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Introduction· 

Curricula: ' I . 

< Mechanical E11S":ine0ri~g. 
E;lc c tri.on 1 Enljincering. .. _, " ~ . . 
Ordnance .. , . , .. '.. . . . . . .:. ' ·'t . .. '. 
Naval Construction. .., :.:."." 
Civil Engi YH.lC:;l'ing. .. .• . _' . . . 

De se ri p! ~O~a~; 1 C 1 ~~~ :;~ ~ " ' :' :'t:': :,::<,~~; 
At Columbia Uni ve£si ty. ... ., . , ... '.' .', ,. , 
At Massachusetts llisti tut"e of ~echri0logy, .. i .' · 
At Henss(;lucr Pol~Ttechnic Im::ti tut~. t . ,. 
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Annar o1.i s, hid., 

POST GRA:,)UATE :JE1! ARTNILNT, • 
I May' 1,1915. 

1. In accordance with Article 1543 of the U, S. Naval 
su1ations, curriou1a have been established in this department 
follows: 

CA) Mechanical EnGineering; 
(Bl Electrical Engineering; 
(C) Ordnance; 
(D) Naval Construction; 
tE) Civil Engineering. 

2. In the following statement of curricula, courbes are 
lignated by name and by number, which refer to descriptions of 
lrses, given later. The courses given at the Naval Academy 
, grouped according to subject matter,- 100 to 199 dealing with 
hema tic s and ~,lechanics; 200 to 299 dealing with Mechanical 
'ineering sub jects; 300 to 399 dealing with Electrical Engi-
ring subjects; 400 to 499 dealing with Physics; 500 to 599 deal­
with Chemistry; and 600 to 699 dealing with Ballistics. 

3. Courses 100-199 are conducted by the Professor of 
hanies and Engincerin:~ Mathe'natics; Courses 200-299 by the 
fessor of ~~rine Engineering; Courses 300-399 by the Profeisor 
nectrical Engineering; Courses 400-499 by the Professor of 
~trical Engineering and other professors in the Aoademy . 
}ially assigned to this work; Courses 500-599 by the academic 
trtment in charge of Chemistry; Courses 600-699 by the Ordnance 
lrtment of the ilaval Academy. 

4. Courses pursued by naval officers at other institutions 
included in those curricula are designated here'by the titles 
numbers assigned them in the catalogues of the respective 
itutions. The courSBS at Troy, H.Y., not being numbered in 
catalogue of the Rensselaer Polytechnic Institute, are here 
sned reference numbers above 2000. 

<\ 

5. ht Annapolis, the day is divided into three periods, of 
two to two Bnd a half hours each, two periods in the fore­
and one in the afternoon. The periods designated as class 
periods, mainly forenoon periods, are given to lectures, 
;ations and individual study or problem work, the apportion­
of time being at the discretion of the instruotor. Each 
Int officer is expectee to devote from ten to fifteen hours :~er 

, 
'/ 
1 

< I 

t, 

< I 

" 

I 
f 



: to study. outside of workin~~ hOU1'l:3o ThiB tiiTle is available 
preparation for both lRboretory and classroom exercises. 

6. At Troy. D.Y. ,_ the day is divided into periods us -at 
tpolis. while at New York and at Boston the time unit is the 

CUR RIC U L U M ( \ ' .-h. 
MECHt.NICAL ENGINBI~RnJG. 

:it Year. (At Naval }.cademy). 

First Term. 
Periods ~ week. 

Class. L~ 
101) 
Ill) 
121) 
201) 
203) 
205 ) 
207 ) 
301 ) 
401 ) 
403) 
501) 

]C2) 
~-12 ) 
~2,2 ) 
202 ) 
~C' 4 ) 
?C 6 ) 
)C8 ) 
'i 2} 
~((2 ) 
~~: S } 
{'I 4 ) 

Mathewatics (a) .......•............ ' .... ; .. . 
Me c hun i c s (a)..... ........................ . 
Applied L1echanics (cd .....................• 
Strength of Materials & Machine Design .... . 
Thermodynamics ............................ . 
Mechanical Engineering Laboratory ......... . 
Steam Power Plant ~nachinery ............... . 
Theory of Electricity ..................... . 
Physics of Heat ........................... . 
Physics of Light and Sound ................ . 
Chemistry ................................. . 

S~cond Term. 

Ma the rna tic s (b)............................ 
Mechanics (b) ..........•...........•..•.•. ~ 
Applied Meohanics (b) ..................... . 
StreniSth of Materials &; Machine Design .... . 
Thermodynamic s ............................ . 
Mechanical Engineering Laboratory ......... . 
stearn Power Plant ~achinery ............... . 
Val va Cedrs ............................... . 
Djrect Current :Jlectrical Lng-ineerinG ..... . 
Physic s 0:: Eea t ........................... . 
Al terTIa t'inp: Cnrrent El ec '~ric it 11 ••••••• : •••• 

~ u 

Summe l' (fa rm. ---- ---
52) Advanc ed r[echanic s. 
f)l) Pl'Rct:teal 1I1c rk at nxpe rimen t Sta ti on and 

Machjne Shop. 

-2-

2 0 
1 0 
1 ,0 
1 0 I 

2 0 
o ' 2 
1 0 
1 

i) 
1 

2 
1 
1 
1,5 
1 
0 
1 

.5 

~} 
2 

2 

1 

0 
o ' 
0 
0 
0 
2 
0 
0 

2 

0 

, 

, 
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, 

i 
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econd Year. U_t ColuYnbia University, NevI York City.) 

Shon Practices Ontion. 
'-----'- . --'-----

M.E. 
Met. 
M.E. 
~&. E. 
M.E. 

Itl. E. 
Met. 
M.E. 
M.E. 
M.E. 
M.E. 
M.E. 

E.E. 

Met. 
M.E. 
M.E. 
M.E. 

E.B. 
M~t. 
M:L. 
M.L. 
lyLE. 
I/f.n. 
11. E. 

155 
131 
117 
131 
119-

First Iferm. 
Periods ~ week. 

. Class. La~ 
Shop "Processes & Machine Tools......... 1 . :3 
Metallurgy of Iron and Steel...... ..... 1'· 0 
Engineering Thermodyn~~ics. ...... ...... 2 :3 
Standard 'llests & l~:x:periY'1ental Researoh. 2 3 

139 Machine Analysis & ~esign ............. . 6 6 

152 
156 
118 
132 
150 
122 
120-
140 

101-
171 
131 
117 
131 
119-
139 

102 
156 
118 
132 
150 
122 
120-
140 

Second Term: 

OrJanization & Management ............. . 
Metallographic Laboratory .............. . 
Engineoring Thermodynamics .. o •••••••••• 

Standard Tests 8~ Bxperimenta1 Researoh. 
Steam :L'llrbines ........................ . 
Gas Po\ver ............................. . 

Machine Analysis & Desien .............• 

Design Option. 

First :Cerm. ----
D. C. Eleotrical Apparatus ...... ' ...... . 
Metallurgy of Iron and Steel .......... . 
Engineering Thermodynamios ............ . 
Standard Teste; & Bxperimental Research; 

Machine Analysis & Desiga ............. . . 
Second Term. 

Selection & Application of Dlec.Motors. 
Metallographic Laboratory .............• 
Engineering Thermodynamics ............ . 
Standard Tests & Experimental Research. 
Stearn i'urbines ........................ . 
Gas & Oil Engines ..................... . 

Machine l'..nalysis & Design ............. . 

Su~mer ferm, Mechanical Engineers. 

3 
o 
2 
2 
3 
4 

2 

2 
1 
2' 
2, 

6 

2 
o 
2 
2 
3 
4 

2 

o 
3 
3 
3 
o 
3 

3 

3 
0 
3 
3 

6 

o 
3 
3 
3 
o 
3 

3 

:lrr-ctical wor1~ at '~~e HE,V} YfTC, Hew Yor:c, n.Y. 
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CUR RIC U L U M (B). ----------
ELECTRICAL ENGINEERING. 

lrst~. (At Naval Academy.) • , . 

(101 ) 
. (Ill) 

(121) 
(201 ) 
( 203) 
(205 ) 
(207 ) 
(301) 
( 401) 
(403 ) 
(501) 

( 102) 
(112) 
(122) 
(202) 
( 204) 
(206 ) 
(208 ) 
( 212) 
(302) 
( 402) 
( 304) 

(151) 
(351) 

First 1~. 
Periods per week. 

, Class. L~ 
Ma the rna tic s (a)............................. 2 0 
Mechanics (a)........... ..................•. I Q 
Applied Mechanics (a)....................... . 1 () 
strength of Materials & Machine Design... . . . 1 0 
TherrnodynarnicfJ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 
Mechanical Engineering Laboratory .... ,.. ...• 0 2 
steam Power Plant Machinery....... .......... I 0 
Theory of Electricity........ ... ...... ...•.. Ii]' 
Physics of Heat........ ..... ................ 2 
Physics of Light and Sound ................. . 
Chemistry................................... 1 

Second Term. 

Ma the rna t i 0 s ( b) . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 
Mechanic s (b) .............................. . 
Applied Mechanics (bl ...................... . 
strength of Materials & Machine Design .•••.• 
Thermodynamics ......................•....... 
Mechanical Engineering Laboratory.' .......• / .. 
steam Power Plant ~.qachinery ............•.... 
Val ve Gears .......................... II ....... ~ ... 11 ••• 

Direct Current Electrical Engineering ....••. 
Physics of Heat ........................ " ..•.. 
Alternating Current Electricity ............• 

Summer Term. 

Differential Equations of Electricity ...... . 
Practical "~fork in Electrical EnGineering 

Laboratory. 

2 
1 
1 
1.5 
1 
o 
1 

.5 

i1 
2 

I 

o 
o 
o 
o 
o 
2 
o 
0'1 

2 

o 

:ond Year. (At Columbia University. New York City.) 

E.E. 101 
E.E. 103 
E.E. ,105 
8.E. 109 

Electrical Group. 

First Term. 

Management of Electrical p~chinery ....... . 
Electric Motors ....................... , ... . 
A. O. Engine ering ........................ . 
Telegraph Engineering .................... . 

2 0 
2 0 
3 0 
1 0 

, 
II' 

'I 
}~ 
! 



:. E. 153 
;.E. 173 
:.E. 201 
qet. -131 
~et. 155 

~.E. 103 
~.E. 106 
~.E. 108 
;.E. 110 
:.E. 154 
;.E. 176 
:.E. 178 
• E. 202 
.E. 214 
hys. 52 

,E. 101 
E. 105 
E. 109 
E. 153 
E. 173 
E. 211 
oh.l09 
t. 131 
t. 155 

m. 102 
~. 106 
8. 108 
s.; 110 
~: 154 
J. 176 
}. 178 
;. 212 
ih.l10 
'S. 52 

(First Term, Elcc. Group, contd.) 
Per i 0 d s per \'y' H' l~ • \ 

Desi~n oflD. C. Maohinery .............. . 
D. C: lfuchine Laborntory ............... . 
S i "1 t . . t C<h' em nar, L ec rlCl y on 0 IpS ..........• 
Metallurgy of Iron and Steel ........... . 
Metallographic Laboratory .............. . 

Second '~erm. 

Electric Motors ........................ . 
Electric Plants ........................ . 
Plant Visitation (optional) ............ . 
Telephone Engineering .................. . 
Design of A. C. Machinery .............. ~ 
A. C. Machine Laboratory ............... . 
Instrument Laboratory .................. . 
Seminar, Electricity on Ships .......... . 
Radio-telegraphy Laboratory ............ . 
Conduotion of Electricity in Gases ..... . 

Radio Engineering Group. 

First Term. 

Management of Electrical Machinery ..... . 
A. C. Engine ering ...................... . 
Telegraph Engineering .................. . 
DesiRn 0f D. C. Machinery .............. . 
D. C: Machine Laboratory ............... . 
Radio Engineering Laboratory ........ ( .. . 
Theory of Electrio Circuits ............ . 
Metallurgy of Iron and Steel ........... . 
Metallographio Laboratory .............•. 

Second Term .. 

Electric Mot0rs ........................ . 
Electric Plants ........................ . 
Plant Visitation (optional} ............ . 
Telephone Engineering .................. . 
Desi:s-n of A. C. i'l1achineTy .............. . 
A. C. Machine Laboratory ............... . 
Instrument Laboratory .................. . 
Radio Eneineering Laboratory ........... . 
r.i.lheory of A. C. !2achines ............... . 
Conduction ~i Eleotricity in Gases ..... . 

-5-

Class. Lclb. 
o 
1 
3 
I. 
o 

2 
2 
o 
1 
o 
l' 
1 
3 
1 
1 

3 
6 
3 
o 
3 

o 
o 
3 
o 
3 
6 
3 
3 
3 
o 



r. 
Summer 'I'erm. (Electrical & Rad io Groups.) 

Practical wo:r1:: at Nnvy Yard, new York •. N. Y., American 
Telephone L lJlelegraph Co., New Ynrk City. and at the "jorks 
of the General 31ectric Co., Schenectady. ll.Y. 

CUB.EI2.U!:QM (C) 

ORDNANCE. 

rt I, General Course. (18 IRonths). Peri od s per week'. 

~ Term. (Jl.t Naval J~cademy.) 

(101) 
(111 ) 
(123) 
( 205) 
(301) 
(401) 
(403 ) 
(501 ) 
(601) 
(602 ) 

Ma the mat i c s (a) .•.•...••.•........•...••...• 
Mechanics (a) .................... ,., ...•.... 
Applied rnechanics for Ordnance Students •.... 
l'.1echanical Engineering LaborEl.tory .... , ..... . 
~heory of Electricity ......•................ 
Phys ic s of Ilea t ..........•.................. 
Physics of LiGht and SOID1d ................. . 
Chemistry .................................. . 
Interior Ballistics., .........•............. 
Exterior Ballistics ............ , ..•......... 

-6-

Class. Lab. 

2 0 
1 0 
1 0 
0 2 
1\. 

i)' 2 

1 1 
2 0 
2 0 

.. 



Ordnflnce. 
(Be thl ehcm-----

Station - ( & 
(Midvale. 

Detail - 3 months. 

(Ins"[lection t1ethnds 
( 
( (Armor 
( (Projectiles 
( I.1anufnc ture of (Gun stee 1 

Subjects ( (Castin8s, steel nnd composition 
{ 
(Tests of material 
(Specifications 
( Metallurgy 
( Metallography. 

(.E'rankfora Lrsenal 
Ins~ec- (Watertown 

tion (CarneGie 
Tri)s. (Carpenter Steel Co. 

(Steel Casting PlRnts 
(J. B. Semple Co. 

J.J€ ctures - Inspectors and Ls sis tents, and Company I s Experts. 

'J1ext 
Books & 
Refer­
ences 

(Harboard 
(Campbell 
(Howe 
(stoughton 
(Sauver 
(Lake' 

T H :c SIS. 

-7-
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r. 

Subjects 

'Inspeo­
tion 

Text 
Books & 
Refer­
ences. 

( (Motors 
( (Controllers 
(Electricity (Rhe~stats 
( (Shop tests 
( (Meters 
{ (Telephones 
(Storage batteries 
(Fire control. 

(Wnter·..,lif.Jt 
(pic s t i Il;;hclUi38 

(ElijeJ:"1 - el.;ctricnl and optical features 
( ~):r rhoving-picture machines. 
(2xidJ (Phjla) . 
(Diohl 
(Sr€r~y Gyrusco~e Co. t New York. 

( BuJ.lm'c. 
(Lrmy ~)l·C .• Dept. -pc:mphlet f"Jf instruction #2336 
L·IH'.nk~j n &; LL ty 
{~homs0n, V0ls. 1 and 2 
(Pcster's Bleotrical ~n~ineer's Pocket Book 
(}3UTE:UU Pamphlets. -

THE 3 I S. 

-8-
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I~ 

ur. V r ct }" t't n 'l e . -- .. -.- --. -- -

V. Station - Rochester. 

Detail - 1 month. 

Subjects 

(O~tics 
(T1nn :"Ce finders 
(Spoiting glnsses 
(Telcsc:1nes 
(PeriscQ~es 
(Pire control in general 
(Photo apr~l'atus 

(Reuffel & ~OBer Co, 
(Brpshear, Pittsbur~h 

Inspection( "larner 8: SW8se~T 
Trips. (Sub-TnrJet Gun 00. 

(CO[lst ]lort i fica t ions. 

Lectures - Inspector 1H.d COEl'!'E:ny' s Exports, 

Pext Books(::dser 
and (Uoath 

References (lInl ton's .':"'ire Control 
(Bureau's pnmphlets. 

THE SIS. 

-9-
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sta ti on - Pr('vLlg Grouna. 1 

Detail - 4 mont~s. 

,ra > 

:~J ' 

(Proof of ordn&nce material - guns, powd~r. armor, 
( projectiles, fUGae, mechanisms, etc. 
(ExtErior balliEtics 

Subjects (Interior b,dliEtics 

tnspec­
tion 
~rips . 

( I\1rmvfuc ture of -,oV/der 
(E:xplosives ~ 
(Ballistics af penetration. 

(Sandy Hook 
(Dupont I s 
(Pickatilmy 
(rona Islend 
CPt. I'Ufflin 

lectures - Inspeotors nnd AOEistnnts - Chemists. 

ext 
oaks 8; 
efer­
nces. 

(E:dcrior Ballistic8 - Llger 
(Ballistic Tables - In?;alls (Art. Ctrcular M.l 
( (~rynk 
(Interior Ballistics (In~alls 
( (Bu~eau Pamphlet 
(Guttman 
( Bruns1,'ITig 
(r;eaver 

'1' H B SIS. 

-10-
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{'I~ 

Cur. 

VI. Washington Navy Yard and Bureau of Ordnance. 

Detail - 3 months. 

(Bureau organization and fi~es; pamphlets ~nd 
( sDecificatio~s. 
(Washin . .:;tnTI lInv" Yrrd or·e:anization. 
(Drafti;3 and d~si3ning,-organization 
(Bureau of Standards - equi~ment 
(Elastic s'~rengLh guns - strength and powder curves 
( 
( 
( 
( 
( 

{Guns 
(Breech mechanism 
(Turret mounts, hOists, 

Subjects (Manufacture of Ordnance 
( 

( rammers. , 
(Broadside mounts 
(Sights, turret and 

{ 
( 
( 
( 
( 
(Machines and Tools -

( broadsid e 
(Drill equipment 
(Submerged tubes I 

(Puses, rrimers, cart­
( rid ge cases 

uGes, nomenclature, co~ts, 

(Bureau Officers, on subjects under Desks 
Lectures(VI . .N. Y. Officers on" " " 

Text 
Books 
and 

Refer­
ences. 

