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We Are Always Trying to Please You Kuppenheimer Clothes

A Trial Order Will Convince Fine Furnishings --- at Reasonable Prices
You That We Are Tailors

We Solicit Your Patronage -

ED S5PARKS CARL WOLF

Tailor and Haberdasher 715 Wabash Ave. 629 Wabash Ave.

St.Nicholas Barber Shop Watch for the Coming

KLAW AND ERLANGER’S
Good Service, Hair Cutting Colossal Spectacle

iz ||\ BEN HUR

We handle Collars, Ties, HOSieer EtC., Hundreds or people in the cast. 10 carloads of
in connection. special effects.

GRAND--Dec. 21-22

Watch newspapers for all details

Wi, Schonefeld |==—tzemn  mmo—
DRUGGIST DR. JAMES McCALL
Northern Hotel Bldg. PRACTICE LIMITED TO

Seventh and Big Four New Phone 575 EYE, EAR, NOSE

UNIVERSITY NOTE BOOKS, THROAT
STATIONERY, Ete. Rooms 319 to 322

* o . Evenings by ROSE DISPENSARY BUILDING
de' Developed and Prmtecl m 24 hours Appointment Only Terre Haute, Ind.
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ELECTRIC CIGAR LIGHT-
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Max Frank
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BOTH PHONES 1995

BE PREPARED

When Uncle Sam Calls you to the colors,

l)y having your garments cleaned and repaired

ERMISCH MY CLEANER

For Quick Service

— When You Think of Flowers
Think of

HEINL'S

129 South Seventh Street
TERRE HAUTE

EAT AT
PLAZA RESTAURANT

Special Rates to Students. Open Day and Night

Special Chicken Dinner Sundays, 5 P. M. to 8 P. M. 50c
Regular Chicken Dinners 11 A. M. to 2 P. M. 35¢

F. A. FRANCE, Prop.

I F you want CANDIES and ICE CREAM

of quality. The Greek Candy Kitchen
QEGRD makes them FRESH EVERY DAY.

Made of strictly pure materials. The
cleanest, coolest and most sanitary place in
the city. Ice cream orders for all occasions
given our prompt attention. Your trade with
us is greatly appreciated. Try us

The Greek Candy Kitchen

Cor. Seventh and Main Streets
Phone New 1250 Phone Old 1450

Get Your Hair Cut at the

Great Northern Barber Shop

Opposite Big 4 Station
Suits Pressed 50c¢

WOODSIE D. FUQUA, Prop.
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WANTS MORE THAN A CORRECT FIT. HE WANTS STYLE AND SNAP AS WELL.
SOCIETY BRAND CLOTHES

Combine all these Good Qualities—and besides—Reasonable Prices.

M. JOSEPH’S SONS,

512-514

WABASH AVENUE

L. D. SMITH
NEWSDEALER and STATIONER

We Carry a Complete Line of

Basketbau, Football and All
Kinds of Athletic Supplies

673 Wabash Avenue Terre Haute. In&iana

CITIZENS TELEPHONE 6

Dawson & Brunner

13th and Poplar Sts.

Brunner's Pharmacy

13th and Locust Sts.

Rose Jewelry, University Note Books
Candies, Cigars, Pipes, Etc.
Mewhinney, Morses & Whitman Box Candies

Drugs Prescriptions

The Cleanest Lunchery in Indiana
The Colonial Dairy Lunch
F. F. Winslow, Owner
“The One White Spot in Terre Haute™

24 South Seventh St. Terre Haute, Indiana

Best Hair Cutters In Town

Derringer’s Sanitary
Shave Shop

Basement

TERRE HAUTE TRUST BUILDING

There’s Underwear Comfort in

Globe

Union Suits

They have that elasticity desired to give
perfect ease all over, yet do not become loose
and unshapely. Twice sewed seams, tailored
button holes, fully shrunk and perfect in fit.

Trouser
Seat

Finest quality of making-of-cotton, mer-
cerized (silk) cotton, or worsted.

$1.50 to $5.00.

Prices

Sold in Terre Haute exclusively at
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NTIRELY through an oversight upon our
part, the name of Mr. Herbert Foltz, Con-
sultant with Mr. John V. Van Pelt in making

the plans for the new Rose buildings, was
omitted in the superseription accompanying
the General Plan of the new buildings, which
appeared in connection with Mr. Van Pelt’s
article in the October issue of Tar TrcHNIC.

Mr. Foltz, an alumnus of Rose, has given
study and assistance toward the early develop-
ment of the new buildings that could hardly
be overestimated, and our error in omitting
his name in the superscription is more than
regrettable.

