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UNITHED STAUS NAVAL ACADIMY,
innapolis, Mda.,

PAST GRADUATE DEFARTMENT, , :
 May 1, 1915,

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

(A} Mechanical Engineering;
(B) Electrical Engineering;
(¢) Ordnance;

(D) Naval Construction;

{E) Civil Engineering.

2. In the following statement of curricula, courses are
iyignated by name and by number, which refer to descriptions of
irses, given later. The courses given at the Naval Academy
- grouped according to subject matter,- 100 to 199 dealing with
hematics and lechanics; 200 to 299 dealing with Mechanical ‘
’ineering subjects; 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 deallng with Ballistics.

3. Courses 100-199 are conducted by the Professor of
hanics and Engincerinz Mathematics; Courses 200-299 by the
fessor of Marine Eng1neer1ng. Courses 200-399 by the Professor
ilectrical Engineering,; Courses 400-499 by the Profeoaor of
trical Engineering and other professors in the Academy
yially assigned to this work; r‘ourses 500-599 by the academic

irtment in chsrge of Chemistry; Courses 600-699 by the Ordnance ’

irtment of the ﬂaval Academy.

4. Courses pursued by naval officers at other institutions
included in these curricula are designated here by the titles
numbers assigned them in the catalogues of the respective
i4utions. The courses at Troy, N.Y., not being numbered in
catalogue of the Rensselaer Polytechnlc Institute, are here
gned reference numbers above 2000, .

5. At Annapolis, the day is divided into three periods of

two to two and 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 instrusctor. Tach =

nt officer is expected to devote from ten to fifteen hours yér'
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: to study, outside of workinzy hoursg. This time is avatlable
preparation for both laboretory and classroom exercises.

6. At Troy, H.Y., the day 1is divided into periods as at
ipolis, while at lNew York and at Boston the time unit is the

.

CURRICULUM (4.

MECHANICAL ENGINEERING.

st Year. (4t Naval Academy).

First Term.
‘ Periods per wesk.
Class. Lab.

101) Mathematics {a)...... e e e 2 0

111) Mechanics {a).. ..o o 1 0

121)  Applied Mechanics (a)..........cooviiiu.nn . 1 0

201) Strength of Materials & Machine Design..... 1 o

203) ThermoAynamiCS. . ..u.vveernnrinnneneenesns 2 0

205) Mechanical Engineering Laboratory.......... o "2

207) Steam Power Plant Machinery........ e 1 0

301) Theory of Electricity....... e b 1

401} Physics of Heat... ... e l} 2

403) Physics of Light and Sound................. 1.

B0L)  Chemisbry. . ce et ittt et e 1 1

Second Term.

162) Mathematics (D). ... iinnn i iieeenn, 2 0

112)  Mechanics (D). eiiei e 1 0~

~22) hpplied Mechanics (b).............. N 1 0

202)  S8trength of Materials & Machine Design..... 1.5 0 -

204)  PhermeadynamiCsS. vt e it it e it e it e i) 0

’C6) Mechanical Ingineering Lahoratory.......... 0 2

°C8) Steam Power Plant Machinery................ 1 0

YL2) Valve Gears. ... ... e .5 0

(i£) Direct Current Dlectrical Lngineering...... 2}

%) Physics 07 Featb....oveneerrnnnn.. e . 1 2

14)  Alternating Current Electricity............ 2 0

Summer Term.

52) Advanced Mechanics. ,

K1) Practical Wcrk at Experiment Station and \ ~
Machine Shop. o :

—2.
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econd Year. (ALt Columbia University, New York City.)

LA 4

shop Practices Option.

Pirst Term.

Periods per week.

) Class. Lab,
M.E, 1556 Shop Processes & Machine Tools........ . 1 3
Met. 131 Metallurgy of Iron and Steel.......... A 0
M.E. 117 Engineering Thermodynamics............. 2 . 3
M.BE. 131 Standard Testc & Exnerimental Research. 2. - 3
M.E. 119+~ '
139 Machine Analysis & Design.............. 6 6
Second Term. -
M.E. 152 Orzanization & Management............. . 3 0
Met. 156 Metallographic Laboratory.............. - 0 3
M.E. 118 Engineering Thermodynamics............. 2 3
M.E. 132 Standard Tests & Dxperimental Research. g 3
M.E. 150 Steam Turbines....... i iiiivennn 3 0
M.E. 122 Gas Power......iviiiin i iacnanns 4 3
M.E. 120~
140 Machine Analysis & Design...........v. . R 3
Design Opntion.
First Term,
E.E. 101- | o
171 D. C. Electrical Apparatus............. e 3
Met. 131 Metallurgy of Iron and Steel........... 1 -0
M.E. 117 Engineering Thermodynamics............. 2 3
M.E. 131 Standard Tests & Ixperimental Research. 2 3
M.E. 119- .
139 Machine Analysis & Design.............. 6 6
Second Term.
E.E. 102 Selection & Anplication of ILlec.Motors. 2 -0
Met. 156 Metallographic Laboratory............. ' 0 o)
M.E. 118 Engineering Thermodynamics............. 2 3
M.L. 132 Standard Tests & DExperimental Research. a 3
M.E. 150 Steam Turbines...... ... ...y . 3 o
{4.0, 122 Gas & 0il Engines....... ..o iiiunenn. . 4 ]
f.E. 120-
140 Machine 4nalysis & Design.............. 2 3

Summer Term, Mechanical EIngineers.,
frectical worik at che levy Yerd, New York, H.Y.

