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THE YANGTZE SILT.
Herbert Chatley, D, Sc. (Engineering), M. Inst. C.E.

The waters of the Yangtze river contain a fraction of finely
divided solid mineral which may form as much as 0.2 per cent by
welght or the water. The proportion varies according to the velo-
eity of the water in the river, and may fail to only one-tenth the
above value about the time of the Lunar new year. The majority
of this material originates in Szechuan but all the tributaries above
Icharg help to provide 1t. Below Ichang owiwng to the great ex-
tent of the flood plain and the smallness of the slope there 15 a
tendency for accretion to exceed erosion. At the same tune there
18 additional and clearer water supplied from the tributaries, so that
from Icbang to Kiangyin there 1s a tendency for the fraction of
the s1lt i the water to dimuinish. From Kiuangyin to the sea the
quantity of silt in suspension depends partly on tbhe tidal currents,
rising t¢ & maximum on the entrance bars during spring tides at low
stage of the river to about 0.25 per cent by weight. In addition to
the general flow of silt in the water there 1s also the well known
phenomenon of local migration of bends. At every concave bank
there i1s erosion and af every convex spit and middle shoal there
1s accretion so that there 15 a slow process of displacement down-
stream. The total quant.ty entering the sea from the mouth every
year 13 over 500,000,000 tons and this s deposited on the sea bottom.
Ow'ng to this the Hangcehow Bay 1s steadily filling up and a huge
mud bank extends out into the Chma Sea just north of the Yang-
tze about two-thirds of the distance to Japan.

In the navigable part of the Yangtze this suspended ma-
terigl is very fine, the largest particles not being much more than
about 1710 millumetre nn diameter, while the smallest are so smalk
that they can not be seen in the most powerful microscopes. These
very small particles, tecbnically called ‘‘colloids™, can be detected
by the opalescence which appears in the water when a beam of
strong Light passes through it, and. by means of weak solukions of
acid, alum or salt, they can be coagulated into larger and visible par—



ticles. During the summer when the silt content s high the water
Lecomes a deep reddish brown colour. This colour usually indicates
a content of at least 0.05% (500 parts per million), The colour
fades as the silt content decreases. When the quantity of silt 1s
less than 0.005% the water is green. If there is practically no silt
and the water 1s deep the colour will be blue but this ean only occur
in the open sea or in a deep mountain lake.

It consists largely of Silicon-dioxide particles mixed with
hydrated alumino-silicates of the usual clay type, the latter being
in the average smaller than the Silicon-dioxide particles A cer-
tam amount of mica also occurs. In certain places, especially in
the Estuary, the coarser paiticles settle out separately forming
pockets of fine sand but generally the ted bank, and alluvial plain
consist of a fine grained mud which when fully saturated 1s dark grey
and very fluid and has an angle of repose of less than 200. when
wet and under moderate pressure possesses appreciable cohesion
{say 300 lbs. per sq. ft. or 150 g-ms,cmzj and when dry 8 lLight
brown and crumbles freely. Owing to the fineness of the smaller par-
ticles it takes a long time tor the contained water to be squeezed
out and 1n actual fact below mean water level (whether river stage
or tidal) the ground remains waterlogged. Owing to the cohe-
sion & vertical bank perhaps as much as 10 f5. bhigh can exist above
water level but below water it :3 anusual for the slopes to be less
than 1 1n 3 and such slopes occur only if the deep channel is near
the bank in question. i

The stability of the bank depends on its cross section and
a mathematical investigation shows that there is a limit to the
height of the bank above the bottom at a given distance 1rom the
bank, beyond which collapse will occur. If extra load 18 placed en
the bank conditions are worse and this problem of the stability of
the banks 1s most important in coumection with bunding and wharf
gdesigns.,

The silt in the water may be measured in various ways.
If there is no burry a simpie method 18 to fill up a very long glass
tule ard let the mud settle in it and measure the height. This
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gives only approximate mmformation.

The usual method is 1o filter a certain quantity of water
and weigh the filter paper before and after, so finding the weight
of the silt in the quantity of water filtered.

