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far  into the Mexican table land, and west-
ward into Arizona; but, clearly, the area of its 
greatest abundance is the north and sonth strip 
of Texas kuomn as the Rlnck and Grand prairier. 
This strip of co~mtry inclu(les the cities of 
Fort  Worth, Dallt~s, Waco, Austin and San 
Antonio--in fact all of the large citics of the 
state except IIouston and Galveston; and is 
preeminently the best part from an agricill-
trrral stnndpoint. Within this area, where con- 
ditions are at all favorable, the Phrynosoma  
popul:~tion a? eragcs at  least thirty to the acre. 
This is despite the fact that for a nnmbclr of 
ycars these lizards have becn capturecl and 
sold to visitors from the east. 

TEic life history has not been well worked 
out, but the newly batcltcd young begin to ap- 
pear by the first of i h ~ g u s t ;  so that it is safe 
to say that the ordinary agricultural opera-
tions such as spring and Call plom~ing, do not 
interfere with the' life cjrclc. The natural 
enemies are few and nnimportant, being mainly 
road runners and opovurns. 

The sto~nachs esalninecl included the follow- 
ing forms: four spec>ic.-, of ants; four species of 
w e e d s  (very few boll weevils) ; four species 
of bees (rnainly nlincr bees); eight species of 
beetles; three s11ecies of stink bugs; nymphs 
of grasqhoppers and allied Ortl~optera; five 
specics of flies; and a few catcTpillers, some 
of which haw not, y ~ tbcc~i identified. The 
n o s i o ~ ~ sPornls found overrvhtlmir~gly out- 
ni~~nbereclthe useful forms. 

Agricultural ant.; mere found in 80 per cent. 
and stink bugs in 60 per cent. of tho stomachs. 
Neither of these is much suiiject Lo the attacks 
oE birds. Obviously this cnhsnccs tlie value of 
Ph~g? losomn.  lnciilentally, tliere was a re-
markable consistency or homogeneity in the 
contents of the inilivicluixl ~tomachs. For cx-
ample, in one cabe, nearly all of the Corms 
prcscxnt would bc IJyrncnoptera; i n  anolhcr, 
ncarly all wo~rlil be Tlcteroptera, ctc. This 
could mean illat indir~iduals acquire a taste 
for sour food, or fatty food, etc.; or, what is 
more ljkcly, that tile same indiridilal requires 
Iron1 t i n ~ e  to tinie certain special elcments in 
its food. 

From tlle data thus far  assernbled, it can be 

safely affirmed that the Ilorned lizards of Texas 
arc of tremendous inlportance to agriculture 
in that region ; and may, perhaps, play as im-
portani a part tlicre as does Ihc conllnon load 
in the better watered regions of the United 
States. 
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The I7rglbirnys of D~zcnz i :11. X. BrsHor, 
Gcfore the days of connty government, the cen-

tral  govcinrnent of IIonolulu, under the  superin- 
tendcnt of public n~orlts, improved many h i g h ~ x y s  
wlth first-class water bonnrl macaclam, in many in-
s t a n ~ e s  with a telford hase. Cinder the county 
form of govcrnn~ont, I11c county took charge of the 
maintenance of Ihc roads already bailt and the con- 
straction of :111 new ones. It IS needloss to say 
that this sy5fem bar proven r~nsatisfactory and un-
productive of good results in general. 

In 1910 artd 1911, by legislative action, pro-
vision was made by the territory, to raiso funds by 
means of a bond issue and to  put the work of road 
improvement under this jssue in the hands of a 
commission, to be known as the Loan Fund Conx- 
mission. The mriter \+as engagc-d in Rcl)tcmber, 
1911, by the Jlanaii  Loan F ~ u i d  Con~mission to  
prepare plans and spcc~fications and to superintend 
the construction of the helt road impro.i~enicnt on 
the T ~ l n n c lof I I a v : ~ n .  Tlio lirlt rcn~l ,  nhieli is the 
main highnray of the island, approximateIy paral- 
lels tho c20ast line at a grcater or leis dihtance en- 
tircly around the island, a dist;rnse of approxi-
mat ely 250 m:les. 

I n  the \\ollr of improvement on Jlamaii, the gen-
eral plan adopted mas to use wixter bound rnaczndam 
vith a telford base in the wet sections, and bi- 
tuminous macadam in tho dry srclions. I t  was d s o  
lilanoed to  give the naler-bound nixcadam a sur-
face  applicziion of I)itaminons material when the 
mac:iil:~m had bcconie safCc1en8y eolnpaeted to 
irlnko such a tleatment si~cecssfol 

The grcatcrt need of n a n a l i  1s some form of 
territorial aiil to the counties similar to tha t  
adopted by the ninjolity of the \tat05 of t,he 
Union. Hawaii is also in need of some form of 
centrally controlled Iiiglimxy tiepartmerit ~nhich will 
insure the siandaiiiizntion of roxd work and a. 



continuity of the policy. The territory ie going 
through practically the same experience that  every 
state in the Union has been through in i t s  road 
work. 

Se~v ice  Tests on Furious Clusses of Pavements: 
IT. W. DUEBAN. 
A solid unyicldinq foundation is a necessity for 

all road construction, but type and details are 
purely a local question. l!tuch unnecessary con-
fnsion is caused in road discnssion by inability to 
discriminatc bctween cause and effect and by lay- 
ing more importance on details of specifications 
than on the result they obtain. 

The only true test is that of serxice under con-
ditions of actual iluLe. Final selection must be 
made aniong a limited number of types and snit a 
lirnitec7 number of conditions. Carrying inter-
mediate operations in the problem of selecting 
road types to extremes of refinement is unnecessary 
in that  the conditions to be satisfied are  few, and 
the final selection mn\t be from among these 
classes. 

Service Tests of Xlone Block Paventents in Brook-
7 ~ 7 1 :I-I. 11. SCIIMTDT. 
About five years ago studies were begnn of the 

various granite pavements in the borough of 
Brookljn, with a ~ i e w  to determininq, if possible, 
the causes which created the objectionable fea-
tures. Obqervation showed that certain g ~ a n i t e  
blocks polished under trarfic, !,o that  they became 
extremely slippery; some wore donn rapidly a t  
the edges, causing the top of the block to become 
turtle backed, mh~eh made the pavement extremely 
rough; some blocks were found which disinte-
grated under trafiic, and still others were extremely 
rough and not well-bhapcd, owing to the fact that  
they mere made from a granite which ha2 im-
proper cleavage planes. We learned from the 
service tests of the stones actually subjected to 
traffic, that  the nilneralogical composition of the 
granite, the presence or abc3ence of certain miner- 
als, arrd the proportions in ~ l l i c h  they occur, as 
well as the size of the cryst:il3 ,211 had a direct 
bearing on ~ t s  value for paving purposes. 

After a conclusion had been reached as to the mo5t 
desirable granite, a stndy of the sue, dressing and 
filler vlas taken up. Wlth the use of a concrete 
base, the extreme iiepth of the l~.lock \%as unneces- 
sary, and the depth mas therefore reduced from 
eight to five inches. Tli~th modern granite block i t  
is possi1)le to obtain jornts averaging fro111 a 
qualter to thlec eighths of an  inch. The blocks are 
laid so close together that  a considerable area of 

the block~s touch one another, thus giving stability 
to thc pavement, even without the joint filler. I d  
is unnecessary with the modern granite block pave- 
n ~ e n t  to use paving gravel, and the modern practise 
favors the use of a mixture of ta r  or asphalt with 
hot sand, poured into the joints. 

