 .000816326 | .028571
1226 4.307 .000815661 | .028559
1227 4.803 .000814996 | .028548
1228 4.300 .000814332 | .028536
1229 4.296 .000813670 | .028525
1230 4.298 .000813008 | .028513
1281 4.289 .000812348 | .028501
1282 4.286 .000811688 | .028490
1233 4.282 .000811030 | .028478
1234 4.279 .000810373 | .028467
1235 4.275 .000809717 - | .028455
1236 4.272 .000809061 | .028444
1287 4.269 .000808407 | .028433
1238 4.265 -000807795 | .028421
1239 4.261 .000807102 | .028409
1240 4.258 -000806452 | .028398
1241 4.255 .000805802 | .028387
1242 4.251 000805153 | .028375
1243 4.248 -000804505 | .028364
1244 4.244 .000803858 | .028352
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TaBLE 7.—Slopes.

lope. Feet,

8. ¥s.
one in | per mile. |
1245 | 4.241 | .000808213 | .028841
1246 4.238 | .000802568 | .028329
1247 4.234 | .000801925 | .028318
1248 4.231 | .000801282 | .028807
1249 4.228 | .000800840 | .028295
1250 4.224 | .000800000 | .028284
1251 4.221 | .000799396 | .028273
1252 4.217 | .000798722 | .028262
1253 4.214 | .000798095 | .028250
1254 | 4.211 | .000797448 | .028239
1255 4.207 | .000796813 | .028228
1256 4.204 | .000796178 | .028217
1257 4.200 ' .000795545 | .028205
1258 4.197 | .000794913 | .028194
1259 4.194 | .000794281 | .028183
1260 4.190 | .000793651 | .028172
1261 4.187 | .000793021 | .028161
1262 4.184 | .000792893 | .028149
1263 4.181  .000791765 | .028138
1264 4.177 | .000791139 | .028127
1265 4.174 ' .000790514 | .028116
1266 4.171 1 .000789889 | .028105
1267 4.167  .000789266 | .028094
1268 | 4.164 ;. .000788644 | .028083
1269 | 4.161 .000788030 | .028072
1270 | 4157 & .000787402 | .028061
1271 | 4.154 | .000786782 | .028050
1272 | 4.151 | .000786321 | .028038
1273 | 4.148  .000785546 | .028027
1274 | 4.144 | .000784929 | .028016
1275 | 4141 | .000784314 | .028006
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TABLE 7. —Slopes

————— - ——

‘Slope, Feet, -
8. ¥e.
one in | per mile.
1276 4.188 .000783699 | .027995
1277 4.185 .000783085 | .027984
1278 4.181 .000782478 | .027978
1279 4.128 .000781861 | .027962
1280 4.125 .000781250 | .027951
1281 4.122 000780640 | .027940
1282 4.118 000780081 | .027029
1283 4.1156 000779423 | .027918
1284 | 4.112 000778816 .027907
1285 4.109 000778210 | .027896
1286 4.106 000777605 .027886
1287 4:108 000777001 | .027875
1288 4.099 000776398 .027864
1289 4.096 000775795 | .027853
1290 4.093 .000775116 | .027841
1291 4.090 .000774593 .027831
1292 4.087 .000773994 | .027821
1203 4.084 .000773395 | .027810
1294 4.080 .000772798 | .027799
1206 4.077 .000772201 | .027789
1296 4.074 .000771605 027778
1297 4.071 .000771010 | .027767
1298 4.068 .000770416 | .027756
1299 4.085 .000769823 | .027746
1300 4.062 .000769231 .027735
1301 4.058 .000768624 027724
1302 4.055 .000768049 | .027714
1308 4.052 .000767460 | .027703
1304 4.049 .000766871 | .027692
1805 4.046 .000766283 | .027682
1306 4.043 000765697 | .027671
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TaBLe 7.—Slopes.

Slope,

Feet,
8. Vs.
one in | per mile.
1307 4.040 .000765111 | .027661
1308 4.037 000764526 | .027650
1309 4.034 .000763942 | .027639
1310 4.031 000763859 | .027629
1311 4.087 .000762776 | .027618
1312 4.024 .000762195 | .027608
1813 4.021 .000761615 | .027597
1814 4.018 .000761035 | .027587
1815 4.015 .000760456 | .027576
1816 4.012 .000759878 | .027566
1317 4.009 .000759301 | .027555
1318 4.006 .000758725 | .027545
1319 4.003 .000758150 | .027534
1320 4.000 .000757576 | .037524
1321 8.997 .000757002 | .027514
1322 3.994 000756430 | .027503
1323 3.991 000755858 | .027493
1324 3.988 .000755217 | .027481
1825 3.985 .000754717 | 027472
1326 3.982 .000754148 ' .027462
1827 3.979 .000753579 | .027451
1328 3.976 .000753012 = .0R7441
1829 3.973 .000752445 | .027431
1330 8.970 000751880 | .027420
1331 3.967 .000751315 | .027410
1332 3.964 000750751 | .027400
1333 3.961 .000750187 | .027889
1334 8.958 .000749625 | .027379
1335 8.955 .000749064 | .027369
1336 3.952 .000748503 | .027359
1337 3.949 .000747943 | .027349
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TaBLE 7.—Slopes.

Slope, Feet,

8. va.
one in | per mile.
1838 3.946 | .000747384 | .027338
1339 3.943  .000746826 | .027328
1340 8.940 | .000746268 | .027318
1841 3.937 | .000745712 | .027308
1342 3.934 | .000745156 | .027298
1343 8.932 | .000744601 | .027237
1844 3.929 | .000744048 | .027277
1345 3.926 | .000743420 | .027267
1346 3.923 | .000742942 | .027257
1847 3.920 | .000742390 | .027247
1348 3.917 | .000741840 | .027237
1349 8.914 | .000741289 | .027227
1350 3.911 | .000740741 | .027217
1851 3.908 | .000740192 | .027207
1359 3.905 | .000739659 | .027197
1853 8.902 | .000739098 | .027186
1354 3.899 | .000738552 | .027176
1355 3.897 | .000738007 | .027166
1356 3.804 | .000737468 | .027156
1357 8.891 | .000736920  .028148
1358 3.888 | .000736377 : .027136
1359 3.885 | .000735879 | .027126
1360 3.882 | .000735294 | .027118
1361 3.879 | .000784754 | .027106
1362 3.877 | .000734214 | .027096
1363 3.874 | .000733676 | .027086
1364 8.871 | .000733138 | .027077
1365 3.868 | .000732601 . .027087
1366 3.865 .000732064 ) .027057
1367 3.862 | .000731529 | .027047
1368 3.860 .000730994 | .027037
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TasLe 7.—Slopes.

Slope, Feet,
8. ¥vs.
one in | per mile.
1869 8.857 .000730460 | .027027
1870 8.864 .000729927 | .027017
1371 3.861 .000729885 | .027007
1372 3.848 .000728863_ | .026997
1873 3.846 .000728332 | .026988
1874 8.843 .000727802 | .026978
1875 3.840 .000727273 | .026968
1376 3.8387 .000726744 | .026958
1877 3.834 .000726216 | .026948
1878 3.882 .000725689 | .026939
1379 3.829 .000725163 | .026929
1880 3.826 .000724638 | .026919
1881 3.828 .000724113 | .026909
1382 3.821 .000723589 | .026899
1388 3.818 .000723066 | .026890
1384 3.816 .000722548 | .026880
1385 8.812 .000722022 | .026870
1386 3.809 000721501 | .026861
1387 3.807 .000720981 | .026861
1388 8.804 .000720461 | .026841
1389 3.801 000720942 | .026832
1390 3.799 .000719424 | .026822
1891 8.796 .000718907 | .026812
1392 3.793 .000718391 | .026808
1393 3.790 .000717875 | .026793
1394 3.788 .000717360 | .026784
1356 8.785 .000716846 | .026774
1396 8.782 000716332 026764
1397 8.779 .000715819 026755
1898 3.7 .000715308 | .026745
1899 8.774 .000714796 | .026736
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TaABLE 7.—S8lopes.