Very accurate weighing 18 necessary, unless the quantity
of water filtered 1s large. There 1s some controversy as to whether
the colloid or invisible silt should be coagulated and ineasured or
not, especially as, when 1t 18 small 1n quantity, the weight of the
coagulant must also be considered. It 1s probable that this col-
loidal material does not actually settle much until the sea is reached
when the salt causes coagulation but on the other hand what little
does seftle or become entangled with the coarser particles plays
a most important part in causing cohesion in the bulk mud. From,
the point of view of consistency it seems best to measure it but
to state 1t separately from the ordinary filtered material. In ad-
dition to the solids 1n suspension there are also solids m solution
(mostly salts of sodium, magnesium, potassium and caleium). The
quantity of these salts in river water 18 otten ahout 200 parts per
million but as they can only be separated by evaporation of the
water they do not affect river engineering questions. They do
however make the water slightly heavier than pure water and this
pbrevents a measurement of the density of the water irom being
an accurate guide to the qaantity of suspended matter mn it. Sach
weighings of silty water are frequently used for very heavily charg-
ed water but are of Little accuracy when the quantity of ailt s
less than 0.05 per cent (500 parts per million) owing to the ef-
fects of the salts and of small changes of temperature. For thin
mixtures such as the Yangtze water the transparency of the water
1s a rough measure of the silt content and if a bright metal obpject
be put mnto the water the depth at which 1t ceases to be visible
under constant lighting conditions can be reckoned as an inverse
measure of the silt content. There 1s however here a difficulty in
that the “‘turbidity’’ or lack of transparency depends not only on
the guantity of silt out also on the size of the particles. If samme
proportion of silt is divided into a larger number of particles it



decienses transparency until the particles are smaller than the
waves of hight; further subdivision allows increased transparency.
Hence this method 1s not very satisfactory except for rather heavy
suspensions of practically umiform gramn size.

Silt is usually measured by the number of parts by weight
per million parts of water but waterworks engineers frequently
use the number of parts per 100,000, and others kilogrammes per
ton, grammes per litre, grams per gallon, &c.

In taking samples of water great care is necessary to see
that the water actually comes from the place where 1t 1s wanted
and also that m getting it none of the silt 1n it is lost. The usual
imethod 1s to Jower a heavy bottle with a stopper which can be
withdrawn by a string when the proper position is reached. Alter-
natively a small pump may be used, the suction pipe being lowered
to the point at which the sample 1s required. The pump is then
worked until the water 1n the suction pipe has been entirely washed
out and the sample 1s then taken from the discharge pipe of the
pump. Water samples should not be less than half a litre and
should be immediately placed in sealed bottles (glass stoppers waxed
in are best) labelled with full particulars as to the place, time,
depth, tide &e.

The quantity of silt 1n a section varies 1n a complex man-
ner, The larger particles are always falling down fairly rapidly,
so that unless the «ilt is very fine there is an appreciably larger
proportion near the bottom than at the surface. It is not known
if there 18 any great regularity as to the distribution across the
streamn but there 1s certainly 2 tendency for shallow parts to be
clearer than the deep ones owing to the smaller velocities in the
shallow parts,

N There 13 still much doubt as to just how silt 18 picked up.
My own view 1s that the greatest quantities come into the water
from undercutting of banks and the scouring off of the tops of pro-
Jections on the bottom but some engineers think that there 13 a
steady process of hiting of the silt by reason of rising water cur-
1ents.  Since such rising curteuts must be neutralized by equal and
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opposite downward currents elsewhere, I do not think this is an
adequate cause. In any case it is quite certain that deficiency of
section and concavity of shores are the two principal factors leading
to erosion and excess of section and convexity of shores are the
two principal jacturs leading to aceretion.