<
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# CURRICULLUM L@lg
ELECTRICAL ENGINEELRING.
irst Year. (At Naval Lcademy.)

First Term.

Periods per week.
Class. Lab.

(101) Mathematics (@) ... oottt 2 0
(111} Mechanics (@) ... .ttt it .. 1 Q
(121) Applied Mechanics (a)......... ... ... ....... 1 0
(201) Strength of Materials & Machine Design...... | o
(203) ThermodynamicCB.......uvevrneeeonnnsenennnens 2 0
(205) Mechanical Engineering Laboratory........... (VI e
(207) Steam Power Plant Machinery................. 1 0}

(301) Theory of Electricity......covveviueennn. e 1Yy .
(401) Physics of Heat. ... iiniinnneernnnnnns 1 2

(403) Physics of Light and Sound.........ocuue.nnn ‘ 1
(BOL)  CRemisStry. .t i e ittt iteeeinnennn 1 1
Second Term.
(102) Mathematics (b)................... e 2 .0
(112) Mechanics (D) ...ttt ittt i 1 0
(122) Applied Mechanics (b).......cciiiiiinnnnn. 1 0
(202) Strength of Materials & Machine Des1gn L 1.5 0
(204) Thermodynamlcs .............................. 1 0
(206) Mechanical Engineering Laboratory......... ‘o 0 2
(208) Steam Power Plant Machinery............... .. 1 0
(R12) Valve GeBTS...urtirtinernrenrnnenoaneniennes .5 0,
(302) Direct Current Electrical Engineering....... 2} o
(402) Physics of Heat......vvvierunnnnnnnn.s e 1 .
(304) Alternating Current Electricity............. 2 0
Summer Term.
(151) Differential Equations of Electricity.......
(361) Practical "ork in Electrical Engineering -
% . Laboratory. '
ond Year. (At Columbia University, New York City.)
Electrical Group.
First Term.
E.E. 101 Management of Electrical Machinery........ 2 0
E.E. 103 Electric Motors........... i ninn P 2 Q
E.E. 106 A. C. Engineering........ .t nnnanns 3 G
BE.E. 109 Telegraph Engineering................ R 1 0

Y
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183
173
201

. 7131

1556

103
106
108
116G
154
176
178
202
214

52

101
1056
109
153
173
211

.109

131
155

10=
106
108
110
154
176
178
212
110

52

(First Term, Elec. Group, contd.)

Periods per weed.

0D

Design of 'D. C. Machinery............... ,

D. ¢. Machine Laboratory........... RN
Seminar, Electricity on Ships...........
Metallurgy of Iron and Steel............
Metallographic Laboratory...............

Second Term.

Electric Motors...... o ieiiiiinenennsas
Electric Plants. .. ... .. i .
Plant Visitation (optional).............
Telephone Engineering...................

Design of A. C. Machinery.........c..... ¢
A. C. Machine Laboratory................ '

Instrument Laboratory...................

Seminar, Electricity on Ships........... ,
Radio-telegraphy Laboratory............. '

Conduction of Electricity in Gases......

Radio Engineering Group. |

FPirst Term,.

Management of Electrical Machinery......

A. C. Engineering........c.oiiiincins .
Telegraph Ingineering..,...... PP
Design of D. C. Machinery...............
D. C. Machine Laboratory................
Radio Engineering Laboratory........ PR
Theory of Zlectric Circuits............ .
Metallurgy of Iron and Steel........... .
Metallographic¢ Laboratory........ cesens

Second Term.

Electric Motors....... ... i,
Electric Plants.......... ... v,
Plant Visitation (optionall).............
Telephone Engineering..........cveuveun..
Design of A. C. Machinery...... e e
A, C. Machine Laboratory.........ccvoue.
Instrument Laboratory...................
Radio Engineering Laboratory............
Theory of A. C. Machines................
Conduction o1 Eleotricity in Gases......

{
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Summer Term. (Blectrical & Radio Groups.) .
Practical work at Nevy Yard, New York, N.Y., American
Telephone ¢ Telegraph Co., New York City, and at the ‘“orks
of the General Zlectric Co., Schenectady, 1I.Y.
CURRICULUM (C)
ORDNANCE.
rt I, General Course, (18 Ionths). Periods per week.

Class, Lab,
rst Term. (At Naval Academy.)

(101) Mathematics (a).......... et 2 0
(111) Mechanics (&) ... it e e innen. 1 -0
(123) &4pplied Mechanics for Ordnance Students... 1 0
(205) Mechanical Engineering Leboratory.......... . Q 2
(301) Theory of Rlectricity. .. vvuereeiinninnnnn.. . 1.

(401) Physics 9F Heat. ..ot iiner i rnnnnneens. lg? 2
(402) Physics of Light and SO s v 1 .
(501) Chemistry....vvveiineineinnnnnnn. PN 1 1
(601) Interior Ballistics........... e et . 2 0
(602) Exterior Ballistics............... e - 2 0

A
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Station

Detail -

Sub jects

Inshec-
tion
Trins.

Lectures

Text
Books &
Refer-
ences

Ordnance.

(Bethlehem
- &
(Midvale.
3 months.
glnspection Methods
( (Lrmox ‘
( (Projectiles
(Ianufacture of (Gun steel -
( (Castings, steel and composition
{ .

(Tests of material
{Specifications
(Metallurgy
{Metallography.