It is our desire that this correction be
brought to the attention of all readers of this
publication.

OR this year only, the Inter-fraternity

Board has voted to advance the date of
rushing season—and also to shorten the period
—from the usual first two weeks of the second
term to the first ten days of December, pro-
vided one of the chapters, that of Alpha Chi
Sigma, is able to obtain the consent of its
Grand Council to participate in rushing at
such a time.

This action followed a discussion brought
up by one of the representatives advocating
the advancement of the rushing season to a
date prior to the graduation of the present
Senior Class. On another page of this issue a
more detailed account of the recent Inter-fra-
ternity Board meetings will be found.

With the rushing season now but a short
time off, the Freshman should familiarize him-
self with the system adopted in the inter-fra-
ternity agreement of 1915. With the excep-
tion of the dates therein, the agreement for
this year is identically the same.

So many regrettable incidents have occurred
in the past as a consequence of a misunder-
stand ng—or of absolute ignorance—on the
part of the rushees regarding certain rules of
the system that we wish to emphasize this
statement.

The Freshman who takes it upon himself to
live up to the rules undoubtedly profits by do-
ing so. In reserving his decision until the
proper time, the one purpose for which the
present form of bids 1s intended is accom-
plished: and the Freshman himself invariably
enjoys the highest respect of all with whom he
has become acquainted.

At the present time a most friendly spirit
exists between the fraternities at Rose, and it
is to be hoped that the coming rushing season
will not terminate in any such embarrassing
and annoying experiences as those of previous
years.
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N our leading article of this issue, Professor

H. A. Thomas offers an original solution
of “The Backwater Problem,” in connection
with a discussion of the methods of solution
now used, their applications‘ and accuracy.

Through his articles in 7he Engineering
News P(*mw] Professor Thomas is becoming
well known among Civil Engineering author-
ities, and we congratulate ourselves. upon being
able to pnl)lhh ‘his solution of “The Back-
water Problem” for the first time.

OR our Alumni article for this month, Mr.
John D. Galloway, ’89, of San Francisco,
has contributed “The Civilian Engineer and
the Army.” '
As Major, Engineers’ Officers’ Reserve Corps,

m1—-r--v—\

SE TECHNIC.

Mr. Galloway is well qualified to write upon
such a su])]e(‘t His comprehensive descrip-
tion of the organization of the Army, especial-
ly of the engineering branches, will undoubted-
ly be of considerable interest to all Rose
Olnl(hlates or students C(mtemplatnm entering
the service, for whom in particular the article
was written.

INCE the publication of the October issue,

Mr. George L. Brown, 20, and Mr. Ed-
ward R. Ronald, 21, have been selected for
positions on the staff of Tae TecHNIC, the
former as Assistant Business Manager, and the
latter as Freshman Locals Editor. Both men
have had experience in student publication
work, and we feel confident of their ability to
make good as members of Tur TrecaNIC staff.

AI\"‘TT—",NH

1HLn k/U_LJ_LJL‘J\J‘JlJD

and 1T WA

HE pamphlet, “British
Universities and the
War,” gives some inter-
esting statistics regard-
ing the number of ((»lle“v
Ol.ulnato and students
in military or civilian service up to the end of
1916—or after approximately twenty- eight
months of England’s participation in the great
conflict.

At that time 11,176 Oxford University men
had entered the service: Cambridge had fur-
nished 13,128 of its alumni, students or facul-
ty; the l niversity of London, approximately
20,000 ; the University of Durham, 2,024 ; Man-
chester University, over 1,600 Ll\mp() ol Uni-
versity, 1.310; Teeds, over 1,500: Sheffield,
705; Wales, 1,350; St. Andrews, 670 (thg_»O\\,
approximately 3,000; Aberdeen, over 2.220:
Edinburgh University, over 5,000; Dublin,
9,882.

From the figures available, over 5,000 of the
men from these institutions had gained honors
of more or less importance. At the time the
statistics were compiled, nearly 5,000 of the
total number from British universities had
been killed in action.

The Case Scuovl of
Applied Science has ap-
1)()111ted a committee of
its Faculty to visit some
of the army posts at
which officers’ schools are
located. This body has been selected to study
at first hand the work given at these schools,
and to determine what change in the course of
study could profitably be made, in order that
Case graduates might be more ofﬁcwntlv pre-
])‘11'0(1 for army service without detracting
from their training for efficient engineering
work in civilian life.