Since the whole of the flood plans of the Yangtze Valley
including its immense delta consist of silt deposited from the river,
the study of this material 1s of enormcus importance to the ques-
tion of the regulation of that river in regard to both navigation
and flood contro!
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FIELD INSTRUCTIONS

SECTION 1 TRIANGULATION

(CONTINUED)

D22) Inthe table above the values tabulatedare$2 +§ ,6 g+ 8§ 35-
The unit is one in the sixth place of logarithms. The two argu-
ments of the table are the distance angles in degrees, the smaller
distance angle being given at the top of the table. Tre distance
argles are the angles in each triangle opposite the known side and
the side required. & ,and § gare the logarithmie sine differen-
ces corresponding to one second for the distance angles A and R
of a triangle

D23) The square of the probabie error of the logarithm of a side
of a triangie is J(d* )22 (4 2+8a8at 8 3)m which d s the
probaple error of an observed direction, D is the number of direc-
tions sobserved in a figure, and C is the number of conditions to
be satisfied mn the figure. (See Wright and Hayford’s Adjust-
ments of observations, second edition, pp. 168and 169). The sum-
mation indicated by J is to be taken for the triangies used in
computing the value of the side in question from the side supposed
to be abksolutely known.

D24) In the above formuia the two terms BCand T (82454
§a+ 8 ) depend entirely upon the figures chosen and are inde-
pendent of the accuracy with which the angles are measured,
The product of these two terms is therciore a measure of the
strength of the figure with respect to length, in so far as the
strength depends upon the selections of stations and of lines to be




observed over. The strength table is therefore to be used, in
connection with the values of 5169 g:ven hereafter, to decide during
the progress of the reconnoissance which of the two or more pos-
sible figures is the strongest, and to determine 'gvhether a suffi-
ciently strong scheme has been obtained to make it inadvisable to
spend more time in reconnoissance.

D25) To comipare two alternative figures, either quadrilaterals or
central point figures for example, with each other in so far as the
strength with which the length is carried is concerned, proceed as
follows:

(a) For each figure take out the distance angles, 10 the nea-
rest degree if possible, for the best and second best chains of
triangles through tne figure. These chains are to be selected at
first by estimation, and the estimate is to be checked later by the
results of comparison.

(b) For each triangle 1n each chain enter the table with the
distance angles as the two arguments and take out the tabular value.

(¢) For each chain, the best and second best, through each
figure, take the sum of the tabular values.

(d) Multiply each sum by the factor 2:© for that figure, The
quantity so obtained, namely, og 3 (§2 + Ealn+ &%) wil
for convemence be called R1 and R2 Tor the best and second best
chains, respectively.

(e) The strength of the figure is dependent mainly upon the
strength of the best chain through it, hence the smalier R1 the
greater the strength of the figure. The second best chain con-
tributes somewhat to the total strength, and the other weaker and
progressively less independent chains contribute still smsller amo-
unts. In deciding between figures they should be ciassed accord-
ing to their best chains, unless said best chains are very nearly
of equal strength and their second best chains diifer greatly.
D26) Some values of the quantity 2~
The starting line 18 supposed to be completely fixed.

For a single triangle, %! = 0,75
For a completed quadrilaters], 2t = 0.60

2D H K

g s
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R1=5 Same, any one station R.l=6

R2 =5 not occupied Rz =6

R_1=1 Same, any one station R1=2
R2=1 not occupied R2=2

R1=22 Same, one station on R1=27
R2=22 fixed line not occupied R2=2'7

Vet e
1
f

[
i

R, =164 (approx.)
R, =176 (approx.)

R1= 2 One outside station, on R1=3

R2=12 fixed line, not occupied R2=15

c Ri= 13 Same, one corner Rl =16

R2= 13 ststion not occupied R2 =16
Same, central station R, =17

not ovcupied R 2= 17

10
12



R1 =10 Same, any one outside R1 =11
_R2=15 station not occupied R2=16

Same, central station R1=13

not occupled R2=19
Ry =5
R2 = D
Nd—Nc _ 28-16 _ 0.3
Nd 28

R1= 36 Unoccupied station
R2=102 not on fixed line

Rl = 4
RIZ = 20
R2 = 4
R, = 1
R?. = 1



M OH &2

Il

For a quadriateral with vne station on the fixed line unoccupled,
LT'_ = 0.75

For a quadrilateral with one station not on the fixed line unoccupled,
= 0.71

For a three-sided, central point figure, 1= 0.60

For a three-sided, central point figure with one station on the fixed
line ynoccupied, £’ = 0.75

For a three-sided, central point figure with one station not on the
fixed line unoccupled, = =071