Slope, Feet,
8. Vs.
one in | per mile.
1400 8.71 .000714286 | .026726
1401 8.769 .000713776 | .026717
1402 3.766 .000713267 | .026707
1403 3.763 .000712758 | .026698
1404 | 3.761 .000712251 | .026688
1405 | 3.758 .000711744 | .026679
1406 | 3.756 .000711288 | .026669
1407 ' 3.768 .000710782 | .026659
1408 | 38.750 .000710227 | .026:650
1409 |, 3.747 .0007097238 | .026641
1410 8.745 .000709220 | .026631
1411 8.742 .000708717 | .026622
1412 8.739 .000708215 | .026612
1413 8.787 .000707714 | .026603
1414 3.784 .000707213 | .026598
1415 8.781 .000706714 | .026584
1416 3.729 .000706215 028575
1417 8.726 .000705716 | .026565
1418 8.724 .000705218 | .026556.
1419 3.721 .000704722 | .026547
1420 8.718 .000704225 | .026537
1421 3.716 .000708730 | .026528
1422 8.718 .000703285 | .026519
1423 8.710 .000702741 | .026509
1424 8.708 .000702247 | .026500
1425 8.705 .000701754 | .026491
1426 8.708 .000701262 | .026481
1427 8.700 .000700708 | .026472
1428 3.697 .000700280 | .026463
1429 8.695 .000699790 | .026454
1430 8.692 .000699800 | .026444




98

TaABLE 7.—Slopes.

Slope, Feet,
8. Vs.
one in | per mile.
1431 3.690 .000698812 | .026585
1432 3.687 .000698324 | .026426
1438 8.685 .000698887 | .026417
1484 3.682 .000697850 | .026407
1435 3.680 .000696864 | .026398
1436 8.677 .000696379 | .026389
1487 3.674 .000695894 | 026880
1438 3.672 | ..000695410 | .026371
1489 3.669 .000694927 | ,026361
1440 3.667 .000694444 | .026852
1441 3.664 .000693963 | .026843
1442 3.662 .000693481 | .028834
1443 3.659 .000698001 | .026825
1444 3.657 .000692521 | .026316
1445 3.654 .000692042 | .026307
1446 3.651 .000691563 | .026208
1447 3.649 .000691085 .026288
1448 8.646 .000690608 | .026279
1449 8.644 .000690131 | .026270
1450 8.641 .000089655 | .026261
1451 3.639 .000689180 | .026252
1452 3.636 000688705 | .026248
1453 3.634 000688231 026234
1454 3.631 .000687758 | .026225
1455 3.629 000387285 .026216
1456 3.626 000686818 | .026207
1457 3.624 .000686342 | .026198
1458 8.621 -000685871 | .026189
1459 | 8.619 .000685401 | .026180
1460 3.617 .000684931 | .026171
1461 8.614 000684163 | .026162
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TasLe 7.—Slopes.

Slope, Feet, . _
8. ¥s.

one in | per mile.

1462 8.612 000683994 | .026153
1463 3.609 .000683627 | .026144
1464 8.607 000683060 | .026135
1465 3.604 000682594 | .026126
1466 8.602 000682128 | .026118
1467 8.599 000681663 | .026109
1468 8.597 000681199 | .026100
1469 8.594 000680735 | .026091
1470 8.692 000680272 | .026082
1471 8.589 000679810 | .026073
1472 3.5687 000679348 026064
1473 3.585 000878887 026055
1474 8.582 000678426 026047
1475 8.580 000677966 026038
1476 8.577 000677507 026029
1477 2.5675 000677048 026020
1478 8.572 000676590 | .026011
1479 8.570 .| .000676132 | .026003
1480 8.568 000675676 | .025994
1481 8.565 000675220 .025985
1482 8.563 000674764 | .025976
1483 8.560 000674309 | .025967
1484 8.558 000673854 | .025959
1485 38.556 .000673401 | .025950
1486 3.663 .000672948 .025941
1487 3.551 .000672495 | .025933
1488 8.548 .000672043 | .025924
1489 3.546 .000651592 | .0259156
1490 3.544 .000671141 | .0256907
1491 8.541 .000670020 | .025898
1492 8.539 .000670241 | .025889
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TaBLE 7.—Slopes.

Slope, Feet,
'3 Va.

one in | per mile.,

1493 3.5687 .000669792 | .025880
1494 8.534 .000669344 | .025872
14956 | 38.582 000668896 | .025863
1496 3.529 000668449 | .025854
1497 8.527 000668003 | .025846
1498 8.525 000667657 | .025837
1499 3.522 000667111 | .025828
1500 8.520 000666666 | .025820
1501 8.618 .000666222 | .025811
1502 3.5156 .0006656779 | .025803
1503 8.513 .000665386 | .025794
1504 8.511 .000664894 | .025786
1505 3.508 .000664452 | .025777
1506 8.506 .000664106 | .025768
1507 8.504 .000663570 | .025760
1508 8.501 .000663180 | .0256751
1509 8.499 .000662691 | .025743
1510 | 8.497 .000662252 | .025784
1511 8.494 000661813 | .025726
1512 3.492 000661376 | .025717
1618 8.490 000660938 | .025709
1514 3.487 000660502 | .025700
1515 3.485 000660066 | .025691
1516 3.488 000659631 | .025683
1517 8.481 000659196 | .025675
1518 3.478 000658761 | .025666
1519 3.476 000658328 | .025658
1520 3.474 0006578956 | .025649
1521 3.471 000657462 | .025641
1622 3.469 .003657030 | .025633
1528 8.467 .000656599 | .025624
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TaBLE 7.—Slopes.

Slope, Feet,
s Vs,
one in | per mile.

1524 3.4656 000656168 | .025616
1525 8.462 000655787 | .025607
1526 8.460 000665308 | .025599
1527 8.458 000654879 | .025591
1528 8.456 000654450 | .025583
1529 8.453 000654022 | .025574
1530 8.451 000653595 | .025566
1581 8.449 .000653168 | .025557
1582 8.447 .000652741 | .025549
1533 3.444 .000652316 | .025540
1534 8.442 .000651890 | .025532
15385 8.440 .000652117 | .025524
1536 3.438 .000651042 | .025516
1587 3.435 .000650618 | .025507
1638 3.433 000650195 .025499
1639 3.431 000649773 .025491
1540 3.429 000649351 | .025482
1541 8.426 000648930 | .025474
1542 8.424 000648502 | .025466
1543 8.422 000648088 | .025457
1544 8.420 .000647668 | .025449
1545 8.417 .000847275 | .025441
1546 8.415 .000646831 | .025433
1547 3.413 .000646412 | .025425
1548 8.411 .000645995 | .025416
1549 8.409 .000845578 | .025408
1550 3.407 .000645161 | .025400
1551 3.404 .000644745 | .025392
1562 3.402 .000844330 | .025384
1553 8.400 000843915 | .025375
1554 8.398 000643501 | .025867

|
I
|
i
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TaBLE 7.—Slopes.