(Ordnance Engineers, on subjects assigned. 

(Ordnance and Gunnery - U. S. Naval Lcademy 
( \I II " _ Lissak 
(Treatise on Service Ordnance (British) 
(Elastic strength guns - Alger, Nulton, storey, 
( Pashkievitsch 
{Bureau pamphlets 
(Army Ordnance publications. 

THe SIS. 

-11-
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,l11 . 

Cur. 

fart II. Spec ial Course, (6 T1onths). 

(1) Powder .and I~xplosives. 
(2) Ordnance nngineering and Gun Design. 
(3) Metall ur8'Y. 
(4) Optics and Fire Control Instruments. 

Specialty - Powder and Bxplosives. 

(Washington 
Station - (Indian Head 

(Pittsburgh 

Subjects 

(Chemistry 
( 
(Explosive 
( 

- G.!'!. University (6 months) Courses, 
#23, ~¥24 i 

experiments - cU33'ested 'by Prof. Monroe 

(Bureau of :.1ines (1 -:1)onth) 
( 
(Manufacture of nitrocellulose powder and acids -
( tests - assignments, etc. 
(Nitroglycerine po~ders 
(Interior ballistics 
( (ar~lied to torpedoes, mines, ~rnjectiles 
(Explosives - ( 
( ( eff ect s of - submerGed and otherwis e. ' 

Ins~ection(Du~ont's 
T~ipS. (Pi~at~nny 

( MagD.zi ne s. 

Lectures - InSI'J8ctor, Indian Head, ana Chemists; Desk "F".,Bureflu. 

(Treatise on explosives - British 
(Abbot - Bngineer's ,Prof. ~apers,#23, 1881-Bernadon 
(Guttman - Weaver - Brynk - Nobel 
(Berthelot - Gody (~'rench) Brunswig - I',1unroe 

l, (Report 0 f ex~er iments with eX}llosi ves, Newport, 1907. 
'text Books( Easy or]'nn io chemistry - bl')pleton 

and (Short Qualitative hnalysis - Doyes 
:;efer- (" Quanti tati ve " - ial bot 
enees. (C}1emistry nI L)~:"'\loEiyes and nils - 1781' :Je:ertment 

( Instr. ~: w"1phle ts J2334. 
(:£.loroe of ';:x~,losives - Bureau drawing #39757 
( "II ., _ Gody ('J:1rans. b~T IJIEljor 't.O. 
( ~icken, V.S.L.) 
(lJitro e::-;11Qsives - Sen-:fnrc't. 
( :J i 0 t ion a r y 0:f e ~=-, 10 t.. i ve s - C un d hill 
(0011u10se - -:':r0Gc ~: ~~evrn 



Ordnance. 

Specialty - Ordnance Bn::rincBl'ing and Gun Desisn. 

Station - Washington Nav~ Yard. 

Sub jests 

Inspec­
tion 

Trips. 

Lectures 

Ifext 
Books 

and 
Refer-

(Powder chambers for nitrocellulose and nitro-
( glycerine powders. 
(Riflino-u , 
(Gas-checking devices 
(Breech mechanism - locks, firing mechanisms. arid 
( metal for same 
(Erosi on 
(Steel and itL alloys for gun construction - defects 
( and flaws in it 
(~iners and methods of lining 
(Shrinkages, 8seignment of 
(Heat cracks . 
(Elastic strength - cross stresses 
(.b'orcing of rotating bands, de8itrl1 of, and material for 
(Design of gun mounts, recoil, etc. 

(llJ'a tervl i et 
(Watertovm 
(Frankford Arsenal 
( Colt r s Compan~r 
(U. H. C. Co. 

(Desk "DII - ~31lreau 
(Officer in char~e Draftin& Room, ~. N. Y. 
(Attend Lectures By Bu. Standards, on Advanced Physics 
( and .. lechanic s. 

(In~alls Interior 3nllistics 
(Army Ordnance Pa~~hlet ~2337 
(Bureau Pamphlet on Gun ::)esi3'11 
(Notes on Construction of Ordnance (Army Ordnance) 
(ReSistances et Construction des Bouches a Feu - Jacob 
(Hes is tmlC es of C:-unc to J.lan"tent ial r:u'lture - Pashko-
( vitsoh. ~ 
(Naval Institute enf Journal U. S. Artillery. 
(Rnusenberger - recoil 01 suns. 

'£ i.i B SIS. 

-13-



Cur. Ord~&nce. 

Specialty - ~etallur6Y 

station - Bethlehem 

( 
(MEl nufaoture 
( and 
( Trca t:TIent of 

(gun Eteel forgings 
( urinar 
(pr:)jectiles 
(steel caGtings 
(various compooitions 

( (chemical 
Subjects (Tests of (physical (in~luding hardne;s) 

(Material (torsion'al 
( (vibratory 
( 
(Photo-rnicr0l:Sraphs £'.no. metallography 
(Plaws and defects in metals 
(Bureau 8pecifications - Ltudy and criticism 

( Midvale 
(Carpent er 
(Carnegie 

Inspection(Illinois steel Co. 
Trips. (iunerican Steel }.'oundrie B 

(Federal Steel Castings 
(WatertolJ'ifTl 

Lectures.:. Insy>ector and Com-;,any's Experts, 

(Harboard 
Text Books(Howe 

and (Campbell 
References(Stoughton 

(Sauver 
(Lake 

T If E S ( S. 

-14-
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----------------------~----, 

Cur. OnlJl2.TIce. 

Specialty ~ Opti~s. 

Station - Rochester. 

Suhjects 

( ':':'elescnpes 
(Hrm':;c finders 
(Binoculars 
(Periscopes 
(Spotting glass. 

Inspection (Keuffel & Esser Co. 
(Brashear, Pittsburgh 

Trips. (ryarner & Swasey. 

Lectures - Inspector nnc1 CO'Tl-;;o.Ly r s Experts. 

Text Books 
and 

References 

~I 

(bdser 
(Heath 
(Ifulton'f:: fire contrell 
(Bureau pamnhlets. 

THE SIS. 
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Cur. 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

1. 
2. 

Ordnance. 

REFERENCES r ERIODICALS. 

Generfil Ordnanoe Publications. 

Journal of U. S. Artillery 
Proceedings of U. S. Naval 
Jane 
Brassey 
Scientific American 

(with Index) 
Institute 

II II (Supplement) 
Journal de la Marine (Ie Yach t) 
Arms and Ex~losives 
Revue d'Artillerie 
Journal of the Royal Artjllery 
Kreigstechnische Zeitschrift 

.' 

Ze it schrift fur das Gesamte Schi ess - und Sprengsto:~ 1·' it., 
Fo~de!. ~nd .:§x?losives. 

Annual Report of H. M. Inspectors of Explosives 
Memorial des Powders et Saltpetres 
Journal of the Chemical Society (En~lish) . 
Zeitschrift fur ~ugermnndte Chemie \ German) 
Society of Chemical Industry 
Chemical Abstracts 
Journal of Industrial and Engineering Chemistry. 
Chemical Engineer. 

MetalluDlil· 

Iron Af!;e. 
Brass 00 r ld and Platers Guide 
Metal Industry 
Iron and Steel Institute (~ondon) 
Foundry. 
Casting's 
American Society f0r Testing f.1a terials 
Metallureical and Chemical En~ineering 
Stahl und Eisen 

Elec!x~e i.!x. 

Electrical H/orld (New York) 
The Electrical ~ngineer (L0ndon) 
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Cur. Orr'lnance. 

COUDENSED SOHEDULE 

OF 

SPECIAL COURSE nr ORDNAnCE. 

Number of Months 
Title of Course. Headguarters. Students. Name.--No. 

General Naval Academy 4 Oct-Jan 4 
Feb-May 

Inspection Steel Plants 4 Feb-Apr 3 
Jun-Aug 

Electrical Schenectady 4 May-July 3 

Optics & Fire Control Rochester 4 
Sept-Nov 
August 1 
December 

Proof & Experi~ents Prov'ing Ground 4 Sept-Dec 4 

Ordnance r'1anufac tUre Gun :Factory 
Jan-Apr. 

4 Jan-Mar. 3 
May-July 

------------------------------------------------------ ~------

Metallurgy Bethlehem 1 or 2 Apr-Sept 6 
Aug-Jan. 

Engineering Gun Factory 1 " 2 do 6 

Powder & ExplQsives G. Wash. Uni. 1 " 2 do 6 

Optics & Fire Control Rochester 1 " 2 do 6 

24 

i, 
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Cur. 

CUR rt I C U L IT li i j) ) ----------
NAVAr. CONSTHucr.HON. 

fir§t ¥~?:!'_. (At Naval Aoademy). 

Second Term. 
Periods ~ 

( 104 ) Ma the ma tic s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(114) Mechanic s ................................. . 
(210) Elementary Thermodynamics ................ . 
(301) Theory of Electricity ...................•. 

(401,402)Physics of Heat .......................... . 
(403) Physics of Light and Sound ............... . 
( 504) Chemistry ................................ . 

(155 ) 
(156) 
(353) 
(452) 
(252) 

Mathematics ... 
Mechanics. 
El e c t ric it Y • 

Summer fl'erm. 

Physics Laboratory Froblems. 
Shop work. 

Class. L~ 
3 ( 
3 C 
1 C 
2, 2 
2 1 
1 0 
1 1 

Second, Third and Fourth r~ars .. (At Mass. Inst. of Tech.) 

Junior Year. 
First Term. Hours per te: 

Exer. Pri 
(1301 ) Naval Architecture ........................ . 30 6C 
(1311) 
(1321 ) 
(246) 
(216) 
(M3'7) 

Theory of l'larship Design .................. . 
IVarship Desi[5n, pre1imine-ry work .......... . 
Heat Engineering .......................... . 
Applied Mechanics ......................... . 
lV1a. thema tics ... , , .. " ........ " .............. . 

30 3C 
105 

30 6C 
45 90 
60 120 

(534) ~nalytica1 and Technical Chemistry ........ . 45 45 

Second Term. 
I, 

(1301 ) Naval Architecture ........................ . 30 60 
(1311 ) 
(1321 ) 
(246) 
(251) 
(226) 
(M38) 

Theory of 1'[arship Desi3n .................. . 
~Val'shi p Des i:sn ............................ . 
Heat Engineering ................•.......... 
Internal Oombustion Engines ............... . 
App1iec Mechanics ............. ~ ........... . 
Mathematics ............................... . 

30 30 
120 

15 30 
20 20 
30 60 
30 60 

(803) Precision of Measurements ................. ; 10 10 
(534) 
(332) 

Chemical Laboratory ....................... . 
I,qetal1urgy ................................ . 

90 0 
45 



Cur. JTav. Con. 

Senior Year. 

(1302 ) 
(1312 ) 
(1322) 
(1395) 
(229) 
(235) 
(611) 
(667) 

(Ec31) 

(1302) 
(1312) 
(1322) 
(1365 ) 

(756) 
(M57 ) 

(1372) 
(261(814) 

612 ) 
(684) 

--- First Term. 

Naval Architecture ........................ . 
Theory of '-'ership Design .................. . 
1~J a r s h j P Dos i gn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
Model f;laking ........... : .................. .. 
Applied ~echanics ......................... . 
Testing ~~terials Laboratory .............. . 
Principles of Blectrioal Engineering ...... . 
Standardizing Laboratory .................. . 
poli tical l:conomy ......................... . 

" 
Second Term. 

Naval Architecture ........................ . 
Theory of 7arship Design .................. . 
Warship Des ign ..... ~ ...................... . 
I'llarine Steam ':l'urbines ..................... . 
Sanitation of Ships .......... , ............. . 
Hydrodynamics. . . . . . . . . . . . . . . . . . . . . . . .. . .. . 
Aeronautics ............................... . 
Engineering Laboratory .................... . 
Principles of Electrical Bn3ineering ...... . 
Electrical Engineering LaborRtory .......... . 

Graduate Year. 

(1313) 
(1323) 
(1355) 
(1361) 

(261) 
(623) 
(685) 

(Ec 41 ) 
(E39) 

(1313) 
(1323) 
(1372) 

( (35) 
(145) 
(274) 

(Ec60) 
(1305 ) 

First Term. 

'i'heory of "Jarship Design .................. '. 
Warship Des ign ............................ . 
Marine Engineering ........................ . 
Marine Engine Design ...................... . 
Engineering Laboratory .................... . 
Alternating Current Machinery ............. . 
Electrical Engineering Laboratory ....... : .. 
Economics of Corporations ................. . 
Publ ic Speaking ........................... . 

Second Term. 

Theory of "Jarship Design ................. .. 
WarShip Design ............................ . 
Aeronautics. Advanced ..................... . 
Mechanical A[Jplications of Electric Power .. 
Theory of Structures ....................... . 
Indus trial Management ..................... . 
Business Law .............................. . 
IVlemoirs ................................... . 
Thesis .................................... : 

!!Q.~rs ~!:",!,~!,_m. 
Exer. r rep. 

30 60 
30 60 
90 0 
30 . 0 
45 90 
20 10 
75 85 
30 30 
45 45 

15 
30 
90 
30 
15 
20 
30 . 
60 
45 
45, 

30 
90 
30 
90 
60 
45 
45 
30 
30 

30 
30 
o 

60 
15 

.40 
60 
30 
45 
45 

30 
o 

30 
45 
30' 
45 
45 
30 
15 

30 30 
90 0 
30 60 
30 60 

105 90 
15 15' 
15 15 
15 45' 

120 



Cur. 

CUR RIC U L U M (E) ----------
CIVIL ENGINEERING. 

~irst Year. (At Naval Academy.) 

Second Term. Periods 

(104) 
( 114) 
(210) 
(301) 

401
1

402) 
403) 

(504 ) 

(155) 
(156) 
(353) 
(452) 
(252) 

----
Mathematics ............................... . 
Mechanics ................................. . 
Elementary Thermodynamics ................. . 
Theory of Electricity ..... , ............... . 
Phys ics of Heat ........................... . 
Physics of Light and Sound ................ . 
Chemistry ................................. . 

Mathematics. 
Mechanics. 
Electricity. 

Summer Term. 

Physics Laboratory Problems. 
Shop work. 

Class. 
3 
3 
I 
2 
2 
I 
I 

Second Year. ( At Rensse1ae r Pol yt echnic Inst i tute) . 

(2001 ) 
(2003 ) 
(2005 ) 
(2007) . 
(2009) . 
(2011) 
(2013) 
(2015) 
(2017 ) 
(2019) 
(2021) 

(2014) 
( 2004) 
(2006) 
(2008) 
(2010 ) 
(2012) 
(2002) 
(2016 ) 
(2018) 

First Term. 

Thermodynamics ............................ '} 
Heating, Ventilation, & Refrigeration ..... . 
Electrodynamics ........................... . 

5 

Botany .................................... '1 
Stone Cutting Theory ...................... . 
Archi tecture .............................. . 

5 

Mechanic s .................................. ] 
Electrica1.MeasureT?ents ................... . 
Stone Cuttlng Drawlng ..................... . 
Map Drawing ............................... . 
Testing Laboratory ................ I •••••••• 

o 

Second Term. 

Mechanics .................................. } 
Structures ................................ . 
Resistances ............................... . 

5 

} Geology ................................... . 
Mineralogy ................................ . 5 

} 0 

Mechanical Laboratory ..................... . 
Fire Proofing and Protection ....... ~ ...... . 
I\1eta11 urgy ................................ . 
D. C. - A. C. Machines, Laboratory ........ . 

-20-
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Lab. 
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2 
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Cur. Ci~. Eng-. 

Third Yenr. (At Renssel~or Polytechnic Institute), 

:t'irst Term. 
Periods ~ 
Class. La" 

( 2023) 
(2025) 
(2027 ) 
( 2029) 
(2031) 
(2033) 
(2035) 
(2037) 
(2039) 
(2041) 

(2020) 
(2022) 
(2024 ) 
(2026) 
(2028) 
(2030) 
(2022) 
( 2034) 
( 2036) 
(2038) 
(2040 ) 
(2042) 

(2044 ) 

R. R. Curves .............................. "} 
Electrical Engin~eri~g ~ourse ............ . 
Internal CombustIon EngIne Design......... 5 
Electrical Transmission & Distribution ... . 
Electric Cranes, Elevators ............... . 
Bridges .................................. '1 
HighfJays .......................... ; ...... . 
Heating and Ventilating Laboratory ....... . 
Railroad Engineering ...................... ) 
Hydraul ics ............................... . 

5 

o 

Sec0nd Term. 

Electric Light ing. . . . . . . . . . . . . . . . . . . . . . . .. } 
Central Station Elec. Equipment .......... . 
Central Station Mech. Equipment........... 5 
Compressed Air ........................... . 
Pumping UD.chinery ........................ . 
Lighting, Transmission & Distribution Lab. 1 
Central ;3i;a Lj Ufj Archt 1;e(;i;ure" . " ........... ) \ 5 
Water Supply ana Sewers .................. . 
Law of Contracts... . . . . . . . . . . . . . . . . . . . . . . . .5 
Brid~e Design .............................. } 
Architectural Design ..................... . 
Lighting, Transmission & Distribution De-

s 1 gll ....................... . 
Thes is ................................... . 

o 

During the summer months the officers specializing in 
Civil Engineering are assigned to practical work as the 
Bureau of Yards & Docks mny direct. 

-21-
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DES C R r P 7 I O' N 0 F C 0 U R S E S. -------------------

Courses nursued nt the Naval ACRdemy. 

101. Mathematics (a): 

The course is partly review, and the order of topics is 
governed lar 3'el;)1 b~7 the nee ds :)f other course s taken at the 
same time. One term, two periods per week. 

Graphs of elementary functions by combinations of ordinates 
of simple curves. MeaninG 0f derivative. :Jifferentiation 0f 
elementary functions fTnrt1 ex;-;licit, implicit and parametric 
equations. Differential notation, meaning of integral as in­
verse derivative and as limit of a sum. Integration of poly­
nomials and of transcendental functions. Solution of equations, 
algebraic,trig~nometric. inverse trigonometriC, and mixed func­
tions, using graphical approximations when exact methods fail. 
Determinants and their uses in elimination. AnalytiC geometry 
of the straieht line and conic Dections; transformation of co­
ordinates. Application nf derivatives to curves and to maxima 
and minima. Polar coordinates, length of arc, curvature. 
2echnique-of integration; use of tables of integrals. Improper 
integrals, successive and multiple integrals, with applications. 