It was found that the courses were charac-
terized by many problems—a much larger
number than Rose students encounter in their
courses. The problems emphasize fundamental
principles, for the most part, and practical ap-
plications are continually made. The responsi-
bility is placed upon the student, and not the
instructor; emphasis is laid upon recitation
work, which embodies nearly all the technical
subjects to be met with in military training
and service. Only ten men are under each in-
structor, and military discipline prevails in
each class.
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The Backwater Problem

By

H. A. TaoMAS, C. E.

Associate Professor

in Civil Engineering, Rose

Polytechnic Institute.

SYNoPSIS.

HE inaccuracy of the common methods of
solving the backwater problem is dis-
cussed in this paper, with especial reference to
cases arising in connection with flood-control
studies on large rivers, and a new semi-graphic
method is propo\od for handling the problem

to obtain accurate results.

Tuar BackwaTER PROBLEM.

The “backwater problem,” as understood in
the following, is the problem of predicting the
immediate effects produced on the depths and
slopes of the water in a river by changes in
any part or parts of the channel. The predic-

tion of the gradual effects of silting and scour
1s not directly included in this problem.

In a natural river channel the depths and

surface slopes corresponding to any given flow
adjust themselves at all points to certain de-
finite values which remain constant as long as
no change takes place in the channel in contact
with the flowing water. This fixed relation
between the conformation of the channel and
the depths and slopes of the water at all points
is called the “regimen” of the river for the
given flow. TIn any portion of a stream the regi-
men depends not only on the shape, size, and
nature of the bed in that particular portion,
but on influences acting in the channel for long
distances upstream and downstream. For this
reason the regimen of a river may be affected
for many miles by a natural or artificial change
in any part of its channel, such as the forming
of a cut-off across a bend, opening of a crevasse
or diversion channel, building of a dam or a
levee system, or the obstruction of the flood
channel by bridges or embankments. In cases
of changes of this kind where the planning of
engineering structures do])onds on the predic-
tion of a new regimen, it is desirable to have
an accurate solution of the backwater problem.

ORDINARY SOLUTIONS.

The Chezy Formula Method. The simplest
method of attacking the backwater problem is

by the use of the ordinary channel or Chezy
formula. The following quotations are inter-
esting as showing how this method is advo-
cated by two eminent hydraulic engineers.

D. W. Mead in “Water Power Engineering”:

“The backwater curve can be determined bV
the use of the simple formula w=c\/7s....
This method will permit of a more practical
solution of the problem than by the use of
formulas based entirely on theoretical con-
siderations which can never be approximated
in practice.”

G. S. Williams in “American Civil Engin-
eer’s Pocket Book”: “Formulas usually given
consider only a change in depth without the
necessarily corresponding change in width.
For practical application, except in the ex-
tremely rare case of backwater in an artificial
channel with vertical sides, such formulas are
valueless. The practical method of solving the
problem is to divide the channel into reaches
such that both the velocity and the hydraulic
radius will be substantially constant through-
out each reach. and to compute for each reach
beginning with that next the obstruction a
mean value for », », and By making
the several sections sufficiently short, any de-
sired degree of accuracy can be obtained within
the limits of the formula used for the loss of
head.”

This solution for the backwater problem is
also oxp]ained in detail in the recent work on
“Hydraulics” by Hughes and Safford, no other
method being mentioned. It is also recom-
mended in Daugherty’s “Hydraulics.”

The Extended Chezy Formula Method.
Many writers on hydraulics call attention to
the fact that the 01‘d1nary Chezy formula does
not accurately apply to channels of varying
cross-section, but that it may be modified to
fit this case by introducing terms depending
on the different areas of cross-section of the
stream at the ends of the reach considered.
The formula thus obtained is designated in this
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paper as the “extended Chezy formula.” It
may be written as shown in Fig. 1.

Among the writers who advocate the use of
the extended Chezy formula, or its equivalent,
in solving the backwater problem are Russell
and Merriman, the latter however remarking
that the calculus formulas are more accurate.

The Caleulus Method. Since the slope of
the backwater surface varies in a gradual
curve, it would seem that an accurate deter-
mination of this curve might be made by means
of the calculus. The integration of the dif-
ferential equations has however been found
difficult in all but the simplest cases. Prac-
tically all the published information on this
solution refers to the case of an infinitely broad
rectangular channel. The following quotation
from the author of the most widely used text
book on Hydraulics shows that the calculus
formulas are not in disrepute among all au-
thorities. The calculus formulas are given in
Big: 1
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Mansfield Merriman in “Treatise on Hy-
draulics”: “The width of the channel will be
taken as constant, its cross-section will be re-
garded as rectangular, and it will be assumed
that the stream is wide compared with its
depth, so that the wetted perimeter may be
taken equal to the width and hydraulic radius
equal to the mean depth. These assumptions
are closely fulfilled in many canals and rivers.”