Slope, Feet,
8. Vs
one in | per mile.
1555 8.396 .000643087 | .025359
1556 8.394 .000642674 | .025351
1557 3.392 .000842261 | .025343
1558 3.889 .000641848 | .025335
1559 3.387 .000641437 | .025827
1560 3.385 .000641025 | .025818
1561 3.382 .000640615 | .025310
1562 3.880 .000840205 | .025302
1563 8.878 .000633397 | .025294
1564 3.876 .000639386 | .025286
1565 3.374 .000638978 | .025278
1566 3.372 .0006388570 | .025270
1567 8.870 .000638162 | .025262
1568 8.867 .000637755 025254
1569 8.865 .000637349 | .025246
1570 8.863 .000636943 | .025238
1571 3.861 .000636537 | .025230
1572 8.859 .0006361382 .025222
1573 3.857 .000685728 | .025214
1574 8.856 .000635324 | .025206
1576 3.852 .000834921 | .025198
1576 8.850 .000834518 | .025190
1577 3.348 .000634115 | .025182
1578 3.846 .000683714 | .025174
1579 3.344 .000633312 | .025166
1580 3.842 .000632911 | .025158
15681 3.340 .000682511 | .025150
1582 8.338 .000832112 | .025142
1588 3.835 .000631712 | .025134
1584 8.833 .000631318 | .025126
1585 3.331 .000830915 | .025118
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TasBLE 7.—Slopes.

Slope, Feet,

8.
one in | per mile.
1586 3.329 000630517
15687 8.827 000630120
1588 8.825 000629728
1689 3.328 000629827
1590 3.321 .000628931
15691 3.819 000628535
15692 8.317 .000628141
1598 3.315 .000627746
1694 8.312 .000627353
1595 3.810 000626959
1596 3.808 .000626566
1597 8.306 000626174
1598 3.804 .000625782
1599 8.802 .000625391
1600 3.300 .000625000
1601 8.298 000624609
1602 8.200 .000624220
1603 3.204 .000623805
1604 3.292 000623441
1606 3.290 000623053
1606 3.288 000622655
1607 3.286 .000622277 -
1608 3.284 .000621891
1609 3.282 .000621504
1610 3.280 .000621118
1611 8.277 000620732
1612 8.275 .000620347
1613 3.278 .000619963
1614 8.271 000619579
1615 8.269 000619195
1616 8.267 .000618812

.025110
.025102
025094
025086
.025078
.025071
.025063
.025055
.025047
.025039
.025031
025023
.025016
.025008
.025000
.024992
.024984
.024976
.024969
.024961
.024953
.024946
.024988
.024980
024922
.024915

-024899
024891

. 024876
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TaBLE 7.—Slopes.

Slope, Feet,
8. Ve~
one in | per mile.
1617 3.265 .000618429 024868
1618 3.263 .000618047 | .024861
1619 3.261 .000617665 | .024853
1620 3.259 .000617284 | .024845
1621 8.257 .000616903 | .024838
1622 3.255 .000616523 | .024830
1623 3.253 .000616143 | .024822
1624 8.251 .000615764 | .024815
1625 8.249 .000615384 | .024807
1626 3.247 .000815008 | .024799
1627 3.245 .000614628 | .024792
1628 3.243 .000614251 | .024784
1629 8.241 .000618874 | .024776
1630 8.239 .000613497 | .024769
1631 3.237 .000613121 .024761
1632 3.235 .000612746 | .024754
1633 3.233 .000612370 024746
1634 3.231 .000611995 024739
1635 3.229 .000611621 024731
1636 8.227 .000811247 | .024723
1637 8.225 .000610874 | .024716
1638 3.223 .000610501 .024708
1639 8.222 .0000610128 024701
1640 3.220 .000609756 024693
1641 3.218 .000609385 024686
1642 3.216 .000603013 024678
1643 3.214 000808643 024671
1644 3.212 .000608273 | .024664
1645 8.210 .000607900 | .024656
1646 3.208 .000807527 | .024648
1647 8.206 .000607164 024641
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TaBLE 7.—Slopes.

|

Slope, Feet,

8 Vi
one in | per mile. |
1648 3.204 | .000806801 | .024638
1649 3.202 | .000606428 | .024626
1650 | 8.200 | .000606060 | .024618
1651 3.198 | .000605694 | .024612
1652 3.196 | .000805327 | .024603
1653 3.194 | .000804961 | .024596
1654 3.192 | .000604595 | .024589
1655 3.190 | .000604230 | .024581
1656 3.188 | .000603885 | .024574
1657 8.186 | .000803500 | .024566
1658 3.185 | .000803186 | .024559
1659 3.188 | .000802778 | .024551
1660 | 8.181 000602409 | .024544
1661 3.179 | .000602047 | .024587
1662 | 8.177 000601685 | .024529
1668 | 8.175 | .000601323 | .024522
1664 | 8.178 | .000600962 | .024515
1685 | §.17L | .000000601 | .024507
1666 3.160 | .000600240 | .024500
1667 3.167 | .000599880 | .024492
1668 | 3.165 | .000599520 | .024485
1669 | 3.164 |. .000599161 | .024478
1670 | 3.162 | .000598802 | .024470
1671 3.160 | .000598444 | .024463
1672 | 3.158 | .000598086 = .024456
1678 | 3.156 | .000597720 ' .024448
1674 | 3.154 | .000507871 = .024441
1675 | 3.152 | .000597015  .024434
1676 | 3.150 | .000596659 ~ .024427
1877 3.148 | .000506303 | .024420
1678 3.147 | .000595948 : .024413
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TABLE 7.—Slbpes.

Slope, Feet,
8. Vs,
one in | per mile.
1679 8.145 .0005956698 | .024405
1680 8.148 .000595238 | .024898
1681 8.141 000594884 | .024390
1682 8.189 000594530 | .024383
1683 8.137 000594177 .024876
1684 3.135 000593824 | .024869
1685 3.134 .000593472 | .024361
1686 3 182 000593102 | .024854
1687 3.130 .000592768 | .024347
1688 8.128 .000592417 .024340
1689 8.126 .000592066 | .024332
1690 3.14 .000591717 .0243825
1691 3.122 .000591366 .024318
1692 3.121 .000591017 .024311
1693 3.11Y .000590667 .024304
1694 8.117 .000590819 .024297
1695 3.115 .000589971 .024290
1696 3.118 .000589622 | .024282
1697 3.111 .000589275 024276
1698 3.110 000588928 .024268
1699 3.108 .000588582 | .024261
1700 3.106 000588235 024254
1701 3.104 .000587889 .024246
1702 3.102 .000587545 | .024239
1708 3.100 .000587199 | .024232
1704 3.099 .000586854 | .024225
1705 8.097 .000686510 | .024218
1706 8.095 .000586166 | .024211
1707 8.098 .000585823 | .024204
1708 8.091 .000585480 | .024197
1709 3.090 .000585138 | .024190
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TasLe 7.—Slopes.

Slope. Feet,
8. .
one in | per mile
1710 8.088 .000584795 | .024188
1711 8.086 .000584463 | .024175
1712 8.084 .000548112 | .024168
1718 8.083 .000583771 | .024161
1714 8.081 .000583481 | .024154
1716 8.079 .000583090 | .024147
1716 8.077 .000582761 | .024140
1717 8.075 .090582411 | .024188
1718 8.078 000582072 | .024126
1719 8.072 .000681734 | .024119
1720 3.070 .000581395 | .024112
1721 8.068 .000581058 | .0241056
1723 8.066 000580720 | .024098
1728 8.064 .000580384 | .024091
1724 8.063 000580046 | .024084
1726 8.061 000579710 | .024077
1726 8.060 000579874 | .024070
1727 8.058 000579039 | .024068
1728 8.056 000578704 | 024056
1729 8.054 000578369 | -024049
1780 8.052 000578085 | .024042
1781 8.050 000577701 | .024085
1782 8.048 000577367 | -024028
1783 8.047 000577084 | .024021
1734 3.045 -000576701 | .024015
1785 8.043 -000676869 | .024008
1786 8.041 900576087 | .024001
1787 8.040 000576705 | .023994
1788 8.088 000575374 | .023987
1789 3.086 .000575048 | .023980
1740 8.035 .000574712 | .023973
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TaBLE 7.—8lopes.

Slope, Feet, _
8. ¥s.

one in | per mile.