(Frankfora Lrsenal
(Vatertown

(Carnegie

(Carpenter Steel Co.
(Steel Casting Plants
(J. B. Semple Co.

- Insmectors and Lssistents, and Company's Experts.
i *

(Harboard

(Campbell

(Howe

(Stoughton

(sauver )
(Lake

THE S I 5.
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Qrdnance,

Station - Schenectaday.

Detail -

Sub jects

Tnspec-
tion

Lectures

Text
Books &
hefer-
ences.

2 mor.ths.

Edison - ei>otr10a1 and optical features
o1 moving-picture machines.

Ixid2 (Phila) <

Diehl

Srercy Gyroscone Co., New York.

{ (Motors

{ (Controllers ] ‘
(Electricity (Rhecstats

( (Shop tests

( (Meters

{ (Telephones

(Storage batteries ,
(PFire control.

(Wa tervllet

(Westinghou

(E

(

(

{

{

- Ins»hector and Company's Experts.
(Bullaxrd '

(Army Dvd. Dent. «pamphlet nf instruction #2336
(irenkiin & Loty

(‘*homsen, Vols, 1 and 2

(Fester's Llectrical Lncineer's Pocket. Book
(Bureaun Pamphlets. -

R 8
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Jrdranse.
Station - Rochester.
Detail - 1 month.
(Ontics
(Ranze finders
(Snotting glasses
Subjects (Telescopes
(Periscopes
(PMire control in general
(Photo apraratus
(Keuffel & nsser Co.
(Brashear, Pittsbur:h
Inspection("arner & Swasev
Trips. (Subk-Tarzet Gun Co.
(Coast I'ortifications.
Lectures - Inspector and Commeny's
Text Books{IZdser
and (Heath
References(ilulton's Mire Control
(Bureau's pamphlets.
.
THES IS,

Experts,

1

e e e e T

C R iy e A Qs e




Ordnavze.

Station - Previang Grounad.

Detail - 4 montus.

Procf of ordnence material - guns
projectiles, fuseg, mechanisms,

Interior tallistics
\anviaoture of nowder
xplosives
(Balllﬁtlc o1 penetration.

(

(

(Bxterior baillatlns
Subjects (
(
(1

. (3andy Hook
nepec-~ {Dupont's
tion (Pickatinny
frips. (Iona Islend
(Ft. Mifflin

powder,

etec.

ectures - Inspectors ané Assistants - Chemists.

Exterior Ballistice - iAlger

armor,

Ballistic Tables - Inzalls (Art. Circular M.)

{
(
ext ( (Brynk
ooks & (Interior Ballistics (Ingalls
efer- (
nces. (Guttman

(Brunswig

(Vieaver

TH®SIS.

~10-

(Bureau Pamphlet

‘
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Cur.

urinnnce.

VI. Washington Navy Yard and Bureau of Ordnance.

Detail -

Subjects'

3 months.
} N
(Bureau organization and files; pamphlets and
SUeOlflCdflOWS
(Washiinzton Navy Yrrd orzanization.
(Draftiny and desizning, organization
(Buresu of Standards - equirment
(Elastic stirength guns - utren*th and powder curves

(

( {Guns

( (Breech mechanism

{ (Turret mounts, hoists,

( ( rammers. .
(Manufacture of Ordnance (Broadside mounts

( (Sights, turret and .
{ " ( Dbroadside

( (Drill equipment

( (Submerged tubes - [

( (Fuses, rrimers, cart-

{ ( ridge cases '
(Machines and Tools - uses, nomenclature, costs, etc.

(Bureau Officers, on subjects under Desks

Lectures(¥. N. Y. Officers on " " -

Text
Books
and
Refer-
ences.

(Ordnance Engineers, on subjects assigned.

(Ordnance and Cunnery - U. S. Naval fcademy

( ] 1" " -~ Lissak

(Treatise on Service Ordnance (Brltl&h) : :
(Elastic strength guns - Alger, Nulton, Storey,

( Pashkievitsch

{Bureau pamphlets o & !
(Army Ordnance vnublications,

THD SIS,

~11-



Cur,

tar

‘\m

@:dneanc

t II. Special Course, (6 Months).

Powder .and Lxplosives.

Ordnance Engineering and Sun Design. T
Metallurgy.

Optics and Fire Control Instruments.

— s —
e OIS 2
— e et

gpecialty - Powder and Dxplosives.

(Washington
Station - (Indian Head : ~
(Pittsburgh

o

Chemistry - G.'. Unlvers1ty (6 months) Courses

#23 /I L,4

{

Lxplosive experlments - u*oeoted by Prof. Monroe

Burcau of 'lines (1 month)
Subjects

tests - assignments, eto.
Nitroglycerine powders
Interior ballistics

(arplied to tnrpedoes mines, projectiles

Explosives -

(effects of - submerged and otherwise.

Insnection(Dunont's
Trips. (Picatinny
(Magazines.

(
(
(
{
{
(
g“anufacture of nitrocellulose powder and acids - '
(
(
(
{
(

i

Lectures - Inspector, Indien Head, and Chemists; Desk "F'", Buresau.

(Treatise on exp1031ves - Brltlsh

(Abbot - Engineer's Prof. papers,#23, 1881- Bernadon

(Guttman - Weaver - Brynk - Nobel
(Berthelot - Gody (Xrench) - Brunswig - Munroe

° (Revort of exneriments with explosives, Newport, 1907.
rext Books({Easy organic chemistry - Annletcn ‘
and Short Qualltatlve Analysis ~ Iloyes
sefer- n Quantitative " -~ Talbot
ences, Chemistry of ILxnrlosives and o2ils - Var Der ?rtﬂenu

Instr. AFthletu 22334,

" " " - Gody (%rans. by Major T.C.