Among other American writers who give or
advocate the use of the calculus backwater
formulas are Bovey, Slocomb, and Hoskins.
A brief summary of the method is given by
Russell.

Inaccuracies and Limitations of the Ordin-
ary Solutions. The simple Chezy formula
solution, while accurate enough for practical
purposes where the velocities are low, does not
take into account the velocity-head effects of
the flowing water, and may lead to consider-
able error where high velocities of flow are in-
volved. Such cases arise in connection with
flood-control studies on large rivers, where the
great depth of the water at times of flood
makes possible the existence of a very rapid
current. Velocities of over fourteen feet per
second were measured by the writer in the
Wabash River during the flood of 1913. This
velocity corresponds to a velocity-head of over
three feet, and errors of this order of magni-
tude might exist in computations by the simple
Chezy formula to determine the effects of pro-
posed embankments or levees on the flood
heights of this stream. Such errors might dis-
astrously reduce the margin of safety in a
closely figured design. ;

The statement is made in a quotation above
that any desired degree of accuracy in the
solution of the backwater problem may be ob-
tained with the ordinary Chezy formula by
making the sections sufficiently short. Since
the velocity-head effect in the varyine channel
is neglected by this formula, this statement is
plainly in error in cases where the velocity of
flow is high. %

The “extended Chezy formula” is arranged
to take account of the velocity-head effect of
the current. However, this formula is very
inconvenient for use in practice, as it has to be
solved by successive approximations. The end-
areas, average area, and average hydraulic
radius appearing in this formula, are all func-
tions of the slope, which is usually the required
unknown quantity. Moreover, on account of
the impracticability of determining the aver-
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age area in a reach in which the surface is an
unknown curve it is necessary to apply the
formula to successive reaches so short that the
curvature of the surface in any one of them
will be inappreciable. When applied in this
way the formula is likely to introduce an un-
known element of error into the determination
of the backwater curve by assigning excessive
importance to the particular cross-sections
which happen to be chosen as the ends of the
reaches considered in the summation.

The limitations of the calculus formulas
have been expressed in quotations already
given. In many rivers, for example the Wa-
bash, the width of the surface broadens out so
greatly in times of flood that the hydraulic
radius becomes smaller as the stage increases.
instead of varying directly with the depth as
1s assumed in the calculus formulas. TFor this
and other reasons the case is certainly excep-
tional where the application of the “backwater
tables” to the estimation of flood heights on
a natural stream is not valueless and mislead-
ing.

New Sorurion.

Use of the Virtual Gradient. The follow-
ing method of handling the backwater prob-
lem is suggested to avoid the uncertainty and
error of the common solutions. Tt is based
especially on the consideration of what is here
called the “virtual gradient” of the river in
reaches affected by new conditions of flow. The
virtual gradient is a line on the profile of the
stream, whose elevation above the grade line
of the actual water surface is equal at all sec-
tions to the velocity-head corresponding to the
average velocity of the water at those sections.
The term is taken from railway engineering,
where it is used in a similar sense to denote the
effective profile as modified by the velocity
effects of a moving train. ;

The slope of the virtual gradient at any
cross-section of a stream depends only on the
rate at which energy is being dissipated from
the water passing that section. The slope of
the real surface gradient depends not only on
this, but on the taper of the channel or rate
of change of the area in passing the section.
In other words, the simple Chezy formula ex-
presses the relation between the hydraulic
properties of a cross-section of a channel and
the slope of the virtual gradient of that cross-
section, while the more complicated and incon-
venient “extended Chezy formula” is required

to express the relation between these proper-
ties and the slope of the real surface gradient
at the cross-section. For this reason a con-

siderable simplification of the problem of de-
termining a new regimen in a river of varying
slope and cross-section may be secured by the
use of the virtual gradient as a reference line.

Data Required. For the most accurate so-
lution of the backwater problem it is desirable
to have a continuous contour survey of the
channel in the reaches affected, together with
the “rating profile” of the river at all stages
which may be reached by the water surface
under the new regimen. By “rating profile” is
meant a series of profiles of the river at various
stages corresponding to known rates of flow.
Where this data is incomplete, the precision of
the solution will vary with the accuracy with
which information equivalent to this can be
estimated or supplied by interpolation or ex-
terpolation from whatever data is available.

Constant Discharge Assumed. In many
cases where the backwater problem is encoun-
tered in practice it is only necessary to con-
sider a single rate of discharge of the river,
for instance the maximum flood flow on record.
This case is considered in the following ex-
planation, a single constant rate of discharge
being assumed except where other rates are
specifically mentioned.