1741 8.083 .000574382 | .023966
1743 8.081 .000574053 | .028959 .
1748 8.029 .000572723 . | .023953
1744 8.028 .000578394 . | .023946
1746 8.026 .! .000573066 | .023939
1746 8.024 .000572788 . | .023032
1747 3.022 .000572410 | .023925
1748 8.021 .000572082 | .023918
1749 8.019 .0005717656 | .023911
1750 8.017 .000571429 | .023905
1751 3.015 .000571102 | .023898
1752 8.014 .000570776 | .023891
1758 8.012 .000570451 | .023884
1764 3.010 .000570160 . | .023878
17556 8.009 000569801 | .023871
1756 8.007 .000569476 . | .023864
1757 3.005 000569152 | .023857
1758 3.003 .000568828 | .023850
1759 8.002 .000568584 | .023848
1760 8.000 .000568182 . | .023837
1761 2.998 000567859 | .023880
1762 2.997 .000567537 | .023823
1763 2.995 000567215 | .023816
1764 2.993 000566893 . | .023809
1765 2.992 000566572 | .023808
1766 2.990 000566251 | .023796
1767 2.988 000565981 . | .028789
1768 2.986 000565611 | .023783
1769 2.985 .000565291 | .023776
1770 2.983 .000564972 | .028769
17711 2.981 .000564653 , | .023762
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TaBLE 7.—Slopes.

Slope, Feet,
8. ¥s.

one in | per mile.

1772 2.980 000564384 | .023756
1778 2.978 000564016 | .023749
1774 | . 2.974 000563692 | .023742
1776 2.975 000568380 | .023736
1776 2.978 .000563063 . | .023729
1777 2.9711 .000562746 | .023722
1778 2.969 .000562480 | .023716
1779 2.968 000562114 | .023709
1780 2.966 000561798 | .023702
1781 2.965 .000561482 | .023696
1782 2.968 .000561168 | .023689
1783 - 2.961 000560852 | .023682
1784 2.960 .028676
1785 | 2.968 000560224 | .023669
1786 2.956 | .000569910 | .023662
1787 2.9556 | .000559697. | .023656
1788 2.953 .000559284 | .023649
1789 |  2.951 .000558972 | .023643
1780 2.950 000558669 | .023636
1791 | . 2.948 000558847 | .023629
1792 2.946 000558086 . | .023623
1798 - 2.945 000557724 | .023616
1794 | 2.948 .000557414 | .023610
1705 . 2.942 .000557108 | .023603
1706 - 2.940 000656798 . | .028596
1797 2.938 - |. .000556483 | .023589
1798 2.987 .000656178 | .023583
1799 | 2.985 000555864 | .023577
1800 2.933 000555565 | .023570
1801 2.932 .000555247 | .023564
1802 2.930 .000554989 | .023557
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TasLe 7.—Slopes,

Slope, Feet,
8. ¥e.

one in { per mile.

1803 2.928 0005546381 | .023551
1804 2.927 .000554824 | .023544
1805 2.925 .000554017 | .023538
1806 2.924 .000553798 | .023581
1807 2.922 .000553408 | .023525
1808 2.920 .000558097 | .023518
1809 2.919 .000652792 | .023512
1810 2.917 .000552486 | .023505
1811 2.916 .000652181 - | .023499
1812 2.914 .000551876 | .023492
1813 2.912 .000551672 | .023486
1814 2.911 .000651268 | .023479
1815 2.909 .000550964 | .023478
1816 2.908 .000550661 | .023466
1817 2.906 .000550358 | .023460
1818 2.904 .000550055 | .023458
1819 2.903 000549742 | .023447
1820 2.901 .000549451 | .023440
1821 2.900 .000549149 | .023434
1822 2.898 .000548847 | .023427
1823 2.896 .000548546 | .023421
1824 2.8956 000548246 | .023415
1825 2.893 .000547945 | .023408
1826 2.802 .000547695 | .028402
1827 2.890 .000547844 | .0233956
1828 2.888 .000547046 | .023389
1829 2.887 .000546747 | .028383
1830 2.885 . .028376
1881 2.884 .000546160 | .028370
1882 2.882 000545852 | .023363
1833 2.881 .000545654 | .023857
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TaBLE 7.—Slopes.

Slope, Feet, o
8. Vs,
one in | per mile.
1834 2.879 000545266 023351
1836 2.877 000544949 023344
1836 2.876 000544662 023338
1837 2.874 000544487 023331
1838 2.873 000544096 023325
1839 2.871 .000543774 | .023819
1840 2.870 .006543478 | .023318
1841 2.868 .000543183 | .023806
1842 2.866 000542888 | .023800
1843 2.865 .000542694 | .023204
1844 2.863 .000642299 | .023287
1845 2.862 .000542005 | .028281
1846 2.860 .000541712 | .028275
1847 2.859 .000541419 | .023268
1848 2.868 .000541126 | .028262
1849 2.856 . .0232566
1850 2.854 000540541 | .028250
1851 2.853 .000540249 | .028248
1852 2.851 .000539957 | .023287
1853 2.849 000539611 | .023230
1854 2.848 000539874 | .028224
1856 2.847 000589084 | .023218
1856 3.845 000538793 | .028212
1857 2.843 000538508 | .028206
1858 2.842 000538213 | .028199
18569 2.840 000587924 | .028198
1860 2.889 000537633 | .028187
1861 2.837 000537346 | .028181
1862 2.836 .000537067 | .028174
1863 2.834 000536769 | .028168
1864 2.833 000536481 | .023162
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TaABLE 7.—Slopes.

Feet,

Slope,
8, §s.
one in | per mile.
1865 2.831 .000536193 | .028156
1866 2.880 .000585906 | .023150
1867 2.828 .000585618 | .028143
1868 2.827 .000585382 | .028137
1869 2.825 .000585046 | .023131
1870 2.822 .000534769 | .028125
1871 2.822 .000584474 | .028119
1872 2.821 .000534188 | .023112
1873 2.819 .000533903 | .0238106
1874 2.818 .000588618 | .028100
1875 2.816 000533333 023094
1876 2.815 <000683049 | .028088
1877 2.818 <000532765 | .028082
1878 2.812 .000582481 | .023076
1879 2.810 .000532198 | .028069
1880 2.809 .000681915 | .028063
1881 2.807 .000531632 | .028057
1882 2.806 .000581844 | .028051
1883 2.804 .000531067 | .028045
1884 2.808 <000530785 | .028039
1885 2.801 .000580504 | .023083
1886 2.800 000530223 | .028027
1887 2.798 <000520940 | .023020
1888 .797 000529661 | .023014
1889 2.795 +000529381 | .028008
1890 2.794 000520101 | .028002
1891 2.792 000528821 | .022996
1892 2.791 000528541 | .022990
1893 2.789 000528262 | .022084
1894 2.788 000527983 | .022978
1895 2.786 000527705 022072
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TaBLE 7.—S8lopes.

Slope, Feet, .
8. ¥s.

one in | per mile.

1896 2.785 .000627426 | .022966
1897 2.788 .000627148 | .022060
1898 2.782 .000526870 | .022054
1899 2.780 .000526598 | .022048
1900 2.779 .000526316 | .022942
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Tasre 8.—Comparison of coefficients (c)
in the formula.

V=c4/7s.

D’Arcy’s coefficients for clean pipes under
pressure.—Kutter's coefficients for
pipes flowing full with »n=.011 and
8=.001.

. D’Arcy’s Co- |Kutter's Co-effl-
Diameter. etﬁcieits for | cient, n=.011
Ft. Ins. clean pipes. 8=.001

0 5 103.8 82.9

0 6 105.3 87.4

o 7 106.4 91.5

0 8 107.2 95.0
0 9 107.9 97.9
0 10 108.5 100.5
0 11 108.9 108.8

1 0 109.8 105.7

1 2 109.9 109.5

1 4 110.4 118.0

1 6 110.7 116.2

1 8 111.0 118.8

1 10 - 111.8 121.8




/
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TABLE 8.