For a four-sided, central pomt figure % = 0,64

For a four-sided, central pomt figure with one corner station =n
the fixed line unoccupied, 9 = 0,75

For a four-sided, central pomt with one corner station not on the
fixed line unoccupied, 42 = .78

Yor a four-sided, central point figure with the central station nct
on the fixed line unoccupied, e = 0.80

For a five-sided, central point figure, 5 = 0.67

For a five-sided, central point figure with a station on a fixed out-

side line unoccupied, = 0.76

For a f1ve-sxded, central point figure with an outside station not

on the fixed line unoccupied, U= 0.73

For a five-sided, central point figure with the central station not
on the fixed line unoccupied, B2 = 0.85

For a six-sided, central point figure, 2 2 = 0.68

For a six-sided, central point figure with one outside station on

the fixed line unoccupied, 2 = 0.75

For a six-sided, central point figure with one outside station not

on the fixed line unoccup.ed, %l‘ = 0,74

For a six-sided, central point figure with the central station not
on the fixed line unoccupied, L = 0.88

For a four-sided, central point figure with one diagonal also observ-
ed, “’" = (.56

For a fou.r—mded, central point figure with one diagonal also observ-

ed, with the central station not on the fixed lime, unoccupied,
14 = 0,67

1



D27) Examples of various triangulation fizures., The following
fourteen figures are given to illustrate some of the principles n-
volved 1n the selection of the strong figures and to 1llustrate the
use of the strength Table.

D28) In every figure the line which is supposed to be fixed in
length, and the line of which the length is required, are repre-
sented by heavy lines. Either of these two heavy linas may be
considered to be the fixed line and the other the required line.
Dpposite each figure Rl and Rz as given by the strength Table,
are shown. The smaller the value of R1 the greater the strength
of the figure. R2 need not be considered 1n comparing two figures
unless the two values of Rl are equal, or nearly so.

D29) Compare figs. 1,2,and 3. Fig. 1 is a square quadrilateral;
fig. 2 1s & rectanguiar quadrilateral, which 18 one-half as long in
the direction of progress as it is wide; fig. 3 is a vectangular
quadrilateral twice as long in the direction of prozréss as it 1s
wide. The comparison of the values of R1 in f'gs. 1 and 2 shows
that shortenung a rectangular quadrilateral in the direction of pro-~
gress increases its stiength. A comparison of figs, 1 and 8 shows
that extending & rectangular quadrilateral in the dlrectxon‘ of pro-
gress weakens it.

D30) Fig, 4 hike fig. 2, is short in the direction of progress.
Such short quadrilaterals are in general very strong. even though
badly distorted from the nectar‘lgular shape, but they are not acono-
micul as progress with them is slow,

D381) Fig. 5 is badly distorted from a rectangular shape, but is
still & moderately strong figure. The best pair of triangles for
carrying the length through this figure are DSR and RSP. As
& vule, one diagonal of the quadrilateral is common to the two
triangles forming the best pair, and the other diagonal is com-
won to the second best pair, In the unusual case illustrated in fig.
§ & side line of the quadrilateral is comunon to the second best
pair of triangles.

D32) Fig. 6 18 an example of a quadrilateral so much elongated,
and thereiore so weak, that it 13 not allowable in any class of

ELE doDRHHE

it
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trnguaion,

D33V Fig. 7 i3 the regladr three-saed, ceatral poat gwees I
1S extremeiy strong.

D3¢ Fig. 8 is the regular four-sxied, central pount Digwre, It s
very much weaker then fig. 1, the correspondmg quawiviiateral,
Di3) Fig. 9 1s the regular live-sided, contral pounk ligure. NXe
that it i3 much wesker than any of the QUAALERINTRIS SOOWR W
figs. 1,2, or &

D36) Fig. 10132 good exampie of & strong, QUK expanson irom
2 base. The expansion 35 in the rauw of 1 tw 2.