Jicken, U.5,4.)
Hitro explosives - Sanxzford, '
Dictionary nf exnlogives - Cundhill

(

(

(

(C

(

g‘orce of Lxnlosives - Bureau drawing #39757
(

(

{

(Cellulnse - Cross & Zeven
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Ordnance.
Specialty - Ordnance Ungincering and Gun Design. , '
Station - Washington Havy Yerd. : .

(Powder chambers for nitrocellulose and nitro-
( glycerine powders. ‘ '
(Rifling

(Gas- CheCkln“ devices o
(Breech mechanism - locks, firing mechanisms, and

( metal for same

(Erosion

fStecl and its alloys for gun construction - defects
(

(

(

-

Sub jests

and flaws in it
Liners and methods of lining
Shrinkages, asgignment of
Heat cracks
(Elastic strength - cross stresses
(Forcing of rotating bands, design of, and material for
(Desizn of gun mounts, recoil, ete.

(Watervliet
Inspec- (Watertown
tion (Frankford Arsenal
Trips, (Colt's Company
(U. M. C. Co.

(Desk "D" - Bureau
Lectures (Officer in charze Drafting Room, %. N. Y.
(Attend Lectures ﬁ" Bu. btandards on Advanced Physics
and .lechanics.

(Inzalls Interior 3allistics
(Army Ordnance Pamhhlet £2237

Text (Bureau Pamphlet on Gun Desigm
Books (Notes on Construction of Ordnance (Army Ordnance)
and (Resistances et Construction des Bouches a Feu - Jacob
Refer- (Resistances of Zuns to Tangential Runture - Pashko-
( vitsch.
’ (Navel Institute enc Journal U. S. Lrtillery.

(Rausenberger - recoil of =zuns.

Td LS IS,

-13-
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Cur. | Ordnance. |
Specialty - lMetallurzy
Station - Bethlehen

( (gun steel forgings
(Manufacture (armor
(
(

and (projectiles
Treatment of (steel castings
(various compositions

( (chemical )
Subjects (Tests of (physical (including hardness)

(Material (torsional

g (vibratory

(Photo-micrographs end metallography
(Flaws and defects in metals
(Bureau specifications - study and criticism

(Midvale
(Carpenter
(Carnegie
Inspection(Illinois Steel Co.
Trips. (american Steel Foundries
(Federal Steel Castings
(Watertown

Lectures = Insnector and Com~any's Lxnertis.
& " 1

(Harboard .
Text Books(Howe
and (Campbell
References(Stoughton
(sauver
(Lake

’

THE S [S.
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Cur. Ordnance.

Specialty - Optics.

Station -~ Rochester.

(lelescopes
(Renze finders
Subjects (Binoculers
(Periscopes
(Spotting glass.

Inspection (Keuffel & BLeger Co. '
(Brashear, Pittsburgh
Trips. (“arner & Swasey.

Lectures - Inspector and Company's Experts.

Text Books (Ldser
and (Heath
References (llulton's fire control
(Bureau pamnhlets.

THE S I S.

r
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Cur. Qrdnance.

REFERENCES -« T ERIODICALS,

General Ordnance Publications,

Journal of U. S. Artillery (with Index)
Proceedings of U. S. Naval Institute
Jane

Brassey

Scientific American ;
" " (Supplement)
Journal de la Marine (le Yacht)
Arms and Exnlosives
Revue d'Artillerie
10.  Journal of the Royal Artillery
11.  Kreigstechnische Zeitschrift
12, Zeitschrift fur das Gesamte Schiess - und Sprengstoii=-ic.
Fowder and Explosives.

O DT OI0 -

Annual Report of H, il. Inspectors of Explosives
Memorial des Powders et Saltpetres

Journal of the Chemical Society (English) -
Zeitschrift fur Augermandte Chemie ?German)
Society of Chemical Industry

Chemical Abstracts

Journal of Industrial and Engineering Chemistry.
Chemical Engineer.

ool Her i e T SN I S

Metalluregy.

Iron Age. »

Brass World and Platers Guide
Metal Industry

Iron and Steel Institute (London)
Foundry.

Castings

American Society for Testing Materials '
Metallurgical and Chemical Engzineering '
Stahl und Eisen

OO U IO -

Electricity.

‘e

Electrical World (New York)
The Electrical zngineer (London)

oo

~16- : N



Cur. Ordnance.

COI'DENSED SCHEDULE
OF
SPECIAL COURSE IN ORDNANCE.

Number of Months

Title of Course. Headgquarters. 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
Sept-Nov

Optics & Fire Control Rochester 4 August 1
December

Proof & Experiments  Proving Ground 4 Sept-Dec 4
Jan-Apr.

Ordnance Manufacture Gun Factory 4 Jan-Mar. 3
' - May-July

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

Engineering Gun Factory 1 "2 + do 6

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

Optics & Fire Control Rochester 1 "2 do 6

24

b

~17-
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Cur. '
CURRICULUL (DI

NAVAL CONSTRUCYTION.

First Year. (At Naval Academy).

Second Tern.