1Vood Block Pavements: W. P. TAYLOR. 

The Value of the Abso~ptro?~ Test on Wood Blocks- 
GEORGEW. TILLSON. 
T h e n  municipal engineers were considering tho 

advisability of laying treated wood block pave-
ments some tnelve or fourteen years ago, it wafl 
uncertain as to just what should be the require 
lnents of the specificationi I t  was felt that  it 
was neccssary to prevent the blocks from decay 
and also to h e a t  tlleln so that  they would be stable 
under all climatic conditions; tha t  is, they should 
not absorb so much water as  to swell and cause 
the pavement to bulge, during a wet spell, nor 
should they shrink too much in dry, hot weather, 
so that they would become loose. 

After careful consideration, i t  \\as decided to 
require an absorption test of the bloclrs. The test 
provided that after being dried in a kiln a t  a tem 
perature of 100" I?. for 24 hours, the bloelrs should 
not gain in weight more than 3 per cent. during 
immersion. Pavements were laid under this speci- 
fication in 1903 and 1904, and on one street with a. 
preservative tha t  did not contain any resin, but 
was a specially prepnred oil. The blocks obtained 
did, howe~er,  conform to the requirements as to  
n eight and absorption. These pavements have 
been in use 10 and 11 years, n~ithout any expan. 
sion joint, and have reclu~red almost no attention 
on account of the instability of the blocks. I n  cer-
tain cases -,here pavements nere laid not under the 
supervision of the city, so tha t  the absorption test 
was not applied, the pavements did expand to a 
very considerable extent. 

The city of Wem is the only municipality 
of which k ~ ~ o n sthe writer where the ahsorption 
test is  required, and i t  i.-:also the only city, in his 
lcnonledge, where an expansion joint is  not used. 
The nriter  firmly believes that  with a heavy oil 
treatment of 20 pounds and a specification requir- 
ing an absorption test, as given above, satisfactory 
resnlts can be obtained without an expansion joint. 

Sand Cushion us. i l lo~tar  Ced for Wood Block 
Pavements: TIIEODORS. OXHOL~I. 
In this country ~t has been the custonl for  

many years to lay vlood block pavement on a con- 
crete base with a cushion of sand or a bed of mor- 
ta r  between the base and the blocks. A sand 
cushion is  intended priinarily to smooth out the 
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roughness and inequalities in the concrete, so tha t  
the blocks might rest evenly thereon. Secondly, 
the yielding surfape of the sand perniits the roller 
to press the blocks into it iintil they present a 
smooth surface, adjusting the slight inequalities 
in the clrpth of ibe bloclrs, and thirdly, the sand 
has a hlipht resiliency and protects the blocks 
somewhat from surface mear. The mortar bed 
perforllis the same office as the sand as nn equal-
jzer of the eoncrete surface and the surfare of the 
finished pavement, hut there the similarity ceases, 
for, 3s the mort:rr gradually ~ e t s  lt forins a hard 
unyielding bod for the block; to rest upon, sacri- 
ficing resiliency for  immobility. 

Thele a le  t n o  objections in the nriter's opin-
ion to the use of a sand cushion. Firrt ,  when cuts 
a le  made for  any purpose tliioogh the pavement, 
it fieclnently happeils that mecks and months 
elapse before repairs are mad?; d~lr jnq  this time, 
sto11n natcr  motks its -\my between the bloclcs and 
baqe and disturb? consic1eraI)lc quantit es of pave- 
ment that  will have to be relaid. This is cspe-
rially noticeable on stleets with a considerable 
grade, and conld not occur with a well set mortar 
~ c d .  Second, i t  would seem that even llle sligllt 
resiliency of the sand cushion would mean the un 
stable condition of each block nit11 respect to i t s  
neiyhbors, and a consequent lack of support on 
sides and ends nhirll is of the utmost importance. 
Tho one objection to a mortirr bed has almays been 
that  the mortar bas been mixd damp and time 
must be alloa,cd for  i t  to  scl  hard (three or four 
days), bcforc traffic could be aclrnittect, wliereas 
-rood hlocli pavcment on sand cuslrion can be  
thrown open for traf?ic as soon as completed. 
The writer has overcome this objection by mixing 
the mortar dry, and allowing i t  to set as moisture 
reaches it through the joints which s i c  always of 
sand. The roller and immediate trafic work the 
blocks down to their final beds before the mortar 
sets. Work of this kind has been examinod a t  
plumbing cuts and i t  has been fouild that the mor- 
ta r  r ~ a s  ~ c t  up hard, thongh tranic had been al-
I c , ~ e don thc new pa~rement as soon as completed, 
and the surface was still uniform. 

Cc?,te?~tCo?~crclePauemr?~fs:PERCY 13. WILSON. 
The antllor states that the hasic principle of the 

modern concrete road goes baek lo  the ancient 
Rornan roads in tlint the latter involvecl the use 
of purzolana, tho rerncnt used by the Romans, 
~ ~ b i l c  an. a hindrr in the Polt land cement is used 
xi~orlern concrete load. 

Tlie anthor eii~plr:~cizcs the following as con-
8l1icuors adrnnlages of the concrete road: 

Absenc: of mud and dust. 
Roads passable a t  dl seasons 
An even but gritty snrface texture which pre- 

~ e n t s  horses and cars from slipping. 
A flat crorpn making every foot of road surface 

available for traffic. 
Evtreme durability increasing with age and es- 

posure to the clcmcnts. 
I~nperviousness to flost and lieat. 
Moderate first C O S ~  and i~iinimtuil maintenanre 

cost. 
iVilh the establishment of expansion joints a t  

proper intervals the cracking of concrete road had 
been practically eliminated, but  when cracks (3,) 

occur they are fjllcd with tar  and sand a t  small 
expense, this treatment, to all praetieal purposes 
and intents, restoring the lab to i ts  n~onolithic, 
character. 

The paper deccribcs structurtll methods and calls 
spcc3ial attention to the importance of using only 
the best quality of materials, strlct observance of 
specificat~ons and caieful rcolkmanship. 

Cement Concrete P a v e ~ n o ~ t s  ulilh Thin Bitum~1t~~is 
Surfaces: W .  11. LUST]K. 
The concrete surface standing cxposed to the 

~rveather and char~re tlalfic for  fourteen days be- 
come.: dirty, and before t11o hot bitumen was ap-
plied it was tlloronglily cleaned in order to bond 
the t n o  m:~terials. Cleaning is of the utmost iin- 
portancc, and t o  that end the eo~~cre t e  mas swept 
first nit11 wile l-)rooms, then miih ordinary house 
brooms and then flushed with rvater under pres-
sure by rncans of fire hose, and while the water 
mas floning was swept in the diiertion of tlle flow 
to tElc drainage inlets, I,ut eTeu then there re-
maiilcct the cement scum, or laitance, which always 
forms a t  the low spots to which it dlaius, and theie 
liardens; this must be rcmooctl, for it is always 
smooth and no bitumen will adhere to  it, and 
even i f  i t  did, it is not a suitable material fo r  
road metal, as it IS  oft :ind b ~ i t t l e  and soot1 d ~ s  
ill tegrates under traffic. 