Text books: The Calculus, Davis & Brenke, and A Short 
Table~Integrals, B. O. Pierce, supplemented by multigraphed 
notes on review topics. 

102. Me thematics (b):' _ 

Cont inua t ion of f,iathema tic s (a). One term, two period s 
per week. 

Empirical equations, In8'arithmic plotting. .Method of least 
squares, precision of measurements. The law of the mean, Tay­
Inr's theorem, indeterminate forms, ~ower series. Demoivre's 
theorem; geo!1wtrical interpreta tion of complex quan ti ti es. 
Trigonometric series. Pz~rtial ana total derivatives of functions 
o):f, several variables, with npplice.tions. E'undamental notions 
(If differential equations. Differential equations of first order, 
of first degree and of higher deeree. Linear differential 
equations of higher order th&n the first with applications in 
mechanics and electriCity. Specinl types' of differential equa­
tions of hi~her order, Bolvnble by elementary methods. Simul­
taneous differential equations in two or more independent variables 
with applications to plane motion Rnd electricity.· • 

Text books: The Calculus, ~avis L Brenke, with reference 
to tables and hene' b'1oks, ai1(~ bU'~l)lemen tee by mul t igraphed not es 
on o.dvRnced to~ics. 

-22-
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Des. N~v. J~ca(l .• 

Lectures references and problems. Prinuipal reference 
book, Applied '~1eclwnics, D. A. Low. 

122. AQ12lied :lechRnics (b): 

The course is a continuatian of Applied L1echAnics (a), 
one term, one period per week. 

Flat plates; canical pistons. stresses in curved membe::s 
under eccentric 10ading. Res i1i ence under tensi on. comr·ressl on, 
shear tors i on and bending. Sudden loads, impact. Effort •. 
acce1~~ation and velocity diagrams; vel~city and acceleration 
of reciprocating parts 0f diTect acting engine. Piston and 
crank effort diagrams. Turning effort for multi-cylinder en­
gines. Balancing reciprocating and rotating masses f0r single 
and multi-cylinder en~ines. 

Lectures and references: 
ATlplied f.1echanics, D. A. Low. 
are aSSiGned. 

The rrincipal reference book is, 
Numerous rroblems and exercises 

123. Aprl ied ~~echanic s for Ordnanc e stud ent s : 

This work is arranged to supple":"lent the courses in Mathe­
matics and r~chanics, with a view to the s~ecia1 needs of 
students in Ordnance. It covers one term, one period per week, 

Theory of elasticity, Poisson's ratio,true stress. 
Analysis and distribution of stresses in thick cylinders under 
different conditions of external and internal pressure. stress­
es in compound cylinders, determination of shrinkages, etc. 
Differential equations of first order and first degree, and of 
first order and higher degree, differential equations of an 
order higher than the first, with application to dynamios, 
special attention being given to preparation for study of ex~ 
terior ball~etics. 

Use is made of Alger's E1adtic Strength of Guns, of pam­
phlets by Winston and Nulton, and of multigraphed notes on dif­
feremtia1 equations. 

151. Jifferential Eguations af ElectriCity. 

Summer work fnr Electrical Engineers. The work oonsists 
Gf lectures, aSSigned reading and rroblems, arranged tn meet the 
need s of the electr ical engineer lng group. Add i ti onal work in : 
differential equntions is given, with applications to alternat-

I ing current electricity, and to radio telegraphy, StUdy of 
condi tions far maximum resonance, Emd for sharpness of resonance 
in coupled 0 ircui t s. 
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Des. Nav. Acad, 

152. Advanced f;ie:Jhanics; .§.urrJPler '.'Iork f')Y' Mef}}umioal Engineers. 

Lectures, assigned reading and problems, arranged to meet 
the needs of Mechanical J~np.:ineers. Addi tional work in differ­
ential equations, \'.rith applications to dynamics of machinery. 
Theory of internal work, with application to deflect~ons of 
framed structures and to determination of stresses in cases 
not statically determinate. 

155. Mathematics: 

This summer course for Haval Constructors and Civil En­
gineers is planned with careful attention to the preraration 
required for subsequent courses at the '~ssachusetts Institute 
of Technology and at Rensselaer Polyteohnic Institute. It is 
1ar3'ely concerned with functions of two or more variables, and 
their interpretation in solid geometry. Systems of coordinates 
in three dimensions; rectan3ular, polar and cylindrical. Solid 
analytic geometry of the plane, the straight line and simple 
surfaces and space curves, UGe being made of partial derivatives 
and their geometrical applications. Total differentials, with 
a-;;plication to small errors or functions of several variables. 
Maxima and !Ylinima of functions of several varialbles. Multiple 
integration in rectangular, polar and cylindrical coordinates, 
with applications. 

156. Mechanics: 

The work of this summer course reinforces and supplements 
Mechanics 114, and oompletes the preparation reqnired for courses 
in Applied ~Jechanics at the Massachusetts Insti tuteof Technology 
Graphical nnd other approximate methods of integration applied 
tQ areas, pressures, moments, wQrk diagrams, etc. Fundamental 
force, momentum-impulse and work-energy equations applied to 
~roblems involving rotation and combined rotation and transla-
ti on of risid bod ies. Ha rmonic mot ion; <;J0mrosi t i on Hnd resol u­
tion Qf harmonic motions. Fourier's theorem with applipations. 

201-202. Strength..21 r7aterjals qnd ~fachine Desig-n: 

First term, one period per week; second term, one and one­
half periOds per week. 
r, 

Analysis of the ultimate and working strengths of the 
ferrous and non-ferrous engineering materials, with sreoial 
reference to Navy Department leaflet B~ecifications. Analysis 
of stresses in machine parts of standard form under varying 
conditions of service and proportions of elements to resist 
resulting stresses. -

In' the stUdy of l';lachine parts. exrnnples are taken from 
the latest available engine desiBns of the Bureau of steam En­
;ineerin]. Examinations are made of the strength and ~ropor-
·c ions of 1)0 ilero, engine shafts, coupl ings Elnd the acti on of 
reciirocatins r arts . 
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Des. £!av. Acad. 

Lecture course wi th accompan.ying drawing room periods. 

Text used: Navy Department leaflet specifications, multi­
graphed notes-and Bureau of steam Engineering Design and Data 
sheets. 

203-204. ThermodYnamics. 

First term, two periods per ~eek; second term, one period 
per week. 

Study of the thermal properties of substances in general; 
of gases and of saturated and superheated vapors; analysis of 
the cycles for engines and turbines; flow of fluids and economy 
of engines. 

Text books: Goodenough's Principle of Thermodynamics, and 
Mrlrks and Davis Steam Tf'bles. 

205-206. Mechanical Engineering Laboratory: 

Two terms, two periods per week. 

Work coverin~ the strength of materials in tension, com­
pression, bending, torsion and impact; fundamental engineering 
measurements of te~)eratures, pressures, speed and power; tests 
under variable load of gasoline and oil engines, triple ex­
pansion and compound marine eneines, turbo-generator, steam 
turbines and direct-acting ,feed pumps. 

Student officers work in groups of three under the super­
vision of an instructor and reports of experiments are requir­
ed in accordance with forms of correspondence and reports pre­
scribed by Navy Regulations. 

RefE.rence books: Carpenter & Diederichs Experimental En­
gineering; Holmes, Experimental Engineering; Americart SOCiety 
for Tes tin3' Ma terial s; Spec ificR t ions and 0 thers. 

207 J 208. Steam Power Plant Machinery: 

Two terms; One lecture and problem work requiring three or 
four periods per month. 

Functions of boilers and general relations between boiler 
structure and heat absorption; arr&n3ement of boiler surface to 
promote heat absorption and wc::.ter r:nd gelS oirculation; boiler 
furnaces, mechRnicRl stokers, oil furnaces; compound and liquid 
and gaseous fuels; heat transfer apparatus. conSisting Qi. econo~­
mizors, superheaters, feed water heaters, condensers and evapor­
ators; pErff')rmEtnCe f')i reciproc8.ting en~ines and steam turbines; 

-26-
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Des. Nav. Lc~d. -- ----
relation of form and adjm,tTl!cnt to minimum fuel consumption; 
gas and oil enGine Brrcn;),cments for power 8'eneration as dis- I 

tinguished from steam; usc of liquid and solid fuels in explosie 
engines; mechanical refrigeration. 

References: Gebhardt, steam Power Plant Engineering, and 
multigraphed notes. 

210. Elo!11entar;r ThermodY118mics,- Theory of heat engines. 

The course is devote{ to 8 stud~ of the laws governing the 
transformation of heat- into work, and the applics.tion of these 
laws to the procGsses in nir, gns, steam. and other heat engines 

212. Valve Gears: 

This work iE intended to C0ver the following: Complete 
study of harmonic motion and piston notion graphically. Valve 
gears for simple non-reversing engines. Valve gears for variabll 
load en~ines. including Corliss, Meyers, and other rider valve 
mechanisms. Valve gears for reversing engines, including link 
motions and Walschaert, P~rshall & Joy radial gears. Cams for 
poppet valves for gas en~ines, etc. elide valves for gas engine! 
Knight valve gear, etc. Crank effort diagrams. 

Severl 2-hour lleriods. partly lectures and partly practical 
work at drawing board, are used. A 50 page pamphlet is issued 
on the subject, compiled from standard works on valve gears and 
original sources. 

251. Practical Work at EXIeriment ~tation and Machine Shon: 

.For student offtcers pursuing ~siR"n .£ptio!l, summer work 
consIsts in testinJ of machine apparatus and materials at the 
Engineering Experiment Station, including investigations on 
economy of boilers, fuels, auxiliary machinery, metallography,' 
boiler room accessories, corrosion, toiler water treatment, 
lubricant testing and chemical investi~ations. 

'r 
For student officers pursuing shOE practices. this schedule 

is varied to allow additional time for machine shop, blacksmith 
shop and foundry practices and the study of practical systems 
employed in industrial establishments. 

252. Sh~ ~ork: 

Twelve afternoons durin3 summer ter~. 

Shopwork time will be avnilable :rimarily fnr oonstruction 
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:;)es. 

work in connection with the following courses: Electricity 353, 
'and Physics Laboratory Problems 452; timo not so used will be 
available for the'study of the possibilities ano limitations of 
machine tools under which head the following exercises are planned 

1. Setting up of lathe and turning of one cylinder; 
2. Turninff f~ange. drilling, 
3. Thread cutting, 
4. Taper cutting. 
5. Planer. 
6. Shapel', 
7. Vertical Drill, 
8. Grinding, 
9. Milling Machine ((}1aCing 

Gear cutting. 

The models worked on are not completed, but carried just 
far enough to illustrate the charllcteriDtics of the machir.e tool. 

301. Theory of Electric i t~T; 

The course is designed to. cover the elementary theory of 
direct current electricity. The course runs f0r one term, 
using one morning period and 1/2 .afternoon period per week. 

The subjects taken up in the morning hours are given 
below, the number in parenthesis indicating the number of 
periods devoted to them; 

Definitions, Units, 8; Dimensionel Equations (1); Coulomb's 
law (1); Terrestrial R1Eignetism (1); Magnetometer (2); La Placels 
La w (2); n'lEl s-n e tic C i r cui t (9). 

A lar8'e number of proble!Y1s are assigned in connecti on with 
the work of the morning periOds. In the labaratoryeight ex­
Yleriments are made by the officers working ordinarily in s'ec­
tions, two men to a section. These experiments deal with 
ma~netometer, earth inductor, tanJent, galvanometer, Ewing 
Hysteresis Tester, Koepsel Permeometer, Slid e rlire Bridge. and 
Ballistic Uethod of Iron Testing. 

Text books: Problems in Electrical Engineering by 1/.\ V" 
Lyon; Pender's American Hnndbook for Electrical En~ineers. 

302. Direct Current Electrioal En~ineering: 

The course is designed to take up the engineering a:,plica":.. 
tiom: of electrioi ty, pRrticulf'rly the c.irect, current machines. 
The course runs for one term. usin3' two morning periods and two 
afternoon periods. . 
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The subjcots taken up in the morning hours are given bela 
the numbers in parenthesis indicating the number of periods 
devoted to them: 

Magnetic Circui t and I','fagn'etic Properties (4); Electro­
static Circuit (2); Electric Circuit (2); Kirchoff's Laws (6). 
Direct Current Machine Generation of E. M. P. (1); Armature 
l'1ind ing (4); tIachine Charac teriG tic s (II);. Commutati on (2). 

A lar~e number of nroblems are a3si~ned in connection wit: - ~ ~ 

the work of the mornin~ periods. In the LAboratorY twelve ex-
periments are made by the officers working ordinarily in sec­
tions, two men to a section. These eXl~eri:nents deal with 
Koepsel Permeameter, Carey Foster Bridge, Kelvin Double Bridge 
Conductivity ~est. Insulation Resistanc~, Potentiometers, Elec· 
trodynamometer, Platt hour fAeter, f~rmature Winding, Resistance 
Measurements on D. C. l.1achines, Uagnetization Curves, external 
characteristics, brush shifting, compounding. 

Text E,0oks: Problems in Electrical Engineering by 1'1. V. 
Lyon; Pender's American Handbook for Electrical Engineers; 
Franklin & Bsty, Vol. I, Direct Current. 

Columbia University is pre~ared to continue this course fl 
the point reached in the Post Graauate Department. 

304. Alternating Current nlect~icity: 

One term, two 2-1/2 hour morning perioas per week. About 
one-fifth of these periods are devoted to laboratory demonstra­
tion of the subjects treated in the course. 

This course deals with the transient state, the natural 
frequency state (radio) and the forced vibration state (ordinar 
commercial alternating current) of electric circuits; inductanc 
and capacity; simple circuits; series circuits; p~rallel cir­
cuits; series parallel ci~ouits; Kirchoff's Laws applied to A. 
circuits; polyphase circuits; lIiron" circuits; and lastly, the 
transformer. A large number of problems illustrating the theo 
part of the course are a8si3Ued. 

Text books: Same as for oourses 301-302, except that Vol. 
II of Franklin & Esty is used. 

351. Prectical 'lork in Electrical En~ineerinp- Laboratory: 

In the summer months laboratory and' shop work problems 
are assigned from the following list: 

Radio Station, practice in tuning and in code; Armature 
Windin~ Problems; storage Battery ChRrpcter~£tics; A. C. Tele-

I. graph systeiTI as on the nI\JIOR}~lJO"; Cali~)ration 0~" ~~ric1ge Boxes 
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for Department of nlectrical Lngineering & Ph~sics; Repair of· 
Galvanometers; Inductance Measurements, applied to tuning coils. 
setting up of recently purchased sechometer; Oscillograph 
practice, photography nf rectified waves, arc method; Construo­
tion of a Radio Transformer; Further experiments with direot 

, current maohinery. 

In addition there are trips to points of engineering 
interest in the vicinity. 

353: Electricity: 

This course is a continuation of course 301 and is car­
ried far ennugh to furnish a preparation for courses 611, 667, 
612, 684, given at fnassachusetts Institute of Technology. and 
for courses 2015, 2018, at Rensselaer Polytechnic Institute. 
It will also include such parts of course 351 a~ may be suit-' 
a.ble. 

401. Physics of Heat: 

This course gives a general survey of the theory of Heat. 
The course runs for one term and uses one morning period and one 
two-hour afternoon period per week. 

In the morning period s the follovdng sub jects are treated. 
the numbers in the parenthesis indicating the numbet of periods 
devoted to them: 

Units (2); Heat Transmission (4); Mechanical Equivalent 
of aeat (2); Expansion (6); Latent Heat (1); Miscellaneous Heat 
Effects (1). 

Bearing on these subjects a set of rroblems is assigned 
once a week. 

In the laboratory. experiments are made as follows:' 

",Expansion of l'later; Expansion of Glass; Mechanical Equiva­
lent of Heat; Electrical Equivalent of Heat; Latent Heat; Con­
ductivity of Copper; Resistance Theimometer, and Thermo-eleotrio 
Couple. 

Text Book: 1914 Edition of the Smithsonian Physical 
Table-s-.- -

402. Physics of Heat: 

This is a continuation of course 401 and is allotted the 
same amount of time. 
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The additional Eubjocts treated in the morning periods are: 
Miscellaneous Heat Effects (3); Vapor Theory (3); Partial Pres­
sure (2); Radiation (2); Heating & Cooling Curves (2); Calor-
imetry (2); and Thermometry (2). I 

The 'additional eY}Jeriments performed in the laboratory are: 
Variation of Boiling Point with concentration of solution; 
Specific Heat; Thermometer stem Correction; Vapor Pressure of 
Water by two methods; Gas Thermometer; HYB'rometry by three 
methods; and Radiation. 

Text book: 1914 Edition of Smithsonian Physical Tables. 

403. Prysics of Sound and ~ight: 

One term. 

Twenty-six periods of the first term are assigned to the 
study of Sound and Light. Sixteen of these periods are used in 
the class room for theor~tical instruction and recitation., Ten 
periods are devoted to experimental vork in the laboratory. The 
subjects considered both in class room and laboratory are in­
dicated below. 

Sound: Wave motion; Production and propagation of sound 
waves in gases, liquids and solids; Bells, tuning forks. organ 
pipes. whistles and vibrating strings; Pitch and intensity of 
sound waves; Reflection, interference, resonance, echoes. voice 
tubes. 

Lifrht: Production and propagation of light waves; Analysis 
and differences of water waves, Bound waves and light waves; 
Reflection of light from plane and curved surfaces; Formation 
of images by mirrors; Photometry; Standards of li6ht; Use of 
different photometers; Best lamps for different purposes; Re­
fraction of light; Measurement of index of refraction; Total 
refleotion, critical angle; Use of totally reflecting prisms; 
Dispersion of light; Aohromatic combination of prisms and lenses. 

; Qrrtical Instruments: Spectrum Analysis; Interference and' 
diff~action; Color phenomena; polarization and dQuble refrac­
tion; Saccharimetry; Florescence and phos}Jhorescence; Cathode 
rays. X rays; Radio activity. 

Text books: Text book of General fhysics by Ames; Practical 
PhYSics by-Glazebrook and Shaw; Practical Acoustics by Barnes; 
Light for Students by Edser~ , 
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452. Ph~sics Laborator~ Problems: 

.Twelve afternoons during summer term. 

The officers will work in sections of two or three and will 
srend all their time on problems similar to the following~ 

Problem (1). Thermal conductivity by Angstrom's Method. 
One end of a bar is alternately heated and cooled and after a 
time waves of temperature disturbance travel regularly along 
the bar. The rate of progress at different pOints and the rate 
of dimunition in the amplitude of the disturbance yield data 
for oaloulating the conduotivity. See Phil. Trans .• A .• Part I. 
1895. p. 165. Apparatus to carry out this method is to be 
constructed. 