Division of the Channel Into Reaches. The
first step in the solution of the problem is to
divide the portion of the river under considera-
tion into a series of “reaches” of such length
that the profile in each will not vary sensibly
from a straight line. The permissible length
of these reaches will depend on the degree of
precision required. In the method of working
here considered it is desirable, where possible,
to use reaches of approximately equal lengths.

Notation. [=length of a reach.

a=—average cross-sectional area of flow in a
reach.
r=average hydraulic radius in a reach.
c=average channel coefficient in a reach.
v=average velocity of flow in a reach.
f=a\/r—average section factor in a reach.
h=v*+2g=—average velocity head in a reach.
s=average slope of virtual gradient in a reach.
(Note. In the common and extended
Chezy formula solutions s=the slope of
the water surface).

d=stage of the river.




"HOYVHOSI(] LNVWLSNO)) ‘SHAMN)) AIVNINITHYJ A K |

adojg (o441

4o = Z
m\,\x\mlm sl L 9=2 Jf

.“m» i a\lu 3
p obpss 40 2d0/S (D14 =) e Mﬂwx E9

= [ut2) = 402 _
|0 8boys 10 2d0jS [DNYUIA mﬁ@b mb -

aend FASND FHOTS TVNLHINA G

INVISNO)) IV OLISIHHLOVAVH() HOVHY ‘g *BIf

UOILONB|T YOOEL~ LIy

YovdY FO puUF “p 86045 J0 JuBIPLIE
UUDBALSUMO 4O JUBIPLAE) [P SO UOILLONS[T JONLIA JO UOHDNEYS Yo0BL-plud = &

A A P 8604S 4O JUBIPLID
: JONUIIA JO UOI{LAS)E YI0BA4-PIUd =,8

FNETND NOILVAITT P

b,
v 26JS 40 POBY A1100/8A umW UN L=y

" 86LyS o Py A1o0/oA umﬂ Z Wm =y

’

FNSNO AVIH ALIODOTIAN €

O
Py
Z
=
Q
=
3
=
AR
Q
=
€3
=
3

Yovdd o
PUT PSS 10 JUBIPDID) [POJAIN JO UOI{LAB[T

“p 8bYJS Jo 40joB) UCIOBS = AND = )

[P 8bbYS O [0J2B) UOHDBS = JNO = }

FINTNO HOLOVHS NOILOIS 2

P BBOIS L0 UOILIIE ~SEOUD JO DEID= O
pp 8BLIS JO UOIOOS ~SSOUD _JO DM =L

UoAIL_Jo 8bYS fup = p
b 864028 Ip 40 86DYS |OLULOU =, p
UBN I O 8D4OYISIP 4UBiSUOD = b

INENOD VILNY T




THE ROSE TECHNIC. 39

g=rate of discharge of the river, assumed con-
stant.

g=acceleration of gravity.

e—elevation of the Vn‘tual gradient at the mid-
point of a reach.

ei—elevation of the virtual gradient at the
downstream end of a I‘(’ILII.

eo—elevation of the virtual gradient
stream end of a reach.

a1, & B, 8, ete., represent the values of
theqé quantities for the original or unmodified
regimen of the 11\'er at a hme when the dis-
clmrare has the given constant value ¢.

Preliminary Curves. For each reach the
following curves should be plotted, or the cor-
responding data tabulated, as a preliminary to
constructing the “reach characteristic.” Tt is
only necessary to draw those portions of the
curves which include elevations that may be
reached by the new water surface. The formu-
las for constructing these curves are given in
connection with Fig. 2.

1. The “Area Curve” shows the average
area of cross-section of the reach at different
stages. By “stage” is meant the depth of the

at up-

water at some particular place where a river

gauge or reference mark has been established.

2. The “Section Factor Curve” shows the
average section factor of the reach at various
stages. The “section factor” is the product of
the area by the square root of the hydraulic
radius. Tt is the factor which shows the ef-
fect of the size and shape of a cross-section
on the relation between the discharge and the
virtual slope.

3. The “Velocity-head Curve” at constant
discharge gives the velocity-heads correspond-
ing to the velocities which would exist if the
constant discharge ¢ were forced to flow
through the cross-sectional areas at the various
stages shown on the area curve.

4. The “Elevation Curve” gives the eleva-
tion of the water surface at the mid-point of
the reach for each stage under consideration,
and also the elevation of the virtual gradient
at this point for the given constant discharge ¢.