Periods per

Class. Le¢

(104) Mathematbics. ... vie v iemennaneeennennens 3«
(114) MeChanicS. . v vt ittt ee et iiiiannn. 3 C
(21C) Elementary ThermodynamicsS................. 1 C
(301) Theory of Electricity.....ecvvvuivuneinnn. 2, 2
(401,402)Physics of Heab. ... ..o iiinninnnreeennnn 2 1
(403) Physics of Light and Sound................ 1 0
(504) Chemistry....c.vivii i inniieinanenneenns : 1 1

Summer Term.

(1556) Mathematics...

( )  Mechanics.

(353) Electricity.

(452) Physics Laboratory Froblems.
(262) Shop work.

Second, Third and Fourth Years. (At Mass. Inst. of Tech.)

Junior Year.

FPirst Term. Hourg per te:
Exer, Pr
(12301) Naval Architecture.........ceeuveireeennrenn 30 6(
(1311} Theory of Warship Design............tin.on.. . 30 3(
(1321) Warship Design, preliminary work...... e 105
(246) Heat Engineering.........ceueuvenneeeneneens 30 6C
(216) Applied MechanicCsS.........evvreeeeenunnnnn. 45 9C
(M37)  Mathematics.......vuevurinrenrernnennenan. . 60 120
(534) Analytical and Technical Chemistry......... 45 4f
Second Term.
(1301) Naval Architecture...............cc.ou... ... 30 6C
{1211) Theory of Warshin Desizn................. .. = 30. 30
(1321) Warship DesSign... ... veinieeennreenanennass 120
(246) Heat Engineering................ e 15 30
(261) 1Internal Combustion Engines................ 20 20
(226) Applieé Mechanies............. e 30 60
(M38) Mathematics. .. 't nnenenan. 30 60
{803) Precision of Measurements.................: 10 1C
55543 Chemical Laboratory........c..iiiiiinnnnnn.. " 90 0
332

Metal lurgy. . v it it i e e e e 45




g?, 3

Cur. Nav. Con.
Senior Year. . .
First Term. , Hours per Term.
“Exer. ~’};’rep
(1302) Naval Architecture...............c.o.ouu... .. - 30 60
(1312) Theory of Yarship Design......... e 30 60
(1322) Warship Design. .. vut e iiiieneeennnn 3 90 0
(1395) Model MaKing. ... oiuer oo iineeeeenenns 30 -0
(229) Applied MechaniCs........vvuviuennunennnnn 45 90
(235) Testing Materials Laboratory............... 20 10
(611) Prlnolples nf Electricel Engineering...... . 75 85
(667) Standardizing Laboratory.........vieeuvnnnns 30 20
(EcB1) Political LCOomOmMI. vttt inneennnnns C 45 45
Second Term.

(1302) Naval Architecture........................ . 15 30
(1312) Theory of arship Design.........c.uuvvvnvnn. 30 30
(1322) Warship DeSign. .. vyttt inrirnieerannnas 90 0
(1365) Marine Steam TUTbinesS..........oveeeninnnnnn 30 60
(756) Sanitation of Ships................. PR .15 15
(M57) Hydrodynamics.....veeeereneennennnenn. c 20 40
(1372) Aeronautics........oeiiuieiiuninnenn. e 30 - 60
(261 ,814) Engineering Laboratory.......covuveeenennnn 60 30
(612) Principles of Electrical Enzineering....... 45 45
(684) Electrical Engineering Laboratory........ - 45 45

Graduate Year.

First Term.

(1313) Theory of Warship Design.................. \ 30 30
(1323) Warship Design......o.uiiiiiinnrineenenenn. 90 0
(1355) Marine Engineering..........ovivivenneennn. 30 30
(1361) Marine Engine Design........c.ouvriuennnnn. 90 45
(261) Engineering Laboratory............cvcvuuvnn. 60 30-
(623) Alternating Current Machinery.............. 45 45
(685) Zlectrical Engineering Laboratory.......... 45 45
(Ec41l) Economics of Corporations.......... U 30 30
(E39) Public SpeakKing.......uuiitiiunneennnnn. 30 15
, Second Term.

(1313) Theory of arship Design..........cvuvu... L 30 30
(1323) Warshin Design.......ovuiriniiinnnnnenenn. 90 0
(1372) Aeronautics, Ldvanced............ e 30 - 60
(635) Mechanical Applications of Blectric Power.. 30 60
(145) Theory of Structures...................... .~ 105 90
(274) Industrial Management..............oeuuun.. 15 15