Problem (2). Construction of Thermo-Rectifiers for measur? 
ing high frequency electric currents of small magnitude. To 
follow work done at radio department of Bureau of Standards. 

501. Chemistry: 

Practical Work. Tests of common mineral acids; Qualitative 
Analysis. inoluding preliminary experiments and examination 
of unknown mixtures for acids and for metals; Qualitative analysiE 
of bOiler scale; Qualitative analysis of alloys; Prinoipal com~ 
mon tests applied to oils. e.g .• flash point; boiling point, 
specific gravity. distillation test. visoosity. eto.; Preparation 
of normal and other standard solutions for use in analysis of. 
feed water; Quantitative examination of feed water for total 
solids, per cent normal alkalinity, and chlorine contents; 
Quantitative proximate analysis of steaming coal for mOisture. 
volatile combustible matter, fixed carbon, and ash. and deter-· 
mination of its calorific value; Quantitative analysis of flue 
gases, and use of the Orsat apparatus. 

In addition to and in connection with the above. a brief I 

course of parallel reading is prescribed. 

~ote books on laboratory work are kept and submitted: 

Lectures on topics assigned are prepared by student officers. 
one 4 lecture by each, and one lecture on each topiC is delivered 
by its author before the other members of the class, 

Text Eooks and references: Stoddard's Qualitative Analysis; 
Cairns-QUantitative Analysis; Newth's Manual of Chemical Analysis. 
Reading presoribed in Fresenius' Quantitative Analysis., Remsen's 
Elementary Chemistry, Remsen's Organio Chemistry. pswald's 
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Fundamental Principals f)f Chemistry. Prescri"0ed references 
to a larse number of standard b00ks on various lines of work 
in oonnection \V~ th r,l'Rcticnl work ai'ld wi th prer>aration of 
lectures by student offic ers. Sheets on (}1181 i tati ve analysis 
and on all other practical work prepared by the Professor in 
Che'1listry (a bou t 12 in numeer) e.n d served out to each student 
officer, these of the n.'ltllre of explHnation t:nc1 directions. 

---0---

Phys. 52. Gases: ---
Fundamental theory of electricity. Electronic theory of 

the conduction of electricity through metals Rnd through gases. 
Discussion of the laws of the passage of electrici ty through 

i gases. Action of electrons. A study of the vacuum tube. mer­
cury vapor arc and COrona effect, efIec t of tempe rature and 
pressure. 

E. E. 101. Manag'e;nen t of Electrical Hachinery: 

The selection and a~plication of electrical machines for 
particular purposes from the view point of the Consulting Engi­
neer. Methods of operation, testing; consideration of efficiency 
regulation, specifications, standards, costs, weiGhts and speeds; 
shunt and compound generators, shunt and series motors, motor 
generators, booste~s, balancers, storage batteries. 

Reference bOOk: American Handbook for Electrical En~ineers. 

E. E. 102. Electric ~ifotors: 

Abbreviation of course E. E. 103 for Mechanical Naval Of­
" ficers. 
; , 
, E. E. 103. 

statement of forms and types ~f direct end alternating 
\ current motors encountered in practice. Shunt Motors - Char­

acteristic curves, factors influencing speed. Methods of speed 
control, rheostatic, multiple - voltage, double armature, motor 

1: generator equipments; field control such as interpole and com-
1 pensated types with typical numerical problems to bring out 
;; each feature. Series rnotnrs - characteristic curves, speed, 
•. control and re3'ula t i on. Compound Wound riotnrs - charac terist io 

curves, methods of regulation. Synchronous Hotors - Single phase 
, and polyphase, theo:-J: of opera t i on, methods of synchr~nizing. 

starting torque, ae-t; 1 on under load ch['..l13e s, chnrac te rlst ic 

-33-

J NJlJtnJ31\09 1 V Q3)f10Q(Jd3(J t 



~urveB, operative-curves, phase curv~s, ,etc., hunting, etc'1 
cith problems to bring out characterlctlc features. Induct10n 
~t0rs - polyphase and single phase; development of rotating 
maCl'netic field, types of field or stator winding, types of 
ro~nrB, theory of motor showing how voltage, rotor resistance, 
frequency etc. influence same; methods of starting for squirrel 
cage motors - such as compensator and Boucherot windin~s, slip 
ring or wound motor control. Circle Diagram predetermination; 
method of computing starting resiBtance, etc.; speed regulation 
If induction motors - analysis of pole changing, frequency 

I changing, resistance control casc~de connection, etc.; methods 

\ 
nf starting single phaGe induction motors, comparison of same 
~.ith polyphase. Single PhaGe Commutator MotClrs - discussion of 

\ series, repulsion and shunt induction t;ypes; modification of 
design to overcome inherent difficulties, compensating windings, 
resistance leads etc. ~pplications of Electric Dotors - The 
3cneral characteriEtics of speed und torque requirements met 
in practice and t~rpified by line shaft drive, wearing, printing, ' 
ventilating, traction, propulsion, pumping, hOisting, drilling, 
p~ching, etc.; with statement of which type of motor best satis- . 
fies each form of requirement. method of motnr control and con­
nection to be recommended. The various topics considered are 
&~lified by numerical problems. 

Reference book: Electric Motors by Crocker & Arendt. 

E. E. 105. AlternDtin~ Current En~ineeri!!E£: 

The laws of alternating current circuits having resistanoe. 
inductance and capacity; calculation of A. C. distributing 
and transmission lines, Single phase and polyphase; theoretical 
nEd commercial characteristics of generators; transformers; 
Eynchronous motors with problems in regulation and efficiency: 
!:.(;BSUrement of voltage. current and power in polyphas e systems. 

Reference books: American hnndbook for Electrical Engi­
neers, and Jackson's Alternating Current Engineering .. 

E. E. 106. Al terna ting Current Eng-inee ring: "Elec tric Plants": 

The functions and relations of the various pieces farming 
part of a complete al ternating current power plant, tranE-mission 
ar.j d istri buti on system; rrime movers , generators, switchboards, 
trnnsformers. lightinoa ~rotection transmission line sub-

I ... I , 

H2tions, regulation and control of systems; costs, operating 
!~l"cnses, sources of income I method s of charging for energy -
lllustrated by vis i ts to c ommerc ial ins talla t ions and plan ts 
.n the vic ini ty . 

.. E. 108. flant Visitation (Optional): 

Visits 0f inspection to power plants, factnries, telephone 
:chRnJes and other insti tutions where electrical apparatus is 
:l~eoted under c ond i t ions of commercial opera ti on. 
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E. E. 109. ~~1~tE'§:12J! r;!!g".i!leer~ng: 

His torionl devolopment of method f! '.1 f s ignnll lng semaphore, 
flag t hel iograph and el eotromagne t io . Code • ~he :.'lo rse tele­
sruph: circuit, operation and apparhtus, open circuit and closed 
circuit arraniements. Keys, Rutomatjc senderB i sounders, relays, 
switchboards. Reneaters: semi7manual and automatic Buch as 
~illiken, Atki~so~, etc. Duplex Telegraphy: - Theory, circuits 
nnd operation of sinJle current and polarized arransements. 
Duplex Telegraph:- Theory, circuits and operation. Quadruplex:­
i'heory, circuits and operation. Multiplex repeaters; Theory, 
circuits and operation. Submarine Telegraphy: automatic send­
ers, mirror and siphon records, cables, artificial cables, etc. 

:Jech. 109-110. !heory of Electrical C i:ccui ts ~ Al ternat ing 
Current ~,fachines: 

A discussion of the fund~mental laws of variable currents 
and a. mathematical treatment of the ;)hysical :celations between 
potential current, the maGnetic field and the electrostatic 
field in alternating current circuits. ~\he application of 
these principles to the transformer, induction motor and other 
npparatus. 

E. E. 110. TeleEhone En;:rineerinR: 

Historical development of means for transmitting speech, 
Bourseal, Reis, Bell, Gray, Hughes, etc. Development of trans-
~i tters, rec ei vers, etc. Musical notes and speech cont ras ted. 
Receivers; electromagnetic, considerations of designs, mechanical 
and ma3'netic ad justment, need of pe rmanent ma8'ne ts, bipolar 
types. Transmitters: action of transmitter, carboIT type, single 
contact - Blake, multiple contact rmd granular type - Vihi te, 
packin,i. heatin3', etc. Induction coils - need of same for trans­
!lJitter circui ts. Signal Apparatus - magneto - A. C. and pul­
sating. Bell: A. C. and Biased. Connection of siunal apparatus 
in series and in bridge Or mul tiple. L.uto:r,'1ntic hook control of 
s~scribers equipment. Subscribers Equipment - local battery 
sets, co~nection of parts and combined functions, connected faT 
series and bridge or multiple circuits. Lines - grounded lines, 
::-.etallic lines, electro'TIRgnetic dh,turbr.nces fr'Jtr] power lines, 
cross talk, etc., electrostatic disturo!mces, atmospheric etc. 
irllnsposition of lines, stranded pair cables, etc. Telephone 
i.xehanges: Local battery systems, function of exchange, equip­
'".ent Qf exchanse, function of ;>arts, multiple boards, answering 
kcks, multiple jacks, busy test, etc. Common battery system: 
~;jvantR8'eS of same. typical cord cireni ts. stone, Hayes, Dean, 
::f:llogg, etc. Subscribers Equipment Common Battery SY8tem: 
:xchan8€ Common Battery System - signa.ls such as calling, ring 
off, supervisory, cord circuits, rin3"ing keys, etc .• function 
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of parts and procedure, multiple boards and transfer systems, 
comparison of methods. Party Line Signalling - non-selective 
and select i ve, such as harm/mic, biased bell and step by step. 
Private Exchange Board - parts, function and operation. Com­
bined tel egraph and telephone 1 ines. Intercommunicat ing systems. 
Ordinary house circuits, common batter;}' system, selective ar­
rangements, etc. 

Reference books: Maver's American Telegraph Practice and 
:Jiller I s AmericanTelephone Prac tic e. 

~!. E. 117 -118. ~nRineeri.!:ill Thermodynamic s : 

Laws of heat generation by combustion; Heat transfer and 
transformation into work; Relation between temperatures and 
quantities of heat; Units of heat, Effect of heat on solids, 
liquids, gases and vapors. Laws of heat transfer. Laws of 
surface evaporation, ebullition and condensation. Properties 
of saturated and superheated vapors. Combustion of fuels, 
calorific power, quan ti ties of a ir for combusti on. Temperature 
of combustion. Boiler efficiency and conditions affecting. 
Principles of chimney draft. Laws of expansi on and compression 
of gases. Worle and heat diagrams to pressure volumes and tem­
perature entropy coordinates. Air and wet vapor compressi on. 
£xpansion of steam by hypothetic adiabatic and saturation laws 
Lind application to steam en3'ine efficiency. Iaissing water in 
steam engines. Influence of cylinder condensation, re-evapor­
stion, steam jackets, initial superheat, compounding and reheat­
ing on steam en3'ine effic iency. Rela ti on of bo iler and ens-ine 
performance. Free e~ansion laws and application to injector 
and steam turbine nozzles. Heat transformation by perfect gas­
es. Hot air, gas and oil engine effic iency. Mechnn ical re­
frigeration. Effects of evaporation of ammonia and carbonic 
acid and expansion of air. Heat balances and combined ef­
ficiency of complex systems. 

:.I. E. 119-120. Machine Analysis and .Jesign: 

Detf..~mination of the forces ecting on each member of a /' 
machine in motion, on the machine as a whole and on the most 
stressed part of each individual member. Relation of the various 
forces and motions to the function of the parts, their materials I 
dimensions, strength, rigidity and life. Effort is concentrated 

• on the demonstration of broad inc 1 usi ve principles and methods 
. of determination rather than on accumulation of large numbers of 
i isolated facts, and while these prinCiples are applied to all 
isorts of machines the principal illustrations for drill are taken 
I ir0m po\,:er generat ing and auxiliary equipment. Both of the 
aoolytic and synthetic methods are used, but more importance is 
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attached to analysi:::; and jnterpretation of existing successful 
practice than to the deve10pment of skill in synthetic design­
ing. Tho presentation of the subject matter is largely by lec­
ture, thou3h constant reference is made to selected parts' of ex­
isting tests, professional papers, blue prints and data sheets 
of experienced me.C!hine desi3ners, [lS illustrative or contemporar 
material, and as the basis for the numerical problems that occup 
the bulk of the student's time. Bx~mination of machines to de­
termine the nature and distribution of the forces acting on, 
and the resultin~ stresses and strains in each element, due to 
kinetic and structural conditi.ons. Selection of working stress­
es for parts subject to steady, repeated and reversed stresses. 
Selection of materials based on adaptability to service and to 
the shop. Propnrtions of parts subjected to tonsion, compressiO: 
and shear; betding and torsion; combined bending and tension, 
torsion and compreSSion, buckling action and stresses due to 
eccentric loading and complex supports. Illustrations from de­
si3'ns of complete machines and their details, crank and turbine 
shafts, machine frames, housings, connecting and reach rods; 
:sear wheels, pulleys, flywheels, turbine discs and drums; ring-s, 
riveted joints, thin and thiok cylinders, braces and stays, flat 
plate members. prossure joints, screws, belting, rope and chain 
drives for power transmission. Bearing surfaces, fl~t. cylin­
dricnl. pivot, ball, roller, thrust. Application of theory 
of elasticity to the more com~licated elements. Determination 
of turning efforts for single 'and multi-cylinder engines and 
Dnalysis of uniformity of speed by angular variations per cycle. 
inB1ysis of the static and dynamic force relations in engines 
with reference to the influence of reCiprocating masses, and the 
determination of fOrces tending to shake and rook the engine and 
its bed. Balancing of engines by counterweight and by spacing 
nf crank angles according to the methods' of Taylor and Schlick. 

u . .c. 122. Gas Power. 

Fundamental ideas :)f the JUs pnwer system of generating 
power; the gas cycle; the en3ine mechanism for executing the 
cycle. and the auxiliary mechRnism for preparing fuel and con­
troiling internal conbustion. General ann1ysis of status nf 
the gas power as compared wi th the steam power system.> Types, 
sizes and perinrmnnoe nf standard gas power e~uipment on all 
fuels and general trend as evnlved frnm histnrical review and 
analysis of present successes :11' failures. Gas cycles thermo­
d~Rrnically analyzed. and compared with indicator cards and 
test data. determination of efficiency factors and diegram fac­
tors find diagram faotors, prediction of hnrse~ower and fuel con-

't EUrr(lt ion, emp i rically and rHti 0n8 lly, f 0r 811 E izes, speeds and 
ty"es on an~T fuel. Prope rt ies 0 f fuels and combusti bl e fuel 'mix­

c tures, with special reference to e~)10sive gaseous mixtures, 
; .) apparatus for mixture mnkin8, mixture property limitations tri 
~ en~i11e performance. Preparation of liquid fuels, cr:Ybure-"don, 
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vaporization and spraying, with &nal~sis of apparatus; gasoline, 
kerosene and hen vy oi 1 en~~ines on exrJlosi ve and non-explos i ve 
cycles. Preparation of solid fuels by gasification; review of 
roasting distillation and of fixed carbon gasification with air 
and steam. Fixed carbon rO[lctions and t:le thermo-chemistry of 
the performance of coke produc~rs, rational analysis of test data. 
Producer structure for coke, good and bad practice, special mOdi­
fications for bituminous coal, the coking coal problem .. Gas 
cleaning, dust and tar control and g~s ~roducer auxiliaries. Gas 
en~ine structures, general analysio of reaSOIlS for modern tyy>es, 
their good and bad features. Ensine frames, cylinders, jackets, 
liners. heads, valves a~d valve loc~tion. valve ~eGr and controls, 
rotating and oscillating cams, s~rings, cam s~Bfts. and drives, 
pistons, piston rOds, stuffing boxes, cross-heads, auxiliary 
jacket systems. Liquid fuel injection end electric ignition 
systems, engine starting, and exhaust muffling systems. Compar­
ison of stationary vs marine use, lar~e and small; the automobile 
and aero motors. 

While u text, such as Guldner or Clerk & Burls, is used, it 
is not rigidly followed. The general order of treatment and point 
Qf view is that 0f the lecturer who corrects text errors, supplies 
omissions and assigns readin~ in other books, professional papers 
and trade literature. Approximately half the time is devoted to 
com)utatians, aside from the afternoon work in the laboratory; 
which is devoted to ex~erimental demonstrations of some of the 
besic principles. . 

Met. 131. Metallurgy of Iron and Steel: 

Manufacture of iron and steel. Blast furnace. Puddling. 
Cementation. Crucible process. Bessemer process. Open hearth 
process. Statistics. Iron and steel casting. Effect of heat 
treatment. Effect of mechanical treatment. Malleable cast iron. 
Standard speCifications. Constitution of iron and steel. Re­
lation to physical properties. Change of structure with heat and 

! mechanical treatment. Alloy steelo. Corrosion. 

M. E. 131-132. Standard Tests & Experimental Research Methods: 

Methods nf approach for the solution 0f new problems con­
cerning the performance of power generating and E>.uxiliary ma­
chinery, requiring experimental determination. ~hile the work 
is done wholly with existing standard ap,aratus, the operating 
Ch[lr2.cteristics of which are deter'nined by test and then analyz­
e~ by the aid of the basic thermodynamic or hydraulic lawB, 
the stress is laid on the interpretation of results rather than 
on their determination, and the methods em~loyed are such as· to 

• lead to experimental development of improvements and new equip­
:nent. As all experimental conclusions rest primarily on the ac-

. curacy af the observations and 0n the soundness of the reasoning by 
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bioh conclusions and interpretations are renched, the initial 
Hort i8 concontrated on an an;:..lysh, of e::-:if;ting in~truments 
r.d Q iree t meth :"lds 01' measnrenlGnt by 1 ectures and 1 nboratory 
rill, baseo. on the mnterinl of text IlExporimei1tHl Enc;ineeringll 
y C,lrpenter ,;: Diederichs, instnment Dnkers I bulletins and the 
x~erimental papers of the ~Tofesston8l sooieties. Special at­
entian is devated to indirect dete:noination af important quan­
jties that cannot be directly fYIcasurud and in this way the 
ud~ment in interpret~tian is doveloped. ~he research method 
::: f0llowed throu3'hout, '"!hich ;.:~'o\'idcs drill in interpretBtion .. 
£Ich prnblem is l~nf~ort[llren flS t:r itc snlutjnn were entirely un,.. 
n01flll, and the first ute) is [l required ~relimin8.r~T report, ,; 
'hierl shall nnalyze tiH:: problerJ into itc elements, reviewing 
'hRtevc:r inforl!ll:ti'Jn CelD ~Je found rel[,tinS' to each and propos'inS" 
n detail Gl p1nn f:>r the conduct of to{~ts to ftnd the missing 
l£ioents. i.fter the test the :Lim:l yc~,ort be3ins wi i,h the log 
f observa t inns, f 011 o'.'Jed by the c,~lcula ti ons of de rived quan- ' 
ities, an esti~2te of ~rnbRble precision, and ends ~ith the 
n[)war sought ann the intel'pretation. J.1he ;-:rincipal tOllics in­
lude, flow of liquids. 8~ses Rna v~~ors in pipes, flues, valves, 
ozzles; efficiency and capacity of Eteam boilers, piston stenm 
n?ines, :-:umps. fanE. c ;)mpressors anr ice mach ines wi th . analysis 
'f all losses. 