The ~efined tar was applied hot by  spraying 
ilnder pressure from a moving auto truck tank, 
rontaining about one tllousand gallons. A com-
parison of alea covered r ~ t h  the capacity of the 
tank sho~ved that the quantity spread rvas about 
one gallon to cvcry three sqiiare yarils. The 
bitumen mas then coveled with a coating of h e  
quartz gravel, the lmge'=t size grain being three 
eighths of an inch in di:lmeter, and spread in the 
prol)ortion of one cubic pard to  one hundrrd 
qqn?re y : u d ~  of surface. The street as thus pre-
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pared was closed for twenty -fonr honrs, after  
which traffic was admitted. 

This thin bituminons coating acts in four ca-
pacities: First, it waterproofs the silrface; sec-
ond, it acts as a carpet and deadens the noise of 
traffic; third, i t  affords good foothold for horses, 
and fonrth, i t  p r e ~ e n t s  abrasion of the  concrete, 
thus prolonging its life. 

Topeka Bituminous Concrete Pavements Con-
strz~cted with Ta r  Ccment: PHILIP P. SHARPLES. 
The Topeka bituminous concretc is shown to  be 

a revival of types of pxvemcnts laid w ~ t h  coal-tar 
cement twenty five years or more ago. 

The vulcanite pavements of Pittsburgh and tar  
concrete pavements of New England are described 
and compared with Topelra specifications. 

The precautions neeessary to  secure successful 
rrorli with the Topeka specification using coal ta r  
cement are given. 

Baturni~lot~.~Pnvementg zuitk Two or More Lagers 
of Biturnit to?~~ ~ R T I I U R  11. BLANCH-Concrete: 
ARD. 

I11 cases where one product of a stone crushing 
plant is nsed for the aggregate of the wearing 
course of a bitumiilous concrete pavement and this 
product is composed of broken stone varying but 
little in size, let us  say from f in. to 1% in., i t  will 
be advisable to use two layers of bitnminous con- 
crete. I f  the above prodnet n a s  used for  the first 
layer and nvas constructed with n compacted 
thickness of from 1% to 2 inches, the second layer 
might properly be composed of broken stone from 
I to 4 in. in size and spread about 4 in. to 8 in. 
in thickness. After the second layer had been 
rolled tlie pavement could be finished with or 
tcithout a seal coat of bituminous cement and a 
dressing of uncoated stone chips. This method is  
suggested in order to secure with the above type 
of brolicn stone product a surface of the wear-
ing course which will be a6 dense as when a 
product ranging in size from inch to  1 2  inch is 
nsed and the pa~emen t  finished v i th  a scal coat of 
bituminons cement and stone chips. 

From a historical standpoint i t  is of value to 

note that  an l31iglish bituminous pavement of 


I n  determining the quantity per square yard of 
bitnminous material to be used in construction of 
a bitun~inous macadam pavement there are four 
paramount f ~ ~ n c t i o n s  First, the to be  considered: 
nature and consistency of the bituminous mate-
rial; second, the quality of the stone; third, the  
depth and sizes of the course; fourth, the kind of 
traffic and severity of climatic conditions. 

With this data, the following equation has been 
deduced for  the proper amount of binder to be  
nsed in cases where the stone is of low crushing 
and abrasive strength, tliis classification not to 
inclnde any stone which is so poor as to be  ques- 
tionable or worthless. Let Y represent the num-
ber of gallons to be used per square yard. Let  
X represent the depth of the top course in inches. 
Then Y=9/10 S. For ins taye ,  with stone of 
low test, and depth of stone of 2 in., we deter-
mine that  the quantity of binder shonld be ap. 
proximately 1.8 gals. per square yard; and by 
using this equation again, i t  is found tha t  for  a 
depth of 3 in. the amount of bituminous mate. 
rial should he 2.7 gallons per square yard. 

This binder is to be applied in two applications, 
the first to be two thirds the full amount and the 
second the balance, and the application is  made 
by pressure machine. I believe no top course fo r  
a road of this type shonld be less than 3 in. in 
depth. The best stone available should be used 
even if its cost would entail the use of cheaper 
material in bottom course, bat  by this I do not, 
depreciate the importance of a foundation, a s  
nithout this any road is worthless. 

Some Wa?~s  to Diferentiate betzoeen Bitumens: 

GEORGEP. HEMSTREET. 


The Present Status of Adhesive and Cohesive 
Tests of Bitzcminoz~s Afaleria7s: S. CRAN-JOHN 
DELL. 

During the past year the writer has made a series 
of tests to determine the binding valucs of a num- 
ber of bituminous binders. The first tests were 
made as follows: Cylindrical briquets 25 mm. 
high X 25 mm. dia.meter, composed of stone, sand, 
filler and binder were molded under a pressure of 
500 liilos per square inch, or 750 kilos per square 

similar type mas described in the E~~giaeer i f iy  inch, and were then allonred to season. They 
Becord of July 23, 1598. The fundamental prin- were then tested in the small Page  Impact X a -
ciples involved have been maile use of in the many chine that  is used for the cementation test of 
successful bitnminous conc~ete pavements con- stone. The number of blows required to break or 
structed in England during the past fifteen years crush each briquet was recorde,d. Diderent per- 
z~nder the trade names of Tarmac and Quarrite. centages of the ingredients were tried. I t  was 

Bttu?ninozis Nacadam Pavements (Penetration found that pieces of crushed stone were cracked 
&fet?zod): FREDERICK STRONG. nl~ilcin t.he molding machine. Other mechanical XTEELE 
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dificn1tic.s devclopcd, and i t  was decided to incren~e 
the size of thc briquets to  35 mm. hixh X 50 mm. 
diameter. No difficalty is  now found in molding 
the specimens. 

These tests, n~hjch the vr i te r  has called binding 
value tests, furnirh ( a )  an easy means of com-
paring tlie adhesive and the cohesi~e strength of 
binders, ( b )  a control of the amonnt of bindcr 
to use, and (c) a quick way of determining the 
correct mounts of stone, sand and filler to  use. 

The Purchase of Asphull nnd Asphnltic Crnzent 
on t h ~  Dosis: W. 11. EROADIIOI~ST.B ~ t ~ ~ r t z c ? ~  
To those farililiar with tllc natisre and compo- 

sition of aspll:~lts and asphaltic ccmenis, the ad- 
vantages from an economic standpoint of pnr-
chasing these m:ttcrialr on the bitnmen basis i s  
o t ~ ~ i o u s .  The bitun~on, or eail~on bisnlphidc rol- 
uble content of an  asphalt, heing the ccrtlcnt~tions 
~rlaterial nliich binds tile miner:~l aggregate of nu 
asllhalt payemcut or bituminons concrete together 
in a compact ni:Lss, i t  follov\.s that, n-ithout giv-
ing consideralion to the character of the insoluble 
n ~ a t c ~ i n l ,or whether the same improves the vnlne 
of thc asplielt as a p a ~ i n g  motelin1 or is ricleter 
ioirc, the greater the percentnze of the insoluble 
materi:ll, the less the emrionry of the xspli:~lt in 
resl~cct of the rinrnber of squale yaliis of ioail-
n a y  per ton of aq~linlt  n giren a s p h ~ l t  or asphaltic 
ccrnent nil1 lat7. ITelico to place all asphalts LII 
colrrpetition on an  economicnlly sound or even 
11a-is, tho same should be  bqught on tho baGs of 
tho contained bitumen. Specifications for tlle 
11zrc11:tse of aspllnlt sl.iould thelefore be tlrawn 
ontlining the requiicments, firqt :is to q ~ ~ a l i t y ,  an2 
wcondly, as t o  c~unntity of contained bitumen, in- 
h t c n d  of reqaestinq merely bids for refined asllhnlt, 
or :t\plraltic 'cmeiit, which in. a rely prevalent 
cui ton~ to day with many munici:>alitics operating 
municipal asp1,lralt repan plants arid state higb~vay 
cornlnissions purchasing asphaltic eenlcnt for state 
roads. 

