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To a n y  c o n t r ~ b u t o r ,  on scrl t~cst  in :id\ince,  one hundred  ropies of tile ishue 
c o n t a l n i ~ ~ ghis att:cle w ~ i i  1 ~ c: l e~? tW I L I I O U :  cliii1.g~. AIore copies \vlll I I C  :iilp-
piied at about cost, also i i  ordercil ill 'ldrancc. Reprints a r c  not suppl.c<l. 2;s 

for  obvlous rclsclls  \\-e clesire to  circa1:lte as in;Lny ~ i , p i e s  of :icllCXcIC 2.1, l>r>&-
slbie. Author-; :ire, ho\\-eve:., ar ~>cs ;ec t1 :,el.iy Lo 11:trcrllell articlcsrcpl-i::!- 
ell eisewerc.  I'or iilustratioils, dranit:g, ill Izla~li  allil w l ~ : t c  s u i t a b : ~  for  
photo-engra~-ii lgsiloui,l I,e supl,liicl I)? trio I < ~ j ( ! c t ~ ~ lco~l t r ibutor .  XI:~III:-

scrlpts wili be rcturneil  to Liic ,~;~ii ;oi .s  0111y wllcil t!lo I crlvlsltc .~;nount oi' 
postage a c e o l ~ ~ p a r ~ i e s  ~ ~ ~ a ~ ~ ~ . ! s c s i p L ,  15 itl:cl~ i t  I ;  Jc,r i~l!,er:io~l the  'b<-i~airver 
rllust b e  :iuLllcnticatcil iiy tl;:~ n:~mc 2nd aclc!ress of :he \I-r!ter ; not l,c-c-'zx-
sily f o r  liunlication, b u t  as a &,u:ll.anty of good iaitll. \ V c  do not lloI(l 011s- 
sclves respo11~:'jle fc,r a11y vicsv or  r~nlilions ~s!,rcssed ill Llie c<,lrrli~:lnic:i:iii~~s 
, ,E  o u r  corr-2sp(~l?dcn:.;. 

.\ltentlon is called to  t i ~ c  "\V:in:s" coiu;nn, I L  i; ~ n i a I u : ~ b l e  to  tliosc n-;io 

nse ~t in joliclting inforrrlation or  secliitiy new pL~si:ions. ?'I?(: name ZLI!:! :KI-
i l reis of applic,ints s l~oul i l  be given in full ,  so th'it ans\vcrh \rill g o  i l ir i .~:  t o  
lhenl. 'Pile "Exchange" column ih li!ie\vi>c dlTcn. 

I r  IS the objcct of the p~cse i l t  :~ l t ic le  to point out 11c>~v 
an Engineering 1,aboratory czil be equll~pecl for n Lonra-
paratively slildli o s p e ~ d i t ~ ~ r e .  

to prepnration, looliing lip apparatiis, auil in finding peo- 
plo willing to lend. 

By :irmnging for a certain definite nu l i~be r  of e q e r i -
riieuts each dtzy, ~1li i : i i  are sui'iic~icnt for a11 the st,udeuts 
~seporting Illst tiny, a i ~ d  repeat i l~g tliese it>r?- by clay until 
encli sti:tlent lms perfol:alecl each experi~uc:ut, tlie condi-
tions tire :lot olliy nioro f:i;.ornble for s~s tenia t ic  orcltrly 
worli, I ~ u ta n ~ i u i n ~ u m:ilnou:~t of apparatus will be re-
quired arid more eEicieut nncl better directed instructiou 
can be given. l u  such a case the apparatus is easily kept 
where needed alicl i n  gooti order, and tbe student can cle-
vote tlie ~ e q i ~ i r e d  esperin~entnl  worli. t,illie purely to the 
I -\\-ill 11ot deny that  the work of pregarntioil and of look-
ing 1113 nppara t~ i s i s  of bellelit to the  st,nc!ent, h l ~ t  i t  is 
not  erperinientttl worlr :~ut l  siioulcl llavc n place in sonic 
other par t  of the curriculum. 

7: llope b rnny be esc:usecl for devoting so ruuch tiilie to 
tliis dii;cussion, b u t  I feel t>liat i t  is rlrl important matter, 
and vital to tlle subject of the article. I n  the ~)ilj-sical or 
choiriicirl laboratlory I believci tha t  tho hest res~l l t s  are oh-
tnined by the first system, nlnce x-orl':ing npparatns is 
portable, experimentc4 cbuickly arrangecl and the  rosiilts 
more definite and cons!allt in cllaraeter. and the same sys- 
tern is lilcely to be appliecl to engineering, tliouglit not 
being given to the facts, that  engineer-ing col~stnnis are 
seldor~imore than coefficients, and the  uallre is affected by  
tlle ~nt!tlioil irscd io  testing. I n  man)- engineering esl;eri- 
~ r ~ e i l t s" r~c  rrrokhocl jtr of ecliial or greater importnnce than 
the results. 

the hlAbjept 1'+hall corlfiile 11iyse1~ 1)11101~ 
to the edilcational Seatuirs and \.rill liot consiilcr the lab- niirnl)er of esperi~;ient,s each term and require each stu-
oratory as s place for lnxes t~gat io~tor 501~!10il of nd- dent to i:ike the! course as laid out. 1 am 1msi'ti.i-e tlrnt 
vilnced engineering problems I rnay itlso be p c ~ l l i ~ t t e dtlte beli.er instrnctiori oi~tnioecl will niore tliall o:f:;et any 

In d i s c ~ ~ s s i n g  F o r  the reasons just stated I would a t l ~ i s e:L linritrcl 

to say that  there aro few c o l l ~ g e s  in Anier i~a ,  rpllll~l)b in 
the whole n o r l J ,  in wltlch s t ~ ~ d e n t q ,  ~5 a rule, gain 6ufTi-
cient culture, or lndeed ha le  suliicso~it time td uni1eit:~l~c 
the  work of Investigation of engineering proi)le1n6, 111 an 
undorgracluate course. It is 01115 iu those coluses wlreie 
n great  number oi  p ra i~ua t r s  a le  to be f o ~ u l d  that  psob-
lenls of research haxe tLny legitlmnte hor~3o. 