Same as outlined in courses 119-120. 

!. E. 150. steam '.l'urbines: 

Effect on the turbine ~elfor~Rnce of general arrangements, 
r)~0rtions of parts, and SErvice conditions, fnr nll olasses. 
(evier;' nf Rankine cycle 81:(1 USe 0:: tcnperature entropy and Mollier 
iill:}ram r:1ethods of detE.r~iniJ13' jet "81 oc i ties. Hozzle reheat 
Dd efficiency factnrs; floq weisht laws, rational and empiric, 

,;l:~ noz~~le energies ioy pl1 concitions. LSEJcntial relations 
,c~\;'een jet velocity anr "-heel s~'ecds i'')y [11 6hapes and arrl3l13e­
·,l)lltS. ~}-.e -)robler1:>1 aoone),,!]V anr: 8iz8 vs rotB.tive s-"1eods', the 

• <> ! 

~c'~red s;y',{'tem, the v,'riom.: mnl ti-stf_se E3istems ann the turbo-
:lectric system, 3enEl'Cll oo:n:)[:re.tive survey. fnllowed by detail­
:: "nr-,lysis of f:;Elch i.n turn i0Y b,:)th lry:>:e ITIr,in units and s!11Bll 
:uxilinries. Im~)n12e ttl]""bL1f.J[', 8i y:z,-le btRjf:, compartment com­
nunc_ed e..r.d nul ti-prcsBure-veloc i ty C0''1~OUl1cl.ed ty:,es. Heaction 
,nr: cmnbined reactj on l,rJ~ impulse tllr~)ines. disc or ctTurJ, Eingle 
:':: :'0nble flC\ lv, (~J 1 tY:'CE of c:lnr,~rnction. Anel;ysis 0i "Yincipal 
:LlCi1::;ions nncl ;~crfoT':1[nce of ellch cln;::;s, eveluation of all energy 
lisses by rliYGct <In(~ inuiT8ct lTIcth':')c1,::J, nOzzle and vane fric-
,i'ln. l'/inda)'e, buol~et E-"i 11 in3, lenke' ,3'cs. lJozz1e pnd vnne· 
~\".:, true ti om::, ')8,,1'in3'8, ","1El(ldn::s, enr. ·:;~.rnste Fi:1~1 rot or clearanc el, 

.. { 
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, controls, Hheels, ohafts, boarincss, ccuin3's; gnvernnrs, by­
passes, ohnmber 01'11 ij.1nge. 1.01[., ,")::"eLS1Lce turbines, bleeder tur­
bines, reversing turbines Rnd n~her B~eciRls. ~he general 

.' p08itinn ~f the turbine in c0mpnrison with the reciprocatin~ 
en'rine. !J:Q fl cnllf;idei.'8ble extent a text such as I1flrtin or 

I St6dola is fnllowed, but frequent de:nrtures are made and a 
. considerable part of the time is devnted to numerical problems 
• and all the bfteYnoon Ii/or;,: jE :1£ this charac ter. 

Fundamental relations between the human and the physioal 
, factors in production, and between the elements nf organization 

and those of management. OY3anizut1nn fnr reproduction of out­
put Or function, typified by manufacturin8', compared with each 
other and with nrganizations for new or emergency conditions. 
Bfficiency 'If industrial organizntions, meaGured by costs. 
ilature Qf cnsts, cmnlYHis of cost elerH::ntc ana possibilities of 
reduc ti on 'lr 1nfla t i on of o0th the qUfm ti ty e.nd the 1") rice fac tor 
elf ench COE.it element. Lccountine ~~:.~incir>les and cost data 

, collecting systems. CF_pi tEll, Inb0r ano. material classificati0ns. 
Relation')f caIli tal char3'es to efficiency of processes, ph~'bical 
equipment and other fnctnrs. Relation 0i material char~es 0 

to des i?n. I)Urch~~se Emo c antral of "lastage. Rela ti on of labor 
char~es to efficiEncy of the individual and the physical equi?­
r.Jent. Anal~Tsis of humr!D efficiency. Efficiency systems end 

} the lahor i')roblem. S;;rst ems of orgrmi za tion and management 
analyzed and compel.red wi th t:;,rpical s~ecific examples. 

Lecture presentation is mainly relied upon 'necause of the 
absence of a suitable text, but several books are referred tq 
for s~ecific topics which are then c~itically analyzed by the 
lecturer, and mDny professional pppers are assigned for read­
ing and subsequent appraisal. 

E. E. 153. ])esi:;n of Qirect Electrical ?1achinery: 

Application of theory [~nd l'Jractical data to the design 
of generators and motors. - ~, 

Reference book: American Handbook f'lr Electrical Engi-, 
neers. 

E. E. 154. Desi~n ·of A. C. MaChinery: 

Application of alternatinz current theory and practical 
~ data to the design and calculation of alternators, transformets, 
i induction motors, etc. 

Reference book: American Handbook for Electrical Engi­
, neers. 
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I.!. E. 155. ShQJ? Processes & Machine 'l.lool§.: 

Review of the methods and equipment of the shop with special 
reference to the cnmnnrative economic value of alternatic methods 
af doin~ the same job and with some reference to ordinary and 
emergen~y repairs. S~mD familiarity with the common appliances, 
tnols and practices of the pattern shop, foundry, forge, plate 
ar structural and machine shops is assumed, but this is made a 
subject of review, followed by a critical.analysis of the value 
Df each. The subject matter is presented largely by lecture 
because of the absence of adequate texts, but reference is made 
tn the publications of the tool manufacturers, to po.pers in 
professional journals and transactions of the En~ineering Socie­
ties, and [li'ternoon visits are made to Euccessful shops where 

, each of the important things discussed may be inspected in oper­
ation. The prinCipal topics include the following:- pattern 
shop material and tool equipment; wood turninG lathe, band, swing 
and circular saw, join~er, surface planer, C0re box machine and 
hand tools. Pattern types, drafts, shrinkage and finish allow~ 
ances, wood and metal patterns, cores, core boxes and core ovens. 
~oundry ~ractices, sands, sand mixtures and facing materials, 
n0lding tools and molding machines; types of molds. Foundry 
cupolas, melting furnaces and crucibles; iron, steel, brass 
and soft metal casting, speCial precautions for sound castings. 
:.lnlleablizing and case hardening of castings. l'lire, tube and 

: ~eet metal drawing. Forge shop practices; furnaces for heating, 
annealing, tempering and welding, fired by coal, oil, gas and 
electrically heated. Blacksmi th t s hend tools and typical hund 
furging. Limits of forging material, irons, carbon and allay 
steels. Steam hammer and anvils, drop hammer, forging dies, 
bulldozers, bolt and nut forging machines. Flanging presses. 
Pipe bending. Welding, common, autogeneous and eleotric. Tool 
~aking and tool rOom practice. Gr8des of tool steel. Riveting, 
hot and cold, hand, hydraulic, und air tools. Machine shop lay­
ing out and measurin3 tools, precision gauges. Hand cutting 
t0ols. :1,1achine tools for cuttinG", all classes. Feeds, speeds 
and cuts, power requirements and typical drives, line shaft ~ 
lroup and individual. General ~rinciples of cutting metals and 
characteristics of each class of tools. General round work 
inside 'and outSide, straight and taper, in lathes, drills, bor­
inS' mills nnc1. 3"rinders; flat wor~:: in millers, shapers I planers 
and grinders, machine tools for cutting 5ears, 8lots, threads, 
cams and 0ther shapes. Semi and complete automatic tools and 
~i~s for rapid reproduction. General arran3"ement of shops for 
J~bing or repair work and for manufacturing, with examples. 
~roical and special auxiliary shop requirement and building 
cons true ti on. 
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II 156. 

!lJetal1o~r[lphic 1.aonrf:!.to:cy. Iron & Steel and Industria] 
Al10Ys. 

Methods of eyamina t i ()n. C oY>"JIm riE on n:f W)C)d and bad mater­
ial; wrought irnn, low carbon steel, structural Gteel, rail and 
steel, tool steel, etc. EX8minatinn nf brasses, bronzes. bear­
ing metals and other industrial allays. Relation between chem­
ical compos i t i nn, -phys ical prnpe rti es and miorostruc ture·. 

E. E. 1'71. ]hJ2... Electric&l l.pppratus: 

L course given to Mechfnicrl En~ineers, similar to E.L. 101. 

E. E. 1'73. Direct Current f:leohine J.ehorRtory: 

Operation and testing of shunt, series and compound wound I.' 

generntors; distribution of lotential ornund commutator and, 
study of distortion of field; function end operation of starting 
boxes; operation und testing qf shunt, ser~es. compound and dif­
ferentially wound motors; determination of speed and efficiency 
curves by variout'. methods; operation of shunt and compound wound 
generntors in parallel; methods of distributing load and effects 
of individual differences; heat runs to determine caflacity by 
various methods; chnracteri£tics ')f series boosters and balancer. 
sets. ' 

Text book: Mimeograph Instructions. 

E. E. 1'76. Al ternatin:z Current !iachine Lf,borntor~r: 

Determination of inductanoe; ca.:)0.city, impedance, phase 
relations, true and apparent pn111er and p'lwer factor in single 

I phase and polyphase 0.1 tern8.tins- current circuits; investigation 
0f wave shapes and 'Dhase relations of vnl tage 8nd current by 
instantaneous contact ondogra~h and oscillograph. Tests for 
the characteristics 'lf alternators, synchronous motors. syn­
chronous converters, transformers, induction mot'lrs, single 
~hase commutator mot 'lrs. 

"r 
Reference book: Labor8tor~ Manual of Alternat1nk Currents 

, by iliorecrqi't. 

E. E. 178. Standardizing Laboratory: 

Determination of inductance and electrostatic ca~acity by 
the Lb(nlnte and Brid3'e r,1othl)ds. Testing I)f iron fnr 1'er­
meabili ty and the sei)f.ratlon 1)£ edil.:' e.nc1 hysteresiS losses. , , 
Insulation and dielectric strength tests. Study of insulating 
!:'lcterial[;. 0tUc'J" e.;-,.c test of cO':Jmercif'l tV'rJes of stora~e ba t-

, tE:ries UDf'er condi tinns:lf rc.ctice. Stud~/ ni commercial methoo.s 

-42-



,0 
:Jes. CoJumbin. 

of metorin~ vol ta~e, CUl'l'e;1t, p'Ji.'ICr and ene:'~";y in ..J. C. Rnd 
J.. C. oircuits. Cheractcrifltic[' ~)j' (!'l()mercipl rnetLrs, their 
weaknosses and ~rnbab10 01'1'01'. Calib~fition 01 ~. U. and A. C. 
met€rs in accordance wi tL cn~'lr-:or,Jinl ··'10th(),,\(~. 

Mimeograph notes. 

E. E. 201-202. Seminar, ~~ledtric i tr Oil Shi j1E : 

A detailed study ~f tto electric circuits and apparetus 
Jf all kinds on bn~rd nrvvl vesselu, illustrated by ()ff1cial 
drawin~s of certain definite veseols; the various classes ()f . 
electrioal machinery are t':;,ken up se:;,wRtely and u complete re­
r;o:rt ,\\'1'1 tiCD U~) or, each c=_i?f...G 0)' type, Th'i E rf}:ort includes 
G description af the f:'t}Yi'):;r[ltus, a a.i~:cuBBion nf j ts T,lBthod ni 
operation, diagrams of the method of connection and a discussion 
of the possible troubles and ~ethods of correcting the same. In 
addition to the minor apparatus on Ehip-bnard, the sul)ject of 
electric stoerin3' gear, gyroscopic compass end electric propel­
sian are stUdied. A complete design of the 3'enerators, motors 
and control apparatus for electric propulsion ~f a battleship 
is included. 

E. E. 211-212. Badio 1nzineering Laborato!y: 

The aim of this cnurse is to make the student, spec~alizing 
in radio work, thorou~hly familiAr with the theory and operation 
of the various types of sending and, receivine apparatus used in 
radio communication, with the adjustments f~nd tests necessary in 
making compari sons of vari OUE syct ems e.nd wi th the sJ)ec ial in-' 
struments used in radio w'Jrk. ~he theory Fnd le.bnratory work 
covers derivation ~nd eX-;--Jorimental prnof of the fnrmulae used 
in calculation nf inductance. capacity, resictance, resonance 
in simple and coupled circuits, including effects of resistance, 
coupling, mistunine, etc.; measurement of wave length and dear'e­
ment by various methods, includin3 the oscillograph; adjustment 
of quenched sYJark sets ane. continuous v/ave sets; compHrison of 
various detectors, with s:ecial work on continuous wave reaeiving 
system~ recently develo~ed in this laboratory. 

, , 

E. E. 214. Re.el i 0 En:~ineerintl LRb ora t(")ry: 

Abbreviated course, for students not G~ecializing in radio 
~1rk, consists of a oourse of ex~er~ments desi~ned to familiarize 
the student with the adjustment ~nd operation of sencting and re­
ceivin~ aprarDtus. The work covers the phenomena of resonance 
in simple and coupled ci::-cui ts, measurements ()f wave length 8nd 
decrement, various connection schemes used in sending and re-
cei ving apparatus, 0 oml1ari son of de tect ors. fld justments 'of 

I
", quenched spark ane. c ontinu()us \'lave send ing sets, etc. 
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Tochnologx. 

,So. 31. Political ~conn!:QY: 

A cnureo of throe hourE a \'leek in t 11e first term of 'the 

, 

. cenior year I involving lec turee, discussions, Hnd wri tten work. 
;~he course i6 elementary, with sTecial em~h8sis upon descriptive 
economics. 

.:1. 37. Mathematics: (Ldvvnced C~lculus ~ Differential Equetinns): 

L OOurEe of four hn~rs a week durin3 the first term, cover­
ing the followinj subjects: Tf;~rlor 's I'ormula wi th applications 
t~ approxima tions in calculation and flTIRlys is, complex numbers, 

. Vlotira. differential equationa of the first order, linear dif­
fertnt1al equationSt total and p~rtial differential equattons. 
with ~ttme~ette a~p11oattenB to geomet~1 ftnd phyaioa. . 

U. 39. Yet.bema~iq!: ('Advanoed Caloulus 6a Differential Equat1 one). 

~his course nf thirty exercices in t~e seoond term t~eats 
the following sub jec ts; Line m:c. enriao e integrals, vectors. 
f~ctinns defined by integrals, the elements nf the oalculus ' 

.~f variations. differentinl equations of physics. 

'E, 39. Public Spea1dn;.;: 

The course in Public SpaRking consists of thirty exercises 
'and fifteen hOUTS of pre; aration in the first term. It takes 
the for":TI lar3e ly of ind i vidual training. and aims to cover the 

use Of literature and referenoe book£, Rnd the preparation and 
~d€livery of at least one originel address. 

~o. 41. Economics and Corpora ti ons: 

A courEe of two lectures R week in the first term of the 
'!raduate year. It treats of't:1e nc.ture of corporations and their 
le5a1 development, accounting. valuation of bonds, holding com­
panies;' lighting companies. street railway franchises. and the 
taxation nf corporations. 

1. 57. Hydrodynamics: 

~his cnUrse consists of twenty lectures during the second 
'tnm in which the fundamental equations of Hydrodynamios are 
d€Velo~ed and applied to the solution of ~'articular problems. 
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~c. 60. Business Law; 

M. 1. T. 

{~ 
"\Y 

Fifteen lectures, given in the second term of the gradu~te 
,ear. The course oonsists nf a general treatment of the subject 
Jf"business law, such topics as the definition of law, its . 
3')urces, the distinction between law 8.1:d equi ty t and the a";1pll­
}ation of law to business contracts bein~ considered. To the 
Last of these topicS the m08t thorou~h t~entment is given, that 
beina the form of business law with w~ich the students will have o " 
nost to do in their professional work. 

145. Theory of structures: 

This is a srecialized course arrAnged for the Naval Con­
structors, and consists of forty-five lectures during the second 
term of the graduate year, together with about sixty hours in . 
the drawin3 room. It is intendef to Rive an outline of the 
methods of computing and desi3ning st~uctures, with the object 
of enabling the stUdents to meet the simpler structural rroblems 
arising in the ~esign of ships. 

216. Apnlied Hechanics (Strength of t1eterials): 

A course of forty-five lectures (or recitation), during the 
first term of the junior year. 

This course comprises a study of the streng1,;h of materials, 
includins the stresses and deformations in bodie$ subjected 
to tension, to compression, to shearing; common theory of beams 
nith thorough discussion of the distribution of stresses, shear­
ing forces, benfing moments, longitudinal shear, slopes, and 
deflections; stresses in hooks, in columns, anrl in beams sub­
jected to tension or compression as well as bending; tOrsional" 
stresses and stresses in springs. 

226. kpplie~ tlechanicB (Strength of !.~terials - Graphic Statics). 

A course of thirty lectures, or recitati?n, in the second 
term of the junior year. 

"r· 
The (;our~e includeu the study of the methods of the design 

of riveted joints; a mathematical treatment of the continuous 
girder, planned to nrply to partE of machinery and structures 
where continuity exists; a LtudJ of the methods of treatment 
~f non-homogeneous beams ~nd rerticularly of the theories under­
lyin~ the ~esi~n of reinforced concrete structures. The Etudent 
is renuired to Eolve a considerable number of ¥roblems illus­
trati~g the application of t~e fundamental rri~ciples dealt wit~ 
in this pOT ti on 0 f the wnrk. The course 81 so incl udes 8; stUGY 
of the 3ener~1 methods of Graphic Statics with ap~licationE to 
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~E.:: . U. 1. T. ------

the rc i;er!!1inntion ~).( Ltrf)~5eef in ro').1:~ tl'UC8f:E. rn(1 othp.i:' framed 
Gtructnre~. Dr,C~ tn ;3;j(; (~et('l''iin~tjon a:f tli8 stRLility of mason­
ry- arches and nt)ui/wYl :;E, j';. r.nm;)er oJ -; roblcmc illuGtratin~ 
tllecf' rrinci~'leB :-:re ',',Iorked out b~: "G:te [tu(jert on the drawing 
boerd rlnTin~ thiG rnrt af t~e courso. 