5. The “Virtual Slope Curve” at constant
discharge shows the slopes which the virtual
gradient would have if the constant discharge
g were forced to flow through the reach with its
surface at different average elevations cor-

responding to the various stages shown on the
section factor curve. The formula which is
given for plotting this curve involves the nor-
mnl virtual slope s” and channel coefficient
¢’ for the reach at the given constant discharge,
and the channel coefficient ¢ for the reach at
any stage other than the normal, the dwoharoe
q 1)911)0 the same in all cases. To obtain
the virtual profile of the normal stream at the
constant discharge may be constructed by draw-
ing on the proﬁle sheet of the river a line whose
dl:’mnoe above the water surface at the mid-
point of each reach is equal to the average
velocity-head in the reach. The value of ¢
may then be obtained from the relation
g=c"f’\/s’. The values of ¢ must be determined
on the basis of the best information available.
Where the proposed changes in stage are small
in comparison with the depth of the rlver. ¢
may be taken as constant and equal to ¢’ with-
out serious error. Where a complete rating
profile is at hand the values of ¢ at different
stages may be accurately found by plotting the
virtual profiles of the river for these stages.
In cases where the new backwater surface will
lie above the highest recorded normal flow the
values of ¢ will have to be estimated by ex-
terpolation and studies of the form and rough-
ness of the new channel.

The Reach C'haracteristic. The “reach charac-
teristic” at constant discharge is a curve (see
Fig. 3) showing the relations which must exist
between the elevations of the virtual gradient
at the two ends of the reach in order to main-
tain a given constant discharge ¢. To construct
the reach charfl('terlqtlc find from the “eleva-
tion curve” and “virtual slope curve” the mid-
point elevation ¢ and the slope s of the virtual
gradient when the average depth of the water
in the reach is eqmvalent to any stage d.
Multiplying the slope by half the ]enfrth of the
reach and adding the ploduct to the mid- -point
elevation gives the elevation e2 of the virtual
gradient at the upper end of the reach, while
subtracting gives its elevation e1, at the lower
end. Any desired number of points on the
reach characteristic may be located in this
way.

When a characteristic has been constructed

for every reach in the portion of the river under

consideration, it is a simple matter to trace up-
stream or downstream the effect of any given
raising or lowering of the virtual O'rqdlent at
the end of any p‘lI‘thlIl‘lI‘ reach, for the new
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elevations of the virtual gradient at the ends
of the successive reaches may be read directly
from the successive reach characteristics. When
the new virtual gradient has been determined
in this way, the elevation of the new water sur-
face at the mid-point of each reach may be
read from the elevation curves, thus locating
the desired backwater surface profile.

APPLICATIONS.

The method of applying the above solution
to some of the cases commonly met with in
practice, is illustrated in the following ex-
planation and in Fig. 4.

1. Dam or Obstruction. The height to
which the water of a river will be raised by a
dam or obstruction may be computed by the
use of suitable weir or orifice formulas, and
the elevation of the virtual gradient imme-
diately upstream from the obstruction can be
determined by computing the velocity-head at
this section. The backwater effect may then
be traced upstream as far as desired by using
the reach characteristics as described above.
The river downstream from the obstruction re-
mains unaffected.

9. Lewees or other Contractions or Enlarge-
ments of the Channel. For the changed reaches
construct new characteristics which take into
consideration the changes in the section factor
and channel coefficient. Starting with the
lower end of reach 1 at the normal water level
in any reach below the changed portion of the
channel, the backwater curve may be followed
upstream as before.

3. Cut-off or other Lengthening or Short-
ening of the Channel. TIn these cases certain
reaches are eliminated or replaced by others.
Construct the characteristics for the old and
new reaches which make up the new channel.
Starting with the normal water level in any
reach below the changed section, the backwater
curves may then be traced upstream through
the successive reaches as explained above.

4. Crevasse or Diversion Channel.  Sub-
tracting from the original flow of the river
the amount to be diverted gives the new flow
below the point of diversion. Taking the lower
end of reach 1 at the normal elevation of the
water surface corresponding to the new flow
in anv reach below the point of diversion, trace

the backwater curve upstream from reach to
reach as in the preceding cases.

Sources or ERROR.

To assist in forming a judgment regarding
the precision of the proposed new method for
handling the backwater problem, it is inter-
esting to classify the principal errors to which
it is subject.

1. Errors inherent in the summation formu-
las: These errors may be diminished indefi-
nitely by making the reaches sufficiently
short. () The curvature of the virtual and
surface profiles in any reach is neglected. (%)
The average area and section factor within
any reach are assumed to depend only on the
elevation of the water surface at the middle of
the reach, and not on the slope.

2. Errors dependent on the method of com-
puting the welocity-head: (a) The velocity-
head as computed from the average velocity in
a cross-section varies from the sum of the
velocity-heads of the individual filaments by
an amount which depends on the distribution
of the velocity in the cross-section. Where
the cross-sections of successive reaches are of
similar shape. the error from this source is
practically eliminated.