DST) Fuxe 11 10 14 are given s & sugyestion of the nanner in
which, In SeCoRAAry ang TerURALY rENZUaSion, & pank (A, duli-
cait of nupossibae W oNCUpY, AY be sed 35 & culnmused poink
common 16 several Digures. Figs, 1213 and 14 are ail very surog $e~
gures, even though the occupied POINLS Are DIRATLY 1R QDR Srdignt jm
D33 Lengtih of lines. The lower limk of length of Loe = lixed
by two consideratrons. Om very short limes it B duisuk o get
chservatians of the degree of ZCCUISCYy DRCESSAYY 0 Sidse e -
arghks within the requured limit. They requue exireme CRutaR
In centening and piumbing sigrals so that ail comrRy e W
these Gauses may be avoaded. Very short Lines are sk 10 b -
companied, though DX necessaruy So. by poor geveetirasil cmie-
100S as expressed by larye vaiwes of R. The extreme jower umt
imxed by these two cunsiierstons shouid be avoxied. Thee s m
advaniage I SO IR &S ROCUGRCY IS coneernad IR BSing veIY oy
Lines. Long lines are apt o imirodace deRys. due 0 syeais ot
being viside, Wikh long les Sapplisctiacy SGLOns W reach re-
quired pouds in ail porvons of the area coverad are mach e
St to be peeded than with shorg lines. Thereiore endeavar i By-
ing out the main scheme 10 use the ecomome leagth of lowe-tbat
1S, CROSAVOY 1o @S 1k each regam Lmes of such Rogihs &S o waee
the total oost of reconmassince, sigual erection, trangwaion and
base messurement & MIRUDUE I0r Lhe Arek 1D DE coverad, sudpt e
the jamailons scated 1 these mstractinns.

D33 Fregquency of tases. ki the charscter of the ORMIArY s Sk




that a base site can be found near any desired location, 3 Rl be-
tween base lines, or between a base line and & l.ne of Prunicy of
secondary triangulation used as a base, shouid be made aoout 130,
This will be found to correspond to a chain of from 10 o 33 trie
angles, according to the strength of the Tigures securcd. With
strong figures but few base lines will be needed, arnd a corres-
ponding saving will be made on this part of the work. If LopAZ TR~
ptic conditions make it difficult to secure a base site at the desired
location, 3 R1 may be allowed to approach but nct exceed 2k
There w.ll be danger when this 1s done that an eI VENINS Qase
will e necessary. for the reason stated In the next sentence. K
In any case the discrepancy between adjacent bases Jegber measic
ed bases or lines of primary or secondary trianguiation used as peses)
is found to exceed one part in 5000, an interveming base must be
measured or the interverung triangulation strengtbened.

D40) Base sites and base nets. A base may be measured over
rough ground and steep slopes with steel or invar tapes with the
degree of accuracy specified in the following paragraph. Seecokh,
level ground is a convenience, but not a necessity, far base mea-
surement of this grade of accuracy. There should be po besitancy
in placing the base on rough ground if by so doing the geomecrical
conditiens in the base not are umproved-that 13, vaives of R nade
smaller. The lengih of & base is to be determined PrUMArLy by
the desirability of securing small values of R in the base net. The
longer the base the easier it will be found to secure smail vawes
of R, and the smalier the values of R the longer the chain of tri-
base betowmes necessary. The base net shall consast of a figure
or figures of the same character and subject 1o the same comdi-
tionsastostnengthasthemna:hemepmvmdescrﬁni B
the net s made up of two or more figures they may overiap m
space, but there should be no overjapping of Iigures ™ the sease
bftheexxstemecioinewedlineswh&chtiemmthm
figures. meanmmmmam
D41) Base measurements. In base measurements seiect apparaios
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and methods which insure that the constant error does not exceed
one part in 30000, and that the accidental errors are not greater
than that represented by a probable error of one part in 100000,
1n the length of the base. No difiiculty will be encountered in keep-
ing both classes of errors within these limits, even if the measure-
ment is over very rough ground and steep slopes, provided that
the vertical measurements on steep slopes are made with suffi-
cient accuracy, thal two measurements are made of each section
of the base with 50- meter steel or invar tapes, and that the tapes
have been properly standardized. The tape should be used on the
field under the same conditions as to tension and number of supports
that obtamed during the standardization. After the measurement
of a base or a series of bases the tape should, if practicable, be
returned to the office for restandardization.
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A POSTGRADUATE PROGRAM

GIVEN BY G. G. STROEBE

I am very happy to be here with you to-doy, for I feel that
mm a company of engineers I am among friends. I have spent o
goodly portion of my life among engineers and engineering students,
with whom T have always felt a common tie of friendship, a tie
that binds engineers into a great intangible, but nevertheless real,
brotherhoed. That bond I feel to-day as I stand here to addrsss you.