229. (Stability ~f structures - strength of 
:.1t:lte:rialu. ) ; 

~ course af j~yty-five lectures. or recitations, in the 
first term of the cenior ye8r. 

\ 

'l.'"lf course COYl)TrlLeC f: 8t-:1C1~:r of ex:;eriP1€:ntnl data ,on the 
strenJth ~i mnteYial~ vit~ es~ecinl reference t~ tests on full 
sized ~onms. colu~ns, G~pfting ond other pieces under :ractical 
conilitionE;; of ()1~~ eriliionts t:l detcrl'1inc. t'w effect ':)n :,hysicel 
'~rnpel'ties :If ~ilferen~ mfiteriRIE of vrryin~ conditions of stress, 
nf te:n~)8rnture, nr;(l oJ treatme:1t; [>11(1 of s~0ndG.rd s~~,eci fications 
for t~1e cOF1Y)nsi t;':m and 1'h'rcical "r:'Plerties of '~he different 
mrteYipls used i:} c')nfJtr~cti(m; ric:)' af the 6tud~T of the methods 
0f testing the friction reducing pawer ~nd other properties 
!)f lubricants flnc1 date. in re8'nrd to coefficients of friction 
onc lot-cos ('ne to fri.ction. 

1he course FIc':) incluctec 0 ctuey of t~e conEtruction of 
simple forms of r:lof trusses, &irderE, 8nf ?rches; tte stresses 
in sllE;'ension cords; the theory of cllrvee l}eaID8 and ppplic8.tions; 
and the derivation [lnc1 UEe of t~,E. f')rmulac for the stresses and 
strr1ins in shaftin3' subjected t':) coml)ined 'hending and. torSion, 
thic~ cylinders and spheres, an~ flat ~lRtes. L considerable 
number of :yoblems, illustr~tin~ a~plicFtion6 of these ~rinci~les 
in vrnctice, are calved by the students in this course. 

A COurse of thirty hours, lFbnr~:tory Pr;.0. ~,re'0aration, in 
t~e first term of t~e cenior year. 

'i'lje tects rH'"c1e by tho studer:ts' ir! t:le i'est Materials Labor­
atory vary somewh[:t from 3'e[lr tn ~'UU' but incl UllO tebts to de­
termine t~e modulus of elastiCity, limit oi el~bticity, yield 
point Rnd tensile strength of 6teel J[~rE, co;nmercial tests on 
steel bars; tests of the deflection and of the transverse . 
strensth af a full-sized ir:)n or stael I-beam, or ai a WOOden 
~earn subjected to a transverse laad; transverse tests on cast 
iron; testE to determine the mo('.ulus :d elastici ty and the tensile 
Gtrength of wire; torsional tests n£ wlre; testa to determine 
t::e chearing modulu:s of els,stici ty El:~r, t:l:::sioml c tren3'th of 
2-inch steel bars; tests nn cement mnrtars inclu~in3 sizes of ' 
ropes and of different knots uEet in fastening ro~es; tests to 
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deter!Cline the ratio()i' the mOd '11l1.6 of l'u~tl1re to the tensile 
strength in cast iroD end steel; the crushin~ of timber. 

A course of sixt2 lectures extenrlng throu:sh the year on 
ThermodynElmic s and the me (lr-lcn ism of~he stcwm-enc5'j ne, esr ec ial­
ly ada-rted to the needs of lI[1val ConstructnTs. 

IJ:his course includes fl detailed study oi the rrinciples 
of thermodynamics; a discucsion of t~e rroperties of gases, sat­
urated and Buperheated vElnors, es~eci~lly of air and steam; of 
the flnw of fluids throuih nrifices, nozzles, [ipes and meters, 
a discussion of the nction of the steam injector; a study of 
the various cycles of the hot air, internEll combustion, and steam 
engines, of the turbine, air compressor, and refrigeration sys­
tems. These en~ineering applications are treated from the phys­
ical, analytical and graphical pOints of view, so as to Give 
the student a good foundation in the ~rinciples of thermodynam­
ics, not only as applied to the discuEsion of ideal cases, but 
also in the solution of actual heat enIineering problems. The 
course also includes a study of the simple, compound.and multiple 
expansion steam engine, of the rifferent types nf gas enJines, 
of the gEtS rroduc er, of compre ssed fj.ir and ref:'ige:ra ting maCllln6s. 
and the methods of testing such machines. ~~ careful study of 
the mechanical and various thermal efficiencies is made from 
data based upon reliable tests made on steam en0ines and turbines, 
5as en3'ines, compressors and retrig"erating systems. The mastery 
af rrinciples and the discussion of data are much simplified by 
an extensive U6e of both the pressure-volume and the temperature­
entropy diagrams. The theoretical work of the course is parallel­
ed by a suitably 3'raded set of drill and en3'ineering problems 
to be snlved indQ?endently by the student. ~he subjects of 
steam boilers and IRS engines are treated at considerable length. 
Several lectures are ~iven on condensers, air rumps, and the 
various accessories of a steam plant. 

251. Internal Combustion En~ines: 

'his course of twenty lectures, or recitations, is given 
in the second term. 

Internal combustion en~ines oi all kinds Gre discussed 
~ith reference to mechanicai details of ~esign re~uired by the 
various fuels and conditions of o .... erfi.tion. /'.bout a third of 
the course is devoted t~ nil Rnd ~asoline en~ines, including 
the types applied to m~rine propulsion. The lectures are il-

, luetrated by lantern slides, rhotographs Rnd drawin~s .. 

Several text books Rre used fnr reference, but moet of 
reading is assi3'ned from current articles in the tec~nicfl 
~ress and .transactions Of enlineerin~ societies. 
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teste made by the studen~8 durin,:; thE Po.st few ~Tea:cs; Test to\,/i'\j'i.!) 
determine the effie leney 'if cha in nrlves; Tests of the trans-; .;',:,l:'h; .. I .... 
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36~h()rse power gas er..c;ine; Tests tl') Getermine the efficiency ,,~!~i;,,~.::'>;:;,':,:: 
'If p~lley blocks; fi'ests 0i the fl':)", 0f steam; Valve setting: \("\/)'"rr<,;:" 
I;laln slide valve); Teste :If 8. pulsometer; Calibration 'if ,'),.!;y/::,F~ 
0rifices for the flow of we:,teri De'Germination of, the clearance I.;:',:{},>.' 
(If an en:tine; The uce (If the Emer80n p'1wer scale; Valve setting :.~:r'!:~~:~,'~ , 
(double valve l; Teste of 8"Eluges. steam ar:.cl vacuum: Tests 'if the': /'«:', 
steAm injector; The use of three different kinds of calorimeters;\!\,::)' 
Tests of e Humphre;)T turbine; 'L'eEts nf R r(ltary }Jump of a ca-' , ~ ,'; /:Z~": 
pucity of 1.000 gallons l)er minute: r,ieasurements of the flow of':,;", 
air j Test s of the wa te r in jector; Tes ts of 36-inch, AmericaJ:l ,'/ :>,i; ;", 
impulse \'/heel; Tests of em air :Dump; Tests on coefficient of ,I, ',.-, 

friction; Moment of inertia ()f connectin,g rod; Tests ()f three- :,>,:,\;~ 
8ta~e air compressor, 2,500 Ibs; High tern]lerc:ture measurements;;",,:/,."" 
Heat of combustion of oopl; I~e2surements (If the flow of water:', ,:~'\':""" 
by means 0f o:'Cifiees and weirs: Test of a. 48-inch Pelton water':·," I,' 

whe€l; Tests of a Rider hot-air en3'ine; Vnlve setting (Harris- I~<,Y:,-/J 
Cnrliss en3ine); Anf.lyois 0f chimney 8'RO; :explosive f()rce and,., "'(\'" 
time of reaching- maximum rressure of different mixtures of gao'i"<':";! 
and air; Tests 0f a hyd:ra~l ic ram; A 120-hour ]llant ,test, on en- ,~",:;:\ :.:! 
~ines and boilers at the Institute; Tests on [ ... centrifugal pump ,:.:;: " 
40-horse pawer inymt; Te~:.ts on an EmerLon pulsometer pump ii' ",'(, ",;,'t.!' 
rests on E dry-air ;-ump; TestE an a 500-kw. retrsans turbine'so:'r'\!'~,:~ 
arrfn8'ed as to 3'ive the pressure 8t each barrel of each stage;':.,,;::>,;'~,· 
ieLts on one 'ir more types of 8:o.s01ine en3ine; Tests on' a 25-1. 'f' :';(i~' ~,":> 
car train of T7eBtinghouse C1.ir-bral:::es; ':L'ests on a'150-kw. Curtis,"::','.!';' 
turbine; J~ 120-hour cnntinuous test on a battE.ry of Babcock & " ":::0'::,':,.", 
I:ilcox b(lilerE. of 1,000 tfliler horse ~"o\'!er, together wtth a,;',i"',;-':',:';:, 
plfllit test on the en8'ine used in the InEtitute r>ower plant. ',::';',,'-,,\; 

, ," ': .,:~ ">~ :.~.~! -,-<.j. \ 

Tl1e method 0f oonduot~n8' the laborfltory tests is as fOllows :,~;,r~:' 
ref..ts r.,re),madeunder the d1-rection of,seven ine:.tructors, three "':"'.1:~-~' 
stu(lents 3'enerally w()rkin3' t03'ether on one tee t. .l~s the student's.',ii l':' 
Bre o'?111yin 3' in the i r lab0rR. tory '\'Iork Imnwledge they have, fllready,.',:,\ 'i; 
~uined in the class ro')m it is necesse.r~T only' for the instruotors~i',!"~" 
t'l ex:-lain the ar:nm3'ements ()f :,il,ing lHir. connections' for 8ny' ,';;':,", 
i)iece f)f a}JYJllr8tus bei()re be3'innin:; worlc 'l'his makes it' possiblet;,'f.~ 
fDr R greRt del'll 0f v81uable laborntor:T work to be done ina " :',:>:".'" 
period of two hours. Each student in his turn is put in chaT3'e ',f':;(:l,~:;, 
:If the tests made by thett :3T:lU~. l','henever it i::. safe, the stuqent~',,:: 
are made to start the EfPTlHrntus £'11(: do kill the work of get_tin~ ':.,'c{,i-2,}' 
ready for the test. Ee,ch student writes a complete report of;\i{~~;/~:~i/~~i 
the test, giving the arrr.ngements, methods of, testing, with'de ... }<;,,~;:; 
tnils nf computa~ion. The observations tak(;n on eVEry test:'are:}tJ/~ 
rl3turned to the Ins true tor, who works up the te st and cri tical 'y.'~'.:jf\" 

..,.. 1,(' ,'.1J . -----'-~·-....~~ ....... --~~tion with his own. . 'I,. l,trl/,?i~ 
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274. Inc.ustri"l ~'bnE "!6ment: 'J I' ,I " ii' I ' ~:"'~~)l',,:,:~,\jt, 
• I: ,f ~,\ ':·'I~';~:;~/·B$:t~t~~\~~~ 

_ A " ',- " ••• i J> \ ' ); r 
Thf course of fifteen leotures in the. socond term,,~ ,:,the':.,~.·j,~').'fl 

... '" 1~'1 ") graduate ~Tear, includes a study of the, or~[lnization and re.J.c·-":"::'~~"'\~'L~ri 
tiona of the various de-Pf<,rtments of nn indT'.strial establishment ;'f!~t-~,~ 
the loea tion, arran-?"(;l?en t, c onstructi on nuo eq~il)m6nt of 'indl1~7,},.!,~/n 
trial worl:s f')r effIc lcnc~T and (;COnOlil~T in P.'!anufoc turing, ef,-. ,:>;:,~:,t;l,? 
ficaeious conditions f0r lEbor, rrocet'ls .nui."'ping and routing.\':,·",·;,/,,:{-~,1((' 
schedul in~ of work, class it'ica ti on of met"l worldng, plan ts and l~(n,;:~ 
the mo.chine G~10p -pro'ulcm, thG office t'.nd 8D8'inC;:Ering depf.rtment;.·.,(~~;, 
forms of industric.l or,3'c:,.ni~[ltion n:1d differentiation of ree::on~:;:'V'<> 
sibili ty, ronorts, 1")6 thodB of El~p(;rirjtejldGnce, emplnyment &nd;,': 1';;1':, 

- . t ...... ~. 1 J 

cost of ln'bor, sys toms of c empensatin[S lebor, bnd fl d iSCUS5i on!:lV;~:'; 
of the effect on cost 'If different s~'Eterns ()f distributingin-'~':,~,~:;/,:, 
direct ex;>ensos, f).Dd curr8nt mothods of "efficiency engineering"!\":'" 

j I , " •• ~" \ . 

332. Me tall uqy 0 i~ ~ i n"":1:i ng Ilc. t c r in 1'<.: . " .. " .. ·{':(:;f,.'·: 
This is a course nf forty-five exercises in the second term,,",'/ 

of the junior year. ,',:1,':' ;>": 
',\', '\1" ,"'. . ,j, {. \.~ 11 j 

Its rim is to make the chgineer femiliar with the industri,ll 
UE.e nf fuels, wi th thE: rroduction of the metals a.nd alloys used.',' I,. 

in construction, and the effects f'lr€ig-n constituents have. upon . '.,>., " 
them. '';:he ins true ti on is 8'i yen by leo tures and laborat ory ,and ,:',,; " 
!Dicrosco~ic[tl examin; tion of the lEc,ding metals and alloys :~' ,: I,~;'/::'),.':' 

534. Annlyticnl find TeChnical Che.mistry: • , .. i.~.;,X?;f. 
'ihis course comprises f(')rty-fi ve lectures during the first: ,.:1;' 

term, and six hOUTS :rer l,ree1\: nf lnboratory exercises durin,3'.the//:,< 
6€cond term, covering the ~rinc iplcs of Orgc.nto, Analytical and \'\';( 
Technical Chemistry , with l'"lRrticulF..r reference to the needs .of' 'i':~t~t;'; 
!lavEl Constructors. A , .', '('i,,:."':; 

611, 612. Princil'les of Elcctricf.l En,ineering: .. .··.'},?~i'·f 
"-.I 1 \., _ ,1 'I.' ~ 

(a) Sixt~T leotures er.d recitations. and fifteen hours;of"".':<::,:", 
;-Toblem v,or:~ given in the first term nf the fleni')r year (611), 1:\:','((1:, 
is devoted to the laws and :.ro:')erties of, electric a.nd mE,,:met~o~'f:: 
circuits and a tre8tment of the principles of direct current::',:;:;:: 
machinery. ':,' .'j,;,\, 

(b) Firty-five lectures nne recitations, given in th'~1 :",,:',:,:;;;';' 
second term of the senior year (612) nre cone erned with the.' !"rin~',::. 
ciples t~f electro-s ta tics and variable currents. the 5'eneral,,', " ,~: 
theory of al terna t ing-curren t circuits, f'nd the £1y-,plica tion ,Of'.~,,),,:: 
these :;rincii)les tn various engineerin5" ~roblems. :' i \ I,;' ,',;<:"~\:~;r 

\ , f~'I\/'. ,.~._, •. ~,,_.~\); 

In connection wi th t~1e \'fork much 'imrortance is attached:to',( ',~~:' 
the solution of nroblems selected VJith reference to their en., '/'(~":-:' 
gineering fi'\'T)lication. . II .'f/~~";}'" 

. Text Q,ooks: Pra.nkl in 0; :csty I £ Element s of :Clectrioal',:Bngi ":~",.'; 
nearing, Vol. I, and Pender's PrinCiples of Dlectrioal Engineerin~~ 

623. me rna ting Current. 'no h incT,,-,- , . . '·,.}~:l;:(:;},; 
This course nf lectures, recitations ana ~ro~lems, extendinil 

t~r.ou5h the lirs~,,-,,-t~E2J.~~.s...devotea tn 8, careful di6cn8sion;of";i/::;,/, 
.: -- ltin:-:- currer.t machinery. Certain ',1i l/""~ 

,. ;-('~\',UYl I~JllJtJll1i\09 lV OJJnOOl.lJ3(J I ~ ", ":,<",;:,~,, 
I I 1.;"/ ," ,. ;J,,..': ;.~ \ 
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('t' ' 'I II;, i; '~j"!"~;~"J~~.'~"',*',):J,,~:. 
I ~f, . ,II ,:. '~?i'{"':,::l:.~~.\~\~j,~: .~' 

, " .' ~ (: t ,~)f!j:l~\1:~/~::~,~;:\,!.t. 
!I I·. '" - ":\":~f":'(,< A~':': 
.. ' , ~ ," ,,' /' :', .',1i!("\"~)( p,:':":- I,. 