' 1  Change in t7~eA.spha7t Paue~nnentSpcrijictrtioll: 
JOHN&I.~RTIN. 

A ZToc~nhleJlaaimxm Pcn~frcclionof 17nriotrc T ~ i p c s  
of A.vphalts for  17sc i~zf7tc R~ur?u lXilzdr of 
Eitumrnozls Paucmeiris: 11, 13. PULL.\R. 
TIlc m i t c r  monld slnie that  in his o m  opinion 

there is no set r~ i l e  which can l ~ e  ailoptcil or fol-
lorved in  6etting a maximnm penetration fo r  any 
typc of aspl-~alt or any typc of hitn~ninons con- 
strnetion; that  i t  i q  ncc9cssnry to consider the lircnl 
conditioris in conjilnction with tbe v a ~ i o ~ i rbi-
tumiiioiis ~ n a t c ~ ; n l s  the mariiot nnii t o  inror1,o-on 

rate them in such a may into the s:sccitications so 


as  t o  get  miost satisfactory results. The m i t e r  
further believes ihat tho m a ~ i m u m  penetration is 
me~c ly  one of the many small but important de- 
tails of construction which irlust be consicie~ed 
separately for each different piece of worlc, and 
that in oritcr to cot bids on bituminous materials 
specifications should bc so drann with Iimits mfft-
e~ent ly  open to produce maximnm conlpctition 
nit11 reverting spoc.ifieatioas on bituminous mate- 
ri:rls, thn be relorting specifications to be drawn ap 
~ i t h  linilts narrow moiigh to exclude anything 
11ut t l ~ c  hiplieit quality of inxtcrinl for  that pa r -  
tirnlnr type of bilurninons ~nater ia l  and a t  tho 
same timo not be iunjust to tlie plod~icers of tho 
diifrrent Bnids of biturniuous ~riaterials. Under 
t i l r  kind of a speeifiivation l t  is possible to talco 
ilito tor,~irler,ztion all of tho 1ot:d coiiditioni, tho 
diffelent characteristics, and the iuhelent quali-
ties of tl,e different hittri~iinous ni?te~ials and to 
incorporate i n  these yiecifications the allo\rable 
rii:~\;rnirtn penctlatlon for the particular type of  
payremeut an& nniler t11c particular conditions it 
i to he ron.;tsucterl, and the nri ter  krcllrvcs thnt 

it is only by this method that the most succcssfn1 
results can be obtained. 

-4 I;C?IKZL~ ZTse O! M n t c ~ i n binof t h ~  Batt~~tzi?zo?~s 
I I z q k ~ o a ~E9~girzeci~lzgdzirc~tg l?l//: ARTHUR 
If. Br,ascrriian. 
Dnrillg 1013 the f o l l ~ ~ l n g  notenoitliy deielop- 

rneais h w e  beeu nctcd: 
Tn spcci6cat:ons for bituminous materials there 

ha7 heen a tendency to adopt a group of type 
qpeei6,~:it~onsin place of a b1:iakct S]>CC firation. 
Ry tFi4 melhocl engineers h x ~ cbeen aLle to secure 
tllc rnait smtahle grndc of a g h c u  type of 51-
tumlnous n1:r'terial fox a guen  mcthod of eon-
st~nction,  an, i t  is practrca1)le to qpeciCy desr -
able lim,t,-. for each t j l ~ c  rather than hale  ivide 
11mits. as is neceasaiy ni hl:~nlrct specifications. 
-Inother sclf-evldent aclvantagc is that  more uni-
form ~rsaterial may be secured by this method. 

Bituminous snrfaces have 'r~een couslrneterl (a) 
~\ i I l i  niorc attention to the physical proprrtieu of 
the road metal c'oinposii~g lhe wearing cxoulse and 
the ~cclnisite dlyness and cleanliness of the surface 
pllor to application of tile l ~ r t n ~ n i n o ~ ~ smstelial; 
( b )  n,mg to a plentcr extcnt liitruninons materials 
nllich do l ~ o t  require f l o n ~  sevoral days to three 
r eehs to set up; ( c )  generally enlpIojing pres- 
sure illstributo~s in place of hanit methods and 
g imi ty  d~s t~ ibn to l s .  

Tn the construction of hitiiminol~s rnacaiiarn 
rnven~cntr therc~ has been a noteworthy tendency to  
( u )  use bituminons cements of a lower penetra 
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tion than formerly and ( b )  more thoroughly roll 
the course prior to the filst application 
of bituminous material. 

Bitnminoas concrete pavements have increased 
in popularity in many sections of America. There 
has been a general tendency to use carefully heated 
aggregates and employ mechanical mixers. Bi-
turillnous mateiials of loae, penetration than 
formelly are used in bituminous conciete, the 
aggregate of which is  composed of one product of 
a stone-clusbing plant, the sizes of stone ranginq 
frorn 2 in. to 14 in. The lalgest contract for this 
type of constractlon during 1914 was the Ashokan 
Highway, 37 miles in length, built by  the hoard 
of na ter  supply of New Po lk  City. 

The third session was held on the morning of 
Thursday, December 31, Vire-prcsicicnt Dr. Fred. 
erick W. Taylor and IIr .  0. P. IIood in the chair, 
m i t l~  an attendance of about 70. The piograin of 
the sesslou was as  follons: 
Vice plesidential Aiidress: Scrfety Engi~aeerang: 

0. P. T ~ O O D .  

Engineermy and Industrial Regzclaizons for Pro-
moting Safe ly  112 I?tdustrial EslablisFvnaenls: 
JOHNP R I C E  JACKSON. 

Beeent Dcveloprnenls i n  Precise evel ling :WILLIAM 

BOWIE. 
There should be in each city and state and 

throughout the wholo country connected spstems 
of lerellng to fo lm the basis and give the datum 
for the ordinary spint  or nye  leveling. 

The nation has, a t  present, abont 31,000 miles 
of precise leveling ~ 6 t h  more than 13,000 substan- 
t ial  bcnc~h mallts. The elevations in the precise 
level net are referred to mean sea level. The mean 
surface of the water a t  the starting points nTas 
derived from long series of tidal observations. 
Xtean sea level is the natural and the beet daturrl 
for a level net. I n  the first place, i t  is a funds- 
mental datiim, for i t  can be rrptoducerl; again, 
with it, leveling can be  started a t  nlany places with 
eeltaint? that vhen tlse different lines are joined 
the agreements n~ill  be close. Also, leveling by 
different nations \\ill agree nhen i t  is connecterl 
on tho international frontiers. 

There should be only one datum for  the nhole 
country, and this is only possible after the level 
net has been exteuded to such an extent that no 
place is f a r  from a precis$ level bench mark. 