The undergraduate laboratory should be equipped so 
a9 to de:llonstrate iu n practictil and convlnclllg uny +lte 
principal iaws or facts tl:nt the ~ t u d e n t  iriust nl~li ter  ILI 

order to finish his course I t s  courbe of instructiot~ shc,uld 
be suets as to recjl~ire a>s+ematlc worli of the  student, 
teach hirrl how to observer, how to use :~pparatus, how to  
deduce conclusions from hi3 111nss of clnta and finally lrom 
to make a neat mld systemat~c report of hls ~xvork. 

Having that  object in view, the best methods or rtienlis 
of execution remain to be soughh. I n  this iec,pect t n o  
courses will he open, one, wlticll nt iirst mag seem silvpler 
and better, consists in l a j ing  o l ~ t  on a single scheilule all 
the evperinieuts that  can possibly be perforined by the 
atutlents, 7~1th the nppar:~tns at, co112ninnd. Students are 
assignecl to these mi lour  expor1r:lcnL~ us they report for 
duty. 

Tile otlier consists of n course in \\-!ljcli are pu t  the 
lrlore important experiments; every studcnt to take in 
tu rn  encli experinlent. 111laying tint a sjstern of sut:ll 

loss (j111e to tlie wnrit of selection. 
The rlatiire of these e s p e r i n ~ e ~ ~ t s  ~ntist:cTel?cliil 1111on. tile 

tlppal.atus, but  I will, llowever, refer to n course whiell 
n i ig l~t  be pursued in case the  ecluiprneat vsm extrc~mely 
small. H ~ i p p o ~ e .  in civil first, the  course to l ~ e  engineer-
ing, ill wllich cnso t,he laboratory norli will relato prin- 
cipally to titrength of niaterinls rmd l~yclruulics, iielil 
work 11nd ashro~ioxny, tjlle two lat ter  will not, however, be 
included in this 1:~boraiory course. Tile apparatus needed 
niigiit bc c~ertainly as mui:il as could Ije purcliaseci, bu t  
ono teillirlg machine of S0;OOU po~~ .ndscapacity, al.rangec1 
for tosting in tension, co111pressioli P ~ L I C ~trtxnsverse, a c e m ~ r ~ t  
testiilg i~ittclliue, a snlall drop of 100 pounds Ia l l i l~g tell 
feet, and a wootic?n beam twenty feet long and four by 
eight ilicllea in di~nensious, will he  found to be s~rficient  
apparatus to keep four experiments, two men a t  each, in 
operation the entire time. The cost of such nppitratus 
will probably not exceed $1,000 and possibly rriight be 
less. 

Tho esperirnents that  might be performed are almost 
infinite in variety in the  line of strength of mnterinls, 

Jvorli i t  mill 1)e necessary to have n cries of inc'lcy~ende~it 
for each term, so tli:~L tile ortler ill \rhic:ll t!iej? 

are taken is in~rnaterial. 
Fro111personal espmionoc 1mii positire tll:lt lilio lntter 

is the  o~ t ly  way "c e o ~ d i i c t  an s~~cccs:;f'l~.lly erlgineeriag 
la'borat,ory, uuless >-oil2x0 p issesneil of an nllnosi ilifi11ii.e 
eq~~ip i~ te f i t ,an u~il imited l>atience, nrrtl a11 ontirc disregard 
of order, and erev the11 a p e t i t  n ~ ~ m b e r  ~vo?.Ir-of stt~clents, 
i ng  in as nlally lines, -\\.oultl be ctrtniu to cause vexntion, 
delay or  trouble in some dkection. :Besides n l l  this tho  
&mount accomplished by an indiviclunl student is general- 
ly small, sinc,e a lixrge par t  of llis time 11x3 to Ile clerotecl 

s n d  tho students could not  only obtain skill but  also 
vial~lahie knoIvleilge re:;pecting the  properties of mate-
rials. 

Some of the  mosl, interesting experirnellts are perforlrieil 
with little or no apparatus. as, for irliitauce, by loacting a 
beam in cliffereat wajs  and ~ t u d y i n g  tlie efrect on tlle 
elastic can: produced by the loud in various positions. 

For  hvtirnu!icaa, little is needed bu t  x~lltif; can easily be 
nria;le by resident :~leclianics, excepting tPtriks and weigh--
iug  sc.tles, \\'eir not,clies aird hook g"iigeS are readily 
rnr~ilettricl eritrl~rc rnr~terialfi for an al~lrost enilless variety 
of esperirnen ts. 

Snlail xnter  motors nucl p ~ u n p s a r e  qilitc ilresperlsivc, 
so that  probably l o r  $500 a11 equip~ilent that  will give six 
esperirnents and lieep twelve Inen a t  work constantly (:an 
be h:~(l. If a student colild spend six hours a week, which 
i s  a ? ~ o u t  the  :~mourtt requirecl to complete a single euperi- 