Des. !JI. 1. T., 
I"" .' , ':' ~ ( ,I" . ,,:.-t'f.j .. fl 

details of the aotion and operation !)f machinery which ,are.not)/~~iV:: 
essential for students not intending to become electrical' engi~~~~~ 
neers are omitted. , ' ' ;\>':,1' ~r';,,:i,,<\r'~'(/: 

635. Me chon i cal /l pp 11 c n ti ons of El e 0 t ric Powe r :. <, ': ,,:\,~tj;~:~~,i 
A course of lectures, recitations, and reading, tw6 ho~r~'~~;~ 

per week during the second term, in whioh the various tYres :o,f\::?;',:~, 
direct and alternating current machinery are disou,ssed, with·'l,,:t~)r,;,.:, 
special reference to tteir uses in power work and indu6triat:~!~~~~ 
processes. ' ' ,'I} ,f,;,':-'" 4 

j ~ , '~: ' < ' ; tl. ) \~, ~/,\l J 

667. Standardizin~ Laboratory: ":,,:' ,T:";): X:\';,; 
. . .,., \- ':~' \11\ \ 

A course of thirty hours of laboratory exercise in the "first' .. 
term of the senior year. in which sree ial attention is gi venl;1 J :. ::" 

to the calibration Qf instruments and to the tests concerned,;;;;'i~' 
in the Beoep tanc e of electrical material. ' ,',,'/,,';' 

J " } '1.._/ \ , \,\';, 
• r'~· ~' ~". ,'J t. i 

684.685. Elec trical EnP.;'ineering: Laborat ory: . , ;,.'\;1), i,,:i~,/;:.-!> 
The work in this course occupies fortJ-'-five hours in the\ :,,':; 

senior year and ths same in the graduate year. and is arranged, '~i: 
eaeh year in accordance wi th the requirements of the individUEi.l,:~;~" 

'",,1 

students. ...'~,':i, ,<" 
,i ,1;1 ... :~;' ,:j,,~.' ,-~ :, '}-~!t ; 
I ~ • t ' " .. f t ~ 4 

756. Sani ta ti on ~f §hips: ',I, ":>';r~i:/{:/:,'; 
A short course of fifte~n lestures is offered, 'in the:second f 

term, in the Elements of Sanitation. ;: ;:;J:-:',il:;;):;::' 
One half of the course consists of instruction in, the'~geri':,::U' 

eral rrinciples of sani ta tion; disease and its oauses; the 'germ',:,,::,, 
theory i infec tion and con tag! on and the me thods of the ir d'is ... , ':,~'f" ~" 
semina ti on. etc.; while the nther half deals d irec tly wi th I ':\~,:c. t/ 
sanitary aspects of ,the heating and ventilation of shops, their·';':;,! 
sanitary requisites. lighting, water supply. drainage" sewa3e ::~'~r:i:-
dis:>osal, and the like. ""I;, ! 

, :. ." 'i i' ~ \;1;' '. 
\ : >' '~(:.:(, ;.~'., ;.)~ 

, '" '. t,,, ", .. " 
" ' :, , "\' ,,'{,'" 

803. Precision of Measurements: 
l' I, ' .! \ I ; ", .. ~\f 

A ~course of twn e~ eraises EJ week for five weeks in th~ ~~ tl:l:~;l':' 
second term in connection with the l~lboratory course in Gener~{~.;:i~Y: 
Fhysical L1easurements. The work includes a d iecnss ion cif the" ,'\.I;"~/ 
nature and methods of elimination I)f errOrs and the arplieatiort~< '. 
of t~e Calculus to the solution of rrecision problems in direot l:'),!, 
and lndirect measurements. These problems are selected from \,;",,::1 
cases which [trise in connection with the laboratory work. a .fact",<,.' 
vlhich adds to their practical .. Jnterest. Graphical methods of',,~:d",; 
treating observations are also discussed. ' , ! ;,,"",' .'::Ir~ 

,", .~. ,:. -!~~'::'{ ;:~':}"~> 

Text book: Goodenough's Elements of the PreciSion of \"/~ [.:\(." 
!!easurePlent sand GrRTlh ieal Methods. ,\ \ ' ",~,~} ;/~:';;}:~D~. 
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Heat Meas~rements: 

:11. ,1. '1'.' " ,(I 'I' ,/' ... , \\-#~«-\.t<'" • I 
" . - ~~. ~l ~'~',1,l- ~J('t~ 

.r. "-rI '..'J'''/I'4/'J'r. ~ ,f, 
'l" • ~.fu~t ii.; '~4:l·. 

" . ,:.. y' ,"'''Ie ~f t' "f .~ -;\ " 
I i ( I '!'r. ' \ I,., .".t 1, ... 

.t " • ) J J ·:~'i'l·:\~ {\'[.1'1 
'!'- courEe given in the Gec ond term 01.' the' fourth ~T€lar in':'f"ll'"'li';', 

o~mnection with course 261., ,':, I ,>';~'j~~)\~~,:~~"~:~:{!:i 
This course cC'msists of eight or more laboratory exercises'.~~!;: 

in the measurement of hi::rh temperatures, rrecise thermometry.''':''<'''''' 
the efficiency of fuels, ~and detErminations of thermal p,roper':"I;:;,".' 
ties of engine erin!) rna te:cials. ESl ec ial a ttenti on is .'given, t?<)i,'~~" 
the study of such temperature and heat measurer/lents as are.of .:l\,,':,:~: 
technical i'">1pcrrtance - for instance, the calorific efficiency;/'~:,:;':" 
of coal and the determination of the temperature of kilns and /'if.,,:,.:/ 
furnaces. I I "';'<~'~i 

1301. Naval Archi tecture: . " . :",~,'{t.~ 
A continuous series of lectures and rec ita. tions, thirty\~,i:<,t I 

each term of the junior year, on the statics and dynamics of :';(.{',' 
Naval Architecture.' ,.,/:;~;',' . 

• ~ , ' "f t ';:. ,I ~ • .'. ~ 

The course opens with methods of computation and .use of~ .. \':"<J. 
integrating instruments, and ;:-roceeds with the methods of oom':":!':" 
puting displacement and stability of ships, and includes a dis~~~ 
cussion of surface of buoyancy and of waterlines, also a CO:h\< .. ' ,J 

sideration of the effects of adding weights, flooding oompart-:.:I', 
mentq, groundint3'. docking and landing. A simple form of mOdern'h 
drodynamics is developed and applied to the study of waves ,and~~., 
thei~ influence on the rolling ("Ii s~ips, and fl.lso to the··in-r .. J'\\; 
vestlgation of stream line about ShlpS. " /, \"irl"'~;1 

, • ~ ,It ~,~." -, 

1302. Naval Architecture: 

This course of forty-five lectures, thirty in ,the firs t,','; I\} 
term of the senior year and fifteen in the second termlis a' ;.'>' 
oontinuation of the course of the preceding yeD.r. . . ' \'~','\.).~ 

> • I • \' >1 :" .'). :' \ .~' : ,< \ " 
A discussion is ;S'iven of the resistance of ships and'o{",:,':,·,~ 

rropuls ion by paddle wheels, screw rro]1eller. and by sails; ,L !",' ,\~, )~: 
alsn methods of making power and speed trials, and of steering ~'. 
and manoeuvering. Methods are given ()f determining the strength l 

of ships in quiet water and among waves ~ also in consideration '",: 
of the strength of bulkheads. Instruction is given in comrass,"..· 
adjustment. .':,~ 

t • ) ~ \" • 

,I , 

: ,~ \/, 1.. 

1305. Memoirs: " i, .... '1. 
, ,J, i, \1 

" 'f •• 1 t j 

Given second term of gradun te year, b;y ProfessorPeabody'.t . 
.' \\';\ .... }-

1311. Theory of '7arshin :Jes ir.m; ': ,"f"~'<;I'!"" 
, " ;",,' 

A series of sixty lectures. thirty in each term O,f, the.juni 
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J)eB. T,1. I. l' . -----
'l', ...•. >.,1.'~f· .. ~·~f>'~4~.;~~ 
.' .;~, ;,~.~ ~,;':~::~R~\~ 
; , .:i:":I::'~,j./1F~$\:~ 

", ".,_".1~ .•.. :';,'{.~\I·"~ 
~ '," :.' .;:?~,:, ~t·_~~~,\7 ... ~t\;,/? 

~ "n\,,' \".A:-~.~.~ .. ' 

The worle ni' the fi)~f:t te-~m 3'iv ee a hiott)rical ·nccount':<o'f/·tl 
development of WElTBhipf3, denlin,s sOJlHrf~tely. ','lith each ofthe;/('t:-? 
marc important claBLes; SOElIoing bnttleships, coast defense~8~fj 
oruie era. gunbofl ts. tOC16 do vos 8elu [1nr1 submarine boa ts~' .'",,",'1,\:';':' 

- '. : :, .". ~ .\-r:\--.~ ·,'~~;;i\~-
The attentinn 01 the student i8 0,articularly < dir~cted.~t';:'~~'; •. 

an appreciation of tho OBuces whi.c}l l~'l.Ve led to the variou$.··;"t', 
steps L1 the dcve10I,rr;clt, t;1e chief objoct of thene lectllres!,';';<: 
bein~ to broaden the view ni the ctudents ond to afford u,barili 
f')T the full lmderr,i,anding '1f the iollo"!in~ 1ectllres of\,this?,~ ... 

..... --- '. I •• \~:". oourse. . I' ,'" '-,', 

./ . (, ~.";:,i,~::·~\,:', 
'rhe lectureG durin.:::tl~e Eieo'1J}(', terII] n:e Lhe JirEt l~Hrt'·'(')f.::' 

a course 0f ~"THC tier 1 ,'0 II (', t:1eoret iC[;.l nnture relat'in~ directly/:: 
to the desi::)11 2nd com:cr1,cti'1n '1f vinrchi·.~L. I.~~le oourse of,,'this 
term cn:nprisee e. discuEnion 0i~:le :'Yinci:llfHJ which .8(')ve'rn,·t~e':, 
c~oice of the eloments of t~1G design of t!1e jlull and the genera] 
arrnn::elTJents '11' i tL main feH-~llres; ~Jrinci~Rl dimenGiol1B t <,diB- : : 
tribution of wei sh'ts, stnbili ty. oeaworthines8 t waterti!!ht Bub":: 
diviSion and strength. It contains &160 'ractical rules .for .... ;' 
\"()Ykin:~ out a y;re11rninflry design [:no i01' t~le performance' Of,:<',:> 
weL:h t cRlcula ti ODS. <,,'.,.:',':', 

-' ~ " , ~ 

,f' __ j: ";~;< .. >.,;. 
These lectures, 8S well AS t~e fol1 0 wing lectures,on'this., 

subject, are accompr..nied bJ numerous comJlilations, di:r·ectly.:,.i t ; 

useful in nRval dosi:sn wo:rk..», ~.' '; ,,:,> 

1312. Theor'y of "/PrSh~ Dest m :·.,::.,»N;; 
L oourse of sixty lectu:ceE t e::,:'~en(' i}; 3' th rou!hout· the' seni 0) 

year. 
, '; .' r .. ':!,:t.(\ 

r~hc w0rk of thi s year 1.8 [l con t imw.ti on 0f the .lec tur'e~'t·tt,l 
de~cri be d under 1311 IlEd c om~- risos a d i8cussi on of the structur~ 
al arrcm::-ements of VJElTdhips. inclllGing Gtrength calculations:·. 
and the theor:r of ri vo Gee\ joints HL [l.~:~lied to Eihipbuilding '-I"~;: 
.::hecit=ol Fttention if, ~iyen to methods oj construction used ,in·tl 
lJi1ited stateG navy enJ ,co!TIpE:risons f.re !nnde with P1€thods' llsed: .. il 
()(;r:er llRVics. 

,. '~:l:': ;I'.,~:,~~~~,,«~,\ 
i, I '. f.< ."-'~ 

,ll'1e lectures durin'\ the E6Cnl"r. term c:lmj rise the deslmi"an( 
inEtallation nf ~oilers: en~ines, ~ne ~r0pellers ~s far as-the~€ 
-'l.'oblens conce:rn the naval archi teet; coslinE and coal stmvage t). 
lir.uid fuel; rudders Rnd steering' ::sear. '>; 

1:')12. Theorv _._-'"- 0f ''lflTChij'l Jes i.7'n: 

A course of sixty lectures e~tBnding thiou3hout 
year. 
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1321. \'Iarship :;)esi.,.2n: 

The time allotted tn the &ubject ~f warship design is se~en ' ~1 
~~mrs '.)e1' week durin'j the first tenG nf thE; junior year I eight ' .>" : .. ': 
h'lUiAS "'er week during the second term, E'.nr. thi E if, fallowed " ,':'. ::.';!/~:: 

, ~S tVi O three-hour exerc1E:es per '.~'eek throu,ihont the senior ane, 
!raduate years. , -' , ." . :: ':.>' , ' -'. ';. . ... ,. ,,' I· 

T~e first term of the juninr year if.; occupied by introdll'Qtor~, ::' 
l ork consisting of fairing of lines, trcwing, Rnd ship ca1cu19-- : \-; ,j: 
tions. ':lhe object ni this VJork it: to :" r ~1Vide eX0rcises for (';;,;:" ;"',0:,' 
: ~e E tudents in drav:jn ,~ [lnd ca1culn ti on. In the second term ~' , . j (," ' 1 
i the juninr year the ~ students cni''lITJence 'l,he design of a warshil< (, ::,.; 

t'l \'/or~dn3' out the general arrnn 3'erflent plRl1, part iculer a ttent ion',: .;:.: : 
S J iven tn the disy:osition nf 0;rdncnce. ammunition, and armnr; : " ~ .:;','·,: 
r.1 the ;',rnblems of amr,mni ti nn tram;port, coal stowage f.nd tnm6;': ;~:;< 
,ort, dratna8'e, and \em;:llation are studied. Sl'ecie.l plans alre : ,t~;~: 
1dced out, shnrJin ,=s' strnctural arrr:n :"5emf:nts, drainage and venti";: ·.~~I ~ ·; 

.,' ation and , sketches nf c tructural detR ils ,are pre~)~red. I :;)etail-· i,,~.: , : 
C calculations are performed f-:n the determination of displaoe".. ; -i :,' 
elite w~i ~ht distributior:, stability, E:rJ' .strength, Bnd the . ":) ;::;}{'; 
ual d H l grams acc ompan;:/lng Euch CE'.lculf'.t 10DS Rre prepared., " The ... ·',;;r 

! ' 

" 

'.:.' 

cthods ()f cAlculRtions B.re those m::ed by the Bureau of Con- ' I i '<~":, :',,' 
tructi()n and Ferair. ' , " ,- , -: :! <.! • 

.;. , t "· · ,. ' 

I, " "" _"_.1 
, .... ' ~ ", ' \ ..:: ~ ." 

The horse p:lVler r-..i1Cl cnal capElci ty are determined, the .l~rin",,,,, ,, ·,~;: : 
i"r.l di~ensions nf boilers, en 3' ineE. [' )1 (' :-ro;,ellers are flxed, , ' \i \ ,~· , 
nc the ~en e r[, .. l nrran3'enent f)j' the machinery is studied. i;:",-';:: 

~ ' . ' : !, 1·· ' : .. ~1 ... ~, ;>.;. 
A h81f-block m0del nJ t~-i e tesi~n i c i'i1nde b~l each 'Etudent ·" :-,:,:,;I,,. 

r.d on this rn0del the plr:ting, lon i' ituclinal. etc., Rre lEdd off: ': \ ::, 

:22. rlFlrshir JesL'n: 

The cource is ~ iven in the scni0r year, And is 8 
Han nf the 15ubject described nnM!l' C011rse 1321. 

-5t:;- , J 

, . ' 11 A ! -.. 0''- • • , . ;al • .. ~ I 

nT)nnmldi(J k 



" ' 

'; 
, " 

'i . .' f f't'" i-J~r~"""t "-J .... , \ ,": 110' ';;!l{\l.t:'~,:f·~ 
~: l' _ ... ),,:, f"'r'~~~ tt., I. 

I ',. "1f··{~1,yfVI,,·\i 
" .. ~ ,;~ .. ;t¥'···~1""~q"j 

I ., t.· ',!"1!! \llh~.Y")"'rJ:.~ 
"t • "'1'r::;.I'lt.t.:;r.? 

• , ,1 \ ,~,·t.;',,_~-{\:lt •. \ 
" .• ,',' I" \:.' '.:1 ."t~ ... t/.\, , 
, • ,.1 J, ~ ,,/ '£ 4, r~ ~:;:;:. '.: 

"'.1 

" Des. M. I. T. 

1323. Worship Design: 

Th is course :i s gi von th:couJhou t the grn duate ye aT and~~fo~rins~~ 

n continuation of course 1322.,;, '!,:'U:;~~:~~:t 
:) J. .. _~J'.I.;' ",f,y, 

1355. , ':;- .,- -~.\·,~!·{I-~l('J 

• f !~ , ~.··,:,:~;/!,t.~~~'r#t. 
" , >":l.r'<·~~:f~~.~,~,~ 

A course af thirty leotures in the first term of the"gra9-~}.:\. 
uate year, giving attention especially to naval enginee· .... ~'c';',"'i)i·~(.~'; 

i ",: 'f ,;·~.I~:"l~··.:~~: ,~! 

This course gjves a descril'tion of marine enginesand::their 
adjuncts, tor.:ether v!ith IT:ot'h()ds of deterrcin::ng d,dYlCn9io:!H3/s,nd',;",i 
proportions of parta aild strain in theYf) d'.-1.e to s team pressure"!:';;'~ 
and dynamical actions. A discussion is given to vibrations of,;:',!: 
shi~s and balanoing engines. Each student makes a preliminary"\~'; 
design af a marine {mgtrle adapted to the ship which he is de .... ,:"i,:.S 
S · .. 132] ",',f,' 1 19r1lng In course _. 1\, .. ' t,i;' 

1361. Marine EnRine D€Sign::~'!':>\'n 
A course of ninety hours in the first term of the 'graduate'," 

year in the design and drawiLg of a reciprocating naval engine.:~ 
including the determination of power, proportion of partst,and.:~ 
stresses. neta i Ie d drawings are made and the cons truction tlHd~,::;:, . 
Clssembluge of a nG,val engine and auxiliary maehil1ery, including", I 

::: 5 ~ r 0::: :::. s: ::m d ,~:::: ::: ;.<·:i >jf;j:;c~": 
",' ;' ~ ~~.;:. ~:~ ': ~i, .'~ 

A course of thirty lectures in the secQnd term of the-,seni'oj 
year giving a discussion of arrangements and construotion' ,of ;.;J:I" 
various types of steam turbines, and l!1ethods of determining,) .. ;~~~-:; 
sizes and proportions requ iLed for, the development and d is-'· i);: 
tribntion of power especially as applied to marine propulsion:;;:',' 

1372. Aeron[)utics :~:' ,',:~--,:;~:: 
--- '1.',,"\ ,,' ... ", 

:._,., 

A course of thirty lectures in the second term gi~ing'th~~; 
essential prinCiples of experimental and theoretical aero-, I .;', 

dynamics, theory of aeroplane design, theory of dirigible. de~;r:,: 
sign, history of flight, and dGscription of modern ail' draft.)·~ 

I, '~ ..... ~'",;~ 

1395. MO_del. M~king: "·,>L:.:,,"~< 
, , , '.. ;- , ' 

~ '" .' ~ ,:' '\ < :~," ~ 
Each student in Naval J,rch i tecture after having designe'd C:" 

a set of 1 ine s for a ship is given twenty··iive hours instruo-« 'Jr 
tion in cutting a model to those lines, in order that,a proper \ .. ~ 
conception of the form of the ship mny be had. . . ,; '\:',.;i;:~:>: 

To aid in shaping the model two sets of'lines are trans ... ;,~" 
ferred to the model. In the first place the lifts or ·boards~-o·. 