D’Arcy’s Co- | Kutter’s Coeffl-

Diametr. eﬂicie{lts for | cient, n=.011.

Ft. Ins, clean pipes. 8:=.001.
2 0 111.5 123.6
2 8 111.7 126.5
2 6 111.9 129.1
2 9 112.1 131.5
3 0 112.2 133.6
38 38 112.3 135.6
3 6 112.4 137.2
8 9 112.6 138.8
4 0 112.6 140.4
4 3 112.7 141.7
4 6 112.7 143.0
5 0 112.8 145 4
5 6 112.9 147.6
6 0 118.0 149.5
6 6 113.0 151.2
T 0 113.1 162.7
8 0 118 2 155.4
9 0 118.2 157.7
10 0 113.3 159.7
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TasLe 9.—Of coefficients (c) from the for-
"mule of D’Arcy, Kutter and Fan-
ning for sxhg.ll pipes below 5 inches

in diameter.

V=cA/rs.

Diam- J - J N ) Ku(ti)er's F(;L-
te D %rcy ® C(I)I:éite;- 8 {|Co-eflicient| ning’s

eler 0- cien

efficient from recom- | Co-effi-

. mended cient
in for formula for clean

by

clean

. s n=.011 | L. D. A. iron
inches| pipes. | "o '00; | Jackson. | pipes.

0 §9.4 32.0 82.9

65.7 36.1 82.9

4.5 42.6 82.9
1 80.4 47.4 82.9 80.4

1 84.8 51.9 82.9
1 88.1 55.4 82.9 88.0
1 90.7 58.8 82.9 92.5
2 92.9 61.5 82.9 94.8

2| 96.1 66.0 82.9
3 98.5 70.1 82.9 96.6
4 . 7.4 82.9 103.4

82.9

82.9 I

5
’ =3
QO =
{ QO -3
]
|

I
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TaBLE 10.—Showing the .velocity in feet
per second in pipes, by Kutter’s for-
mula (6) and also by the tables, the
value of n being .011.

‘Diameter, | Slope, Velocity, | Velocity,

by Kutter's by Flynn's
Feet. Inches.| one in
’ formula. tables.

66 22.68 22.54
2640 3.54 3.56

1 0 66 6.62 6.51
1 0 2640 1.02 1.03
2 0 .86 10.89 10.75
2 0 2640 1.67 1.70
4 0 66 17.52 17.28
4 0 2640 2.70 2.78
6 0

6 0
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Tasre 11.—Showing the velocity in feet
per second in pipes, by Kutter's for-
mula (6) and also by the tables, the
value of » being .013.

Diameter, S]ope, Veloclty, | Velocity,
by Kutter's by Flynn’s
Feet. Inches | onein | ¢ 1o | tables.

1 0 66 5.84 5.26
1 0 2640 0.81 0.83
2 0 66 8.91 8.80
2 0 2640 1.86 1.39
4 0 66 14.44 14 34
4 0 2640 2.24 2.27
¢ 0 66 18.91 18.82
6 0 2640 2.4 2.98
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trations, g4to,cloth.......... ... ... . 300

MICHIE (Prof P.S.) Flements of Wave Motion relating to
Sound and Light. Text-Book forthe U.S. Military Acade-
my. 8vo, cloth, illustrated................. eosscassiearsans 500

MINIFIE w.) Mechanical Drawing. A Text-Book of Geo-
metrical Drawing for the use of Mechanics and Schools, in
which the Definitions and Rules of Geometry are familiarly
explained ; the Practical Problems are arranged, from the
most simple to the more complex, and in their description
technicalities are avoided as much as possible. With illus-
trations for Drawing Plans, Sections, and Elevations of
Railways and Machinery; an Introduction to Isometrical
Drawing, and an Essayon Linear Perspective and Shadows.
Tllustrated with over 200diagrams engraved on steel. Ninth
edition. With an Appendix on the Theory and Application
of Colors. 8vo,cloth . .......o.iiiiiiiiiaiiiiiiinrenennsn oo

“Tt is the best work on Drawing that we have ever seen, and is
especially a_text-book of Geometrical Drawing for the use of Me-
chanics and Schools. No young Mechanic, such as a Machinist,

Engineer, Cabinct-maker, Millwright, or Carpenter, should be with-

out it.”’—Scientific American.

Geometrical Drawing. Abrideed from the octavo edi-

tion, for the use of schools. Illustrated with forty-eight

steel plates. Fifth edition. 12mo,cloth ...........7...... 200
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MODERN METEOROLOGY. A Seriesof Six Lectures, de-
livered under the pices of the M logical Societ;
in 1878. Illustrated. 12zmo,cloth.... ....... cace coued 81 50

MORRIS (E.) Easy Rules for the Measurement of Earth-
works, by Means of the Prismoidal Formula illustra-
tions. 8vo, cloth..

MOTT (H. A.,ér.) A lfract‘ical_ Treatise on Chemistry (Quali-

15

tative and ive ysis), y, Blow-pipe
Analysis, Mineralogy, Assaving, Pharmaceutical Prepara-
tions, Human Secretions, S iic Gravitie Weights and
Measures, etc., etc., etc. ﬁ:ﬂ edition, I 650 pages.
8vo,cloth..eceniiniiiniiiiiiiiiis cnas cocorensesenns 400

NAQUET (A.) 1.egalChemistry. A Guideto the Detection of

ns, Falsification of Wnitings, Adulteration of Alimen-

tary and Ph ical Sub Analysis of Ashes,

and examination of Hair, Coins, Arms, and’ Stains, as_aps

lied to Chemical Jurisprudence, for the use of Chemists,

hysicians, Lawyers, Pharmacists, and Experts. Translat-

ed, with additions, including a list of books and Memoirs on

Toxicology, etc., from the French. By J.P. Battershall,

Ph.D., with a preface by C. F. Chandler, Ph.D,, M.D,,
LL.D. 12mo, clath........ ee0e v smseieiiaaen cesesssecss 200

NOBLE (W. H.) Useful Tables. Pocket form, cloth......... %

NUGF:NT (E.)  Treatise on Optics; or, Light and Sight, theo-
retically and practically treated, with "the application to
Fine Art nd Industrial Pursuits. With 103 aﬁumaﬁm.
12mo, cloth..... ceteestean.iciicet0taeatee ceoenannnann e 180

PEIRCE (B.) System of Analytic Mechanics, 4to, cloth.....10 00

PLANE _ABLE (THE). Its Uses in Topographical Survey-
. From the Papers of the U. S. Coast Survey. Illustrate
. .. ,cloth.......... ceeiaenen eenereteteaaiaseaaanes 2
% This work gives a description of the Plane Table emPoned at
the U. S. Coast Survey office, and the manner of using it."

PLATTNER. Manual of Qualitative and Quantitative Ane
alysis with the Blow-Pipe. From the last German edition,
revised and enlarged. By Prof. Th. Richter, of the Roya'
Saxon ininiAcnder{y. Translated by Prof H. B. Corn.
wall, assisted by John H. Caswell. Illustrated with 87 wood-
cuts and one iithographic plate. Fourth edition, revised,

860 pages. 8vo, cloth........... eeeecsssnseccsesacen . §00

PLYMPTON (Prof. GEO. W.) The Blow-Pipe. A Guide to its
use in the Determination of Salts and Minerals. Compiled
from various sources, 12mo, cloth,....oceuuieennieaaaas e 150

= The Aneroid Barometer: Its Constructiom and.Use.
Compiled from several sources. 16mo, boards, illustrated, 5o
Morocco.......... P eseee 100
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PLYMPTON (Prof. GEO. W.) The Star-Finder, or Plani-
sphere, with Movable Horizon _ Printed in colors on fine
card-board, and in accordance with Proctor's Star Atlas...§t 00