The instrument used by tlic Const and Grodelic 
Survey in its precise levelin? is  generally known as 
the "TTnited States Coast and Geodetic Survey pre- 
cise level." I t s  noteworthy features are that it is 

made of an  alloy of nickel and iron which has a 
very lorn coefficient of expansion; its bubble is  set 
down into the telescope near the axis of collima-
tion; and i ts  binocular system, by rnhich the ob- 
server can see the bubble, cross wires and rod a t  
the same time. The instrument was designed and 
made in the Coast and Geodetic Survey Office. It 
has proved very effective in enabling the observer 
to  avoid o r  eliminate Inany of thc errors which 
nere  i n  the leveling done with the older types of 
instruments. 

All lines are run a t  least tnice, in opposite di- 
lections. To be acceptable the t\vo runnings of a 
section must agice wlthin four millimeters times 
the scluare root of the distance in k~lometers. 

The averagc progress in the a o r k  per month is  
nom about 86 miles fo r  each party. The maxi- 
mum progless ever made by one party was in Oc- 
tober, 1914, mhen 118.3 miles were completed. 
The rapidity n~ i th  n h ~ c h  leoellnp is now done is  
due mainly to the use of the motor ~ e l o d p e d e  cars 
as the means of transpolting the membeis of tho 
party and to  the more eEcicnt organization and 
management of the lereling parties. 

The gleat  accuracy of the leveling is indiea.ted 
by the probable error of the elevation a t  St. Paul, 
Jlinnesota (tho least accurately hoxrn  place in 
the net)  resulting from the 1912 general adjust- 
r n c ~ t  of the level net of the whole Cnited States, 
nhicll i s  only rir: 0.065 meter (t0.31 foot). The 
r1erag.e eorlect~on to the lines forming tho net for  
loop closure is about 0.15 millimeter per kilo-
meter. -417 investiqation of the small systematic 
and accidental errors in the precise l e r ~ l i n g  indi- 
cates that, nhen the  ground is sloping, more accu- 
rate results are obtained on a cloudy afternoon, 
rcith a nioderxtc mind b l o ~ i n g ,  than under the re- 
vcrae conditions. TT'hen the ground is nearly level, 
i11e time of the day and the :tt~nospheric and 
\leather coi~d;tions do not seem to haye any mate- 
rial 4ystcmatic egect on the line of levels. 

571e Ei~gineer O L L ~  S C H ~ I -zn Ihe FVorld: XIARTIN 

BCR. 


Thp Tearhzng of Industrial Econonlics and Man-
age?ncnl lo El~ginecring Students :I1r;co DIENEE. 
Recent enginecling curricula show that instruc-

tion in industrial economics and management is  
being introduced in an increasing number of in-
stitutions. Examples are cited from the eurricnla 
of a number of vell-knovn universities and col- 
leges. Statistics repardinr the positions held by 
the membership of the leading national cngineer- 
ing societies show that  more than half of the corn- 
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bined membership of these societies consists of 
men engaged as executives in manufacturing or 
contracting mork. In such mork ability as an in-
ventor is  less essential than familiarity ~ t h  prin-
ciples and applied methods of industrial manage- 
ment. 

The speaker outlines the course in industrial 
engineering given a t  the Pennsylvania State Col- 
lege. 

This course contains all the fundamental mathe- 
matics, underlying science and mechanics given 
in the standard engineering courses, but in place 
of the more technical work in d~s ign ing  and test- 
ing me introduce worlr in organization, manage- 
ment, theory of accounts, factory accounting, 
foundry and pattern-shop methods and organiza-
tion, machine shop methods and organization, fac- 
tory lay-out and design and application of sue11 
methods of scientific management as planning de- 
partments, including orders of work, bulletining, 
making of time studies, preparation of introduc-
tlon c:irds and tool lists, lreeping of cost rerords 
and acrounts on comnlereitzl ao rk  artually sold, on 
the one hand, and certain essential ev~rcise volk. 
on the other hand. The d e p e e  ol.)taine<l by stu-
dents qraduating in this course is that of Bachelor 
of Seienre in Industrial Fnginccring. 

Hclhods and NFW Appnratzts for  Jfeas~rring the 
E'lccl?.icnl Conductivity obove 1500" C. of Vapors 
a t  Nor?nal Prtsstc~es: Enmru I". NORTI-IRTIP. 
The electrical conduction of gases and vapors a t  

atmospheric pressure a t  ternpcrat~uec: ahore 1200O 
C. 11:tve appaueutly been little investigated quanti- 
tatively. I f  tire investigation is to  cxtcnd to me-
tallic rapors means milst be provided for produc- 
ing  :%nd measuring very high temperatrires, anil !f 
high pressnre ran be combined ~c-iih hi$ tem-
perature, a se:rrching expcrimental mcthod will be 
l~rovided of ascertaining the trne nature of me-
tallic conduction. Some plogress is reported in 
providing the necessxry oiitfit for  the inuestiga-
tion of gaseous and vapor ror~duction a t  atmos-
pheric pressure and a t  temperat~iresup to the 
mcltlng point of platinurn. 

A f u ~ n a c e  is  c!cn,cribed uvhiclr gives cxCely a 

upon the form of the cont:tiner, (2 )  probably, 
upon the material of the container, ( 3 )  upon the 
applied voltage, (4)  upon the direct~on of the ap- 
p l ~ e d  r701tage, (5) upon the temperature, (6 )  upon 
the f requenc~;  when an alternating voltage is em-
ployed and (7) npon the nature of the gas or 
vapor. 

A description is  given of a series of measure-
ments. The data obtained is  given, palt ly in a 
taljle and in ten culves. 

The considerable conductivity exhibited by a 
mixture of CO and N above a temperature of 
1500' C. suggests the idea that  the conductivity 
found for refractory oxides a t  and above this tem- 
perature is  due in considerable part  to the hot 
gases which fill the interstices of the material. 
This idea was put to the test of experiment and ~t 
r a s  found that, under identical conditions in re-
spect to  method of measurcrnent, cross section and 
length of material, e tc ,  a t  the temperature of 
1530" C. through pule aluminum oxide 36 milli-
ampcres nud t h ~ o u g b  a rnixtnre of CO $. N 8.5 
millian~pErcs pnised, the prcsitue being 50 oolts. 
IIence i t  is conclndod thnt approximately 24 per 
cciit. of the condi~ct i~~i iy  pule aluminiim oxide of 
a t  this t o m p e ~ a t n ~ ~  is due to the coiiduct~vity nf 
the gases in i ts  po~cq. Tt tlierefore sccrrls safe to  
niakc the zenelal statcment; that when the tent-
pcrntzue cxreeds 1500" C., iL & impovsahlc to ob- 
tam eccn approxrntntel~/ good insulalcon by u~zy 
?nen??s. 

One of the most interesfiuy propcities of the 
i>ouduetlng ponTer of a >cry hot gas 1s the nsg-m-
metry of thc conci~ictton. I n  a particular ease, at 
a piessiiie of 80 volts, 15.5 rnillini~1p2.1es pa3sed 
f l o n ~a tnug~ ten  wire, axrally located, to the walls 
of a graphite cylirider ahcn this wire iras made 
negatne,  air6 45 rn~llidrril~S.ies\~11crr tlus wire nns  
made positi\e Tire temperatiire in both cases 
hejlig 1610" C. 