3. Errors dependent on the use of the
Chezy formula: As used in this paper, the
Chezy formula may be separated into two
statements: (@) “With a given cross-section
the discharge varies as the square root of the
slope.” This relation is probably exact in
ordinary cases. While Kutter’s formula con-
tains a slope term which does not correspond
with this relation, it is well known that this
term was put in to allow for certain measure-
ments on the Mississippi river which are now
generally conceded to have been in error.
Bazin’s and other modern channel formulas
give this relation as exact. () “With a given
slope the discharge varies directly as the sec-
tion-factor.” This statement requires the in-
troduction of the variable channel coefficient ¢
to make it exact. Where the backwater surface
lies far above the original surface, or the na-
ture of the channel is changed in other ways,
the degree of uncertainty in the solution due
to possible errors in the selection of ¢ is the
same as is encountered in similar problems in
channel hydraulics.

In those cases where the rating profile can
be used to determine the values of ¢ for the
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new regimen, this source of error can be elimi-

nated entirely.

4.  Errors due to neglect of silting and scour:
The backwater formulas are intended to direct-
ly predict only the immediate and not the ulti-
mate changes in regimen which will be pro-
duced by a given engineering construction. It
should not be forgotten that in rivers which
carry silt or whose channels are in soft ma-
terials, any changes in the depths or velocities
of flow will be followed by changes in the
channel itself. This consideration, however,
applies more forcibly to constructions which
affect the low and moderate stages of the river,
than to structures built to control floods which
may occur but once in a lifetime.

According to a statement issued by the
Bureau of Foreign and Domestic Commerce,
78 per cent. of the more than six billion dol-
lars’ worth of American goods exported dur-
ing the year ending June 30, 1917, consisted
of wholly or partly manufactured g‘oods.
Chemicals, dyes, ete., amounted to $182.040.38
as compared with $22,714.611 in the year ond-
ing June, 1914.—MW etallurgical and Chemical
Engineering.

The General Electric Company, of Schenec-
tady, N. Y., has developed a temperature indi-
cator for electrical machines, operated by elec-
tricity itself.

This device consists of feeder coils, connect-
ing wire, a few small switches and a voltmeter.
The feeder coils are placed in the dynamo or
motor in parts where overheat is especially
feared, and are then connected to the volt-
meter, which is really the indicating instru-
ment. When the dynamo heats up, the coils
also become warm, causing the indicating needle
of the voltmeter to move over a scale graduated
in degrees centigrade. The reading over the
oltmeter gives the temperature of the ma-
chine in the part where the feeder coils are
located.

The voltmeter or indicator is mounted on a
suitable panel, which may be located at any
desired distance from the generating dynamo.
—Metallurgical and Chemical Engineering.

SUMDMARY.

From the discussions and explanations which
have been given, the following conclusions may
be drawn regarding the various possible
methods of solvm(r the backwater problem:
(a) The ordinary Chezy formula solution is
sufficiently accurate for practical purposes,
except where the velocities of flow are high.
() The extended Clle/\' formula solution as
ordinarily applied is inconvenient and of un-
certain accuracy. (¢) The calculus backwater
formulas are u'elv suitable for use on natural
rivers. (d) The proposed new method may be
used where the Chezy formula method is un-
suitable, and in certain cases appears to be
capable of high precision.

The Government has recently issued a pam-
phlet giving the best methods of saving coal
for domestic purposes. The pamphlet. known
as “Technical Paper 97,” may be had by ap-
plying to the Bureau of Mines.

Forty-two per cent. of the teaching staff of
the School of Medicine of the University of
Pittsburgh have enlisted in the medical service
of the Government.

STORAGE BATTERIES.
C. Turnock of the Carnogie Institute of

LITHIUM IN

Technology, Pittsburgh, , described an in-
\'ostwltlon made to determlne the magnitude
of the effect of various additions of lithium
hydrate to the potassium hydrate electrolyte
of the Edison storage battery. Comparative
tests of the (‘apamtv of Edison storage bat-
teries were made with 0, 10, 24, 30, 40 and 50
grams per liter of lithium hydrate added to
the usual 21 per cent. caustic potash electro-
lyte. Test runs showed increased capacity up
to 12 per cent. with the largest amount of
lithium hydrate, in spite of the fact that the
addition increased the electrical resistance of
the electrolyte 21 per cent.

In reply to a question by Prof. Baucroft as
to whether both electrodes or only one was
affected, the author stated that while the
point had not been definitely determined he
was of the opinion that it was the positive
electrode—JM etallurgical and Chemical En-
gineering.
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The Civilian Engineer and the Army

By
J. D. GaLroway, ’89.