Then, too, some of you are not strangers to me. Although
I have not been acquainted with the President of your Engineer-
ing College, Mr. T. W. Shen, before, I have learned since I accepted
this opportunity to speak to you that he is a fellow alumnus of the
same University of which I also am proud to be a graduate, the
University of Michigan in America. Although I antedate him there
by 10 years, nevertheless he knows the same halls that I know,
the same class rooms, many of the same teachers, the same college
spirlt, mn short, the same University. He and I are bound together
by common ties. All these facts contr bute in making it peculiarly
pleasant for me to come to the Conservancy Engineering Cellege
of Nanking to-day and to speak to i1ts graduating class in engineerine.

In asking your attention this morning to the remarks which
I shall offer for your consideration. I cannot forbear expressing to
you my appreciation of the honour which you have done me 1n ask-
iIng me to address you. It 1s a distinction which 1 value greatly.
It also mvolves a responsibility to you and Lo the profession of which
I am deeply sensible., This feeling, together with my convietion of
the 1mportance of our profession as a part of the social organism,
and of your desire at the outset to be properly reiated to your hie’s
woik has puided me in a cholce of subject for this address.



To-morrow the cap and gown of the college commencement
exercises shall have heen laid aside, the echoes of stirring app:aals
to the graduating class shall have died away; young men whose en-
trance into therwr life’s work was made with such splendor shall
have come down to the prosaic problem of earning a living, and
they will be wondermg — at least the ambitions ones — just how
they shall shape their lives to earn the measure of saccess which
to the young beginner, seems so far away and uncertain of attamn-
ment.,

It would be pretentious for anyone withmn the brief limits
of time here available, to give a complete recipe for attaining emi-
nence 1n the profession or even such a limited measure of excel-
lence as each man’s mherent abilities may make possible. It may
be useful to the young and ambitious graduate, however, to sug-
gest a few things that may aid him to make the most of himself
and his opportunities — 1n short to help him arrange a post graduate
program for himself that shall lead and help him to attain in the
profession the measure of success which he so earnestly seeks.
Such is my theme to-day.

The quality that distmguishes the engineer as a profes-
sional man from his brother the mechanic 1s education. The simply
practical man is necessary 1n this world; he has his life’s work to
do; the world can not get along without huyn; but, as Cicero says,
if education could be added to his talents, 1t 1s likely that his ef-
ficiency would be many-fold increased.

However, a point to be remembered in graduating from a
technical school i1s that mere graduation from a technical sehool
does not make an engineer. All other things being equal the chances
of a graduate becoming an engineer are much better than the chances
of one that has not had the advantage of a technical education. But
remember, that 18 all that can be said of a technical education. It
1 no guarantee to success. You have simply the advantage over
the man not so educated, which however here in China with com-
paratively so little competition, as yet, In the engineering profes-
sion, places you at the very outset on vantage ground to success 1n
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your profession.

The first suggestion that I would make to the young engine-
er 18 the necessity of keeping abreast of professional progress. The
youhg engineer is £oo apt during the first year or two after g}aduaa
tion not to keep up the studious babits that he should bave acquired
during his student years. He will probably concentrate entirely
on the particular hne of engineerimg work on which he 18 engaged
and pay little attention to anything else. Dut many of the most
successful engineers have earned thier success in good part by their
ability simultaneously to keep i general touch with engineering
progress, and at the same time to stand at the head 1n their own
especial field.

The young engineer asks how he can develop such capab:li-
ties. Of course, 1t must be understood that few have the inherent
ability to win such a measure of success 1n widely different fields
of work; but perseverance and i1ndustry and dogged determination
are often as large elements 1n winning success as the possession of
brilliant genius especially if genwus 18 not held down to regular work
by a rehable balance-wheel. Industry and hard work are absolutely
necessary for success mm any line of work, Not all men who are
industrious are successiul, but it is safe to say that no engineer is
successful who is not industrious.