(EC60) Business Law.....u.vueneenensnenenenennns 15 15

(1305)  MemMOITS. . .. vvtrttete e eeineiienannnns 15 45

== T < ’ 120
durin=z +he summer months the officers specializing in
Yavel Jonctruction ere assioned to llavy Yards and Shin-
tuildin v;rﬁu Zoy mtacyical vork. ’
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Cur.
CURRICULUN (E)
CIVIL ENGINEERING.
First Year. (At Naval Academy.) )
Second Term. ' Periods per weel
Class. Lab.
(104) Mathematics......vveven i eneenannns 3 0
(114) MeChaniCS. ... vuvu v tninuerernenenenennnsass 3 Q
(210) Elementary ThermodynamiCs.......ceceeuueu.n 1 0
{3201} Theory of Electricity..... e e -2 -2
401 ,402) Physics of Heat..... v 2 1
[403) Physics of Light and SOUNG................. 1 . 0
(504) Chemistry. . couee it i it ineennannas 1 1
' Summer Term.
(155) Mathematics.
(156) Mechanics.
(353) Electricity.
(452) Physics Laboratory Problems.
(252) Shop work. AR
Second Year. (At Rensselaer Polytechnic Institute).
First Term.
(2001) ThermodynamiCs. .. ... ovv e uneennneenans |
(2003) Heating, Ventilation, & Refrigeration...... } 5. 0
(2005) BlectrodynamicB. o o ireenernonnennenns o
(BO07)  BOtaANY. . i iiit ittt it ittt e
(2009) Stone Cutting Theory.. ..ot rnevnenns ‘}' 5 0
(2011) Architecture.........oveiiiinineniennunnann | ‘
(2013) MECRhANICE. .. vt ie st e ee e iecneneenn : i :
(2015) Electrical Measurements................o...
(2017) Stone Cutting Drawing..........eeeieveenennn o 5
(2019) Map Drawing.......vevuieeernnneennneennnnnn .
(2021) Testing Laboratory................ fe e .
" Second Term.
(2014) MeChANICS. . v iveniie et ie i '
(2004) Structures. .....vveiit ittt i } 5 ")
(2006) ReESISLANCES. .ttt it i ittt
(R008) GEOLOZY. vttt ittt ittt ety Ve } K
(2010) MinerBlogY. . c'uvue it it ieeneenn 5 0
(2012) Mechanical Laboratory......veiuueneerennenn.
(2002) Fire Proofing and Protection............... : ,
(2016)  MetBlIUTEY .o v ittt ete e ettt enn e 0 5
{2018) D. €. - A. C. Machines, Laboratory.........
20—
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Third Year. (At Rensselaor Polytechnic Institute).
T Periods per

First Term. ' "Class. La
(2023) R. R. CUTVES. vttt ttte e, \
(2025) Tlectrical Engineering Course.............
(2027) Internal Combustion Ingine Design......... 5 0
(2029) Electrical Transmission & Distribution....
(2021) Electric Cranes, Elevators................
(B0B3)  BridzesS......u.uueueeeea e
(2085)  HiGMWAYS. ...t eie e e i, ‘} 5 0
(2037) Heating and Ventilating Laboratory,.......
(2039) Railroad Engineering...................... 0 5
(2041)  Hydraulies.........oveeuronennnn o200 }

Second Term.
(2020) Electric Lighting.........oooooonno. ... .
(2022) Central Station Elec. Equipment........... .
(2024) Central Station Mech. Equipment........... 5 0
(2026) Compressed AiT....................... .. : ‘
(2028) Pumping !fechinery.................. ... "
(2030) Lighting, Transmission & Distribution Lab. z
(2022)  Central 3taliovs dvchitectuce. ... .. ... . 5 0
(2034)  Water Supply and Sewers................... j\
(2036) Law of Contracts................. ... .0 .5 0
(2038) Bridze Design............ PR e
(2040) Architectural Design.................. .07
(2042) Tighting, Transmission & Distribution De- 0 5

Sign.. . o
(2044) Thesis........... ... ... ...l e

_ During the summer months the officers specializing in
Civil Engineering are essigned to practical work as the.
Bureau of Yards & Docks may direct. ‘

-271-
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DESCRIPTION OF COURSES.
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Courses pursued at the Naval Academy.

101. Mathematics (a):

The course is partly review, and the order of topics is
governed larzely by the needs of nther courses taken at the
same time. QOne term two periods per week. \

Graphs of elementary functions by combinations of ordinates
of simple curves. Meaning of derivative. Differentiation of
elementary functions from exnlicit, 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,tiigonometric, inverse trigonometric, and mixed func-
tions ubinu graphical approxlmatlons when exact methods fail.
Determlnants and their uses in elimination. Analytic geometry
of the straight line and conic sections; transformation of co-
ordinates. Application nf derivatives to curves and to maxima
and minima. ©Polar coordinates, length of arc, curvature. -
Technique-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 of Integrals, B. 0. Pierce, supplemented by multigraphed
notes on review topics. '

102. Mathematics (b):-

Continuation of Mathematics (a), One term, two periods
per week, . '

Empirical equations, logarithmic plotting. [Method of least
squares, precision of measurements. The law of the mean, Tay-
lor's theorem, indeterminate forms, power series. Demoivre's
theorem; gzeometrical interpretation of complex quantities.
Trigonometric series. Partial and total derivatives of functions
2f. several variables, with applicetions. Iundamental notions
of differential equations. Differential equations of first order
of first degree and of higher degree. Linear differential
equations of higher order than the first with apnlications in
mechanics and electricity. Special types of differential equa-
tions of hisher order, solvable by elementary methods. Simul-
taneous differential equatlons in two or more 1ndependent variables,
with anplications to plane motion &nd electricity.

Text books: The Calculus, Davis & Brenke, with réference

to tables and henc books, and su-plementeé by multizraphed notes
on advanced tonics.

~20_
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Lectures references and yroblems. Principal reference
’ - —
book, Applied Mechanics, D. 4. Low.

-

122. Applied !lechanics (Db):

The course is a continuation of Aypplied ilechanics (a),
one term, one period per week,

Flat plates; conical pistong. Stresses in curved members
under eccentric 1nading. Resilience under tension, compression,
shear, torsion and bending. Sudden loads, impact. Effort,.
acceleration and velocity diagrams; velacity and acceleration
of reciprocating parts of direct acting engine. Piston and
crank effort diagrams. Turning effort for multi-cylinder en-
gines, Balancing reciprocating and rotating masses for single
and multi-cylinder en3zines.