T'lre -ci.~ltcv stale5 tlrat hi211 tcnipcintu~e 1n.uesti- 
gxtion presents inrrun~clal)le p~ob le~xs ,  and ~t is  in 
his judgment the most frnitfnl  field for  chemical 
and physical ~nquiry  ~vhicli is a t  t111s time pre-
scrtted to chemists and phys i c i~ t~ .  

ternpemt~rre above the melting point of ~~ la t i a i i i n Snturutcd r a p o r  Rcfrigcratzng Cycles: J .  E. 

:iud rchlch i ~ i l l  maintain a temperatiire above the SIEBEI,. 

ineltn,g point of niclrcl for a t  least 140 ilouls. T i ~ cauthor analyzes the energg eonversion in 

Tlio fnrnace can then h:r\c its life renewed by the rcfr ~ger:rt~og cycles conceived to be operated 17~1'- 

introduction of a 11ew heater-unit, A container fecatly rcvelslble by a sntornteit vapor wrth ncg:t- 

for the hot gases or nletallic vapols is dcsclibcd. ttce speeific heat (steam as  ~ e l ~ l e ~ e i ~ l 
a a t i~c t ) ,  

I t  is  shown that the conduction is considerable Accordingly, i t  in, fonnd that the ~<ozlc leclulrcd 
but eolnplic~te,d in charn.cter. I t  depends (1) to  produce a cert+in :irnonnt of refllgcration In 
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such a cycle is greater than in a refrigerating 
cycle operated reversibly by dry vapbr of the 
same medium. 

I n  the latter case the relatioli between the work 
W and the produced refrigeration & is  expressible 
by the equation 

while in the former it must be  expressed by the 
formula 

9, representing the amount of heat which is  to be 
withdrawn in the compression stage to keep the 
vapor saturated in a cycle operated between the 
temperatures t, and t, T representing the tein-
peratnre t i n  absolute degrees. -
The  Moment of Inertia in Eng~neering: D. J .  

NCADAM. 
1. Moment .of inertia is so important in engi- 

neering tha t  i t s  mechanical meaning ought to be 
well understood and clearly defined. 

2. Standard works on mechanics for engineers 
and of engineeling show that they lose 
sight of the i t  
and define it and use it as ( l a  name given to a 
quantity much used by engineers"; and some 
engineers ridicule radius of gyration as  "not being 
a radius and having nothing to do with gyra-
tion." 

3. The source of tlie difiiculty in the minds of 
the users of moment of inertia is:  ( a )  Dread of 
calling inertia a force. ( b )  li'aildre to  see that 
one of the factors in the square of the arm in the 
moment is a reducing factor. 

4. The ordinary deh i t i on  of moment of inertia 
i s  a secondary statement. I t  is eirnply a statement 
of the result of an  algebraic multiplication in 
form of an algebraic formula; or i t  is a state-
ment of the method of getting that algebraic 
formula. 

5.  The true definition of moment of inertia 
must define i t  as the ~nonlent of forces just as  
truly as any other moment of forces. And i t  must 
state the unit of force or acceleration in mhich 
the forces are expressed. 

6. De/inittons.-(a) The monie~lt of inertra of 
a purlicle with reference to a point is tho moment 
of the force, whrch acting upon the palticle con-
stantly a t  right angles to the line joining the par- 
tlcle to the point and acting constantly in the 
same plane, nrll produce r ad~an  acceleration. 

( F )  The moment of inertia of a beanz a t  a sec- 
tion is the sun1 of the moments of the forces which 
are acting on the various elements of the section 
when the outer elements are stressed, so that  there 
is unit stress a t  unit distance from the neutral 
axis. 

7. I t  is  to be observed that in (a) the unit force 
is one producing unit acceleration, and in ( b )  
the unit force is  unit intensity a t  unit 's distance 
from the neutral axis. Both are forces, however, 
expressed in terms of a unit force. 

8. I n  the expression for  the moment of inertia 
of a mass about an  %xis parallel to the axis 
through i t s  center of gravity, the term to  be  
added to the moment of inertia of the body about 
the axis through its center of gravity i s  the  
moment of the force which will have to be applied 
to the mass a t  i t s  center of gravity to cause i t  to 
have radian acceleration. This we find to be 
PIt=MR2,  

The 'Use of  Electricaty in the Dfanufactzcre o f  
nlcLAnEN-

Motors were first used in cement manufacture 

for driving light machinery in the outlying por- 
tions of the mill. As the mills increased in size 
the use of motors became more general, until now 
in many cases the entire mill is operated by elec- 
t ~ i c  power. 

A method is given for  detcrnlining whether, in 
an existing mill uslng stearn engines for driving 
tlie machinery, it would be advisable to adopt 
electric clrive. I t  is shonn that the mill output 
sliould be increased by the change, but that  the 
greatest saving in operating costs would be due 
to the fact that the steam economy of tlie steam 
turbines used mith electric drive should be much 
gveater than that of the engines they would le-
place. 

Consideling the quebtlon of wlietl~er the cement 
company should generate i ts  poxver or purchase 
this from a supply company, it is sliown that the 
cost of ponrer per un l t  depeuds largely on the 
amount of power developed. A large supply sys- 
tem, therefole, nhich tallies the combjned load of 
many customers, sllould be able to produce power 
a t  a loner rate than could be done by any of the 
smaller constituent companies. 

Ta7tous Engi~aeervag Problenas an Co~vnectzon with 
the Eydro  Eleciric Pltrnt of the Hou~utonic 
Pouler Conzpany a t  Bulls Btidge, Connecticz~t: 
CITlRLES Rurus IIARTE. 

Idatest Dcvclopnzents an Xnrrne Electrical Engi-
n c o  tng: IT.  A. IIORNOR. 
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This paper gives a brief reviem of progress in 
the developrrreut of niarine electrical jnstallations. 
I t  empliasizes tlie importance c~f elwtric steering, 
anchor nrindlass and oilrer recent requirements. 
The possjbilitie~ of under na tcr  comniiinication 
are  consideted and improvements in searchlight 
projectors recorded. The csrentjal points in con-
nection with the introdnotion of electric propul- 
sion axid Llie opening ficld of possihilitics not only 
i n  the design of efficient clectiical apparatus but 
nlso in the effect upon the ar t  of naval arehitec- 
ture arz conci~ely stated. 

T7ze Nolc~chuckey Uydvo-Electric Plant  of t h r  
Tc?znessee Eastern Klecfrio Coml)a i~y:  W. V. N. 
PO~EI,SON. 

total shipped rreigl~t of the three span:i v a s  2,740 
tons. 

Tlie old masonry was replaced by nev  collcrcte 
p i e ~ s  and abutments, the f o ~ ~ n d a t ~ o n s  tliesufor 
being sunk by pneumatic cais.ions. 'J'hia new 
niasoar~- n a s  built by the Ponndation Co., of Nem 
Torlr. 

Tlie new bridge was erected oil falsemurk on 
tlic downstrearn sidc of the old, and when eom-
plctrd, was used :is a run-:rronnd to carry t r aEc  
nliile the olcl structure was being dismalitled. 
The uelv spans nevc tlictr rolled iuto position. 

Both the weight rrroved, 3,250 tons, and the iiis- 
tailce a\ored th~ou::b, *11fi .  9 in., con.;t-iinte a 
1t:ord for an opl~ration of this nature. 