We shall be repeating, doubtless what the young graduate
has heard many {imes from his instructors here at Nanking, wh:a
we say that his study of his profession at graduation has just begun.
If the young graduate rightly uses his time and strength, he will
learn more engineering during the year to come than he has learned
iI; any year in college. His text books henceforth, however, he
much choose from the whole field of engineering literature.

Without attempting to specify in detail as to what should
be chosen in engineering literature, we should urge first that the
habit be early formed of regularly reading some technical journal
which is devoted to the special branch of engineering in which the
young graduate 18 engaged and 1n addition which covers a broad
field of engineering develobment. It 1s all will and necessary to



specialize 1n one's own specialty, but engineers must be broad too,
else some day, when one of the revolutionary changes in engineer-
ing comes of which the past quarter of contury has seen so many,
they mayﬁ find their specialty displaced others and, like Othello,
their occupat:on gone.

But the young engineer should not confine his reading and
his study to engineering, even i its broader aspects. Every large
engineering problem, and most of the small c;nes. have an econ-
omic side. The engineer of to-day 1s asked not so often ““Can it
be done?”’ but “Will it pay”. In fact the engineer’s job may
depend on his being able to show how a project can be done so as
to yield a handsome profit to the promoters.

Engineering students too oiten avoid the study of econ-
omics, Aften graduation they find the need of such knowledge. We
need only refer to the great work of railroad valuation of which
hundreds of engineers in America were engaged just hefore the
Great War to ind.cate the mmportance te an engineer, who aspires
to a high position, of mastering the fundamentals of economics as
taught by the best thinkers of the present day.

Another 1dea that has pervaded all fields of engineering
effort within the past few years 1s the recognition of the need of
maximum economy and efficiency in industry. We have heard much
in the past about the dignity of labor. We do not deprecate the
dignity of labor, We feel that many engineers have an entirely
false notion about the respect which people should have for toil and
the toiler, and the value to the engineer of first-hand knowledge
of what earning money by the sweat of one’s brow means; but the
future will likewise emphasize a new dignity, viz,, the dignity of
economy and the sin of extravagance. Perhaps it 15 needless for
me to bring such matters to the attention of graduates of a con-
servancy school whose watchword i1s the elimimnation of waste and
the wise economy and proper use of the materials and resources
that are afforded by Neture. Nevertheless nothing conduces more
Lo the cultivation of a sane attitude toward conservation than habi-
tual economy in one’s own personal expenditures and habitual ef+
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fort to secure constaut efficiency every day mn one’s own work.

In connection with the matter of mcreasmg personal ef
ficlency we may pomnt out the fact that there are simple aids to
eificiency which are generally recognized by the physician and the
psychologist. Time prevents more than the merest mentwon of a
few 1mportant points, rest should be 1n propoition to the amount
and character of fatigue, concentration of thought, vision, touch, or
any speclal sente should be followed by relaxation; memory should
be aided by suggest ve memoranda; strict personal hygiene 1s to
be carefully observea; tasks are to be splil up and completed step
by step; confidence 1 one’s ability to do certain work should be
maintained; forethcusht must be cultivated but nevertheless worry
must be driven cut ky prrsistent optimism as to results.

The young eaygincer will do well to keep himself in touch
and sympathy with the great current now setting in toward ine-
reasing regard for human rights and better corditions of living and
working, He should cultivate a lively interest in such problem as
san:tation, housing, recreation, play-grounds and parks, accident
prevention, child lahor, the downtrodden condition of the masses,
industrialism with its train of ill-consequences and what thoughtful
men, manufacturers, missionaries, and other workers are doing
to keep alleviate the awful evils that are aut to follow in the wake
of 1ndusirial progress. In short the young college graduate ought
to begin the study of human engineering.