Lectures and references: The prineipal reference book is,
Anplied llechanics, D. A. Low. Numerous yroblems and exercises
are assigned.

123. Applied Mechanics for Qrdnance Students:

This work is arranzed to supplement the courses in Mathe-
matics and Mechanics, with a view to the special 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 dynamics,
special attention being given to preparation for study of ex-
terior balligtics.

Use is made of ilger's Elastic Strength of Guns, of pam-
phlets by Winston and Nulton, and of multigraphed notes on dif-
feréntial equations.

1561, Differential Equations of Electricity.

Summer work for Electrical Engineers. The work consists
of lectures, assigned reading and yroblems, arranged to meet the

needs of the electirical engineering groun.  Additiomal work in
{ifferential equntions is given, with applications to slternat-
ing current electricity, and to radio telegraphy. Study of

conditions for maximum resonance, &and for sharpness of resonance

“in coupled circuits.

~24-
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162. Advanced liechanics; Summer “Jork for Mechanical Engineers.

Lectures, assigned reading and problems, arranged to meet
the needs of Mechanical Lnglneers hdditional work in differ-
ential equations, with applications to dynamics of machinery.
Theory of internal work, with application to deflections of
framed structures and to5 determination of stresses in cases
not statically determinate. '

155. Mathematics:

This summer course for llaval Constructors and Civil En-
gineers is planned with careful attention to the preparation
required for subsequent courses at the Massachusetts Institute
of Technology and at Rensselaer Polytechnic Institute. It is
larzely concerned with functions of two or more variables, and
their interpretation in s0lid geometry. Systems of coordinates
in three dimensions; rectanzular, polar and cylindrical. Solid
analytic geometry of the plane, the straight line and simple
surfaces and space curves, use being made of partial derivativés
and their geometrical applications. Total differentials, with
anplication to small errors or functions of several variables.
Maxima and minima of functions of several varigbles. Multiple
integration in rectangular, polar and cylindrical coordinates,
with applications. '

156, Mechanics:

The work of this summer course reinforces and supplements
ilechanics 114, and completes the preparation required for courses
in Applied Mechanics at the Massachusetts Institute of Technology
Graphical and other approximate methods of integration applied
to areas, pressures, momenis, work diagrams, etc. Fundamental
force, momentum-impulse and work-energy equations applied to
nroblems involving rotation and combined rotation and transla-~
tion of rizid bodies. Harmonic motion; composition and resolu-
tion of harmonic motions. Fourier's theorem with applications.

201-202. Strength of Materials and Machine Design:

s

Pirst term, one period per week; second term, one and one-
half periods per week. '

Analysis of the ultimate and working strengths of the
ferrous and non-ferrous engineering materials, with srecial
reference to Navy Department leaflet spe01flcations Analysis
of stresses in machine parte of standard form under varying
conditions of service and proportions of elements to resist .
resulting stresses.

In the study of machine parts, examples are taken from
the latest available enzine designs of the Bureau of Steam En-
sinceriny. Exeminations are made of the strength and pronor-
vions of boilers, engine shafts, couplings and the action of
recinrocating rarts.

" A -25-
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Lecture course with accompanying drawing room periods,

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

)

203-204., Thermodynanics.

First term, two periods per week, 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
Marks and Davis Steam Tebles. ’

205-206. Mechanical Fngineering Laboratory:

Two terms, two periods per week.

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

i

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.

Reference books: Carpenter & Diederichs Experimental En-
gineering; Holmes, Experimental Engineering; American Society
for Testing Materials; Specifications and others.

207-208. Steam Power Plant Machinery:

Tvio terms; One lecture and yroblem work requiring three or
four periods per month. ‘

Functions of boilers and general relations between boiler
structure and heat absorption; arranzement of boiler surface to
promote heat absorption and water and gas oirculation; boiler
furnaces, mechanical stokers, o0il furnaces; compound and liquid
and gaseous fuels,; heat transfer apparatus, consisting of econow-
mizérs, superheaters, feed water heaters, condensers and evapor-
ators; performance »f reciproceting engines and steam turbines;

26—
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relation of form and adjustment to minimum fuel consumption;

gas and o1l engine arranzements for power generation as dis- ,
tinzuished from steam; use of liquid and so0lid fuels in explosic
engines; mechanical refrigeration.

References: Gebhardt, Steam Power Plant Engineering, and
multigrapihed notes.

£10. Elementary Thermodvnamics,- Theory of heat engines:

The course is devoted to a study of the laws goverhing the
transformation of heat into work, and the applicetion of these
laws to the processes in air, gas, steam, and other heat engines

212. Valve Gears:

This work ie intended to cover the following: Complete
study of harmonic motion and piston motion graphically. Valve
gears for simple non-reversing enzines. Valve zears for variabl«
load engines, including Corliss, Meyers, and other rider valve
mechanisms. Valve gears for reversing engines, including link
motions and Walschaert, Marshall & Joy radial sears Cams for
poppet valves for gas enzines, ete. E£lide valves for gas engines
Knight valve gear, cte. Crank effort diagrams.

Seven 2-hour neriods, partly lectures and partly practical
work at drawing board are used. A BO paze pamphlet is issued

on the subject, complled from standard works on valve gears and
original sources.

261, Practical Work at Experiment Station and Machine Shop:

For student officers pursuing design option, summer work
consists in testing of machine apparatus and materials at the
Engineering Experiment Station, including investizations on
economy of boilers, fuels, auxiliary machinery, metallography,
boiler room accessories, corronsion, toiler water treatment
lubricant testing and chemical 1nvestivat10nb

‘r

Por student officers pursuinz shop practices, this schedule
is varied to allow additional time for machine shop, blecksmith
shop and foundry practices and the study of nractical systems
employed in industrial establishments.