The new steelwo~lr wus nianufacturerl by the 
T h e  Locrrtion alrd *Matntenance of Bailroads ao~d Alnerican Rrjrlge Clo., of N e v  Porlr, and v a s  

I;J?gAn,c/y~ ctlo7tg S t t e p  Sropes: WALTERLOI~TNG 
WEBB. 
Tire paper describes the development of a new 

principle of coni;truction, nhen i t  is necessnry to 
plzee the ro:i(ibcd of a rarlroad or a highnay 
xlong a slope ~rliich a h e ~ d y  ii. so sterp that any 
increase in the rate of the slope, made by form- 
ing the side slopes a l ~ o ~ e  helorror the roadbed. 
c:tnscs frerlnent slides. T l ~ o  us~inl yrartise has 
been to construct retaining .u~alls on the upper or 
tire loxVer sidc of the loadbed (or perhap3 on both 
sldos) nrhieb are necessarily expcnsivr, slnco they 
must alcvajs sustail~ a great weigiit of earth. Tho 
metliod desc~ibecl u~il izes the skeleton con~truc-
tion pelmi<-ihle by  re'niorced conc~ete and re-
duces to a rninimnm the stresses nhioh rnnst be 
srrstai~ied by the structure. S n  illustrzted ox-
arnple of the application of this prji~ciple, as dr-
.ireloped by the rvriter in Oil City, Pa., is gi\cn in 
detail. Atroilier jlhistrai ion of the salr~e f unda- 
mental principle, as ro~.crrlly dcscrihrd in the 
tcclinical press, i s  also given. 

Con~frztcl ion of the  Nczv Double Tmc7; Tunnel  of 
tile B. & 0. 8. B. tltroz6yh Allcghnny Noura1al:ns 
at Sand Patch, P e n ~ z s ~ ~ l v u n ~ a :  Pnur, Dmrixn. 

72econLst?tcclion of B r i d u ~N o .  100, P i t t sburgh  Dc-
vis ion:  ,?. C. BLANDAND JOTIN DIILI,CI<. 
This bridge, situnted a little n~cst of Coshocton, 

0,n a s  pnrtially destroyed by Rood in Ilnrcah, 
1013, and the ~ ~ r e c k c d  spans temporarily replaced 
by girder spxns. 

Tlie siructnre, before tile Rooil, consisted of 
four rlonblc trnclis through pin-eonnetted trilss 
spans, earl1 152 ft .  2 in. c. to c. end pins, and was 
replaced by tliree d111tble trxclr, through riveted 
truss spans, each 240 f t .  e. to c. end pins. Tho 

erected by the Se:iboa~d Constritetion Co. 
The bridge was designed by Mr. J. C. Bland, 

c v ~ i n c c r  of bririges, l'cnnn.. Liricii '\.Vest of Pitt,j-
burgh, under whose snpei>vision the erection also 
was ca r~ ied  out. 

d Baln?~ccd Cn,i-tilevc~ R ~ i t l g e :  HENRY11.QUIMBY. 
A bridge of a uecv type was rece~ltly co~istri~cted 

a t  Chester, Pa .  I t  consists of two independently 
acting palts, each being :I double cantilercr of ten 
lougituclinal ribs of reinforreil coizclete resting on 
a pier over nhieh i t  is birlnnced ~ i t ha counter-
P eighl, the channel ends of tho cxrtilcvers b e i n ~  
connectect by a rl io~t so-enl1ci-t suspended span, and 
the nliole f o r m i ~ ~ g  in :11\pe:l~:tiicc s concrete arch. 

The type was deviscd as the most economical 
method of securing an ornamrnt;rl arch bridge 
nhieh was desited a t  this point i ~ ythe public an-
tl~orit lci  fo r  c~ thc i i c  consideratioui, tlie subanr-
face conditions malrrng a xed m r h  very expensive. 
These cond tlons co~isisted of deep soft rnrid on 
one side of the river underl:.id nith :I b r ~ lof rock 
sloping steeply away floin the eh~nne l  to a cons~d- 
c r ~ b l e  distance and depth, affording no natural 
ske~~rbackfor an arch to  tlirust :~,rr:cinst, 

The pier on the deep rnnd side is on v~ooilen 
pile fonndntions lvith corlcrete capping. lateral 
stability bcinc; obtained by suironnding the grer 
11 itlr spnr nr hatter pilcs. 

'I'hc blidge is  one Iruniiicd and sixty feet long 
over all, v i t h  the nlnin s2an ninely-five fect cen-
ters of piers, and tire mings thirty-one and thirty- 
foirr feoi, rocl~ccti-r.eIy. li. is sixty feet wide, ipith 
cartway thirty-six feet betneen cn~bs .  

The action of the double cantilever is  that  of 
the doulble overhanginp gantry cmne. the dead 
load balanced \%it11 equal mol~te~rls over the n~iCLdle 
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of each supporting pier, and the traveling live 
load shifting the center of combined load forth 
and back over a range not ex-the middle ~ ~ i t h i n  
ceeding one third of the width of the pier, so tha t  
tension is never developed a t  the edge of the 
bearing. 

An open joint was made a t  one end of the sus- 
pended span to provide for  temperature move-
ments as me11 as to keep the cantilevers indepen- 
dent of each other, but the pressure of the earth 
fill against the ends of the bridge keeps the joint 
in contact and makes thc bridge a real arch to the 
extent of that pressure, and giving it, under ordi- 
cary  loads, all the rigidity of an arch. 

The  Nezoa~k Terminal : &[ARTIN SCHREIBER. 
Cooperation between the Physicist and the Engi- 

neer: CART, IIZRIKG. 
Defining engineering as "applied physics, 7 ' and 

stating that the province of the physicist is  to 
discover and formulate the 1a~r.s of nature, while 
that of the engineer is to then apply these laws 
and data to the construction of useful structures 
-the author urges a closer cooperation between 
them, and shoms how much the work of the engi- 
neer is dependent upon that of the physicist. 

As illustrations of its importance he cites cases 
in mhich engineering structures failed due to in-
complete statements of the  laws of nature in 
books on physics; or in in applying the 
physicist's laws i t  was found by the engineer that  
they were faultily stated, resulting in niisleading 
or even wrong results. I n  other cases the engi- 
neer discovered new laws which i t  was the prov- 
ince of the physicist to have given him, the physi- 
cist being better ecluipped and trained for such 
research than the engineer. 

The physicist taught nothing a t  all in his books 
about any internal forces in conductors due to the 
electric currents flowing through them, yet the 
engineer in his constructive pork  found them to 
exist, &Taxwell's famous law of induction, as 
stated by the physicist, when applied to a specific 
case gave results which were contrary to  the facts, 
as  was found in the constructive work of the 
engineer. Physics says nothing about axial elec- 
tromagnetic forces in conductors, yet the engineer 
finds them to  exist. The physicist's work is  the 
foundation of the structure of the engineer, and 
with an  insecure or doubtful foundation, the struc- 
ture is not dependable. Much time, nioney and 
failure can be saved to the engineer if the physi- 
cist gives him all the necessary data  and states the 
laws of nature correctly and completely. 

Attention is called to cases in which quantita- 
live laws of certain physical phenomenon have not 
yet been established by the physicist. Overlook-
ing the distinction between the physical and chem-
ical parts of thermo-chemical processes is criti-
cized. 