Major, Officers’

HE European war and the final entrance
of America into the struggle has so
changed the conditions of American life that
to every thinking citizen there have come ques-
tions which have demanded answers not easily
arrived at. We have found ourselves, what-
ever may have been our former ideas or knowl-
edge, as a part of the world and the burden
and responsibilities of the world have become
ours either with or without our consent. Long
separated from the complex affairs of Europe,
we of this generation have known nothing of
war and we have given the subject little, if
any, consideration. Engrossed in commercial
pursuits, in developing this enormous land, we
have lost sight of a storm which has been
gathering until now we find ourselves in the
midst of it. We have lived in an isolation
\\_'hich has now vanished and whether we de-
sire it or not, we must think and act as citi-
zens of the world.

It follows as a natural result that this sud-
den plunge into the maelstrom of world poli-
tics has found many of us mentally unprepared
for the change. Habits of thought formed
through long years of peace and actions guided
by the pursuits of peace have caused this na-
tion to be averse to war. What we are now
doing is being done as a disagreeable necessity
and not with any particular liking for the ad-
venture. The individual is called upon to
alter his whole attitude towards life and to
readjust his affairs to fit a condition unfami-
liar and distasteful. It is, therefore, not sur-
prising that practically all of us are question-
ing whether such a change is really necessary,
whether we cannot get this war over with as
soon as possible and then go back to our old

Reserve Corps.

safe isolation as a nation and our old ambitions
as builders. We all prefer to construct rail-
roads, bridges, engines, power plants—all the
varied works of peace—instead of guns, bombs,
submarines, battle airplanes—the instruments
of war and destruction.

To the Americans the old time will never
come again. Whether intentionally or not, we
are involved in world affairs. Our empire
stretches half way round the globe and our in-
fluence is felt in all the councils of the world.
By assisting in the defeat of Germany we will
affect the course of events in the oldest of na-
tions. Our action will determine the life to
be led on the Nile and the Euphrates, the
rivers of the dawn of history. The individual
may object, but he is borne upon a swift cur-
rent that carries him along to an unknown
destination. He owes responsibilities to the
state that are his because he is a citizen and
he cannot shirk them. Hence, the individual
who would play his part must examine the
world as it is, consider his duties thereto and
prepare for the things he must do. Owing to
the prominent part which engineers play in
modern life, we who are engineers must not
be found lacking when the call has sounded
for us to leave the small things of the past and
to assume a position in the more complex world
life of the future.

At the present time events are taking place
which will profoundly affect the future of
peoples for generations to come. Germany
has challenged the civilization of the world as
we understand it to a life and death struggle
in which there is no compromise. The world
must be either free or bound. The principle
of liberty and equality before the law must
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definitely overcome the theory of the German
states where there is neither liberty nor equal-
ity but where there is rather dominance, the
rule of force and the right of the strong over
the weak. This condition is not new—it is
rather the struggle of ages, and in order that
we here in America may form correct conclu-
sions as to our course of action now and in
the future, let us examine some of the forces
which act in this world and the results which
follow. In making such an examination we
must detach ourselves from the events which
are transpiring around us today and look at
this war as merely one of many wars in order
that our judgment be true and our conclusions
correct.

Tue Treacaixes or HisTory.

It is one of the most melancholy conditions
in human life that war is the most definite and
outstanding fact in all history. From the time
when the Egyptians carved upon the pylons
of the temples the great king slaying his vie-
tims, through five milleniums down to the
Germans standing the helpless Belgiums by
hundreds against a wall and murdering them,
all written history is but a record of war and
the destruction of human life. In fact, the
law of nature is that the strong exterminates
the weak—that all life exists but by the de-
struction of other life. In some dim and dis-
tant future when men and nations have become
subject to human reason, wars may be abol-
ished, but at the present stage of human de-
velopment, such a state must be considered as
but a far-off, visionary dream. In the world
of nature in which we live, reason is the only
force that counteracts and opposes nature. All
that we have on the material side of life repre-
sents but the dominance of reason over nature
—the things we have are wrung from a world
antagonistic to the individual and his welfare.
While in affairs between individuals the dom-
inion of reason has been more or less well
established so that we live peaceably in large
communities called nations, yet between na-
tions the rule of nature prevails and wars of
extermination are common.

Wars have been caused by many things—
religion, ambition, economic conditions—all
have been cited as the major reason, but in all
wars, whatever may have been the principal
cause, there have usually been many correlated
and different impulses connected therewith.
We in America have been so free that it is
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