At the same time the young engineer should watch himself
that he Is not swept off his feet by fallacies and extravagances
which accompany ma v new movements. The possession of broad
human sympathies ant a liberal mind 18 quite compatible with the
maintenance of a sanc ard cool judgement. It 1s as much the task
of the young engineer to sifit critirally the claims of Socialiem or
Bolsheviem or the Cemmission form of municipal government as it
1s to sift critically the arguments for and agamst the use of steam,
crude cil, or water power in prime moving machinery. Engineers
are as much responsible for the solution of the social problem and
the development of guod citizenship and good government as any



class of men n the community. Theie can be no doubt at all that
1f the engimeering profeesion would fulfil its opportunity for public
leadership, 1t must give earnest study and consideration to the great
problem of life,

We have seen from the foregong that, first, a broad know-
ledge of enginecering and of the best current thought of to-day, and,
secondly, that a thorough grasp of one's own spec’alty constitute
two mmportant factors for success in an engineering career. But
success 1n engineering like volume, has a third dimension, and also
hike volume, 1t 15 a maximum when the three dimensions are egual.
What 1s this third facior for success in the young engineer? To
use the phraseology of your mechanies, it may be termed the “‘dyna-
mic component’’ - 3 combination of push, persistence, will-power,
self reliance, sympathy, honesty, thoroughness, industry, boldness,
optimism, altruism, itiative, vision, faith, judgement, and other
qualities that are summed up 1n the one word, character.

I can not emphasize too strongly the elements that go to
make up this “‘dynamie component’” in the engineer. Well might
this whole address be confined to a discussion of these important
elements of character that must be possessed by the engineer if
he is to succeed in a large way. But time will not permit. Suf-
fice it to sav that character is not a gift that can be bestowed upon
you. It s the result rather of long effort which you must make
tor yourselves and which no one can make for you. Character, like
a garden of flowers, can be cultivated and improved as the years
advance, or, as a garden, neglected and uncultivated, may degen-
erate nto a patch of weeds, so a fine character without constant
effort spent for its upbuilding and improvement, may degenerate
mto a life of unproductiveness, uselessness and sorrow,

The advice of a well-known engineer who was asked how
the engineer could cultivate this dynamic component 1s worth quot -
ing. He said ““The young engineer should take responsibility; don’t
refer everything to your boss: relieve him of his load; put your
shoulder under more than he loads upon you.”

In conclusion I wish to warn vou against a false standard
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that is rampant in the world to-day affecting the engineer profes-
sionally as weil as other men, viz., the passion to make money heed -
less of all else. In making mention of this I do not wish to be
interpreted that the desire to make money 1s to be deprecated, Far
from 1t! But to make money paramount, to place profits before per-
sonality 13 the swiftest and completest way to succumb to the temp-
tation of mammon. A soldier may join the ~rmy for pay, but when
at Verdun men endured for their countiy what they never would
for themselves, something more than money actuated such men,
Money ean do something; for the sake of 1t men have sometimes
done good work; fcr the sake of it men have often done devilish
work; but for the sake of money, no man has ever done his best
work. Mere money never manned a life boat, Mere money never
gave us ratiroads or steamships or telephones or telegraphs, for even
such things could not have come if, beyond the love of money, there
had not risen joy and pride in seientific engineering. Every disco-
cory of truth, every advance in social life, all basiec engineering 1n

dustiries mtroduced to supply the needs of man, rest tack on lives
that loved creative work for its own sake. Wherevan one looks,
man’s life at 1ts best has never been a trade; it has rather been
a vocation. 1 repeat that this does not mean that the economie
motive 18 unworthy. All right micded pecple believe that 1t is ot
Tundamental importance to provide for one’s own self and one’s own
family. But it dees mean that when the economic motive becomes
predominant, right living ceases. A physician, who cares more ior
the money than for the health of his patient; a lawyer who is more
concerned to secure fees than to secure justice;a statesman who
whose first love is his own pocket: book and whose second 15 a govern-
ment to help the people; a teacher who thinks of his salary before
he thinks of his students, a business man who in his desire for pro

fits submerges his deaire to serve the public, and the engineer who
in his ambition to nmake a hivelihood thinks more of his pay than of his
work, who classiiics his money rewards above the quality and charac -
ter of his labor, - these men I say are missing the finest oppor-
tunities for service in lire, the opportunities that really count.
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