Concerning units for measuring physical cluanti- 
ties, i t  is shown that  the physicist is f a r  ahead 
of the engineer and the latter would often save 
himself much work in his calculations by adopting 
decimal multiples of the absolute units, as was 
done in the case of the electrical units in which 
all the conversion factors are made unity by defi- 
nition. Useless double units should be  eliminated, 
but for  some cases double units are advocated for  
eliminating the factor ?r from many calculations. 
I n  creating new units, physicists are urged to base 
them on the absolute system, to avoid the use of 
conversion factors. The physicist's unit of 
"brightness" of light is criticized as a physical 
inconsistency and as  being an unnecessary double 
unit. 

Numerous references are  given to  articles in 
which the topics touched upon are discussed more 
in detail. The author hopes that  his illustrations 
nil1 show the importance and the benefits of a 
closer cooperation between the physicist and the  
engineer. 

The fourth session was held on the afternoon of 
Thursday, December 31, Mr. 0. P. Hood in the 
chair, with an attendance of about 35. The pro- 
gram of the session was as follows: 

Some Engineering Ael~ievements in PhiladeTp71ia 
and Environs: EDGARUARBURG. 

T7ze Il?jdraulic I,aboratory of the  Civil Eagineer- 
rng Department, Universit:~ of Pennsylvania-Its 
Equipmmt  and Op~rat ion:  WII.LIAI\~FASBY)JR. 

Some I,aboratory Accessories for Haterials Test-
ing:  EI. C.  BERRY. 

Correct Nethods of Creating and Naintaining 
Channels at the ilfouths of Pluvial and Tidal 
Rivers, and at the Outlets of Inclosed Tidal 
Areas: ELMER C~RTHELL. 

The Engineers' Interest i n  Deep Waterways with 
Xpecial Reference to Mississippi River and i t s  
Tributaries: ILIARRYE. WAGNER. 

The  Tide  V a t e r  Outlet of the  New Pork Xtate 
Barge Canals: D. A. WATT. 
This paper presents a, brief sketch of the work 

now being constructed by the federal government 
a t  Troy, N. Y., in order to provide a connection 
between t iae  water i n  the Hudson River and the 



SCIENCE [N. S.Vor,. XLI. No. 1065 

extensive system of statc canals, lino~vn as the 
barge canal, now nearing conlpletion by the state 
of New York. These nen7 canals will provide a 
modeln nraterrray, not 1c.s than 13 feet in depth, 
betv~een the s eapo~ t  of New Vollr and the Great 
Lakes, with a spur running northnard along the 
Hudson Valley to Tialre Cllamplain. The work is  
pr:lctic:~lly a reconstruction of tile existing sys-
tem of canali, ckliieh havc a dcptli of only G feet, 
ba t  nhicli, neveitheless, constitiite an influential 
factor upon the Prelgl~t rates of a consii1er;zble 
portion of the United States. 

The works which 17\11 form the ontlet a t  Troy 
of this gieat  ~ys t em mill con~is t  of a lock with 
tmo t:mdein chambers, which together will have an 
effective liorizontal area of Inore than twelve times 
thc area of the present single loc,lrs, and the dam 
will have a length of nearly a quarter of a mile. 
I n  addition to these vlorks, between 20 and 30 
irilles of river channel have to  be deepened an  
average of 3 to  4 feet, so ns to provide the 
channel depth of 12 fcet. 

Tlie American Bridge Co~npany Sc7~ool 7Vor7c at 
Anlbridgc: J .  E. BANKS. 

Some Features of t7ze Engineering Plajlt for the 
Ncui Agric~~ltzcrczl School Item Farmingdale, New 
Fork: RAI,PII C. TAGGAET. 

The  Hti~nan Nulurc Elerrarnt of Engzneering Con-
struc-tio?~ ~c.itTz l-'arZic?rlnr dpplicatiorb t o  Trop-
ical Sil?cations: T .  I~OXTARDBARNES. 

The Dowe of the Colzcwabia University Library: 
0. W. Noncnoss. 

The  I?rspcclton Dcpcc~lmcnt in Its  Rclrction t o  the 

I n  this paper the anthor calls attention to the 
disadmntages inherent in the usual plan of fac-
tory organization, in which the insyection depart- 
ment is under conirol of the works superintendent, 
and to the gr.eat advantages to be gained by 
placing this department under al~thority of an 
exeentive reporting directly to  tlie general man-
ager, or other oficer in control of the factory ont- 
put. 

The executive head of the inspection depart-
v e n t  should be thoronglily familiar with general 
engineering practise and standards. I le  should 
be  well informed in all shop methods, including 
fonnilry nlrd machine-shop practise, and be thor- 
ongl~lrly versed in the use of testing machines and 

gages. IIe shonld, if possible, be conversant with 
chemical Ial>or:ttory nlethons axid apparatns, so as 

to he able intelligently to direct that part  of his 
organization. &foreover, he should be familiar 
with the uses of the factory products and the con- 
ditions under which i t  is to  operate after i t  has 
passed beyond control of the factory. R e  must 
11ave absolute control of every inspector in the 
plant and be held responsible fo r  the quality of 
matel.ial and n~orlrmanship of all tha t  the plant 
piodnces. 

The relations that  shor~ld exist bc t r~ern  the in- 
spection depa-rtrr~ent ancl the sales mid engineer-
ing dcpni tmeiits uio q u ~ i e  Enlly oi~tlinod. Thc in 
.il)ection department, if rightly conducted, acts 
for tlre mutual protection of the manr~faeturer 
:md the custonlor and can be of great aassistance 
to lhc sales department in various ways. A4ttlie 
same time it sl~ould nlaintr~in the closest possible 
rulatioils to the cngirieering department and plans 
are outli~ied by ~vhicll practical cooperation may 
be secured. 

Detail lnetliods of inspection must be suited to  
tile special conditions of each case. Tt is ob-
viously absurd to t ry  to apply big-shop methods 
to a small shop, and the converse application, while 
f a r  more usual, is no more 1ogic:il. Such matters 
mnst, therefore, be subjects of careft11 invcstiga- 
tion and study in each individual plant. 

T7~e Application of Science t o  Tclep7zonc Engi 
nceriizg: GEORGE S. A'rsco~~n~n.  

Rei?lforced Concrete as all Emergency Repccir for 
Iron C17iim?1('~s: A. 1,. P I E E C ~ .  

Afariing Engi~lccring Problcms Incider~t t o  the De-
velopmewt of the South African Diamond Mines: 
GARDNER F. 

Shof t  S~n7ting i n  Excessively Hard Rock: WIL-
r ~ r a x  YOUNG W~STERVEI~~'.  

l % r l  Refr~gerating Plant nl the E7ash.mgton 
Af~rrkel, New  Pork Cl ty :  CIXARI,ES11. HIGGINS. 

12emovtcl of Llendcrso~a Point at the Portsmouth 
Navy  Yard :  0. W .  N o ~ c ~ o s s .  

A7eul AVncAine for Uixnlng and Cleanlng Cotton: 
GB.ORG~~ UUBTON,'1'. 

Spiral Wrappings roith Special Reference t o  Flat 
Gphrccl 8yl1ng.s nlzd Xtresses if& Steel: R. 
Xpcwc~n GREEYFTFLD. 
At  the conelnsion of the session an inspection of 

the nem engineering laboratories of the Univer-
sity of Pennsylvania was made under the direc-
tion of Professois Edgar Xarburg, William Easby, 
Jr .  and II. C. Berry. 

ARTIIUR11. BLANCUARD, 
Secretary 