POCKET LOGARITHMS, to Four Places of Decimals, includ-
ing Logarithms of Numbers, and Lo'?arilhmic Sites and
Tangents to Single Minutes. To which is added a ‘1'.ble of
N. | Sines, 15 ngents, and Co-Tang 16mo, bo.rds, 50

POOK (S. M) Method of Comparing the Lines and Draught-
ing Vessels propelled by Sail or Steam. Including a chap-
ter on Laying-off on the Mould-Loft Floor. 1 vol. &v-, with
illustrations, cloth. .......c.ocoiiiiiiiiiiiiiniiana,

POPE (F. L.) Modern Practice of the Electric Telegraph. A
Hand-Book for Llectricians and Operators. Eleventh edi-
tion, revised and enlarged, and fully illustrated. 8vo, cloth. 2 00

PRESCOTT (Prof. A. B) Outlines of Proximate Organic An-
alysis, for the ldentification, Separation, and Quantuative
Determination of the more commonly occurring Organic
Compounds. 1amo, cloth... . . ... 0 oo 17§
Chemical E ination of Alcoholic Liquors. A Manual

of the Constituents of the Distilled Spirits and Fermented

Liquors of Commerce, and their Qualitative and Quantita-

5 00

tive Determinations. 12mo, cloth........ccvvuunnnnen ]
——— First Book in Qualitative Chemistry. Second edition.
12mo, cloth..........cooiviiiiiiiiilen e, 150

PYNCHON (Prof, T. R.) Introduction to Chemical Physics,
designed for the use of Academies, Colleges, and High-
Schools. Illustrated with numerous engravings, and con-
taining copious experiments with directions for preparin,
them. New edition, revised and enlarged, ard illustrate
by 269 illustrations on wood Crown 8vo, cloth.... ... .... 300

RAMMELSBERG (C. F.) Guide to a Course of Quantitative
Chemical Analysis, especially of Minerals and Furnace Pro-
ducts. Illustrated by Examples. Translated by J. Towler,
M.D. 8vo,cloth......... ... ...l 225

RANDALL (P. M) Quartz Operator’s Hand-Book. New edi-
tion, revised and enlarged, fully illustrated. 12mo, cloth... 2 00
RANKINE (W, ). M.) Applied Mechanics, comprising Prin-
ciples of Statics, Cinematics, and Dynamics, and Theory
ot Structures, Mech and Mach Crown 8vo,
cloth. Tenth edition. London..... ..... .. PETRRON vees 500
———— A Manual of the Steam-Engine and other Prime Movers,
with numerous tables and illustrations. Crown 8vo, cloth.
Tenth edition. London, 1882................... teres veeies 500
~——— A Selection from the Miscellaneous Scientific Papers of,
with Memoir by P. G. Tait, and edited by W. J. Millar,C.E.
8vo, cloth. London, 1880............. ceeeiasesanenan. eeees 10 00
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RANKINE (W. J. M.) A Manual of Machinery and Mill-work.
Fourth editio'x'\. rown 8vo. London,1881° ....... ....8500
e« Civil Engi i isi Engi ing Surveys,
Earthwork, i‘ounda?lons, Masonry, Carpentry, Metal-
works, Roads, Railways, Canals, "Rivers, Water-works,
) rs, etc., with numerous tables and illustrations,
Fourteenth etfition, revised by E. F. Bamber, C.E.. 8vo.
London, 1883.... ......cccvnnune coesesseenene e eeeeas .65
== Useful Rules and Tables for Architects, Builders, Car-
penters, Coachbuilders, Engineers, Founders, Mechan-
ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights,
etc. Sixth edition. Crown 8vo, cloth. London, 183...... 4 00
and BAMBER (E. F.) A Mechanical Text-Book; or,
Introduction to the Study of Mech and Eng g.
8vo, cl .th. London, 1875 ......... [ teiiereees 360

RICE (Prof. ‘] M.) and JOHNSON (Prof. W. W.) Ona New
Method of Obtaining the Differentials of Functions, with
especial reference to the Newtonian Conception of Rates or
Velocities. 12mo, paper ....... .. ......eee

ROGERS (Prof. H. D.) The Geology of Pennsylvania. A Gov-
ernment Survey, with a General View of the Geology of the
United States, kssays on the Coal Formation and its Fos-
sils, and a description of the Coal F ields of North America
and Great Britain. Illustrated with Plates and Engravings
in the text. 3 vols. 4to, cloth, with Portfolio of Maps. ....30 oo

ROEBA,INGJJ, A) Long and Short Span Railway Bridges.
Illustrated with larFe copperplate engravings of plans and
views. Imperial folio, cloth .........0......0 .. .. ..., . 2500

ROSE (JOSHUA, M.E.) The Pattern-Maker’s Assistant, em-
bracing Lathe Work, Branch Work Core Work,Sweep Work,
and Practical Gear tonstruc(ions, the Preparation and Use
of Tools, together with a large collection of useful and val-
uable Tables. Third edition, Illustrated with 250 engrav-
ings, 8vo, cloth . ........... ... teren .0 250

SABINE*IRO?ERT). History and Progress of the Electric Tel-
aph, with descriptions of some of the apparatus. Second

50

edition, with additions, 12mo, cloth ............ ......ceo... 125
SAELTZER(ALEX ) Treatise on Acoustics in connection with
Ventilation. 12mo, cloth ............ PN eeneeeas 1 00

SCHUMANN (F) A Manual of Heating and Ventilation in
its Practical Application for the use of Engineers and Archi-
tects, embracing a series of Tables and Formulz for dimen-
sions of l)ea(mg, flow and return pipes for steam and hot-
water boilers, flues, etc., etc. 1amo. Illustrated. Full
roan ... F N ... 150
Formulas and Tables for Architects and Engineers in
calculating the strains and capacity of structures in Iron
and W 13m0, morocco, tucks —..........iiiiiiiiil. 2 60
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SAWYER (W.E) Electric-Lighting by Incandescence, and
its Application to Interior lllumination. A Practical
Treatise. With g6 illustrations. Third edition. 8vo, cloth.§2 so

SCRIBNER (J. M.) Engineers’ and Mechanics’ Companion,
comprising United States Weights and Measures, Mensura-
tion of Superfices and Solids, Tables of Squares and Cubes,
Square and Cube_Roots, Circumference and Areas of Cir-
cles, the Mechanical Powers, Centres of Gravity, Gravita-
tion of Bodies, Pendulums, Specific Gravity ot Bodies,
Strength, Wei ‘n, and Crush of Materials, Water-Wheels,
Hydrostatics, draulics, Statics, Centres of Percussion
and Gyration, Fvnchon f-{eat, Tables of the Weight of
Metals, Scantling, etc., Steam and the Steam-Engine.
Nincteenth edition, revised, 16mo, full morocco............. 1 50

——— Engincers’, Contractors’, and Surveyors' Pocket Table-
Book. Comprising Logarit\mms of Numbers, Logarithmic
Sines and langents, Natural Sines and Natural Tangents,
the Traverse ‘1able, and a full and complete set of Excava-
tion and Embankment Tables, together with numerous
other valuable tables for Engineers, etc. Eleventh edition,
revised, 16mo, full morocco ........... teseies seeene ceeee. 160

SHELLEN (Dr. H.) Dy Electric Machir Translated
with much new matter on American practice, and many il-
lustrations which now appear for the first time in print.
8vo, cloth, New York............... e veero.(In press)

SHOCK (Chief-Eng. W. H\) Steam-Boilers: their Design,
Construction, and Management. 4so pages text, Illustrated
with 150 wood-cuts and 36 full-page plates (several double).
Quarto. Illustrated. Half morocco......coeeeiiiiiiiiss. 1500

SHUNK (W. F.) The Field Engineer, A handy book of prac-
tice in the Survey, Location, and Track-work of Railroad:
containing a large collection of Rules and Tables, origina
and selected, applicable to both the Standard and Narrow
Gauge. and prepared with special reference to the wants of
the young Engineer. Third edition. 12mo, morocco,
tucks......... e eeeieenienaiaeens eveseenes aans vesesesis.. 2 50