"54- , •. (.':H~~~d:l\ri 
)., j' '\ \I}' , 
4 t .... , '.t'., ...... tr ~ 

.... ,.... : •.. {)'. '.( ,t..I' l.:'--.' 
, 1 ~\;: :"'J~-.!'~~:)I. v 



': 

" 

.' .. . ' ,.' 

Des. 

20e}}. 

2002. Fire Pr~nfing and Protection. 

2003. Heating, Ventilation, ~ Refrigeration. 

The jll'inci;)] es 
systems; methods of 
plants. 

2004. structures: 

• • I I;' ',~ ~ ~,'. ""_\ '~. 
I {. • i • } i " I ' , 

,'~'. ':>~:'i~: I,i. \: 
". 4 ~ , I· I. 

\ I . " ',. ' I . ;i~.~,"'~~ 
~~uilibriurn sMl stability 0I stl'uCtt:l'€E - tf.:nE; ichirone~7~":.t' 

buttTesses, abut~ents, retaining w&lls, :ie7£., ~rc~et; anFlyti6: 
&.1 ai1d ~Y1-:;.~)hict'l anal~lSiG 0i fr[::n€cl ctrl).ctnref.. - beams~ columns, 
trusses; s'''€cL:tcatit)ns :£01' maconrv corlstruc~ionL Rna :;:02'.',prid.:;e 
foundc.tion~ !If structures; revi.ews" '"Ii E':ecial 6tl:'uctures.'::!~i::: I 

2005. Llectrodynr:.mi.os: ·.',t,'{:Ji:;:~.~t: 
'\ \, I" (~ , J~. • I. 

I" ,';:\t~ i~4:~ t~, 
nlec'~ricil;~r.- ~heory; m€th0(~E: 0i :'roducin:j electrioity; ;_."! 

i ts Vl~l'ious effects i fun(lH:·wntal la1NG of :TIpc;netism. electro->:; > 
ste. tic s fUr. elec trf)dyn~'mio s; elcc tric~l "'neA &urements." LRb or,:', ;1.: 
atorp wor':; me8cnrements :If P1E' :;netic fi.€ 1?-,8, m?3'netic' per,- ',,. .. ' 
roea'Ji.lity and hJstel'Gsis, r.esiEtfllce, cnrrr;nt. :otential;,.'.cai'~<'! 
-)Geity snd induction. ,;, ' 

J " ',~" i,.,!, ',;.'~' "',,; . 
2006. Res is tai1c 08: .:, ";I"i:.,j?/\'.,,(. 

;~teriaIB ~1 Constructinn.- strfns~h of meterials ~'metals 
)11i1d1n5 ntnnes. cements. timber; -Cost s ['~lC inE.;:' ecti an of rna .. ,.::. 
teria1s; manninc ture and use. af IT.RteriFls - metals, 'oe:'nents f):,", 

eona re t e. me S onr)' • t; m be r . _ 55- ,,',.; /"';;Y/<::'I;"~;;' 
.' I '/" l/j:l~>_l ,'t~:J :'\ ,,'t, 

. ' '>,:"~ ';/;r;;\jtf~lN:;/;/ 
'~':"I,I., "'.-ti r' 'tl,,'f\ i: ." •.••• '4/l( 

••• ' l;~ll,I'il 1 ~jlLJtltl3A08 1V a3JnamJd3C1 . ' . ',' '. ':;-::"!r<;~:;~6MiJ~1¥t 



, : 

Des. 

'En~ineerini botany. 
of -preservative treatment 

2008. GeoloR:Y: 

Rensselaer. , 

Structural; historicaJ,; a~plied. 

2009. Stone CuttinO' Theoy-r: _______ ~ ___ iL._ 

' " 
' J" . 

, \~ 

§~~r.eotomv. stone cutting. theory an~ plates. 

2010. Minc~a 10 (q T: 

Crystallogr~phy; descriptive and doterminative 

2011. Arch i t ec ture: 

2012. rnechanical IJ[l.bor:ltor~i : 

Calibration af gauges an~ in~ic8tors; 
of simple and cnmpound steam engines; tests 

2013. Mechanics: 

• , .: J • ~ '\ ' .. ,~\ ~; ~ . • 1'. 

" i "~ '~ ;, . " ' . 
• I \ " . . ~ 

. " .' ~' 
.' . . ~ i ~ ' ;\' '". , 

rt1in·e~ai,o:·fi;. ", 

, . ',' : "" " ,; :, ,t ·;i ..... ; : · t~ -~ 

Ratianal Mechanics. Mechanics ni solids; mechanics ',of >:, ,:; ' 
fluids; mechanic c,l T,!'nblems. , : ,:<,J:" 

. . \' : 'y: .. ~ -~~ 4' 

2014. l'nechanics: 

A continuation of Course 20l3. 

2015. Electrical ~easurcmentn. 

Calil)ratton af instruments; com::1arison ' af 
perFl.ture coeifie i en ts. 

2016. 

" 

, ( 

l~lWNM1A09 IV 03JnOOUd3U 

.. ' : .:):~:!i:5~;!']; 
standard s ; ', : 1; 'em'~ ',-~· 

, . 



t , 

- . .'.\ " . ' ,,' ,' " .' .,;0....'-\. -' ·~r · · ·,. \ .. ·1 . R 1 . ,'~ j ~ ' / { { .,~ J.' t! ! ,o:".} f. 

op~ratior. , 
genern.t·.)rs 

o h!, me 1;0 r t 61; icc ur~:: ~ s :~~~; cn C;I i he ,;~~U~~~;;~:t%l~*"::! 
- ')1 ' 1"\ • t ",' '"If;' (I ' r ) " 11' ~ ' oes' i, '4 - · ;'lfl /~> ~ 'I \,(i.f ·:~ nna , !n~ , .,rs, Colin .. !..J. '. "'-1)]1 . c'.n ' . ... ... 'i :·,.-,'.', :.': .. ," !.I',' , :,j',., 

..... ' ': , ,, ·,,!. : \~ ;. '<'~I':/ \~c i . '· ·l 

.\ 1 t e rna t ir,r ~ n:rren t :'1a8 hi ne ;3 : ;1'}18 cry ;me t he r"lc),t i cnl'('the6ry';';' 
0f altel'natin;:r cU'1:'r8n1:8; 21tAl'D:d;ors; f) r nChr0nous Emd ' indu'c -G1on<~ !: 
motors; t·nl.ns fo1'1llor G; el)ntrol1in,-5 a:')pli~ncesi; switchboard ~ in~ ·;. · "i:· 
strurnent S t LCcbl)1'P.t 0 1.·Y \'/Pl'::; 0V ern 1.; i I)n, 0 hHrllc tori st io cll:rveS-'I:: ;'~ \\' 
effie i oncy and hen t runG ''If :::;Lng l e n ne1 po~yphHG e iSenerat orB',nn f,~' 
mnt fir s ' .' .' ,.,' , ."d .. ,; ; 

2019 . Mn r p'm 1 ",, -,- ' . < :;e"'~~~fJ!~ 
1: opo graph ic ~:l :;)r'lWL1S'. Con t (mr yO[~ ~l; me:;- I):;: llYn, {()eiriii1htC';i ' ". 

:::: ~ y . £1 e e t r 1£ h f~1' t; ,v"; , .<;).,:, ::t;;)·i·" 
~heory; e.re ar:d incandurcenL laY:JI)S; inter'ior and stT'eet ·' · ~ '( :. 

lighting. , . . " . ,Ii ,t~::,·{ ;>':'<~ 
2021. !es.!i~ Ljh?r8.~~!X:~",·)"O':}-\. : 

2022. 

2023. 

. I' ,', , " 

~·al1te rials ")1' Oonst:cu::! ti on; - A c nntjnll~l tl on nf ' Cours~ 2006>: 

, 
I 

" , 

. . ' :;',: " I'/ i : i ~ I',,;:,~ 
. . • ... " ". ,' ·'t" ·! 

Thl'lory; e~llinr!lent Lnd ollerution oi central pOVler . pr~l1tB~ i: '::: , 
, , . . '~ ". ,-' . 

, >" '~ :: ~ . i ~. > 
. . :, ">, ':,', \ , -, i; 

Railroad En:;inE.ering. 'llhe d:!SCULf:ion rlf simple · and pom-~::! 
PQund curves, vw:..'tienl curveE:, sf) i rals [1.l:d oarth\'vork ·nnr., :the · q , ,' 
c ·.1nE.truction of e wrtlH/ol.'t:: t a b1es c.nd diagrams. 'llhe,useofths ':'i: 

8
2
' 0

1 ~ d
4 

e. rn lei 11 r a i 11'0 a d p r ~) b 

1

0m s • ~ , . ( " .... ' ';.: ... ': ... , .... :, ... i·.!:; .• :, •...... :/.,:.:.,., ••• ;~.~.·,.::.;, .: .. ,.-':'".'I~:. '~": 
~ Central Sk. ti.on ~/lech[m1cFl.l EC'1l.i'Y)l1ient: . ,~ --'-- - _ .. _- ------_.- --------

Theory; cqut~mont ~nd operaTion of central ,ower 
, \ . ; ' . ' . ~ '. : , ~ . I 

plant', ",,':: ,,'.' 
' " I ', ' ." ,. " " , .... 

2025. ~lec~~ic~~ Bn (!.ne~!:~Y!.i g2-nl' s e: . .'> . :: ; :.~~ ;,.;;' .. "';,: 
,i, Te;:t boo'leE" If'chn'es I1n(l l p" J"l't1to:ry wnrlc; the Tlrinciples \:.:: 

of n1ternatiYl3' un:crents; dh'cct [mc. (:IltE;rn<'l.tims current gen":": :,. ' 
erRtoTG e.nn m0t :) J~ U ; 1'.,Lary (j(;nvfJl'i.:c;rs [' nt1 tr'::.i.Y'Gfol'!11ers; ,stni"s'5'e 
butteries; the t:tRl:smiflsion (:u-~d r,tstrj,rmtion nf electrical :: - :.' 
enerGY and its a-_l:,ltcation in Tuilway [~ na. y'>ov/er \'lnrk. ;:light1nk,/ 

:~:6 ~l e~:::::: ::: c:': y~ T ',e e S G e s . .' . " ' :~'i\:,~~, ;c:,:;) 
':i:cxt bonks , lectures nne' cfllcul n. ti (Ins ' on ,n\'l6rrequ'ired :; , " , 

80P)-,ress air in difTere~1t t'1-eL f)f r:cc~linel':r; utilization':: '.!: 

," s~)',~re&~.e: ,8 ~"" j.~T .. ~~wer '~i:;:Les~ ; ' : · /(~:l,~;~lE:2 
I t,1 1l ·JtJ>llAO~ IV a:nnaO(JJ3(J • .: , . ', ' 1~· "t '.".-(!7 •. ~·:, 

,T ' ! ~ ... If ' : ' .. '",,' ., ~ 1 



".'" 

Des. 

~,~:; ~L ~t!1:;"~~f).~;~:~{: 
.. ',,~ ~, ," ~ :~'f\:t .• <t~~};, i +tl;r;~~:""/;, 
'., '!. "f 1-Vl.';~I-".\1')' 
,(,. ',"f,r. f" "H~:.r ~,,,,t"{:~~':l'·~~.·~ 
. i ',', 'I"": ·,~··tl,·, I, - .~, . ,{,' ; :' l'1{.~t'f 'I' 

Rellflsel.H_er. ". ,~,·\;,::,~:::p·,~pn/ 
__ ~ ! ,t !' <, \ ". - p".t 

2027 . !!1~~rna~ QOJ1lPlls ti <>n r;Tlrrln~ ;JeB ign: ,\Y:'f:'\~;¥~~'1i'; 
Gno and oil engines. The '1eculiaritiesof the design,pf':\:,;,;:.\ 

gas an'l oi 1 engines; ionos of en;sin6s; fuels; governing; i3'-'.':/.-'<;'.;[' 

:::: ~n ; P::: ::: ~:c:: n::ne . , • ':'::j:,y(;;,1'1~::~,i 
.) , .... it \ .:\ ",.}~ 'L, 

, , ,t _, ,',. "JI, ,.I, 

TAxt books, lectu~es, and design calculations; historioal~~~ 
develo;,Jment of pnmping machinery~ design Df pumps fnr, sreotiio;:'}:", 
duty; nnv.lyniE D£ testG of y1umps 8.nd pumping ,engines,' ·'j~ •.. \:::~t:< 

t, ,;~,.' '; '-:~~.~~,;:/ t!/\~.~ 
2029. Blectrical ,Tranrmission & Distribution: ,~' t , ~', ( Llj_' ';, 

1 I ..... :' ,'i " ~. ' .... " .:,.\ I 

" '1i ~ \,.'>;, \' I f 
. , " t / '; \ ,:. ::ft: 

TransmissiDn and distribution Df electrical energy. '~he~rYr 
direct and alternatiDrr current systems; lon~ distance transmissio 
lines; overhead and una erg:cound diE t:ci tuti D11; ooet of rr0duc ti on' 
and distributioni dep:teciat1o:q; f.)sta.'bli:::hment of rates:·- . · ... ;.:1:;,· '/ 

\ "J' " , 

' .. ".) 

2030. Li.;;;h.:!iing" Tr_~nsmiss}.2Q §:. Dh:tribution.App'arntu!s:· .:';) ·.:ti':;:>. 
, . }-. '\: " :'.;:-~~'J"'~ 

Laboratory 1Pork; (;fficienoy dis t ribution Rnd life' tests I' ,:',/.;j.') 
of arc and incandesaeTIt lamps; cable testihg; in8ulation; 6on~}~: 

:::: ~ v i :~~ 0::::": ::::: ~ i :: e_:_:t_:_' :_:_, ~ r B . './ ::I,,'\',~.i!.:;.', 
~ I " , ' • ,l'f\ I, ,r 

. . . . '~'".,i':))>: 
2032. Central St8tion Arohitecture: 

2033. Brid~e~: 

1\, ,I. ( •. '0,. (l, 

Caloulation of stresses in e.nd det8i18 of bridges 'and -'~,.\,;.f' 
roofs - 111t. te gi rdere, trus s bri dges, susrenei on th.dge s,. cantt':';'" 
lever bridges, draw 1Jridgos, r·.)Dis. " .,;.;' ,;1, 

2034. .' ~,:: <,>'.:J"~ 
, " ,f( ,:,·,~:'",,~~·';\'l~ 

rlp-ter SU71l)ly Engineering. Souroes of SUl'y:Jly; qua.lity:of.,;·:,,':, 
water,; drinkinK' water and dise["f>e; l'iver and, stream water; .'natur­
al purificati·:m of water; lc-:l{e ~:nd ref:.ervoir vmter; ground',." ,I, •. \ 

v:ater; a:,:tiiicial pnrificHtion of water; ctruotures, - -\)aSinB'~<J 
cnd filters; aqueducts; pi~e lines; eistributtng sy~tems;, dam~i~' 
reservoirs; s'tvnd pipea; pumpir.;;; machinery. ' ' I ".:'",,'; :',": . 

Sewers: Houso sGwa~e and 
se·-t;.rste Dnd· cOlYJoinee s:istems; 
p0sLl ~~e treatment. 

2035. 

\ I I" (' '" 'I , 

, " f'" ~ ~. l ;\,:, \' \', 

ra.infEtll; formulf.e for fl'')w;<:'·':' 
8'enernl desiJn of plr.n.ts i }is':<;.'} 

, . ';, : ',!:';i:.,:::\i~'j~';: 
J:he desi8'n; conEtrnctiDn 

~1MII __ an(~h~~ty". ~a~nts 1.+", " , ... : .. r 

end eo on !)YlJic s of common ,: !?l)a'ds}f;::~;;;i~XA 
J ~ ", " "'.~' '. \, .'~ • ,1': ~~':~f'IJJ~ 
'", ,~,;';;r':r1,;j,?!~, 

: .~'\,=1,in IHllJtnnA09 IV 03JOOO(Jd3(J ~ _Hi. .' I'~; ~>~: '~1~(~k~'?;!';: 
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'\',: >i.:r ':~\,-:.I .IJ ,~~.J~:' .. ~\~~~\ ; ' 

. ~ ", '" ' I~' )'~'~~ ., 

': .: ... /,;~~; /.~~~~~~:;:;~;~~,;J;r: , ~\ 
I ...t ' .• ,(' .... " ',' ; ,') \ ~,'i 'i" " 

~:: ~ " T,aw n f Q. "D.t;:~9.t 0 : B"n s s" l"c

er 

",' ' . . ,,',;,',' ;,~,".,'.:':,!,'.', .. ~ .•. : .. :,:',:.' . '.~.' .•. : .•.. , .. : ... I ...•. '.J.· •.. , .. ,·.; ••.. ,:.~.'\.):.,.,:".i: •. · ... : .•. ·:~ ..• '.·;r .•.•... : •... ,'.'.:.:.: .. ·.'.' .. :.~J ..•. ; 

2037. !!~~atill ,R' ~!~f .'!.£~LtL~t1!2!I !::<.hn~~tnrY: .-. ,. : 

Exp eriut?n to.l c.P'·~c:cmi nO.t i on3 OJ the he at i1:3' surfac e . e~-: " ,-i·.>:i·; ::; :: 
fieienej es (')f diffcl'ellt tYlleu of radir;.tors, he: 8.'Ling, aJlc. cooliug·,;\;.,i 

::~:~; ~::::c n:G:::C~ if:;
in

5 np~~rstus" . " /,i''f:~X;.~;fi 
.1 f ' 'f"" 1. / Dusi3'l1s; dG~ rdlQ.1 chep c.n1-:1jj.r:2,·f3 /lnd ec-:;tb:8,tes (') . cost 0 ',' ) >.: 

::::~eE ~R::~:::'i::,::n:~'!::~::~t in" tri] Sf s snc. ,ShOP .nrk' •. ; •. {'~:;}~,u 
f'l1ntcrial£ ue'3d in l'ai1.1'o8d c0nstITcti'.m; tJH~ locomotive", ':;'·.', 

\ \' •. ..t. 

train nnd other :;;·(:[;ist';'i:c.:8;:;; L'-ecC. :' :ro"u~e'T.::':; velocity. profiles ;,',' 
the economi.cs ·:)f raill'oac1 IncatiCJ!,,!; rEl.i1rot~d. sif~nal:!ng: . rai'l-, .: '; 
road BUrVe~rf3 - the~)ry 8.tid ~-:rc~ctice.- ' . ' ' ': '(', 

" . ,; '.','! :':, ~y" ,i/: 
. .. ,' ~. , .:; . 
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