SHIELDS (], E) Notes on Engineering Construction. Em-
bracing Disc i of the Principles involved, and Descrip-
tions of the Material employed in Tunnelling, Bridging,

Canal and Road Building, etc., etc. 12mo, cloth........... I 50

SHREVE (S. H) A Treatise on the Strength of Bridges and
Roofs. Comprising the determination of Algebraic formu-
las for strains in Horizontal, Inclined or Ratter, Tr‘anﬁular.
Bowstring, lenticular,and other Trusses, from fixed and
moving loads, with practical applications and examples, for
the use of Students and Engineers. 87 wood-cut illustra-
tions. Third edition. 8vo, cloth.............c.civivennnes 350
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SIMMS {F‘ W.) A Treatise on the Principles and Practice of
Levelling, showing its apphcation to purposes of Railway
Engineenng and the Construction of Roads, etc. Revised

corrected, with the addition of Mr, Laws’s Practical

$2 50

STILLMAN (PAUL) Steam-Engine Indicator, and the Im-
proved Manometer Steam and Vacuum Gauges—their Utility
and Application. New edition. 12mo, flexible cloth....... 100

STONEY (B. D.) The Theory of Strains in Girders and similar
structures, with observations on the a?hcztion of Theory
to Practice, and Tables of Strenzth and other properties of
Materials. New and revised edition, enlarged. Royal 8vo,
664 pages. Complete in one volume. 8vo, cloth.... . . ..125

STUART (CHAS. B, U.S. P:J The Naval Dry Docks of the
United States. I[Hustrated with 24 engravings on steel.
Fourth edition, cloth ........coooiveiiiiiiiiiiiiiieian., 6 00

The Civil and Military Enginecrs of America. With o
fincly executed portraits of eminent engineers, and illus-
trated by engravings of some of the most important works

constructed in America. 8vo, cloth........ ceoovvaeneienes 5 00

STUART (B.) How to Become a Successful Engineer. Bein,
Hints to Youths intending to adopt the Profcssion. Sixt
edition. 12mo, boards ....... teersesssecnitiirians

SWEET (S. H.) Special Report on Coal, showing its Distri-
bution, Classification, and Cost delivered over different
routes to various points in the State of New York and the
plrinﬁipal cities on the Atlantic Coast. With maps. 8vo,
cloth........... © evererereeeee ceenaes e eeeeieiiena 3 00

TEXT-BOOK (A) ON SURVEYING, l(’:r'osections, and Port-

50

able Instruments, for the Use of the et Midshipmen at
the U. S. Naval Acad Nine it hed plates and
several wood-cuts. 8vo, cloth ...

TONER (J. M.) Dictionary of Elevations and Climatic Reg-
ister of the United States. Containing, in addition to Ele-
vations, the Latitude, Mean Annual Temperature, and the
total Annual Rain-fail of many localities ; with a brief in-
troduction on the Orographic and Physical Peculiarities of
North America. 8vo, cloth

TUCKER (Dr. _] H.) A Manual of Sugar Anal(sns, includ-
ing the Applications in General of Analytical Methods to
the Sugar Industry. With an Introduction on the Chemis-
try of Cane Sugar, Dextrose, Levulose, and Milk Sugar.
8vo, cloth, illustrated.......... teeee cverecsrenennen veeriees 350

TUNNER (P.) A Treatise on Roll-Turningb for the Manufac-
ture of Iron Translated and adapted by John B. Pearse,
of the Pennsylvania Steel-Works, with numerous engrav-
ings, wood-cuts, and folio atlas of plates............ ... 10 00
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VAN WAGENEN (T. F.) Manual of Hydraulic Mining, for

_ theuse of the Practical Miner. 12mo, cloth...............81 00
WALKER (W.H.) Screw Propulsion. Notes on Screw Plo-
pulsion: Its Rise and Hiatory. 8vo,cloth................. 75

WANKLYN (J, A.) A Practical Treatise on the Eumlnlnon
f Milk and its Derivatives, Cream, Butter, and Cheese.

umo,cloth. ....... tereseeeeneniaeniaaes Ceerereeieeeeaaane .. 100
WATT (ALEX.) Electro-Metallurgy, Practically Treated.
Sixth edition, with considerabie additions. 12mo, cloth.... 1 0o

WEISBACH eé] ULIUS). A Manualof Theoretical Mechanics.

from the fourth angmented nnd |mpmed Ger-

man edinon, with an by Eck-

ley B. Coxe, A.M., Mi neer !,loopnges, andgoz
wood-cut il usmuom vo, S T A TN 0 00

WEYRAUCH (J.]) Strength and Calculations of Dimen-
sions of Iron and Steel Construction, with reference to
the Latest Experiments. 12mo, cloth, plates............. 1 00

WILLIAMSON (R.S) Ontheuseof the Barometer on Sur-
veys and Pare I. logy in its Con-
nection w:th Hypsomet: Part II. Barometnc Hypsom-
etry,” With Illustrative ‘ables and Engravings. 4to, cloth 15 co

Practical Tables in Meteorology and Hypsometry, in con-
nection wnh the use of the Barometer. 4to, cloth......... 2%

Complete 112-page Catalogue of works in
every department of science sent postpaid to
any address on receipt of ten cents in postage
stamps.
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THE UNIVERSITY SERIES.

‘No.1. ON THE PHYSICAL BASISOF LIFE. By Prof. T. H.
Huxley, LL.D., F.R.S. With an introduction by a Professor
in Yale Collcge 12mo, pp. 36. Papercover............. vees 2§

No.2. THE CORRELATION OF VITAL AND PHYSICAL
FORCES. By Prof. George F. Barker, M.D., of Yale Col-
lege. 36 pp. Papercovers . 25

No. 13 ASREGARDS PROTOPLASM in relation to Prof. Hux-
ey ’s *‘ Physical Ba.sls of Life.”” By J. Hutchinson Stirling,

2 25

No. 4 ON THE HYPOTHESIS OF EVOLUTION, Physical
and Metaphysical. Prof. Edward D. Cope. 12mo, 72 pp.
Paper covers,

No._? SCIENTIFIC ADDRESSES—1, On the Mecthods and
endencies of Ph g'smal Investigation. 2. On Haze and
Dust. % On the |ennﬁc Use of the lmagmauon By
Prof. Jo
Flex.cloth..oo. ..iiih © iiiiiiiiiies 0 tiitiiiieee veeenees 50

No.6. NATURAL SELECTION AS APPLIED TO MAN. By
Alfred Russell Wallace. This pamphlet treats (1) of the De-
velogmen! of Human Races under the Law of Selection;
(2) the Limits of Natural Selection as applied to Man. 54 pp. 25

No.ﬁ SPECTRUM ANALYSIS. Three lectures by Profs.
oscoe, Huggins, and lackyer Finely illustrated. 88 pp.
Paper COVErS ........... . (iiviveniene tenenes secnenninnan 25

No.8. THE SUN. A sketch of the present state of scientific
opinion as regards this body. By Prof. C. A. Young, Ph.D.,
of Dartmouth College. 8 pp. Papercovers............. .. 25
No THE EARTH A GREAT MAGNET. By A. M. Mayer,
3 ., of Stevens Institute. 72 pp. Paper covers,
Flexxble cloth e
: 0. MYSTERIES OF THE VOICE AND EAR. By Prof.
No (l) Rood, Columbia College, New York. Bcnutylfully nl-
lnstrated 38pp Paper covers........
Or together, 2 vols., cloth
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VAN NOSTRAND'S SCIENCE SERIES.

(18mo, green boards. An:iply illuurated where the subject

No. 1. CHIMNEYS FOR FURNACES FIRE-PLACES, AND
STEAM-BOILERS. By R. Arrnstrong, C.E. Second edi-
tion, enlarged........ .. ciih it deeeiiiiiecsieccaneeaan. 0

No. 2. STEAM-BOILER EXPLOSIONS, By Zerah Colburn. . 50

No.ﬁ PRACTICAL DESIGNING OF RETAINING WALLS.

y Arthur Jacob, A.B. ........oociiiiiin i, .5

No‘é PROPORTIONS OF PINS USED IN BRIDGES By

harles Bender C.E..... .50

No.s. VENTILATION OF BUILDINGS. By W. F. Butler... 5o

No.6 ON THE DESIGNING AND CONSTRUCTION OF
STORAGE RESERVOIRS. By Arthur Jacob, A.B........ 5

No.7. SURCHARGED AND DIFFERENT FOI(MS OF RE-
‘1’ AINING WALLS. By JamesS. Tate, C.E..............

No.8. A TREATISE ON THE COMPOUND ENGINE. B
{ohn Turnbull, Jr. Second edition, revised by Prof. S “)'

obinson

No. 9. FUEL.

illiam Siemens, D.C.L
gcnded the \yALUE OF ARTIFICIAL F'UEL AS CODT
ARED WITH COAL. By John Wormald, C.E ... ....... 50
No.10. COMPOUND ENGINES. Translated from the French
Oof AL Mallet .....iiiiiiieet ittt teiiierieteiiiiriiieas (7]
No. 11. THEORY OF ARCHES. By Prof. W. Allan. .......
No. éch THEORY OF VOUSSOIR ARCHES. By Prof. W.

No. u FRICTION OF AIR IN MINES. By J J. Atkimon 9
No. xg ebdl(EW ARCHES. By Prof. E. W. Hyde, C.E. lllus-
No. x6. A GRAPHIC METHOD FOR SOLVING C!RTAIN
ALGEBRAIC EQUATIONS. By Prof. George L. Vose... 5o
No.17. WATER AND WATER SUPPLY. By Prof. W. l{
Corfield, of the University College, London .................. 7Y
No. 18. SFWFRAGE AND SEWAGE UTILIZATION By
Prof . H.Corfield, M.A., of the University College Lon-

No. 12) STRENGTH OF BEAMS UNDFR TRANSVERSE
ADS. By Prof. W. Allan, author of * Theoryof Arches’ 5o
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No. &BRIDGE AND TUNNEL CENTRES. By John B. Mc-
50

No. 21. SAFETY ‘ALVEb By Rlcha.rdH Buel, C.E..... ... 0
No. nE HIGH MASONRY DAMS. By John B. Mc\hlter,
50

No.23. THE FA;l‘IGUE OF METALS UNDER REPEATED
S’i“RAI NS, with Various Tables of Results and Experiments.
Ludwig Spanguburgh h a

From the German of Prof. Lud: , Wit

Preface by S. H. Shreve, AM .. ..., tes seceseseces sreann .5
No.24. A PRACTICAL TREATISE ON THE TEETH OF

v’»’ LS. By Prof. S. W, Robinson.....o.ccoovvvnnnanns . 5

No. 'ﬁ ON THE THEORY AND CALCULATION OF CON-
NUOUS BRIDGES. By Mansfield Merriman, Ph.b..... 50

No. 26. PRACTICAL TREATISE ON THE PROPERTIES
OF CONTINUOUS BRIDGES. By Charles Bender, C.E. 50

No. 27. ON BOILER INCRUSTATION AND CORROSION
By F.J. ROWBN...0 ciiviieiiiiinns coveeennnne sees annen

No. 28. TRANSMISSION OFNPOWER BY WlRE ROPES

By Albert W. Stahl, U.S. N... ...ccoivt tiivenannnn conerens
No. q STEA\{ INJECTORS Translated from the French of
Leon Pochet™... ... .....cci ov . eeeieeeiieneinns

No. ao TERRESTRIAL MAGNETISM AND THE MAG-
TISM OF IRON VESSELS. By Prof. Fairman Ro-

BOTS.. . tiiiiiiiie tiie o iiiiiaeeeeeeiiiaaaaeeeaeaae veeees 50
No. ?‘l TdE SANITARY CONDITION OF DWELLING-
S IN TOWN AND COUNTRY. By George E.

W.nng, L 5o
No. x CABLE-MAKING OF SUSPENSION BRIDGES By

Hildenbrand, C.F. ....... .

No. B MECHANICS OF VENTILATION, By ‘George W.
er, ......... @esieae sesiesetatestees cisssesenss aes
No. 34. FOUNDATIONS By Prof. Jules Gaudard C.E. Tra.ns-
lated fromthe French, .. ......0.... cccooiiiiiiiiinne,
No. ‘H THE ANEROID BAROMETER ITS CONSTRUC—
ND USE. Compiled by George Ww. Plympton

Second edmon. ces0sesenes seve seveses ssssasssecsasestsssere 50

No. 36. MATTER AND MOTION. Byl Clerk Maxwell MA 50
No. 3. GEOGRAPHICAL SURVEYING: Its Uses, Meth-

s, and Results. By Frank De Yeaux Carpenter, CE. s
No.g! MAXIMUM STRESSES IN FRAMED BRIDGES,

y

Prof. Wm. Cain, AM,C.E . .......icoivee vevevnrnnnnns so
No'ﬁ A HAND-BOOK OF THE ELECTRO—MAGNET]C
LEGRAPH. By A.E. Loring...........c....... .

No.r TRANSMISSION OF POWER
IR. By Robert Zahner, M.E.................

No. 41. STRENGTH OF MATERIALS. By Wm. Kent, C.E.. 50
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No. 42. VOUSSOIR ARCHES APPLIED TO STONE
gz RIDGES, TUNNELS, CLLVEI\ TS, AND DOMES. By

Prof. Wm. Cain.....ccoiiiiiiiniiiiieiiietiininiiniiennnonnns 50
No. 43. WAVE AND VORTEX MOTION By Dr. Thomal
. raig, of Johns Hopkins University............. cerreiienas . 5
No. 44. TURBINE WHEELS. By. Prof. W, P. mebndze,
Columbia College .............0. teseeeteatareaarennntnineas 0
No. 45. THERMODYNAMICS By Prof. H. T. Eddy, Univer-
sityof Cincinnati. ...l Loiiiiiiiii diieteen s so
No. £6 l%Cl?«-MAKI“IG MACHlNES. From the French of M.
.......................................... veees 50

No. . LINKAGES, THE DIFFERENT FORMS AND
S OF ARTICULATED mes By J . C. De

'm. Cain,
Nogo ON THE MOTION OF A SOLID lN
y Thomas Craig, Ph D.....oooiivveen cevnnnnnnn
No. s0. DWELLING HOUSES : Their Sanitary Constmctlon
and Arrangements. By Prof. W, H. Corfield."............... 50
No. s1. ITHE TELESCOPE : Its Construction, etc. By Thos.
OJAN ... L..teeae.vensces = 4e seiss see seesscccisanentoas
No? IMAGINARY QUANTITIES Translated from the
rench of M. Argand. By Prof. Hardy............ .. .... 50
No. s3. INDUCTION COILS: How Made and How Used.... 5o
No. w KINEMATICS OF MACHINERY. By Prof. Kennedy
it

With an introduction by Prof. R. H. Thurston.... .......... 50

No. 55. SEWER GASES : Their Nature and Origin. By A. De
Jarona. ... e eeaeieeeraiteerae e eeeaaas se seaeteenanes 50

No. 6. THE ACTUAL LATERAL PRFSSURE OF EARTH-
ORK. By Benj. Baker, M. Inst. C.E..... geersensinenee . 50

No. ‘H INCANDESCENT ELECTR!C LlGH WITH PAR-
CUI AR REFERENCF. TO TH ON LAMPS AT

ARIS EXHIBITION. By Comte Th. Du Moncel,

Wm Henry Preece,] w. Howell and others. Second edi-
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