£52. Shop York:
Twelve afternoons during summer tern,
Shopwork time will be available ;yrimarily for construction

—on.
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work in connection with the ¥ollowing courses: Electricity 353,
-and Physics Laboratory Problems 452; time not so used will he
available for the' study of the possibilities and limitations of
machine t00ls under which head the following exercises are planned
Setting up of lathe and turning of one cylinder;

Turning flange, drilling,

Thread cutting,

Taper cutting,

Planer,

Shaper, o

Vertical Drill, !
?;inding, _ (Facing o f

Milling Machine (Gear outting. R

OO dEOH

|

The models worked on are not completed, but carried just
far enough to illustrate the characterigtics of the machine tool.

301. Theory of Electricity:

The course is designed to cover the elementary theory of
direct current electricity. The course runs for 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, & Dimensionsl Equations (1); Coulomb's
law (1); Terrestrial Maznetism (1); Magnetometer (2); La Place's
Law (2); Magnetic Circuit (9). *

L large number of probleme are assigned in connection with
the work of the morning periods. 1In the laboratory eizht ex-
reriments are made by the officers working ordinarily in sec-
tions, two men to a section. These experiments deal with
magnetometer, earth inductor, tanzent, galvanometer, Ewing
Hysteresis Tester, Koepsel Permeameter, Slide Wire Bridge, and
ballistic Method »f Iron Testing. ‘

‘

Text books: Problems in Blectrical Ingineering by‘W.\V%
Lyon; Pender's American Handbook for Electrical Engineers.

302. Direct Current Electrical Enzineering:

The course is designed to take up the engineering applica-
tiong of electricity, particulerly the direct,current machines.
The course runs for one term, using two morning periods and two
afternnon periods. ~ - '

~28-
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The subjeots taken up in the morning hours are given belo
the numbers in parenthesis indicating the number of periods
{ devoted to them:

! Magnetic Circuit and Magnetic Properties (4); Electro-
: static Gircuit (2); Electric Circuit (2); Kirchoff's Laws (6).
Direct Current Machine Generation of E. M. F. (1); Armature
Winding (4); Machine Characteristics (11); Commutation (2).

] A large number of nroblems are assigned in connection wit
: the work of the morning perinds. In the Laboratory twelve ex-
neriments are made by the oificers working ordinarily in sec-
tions, two men to a section. These experiments deal with
Koepsel Permeameter, Carey Foster Bridze, Kelvin Double Bridge
Conductivity Test, Insulation Re81stance Potentiometers, Elec
trodynamometer, Watt hour Meter, Armature Winding, Resistance
Measurements on D. C. Machines, Magnetlzatlon Curves, external
characteristices, brush shifting, compounding.

Text books: Problems in Electrical Enzineering by W. V.
Lyon; Pender's American Handbook for Zlectrical Engineers;
Franklin & Esty, Vol. I, Direct Current. :

Columbia University is prenared to continue this course fi
the point reached in the Post Graduate Department.

304. Alternating Current Llectricity:

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

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; perellel cir-
cuits; series parallel circuits; Kirchoff's Laws applied to A.
circuits; polyphase circuits; "iron" circuits; and lastly, the
transformer. A large number of rroblems 111ustrating the theo
part of the course are assizned.

Text books: Same as for courses 301-302, except that Vol.
IT of PFranklin & Esty is used. : :

)

361. Prectical "ork in Electrical Enzineering Laboratory:

L: : In the summer months laboratory and' shop work prdblems
are assizned from the following list:

Radio Station, practice in tuning and in code; Armature
- Windinz Problems; Storaze Battery Charecterictics; A. C. Tele-
graph system as on the "MORENO'"; Calibration of Lridge Boxes

29~
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for Department of ILlectrical Lngineering & Physics; Repalr of:
Galvanometers; Inductance Measurements, applied to tuning coils,
setting up of recently purchased sechometer. Oscillograph

"practice, photography »f rectified waves, arc method; Construc-

tion of & Radio Transformer; Further exnerlments with dlreot

-current maoh1nery

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

353: Rlectricity:

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

401. Physics of Heat:

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

In the morning periods the following subjects are treated,
the numbers in the parenthesis indicating the number of periods
devoted to them:

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

Bearing on these subjects a set of problems is assigned
once a weel,

In the laboratory, experiments are made as follows:

+ Expansion of Water; Expansion of Glass; Mechanical Equiva-
lent of Heat; Electrical Equivalent of Heat; Latent Heat; Con-
ductivity of Copper; Resistance Thermometer, and Thermo-electric
Couple. '

Text Book: 1914 Bdition of the Smithsonian Physical
Tables.

402. Physics of Heat:

This is a continuation of course 401 and 1is allﬁtted the
same amount of time.

-30-
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4 The additional subjects treated in the morning periods are:
Miscellaneous Heat Effects (3); Vapor Theory (3); Partial Pres-
sure (2); Radiation (2); Heatinv & Cooling Curves (2); Calor-.
imetry (2); and Thermometry (2). '

The additional experiments 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; Hygrometry by three
methods; and Radiation.

Text book: 1914 Edition of Smithsonian Physical Tables.
403. Physics of Sound and Light:

One term,

Twenty~-six periods of the first term are assigned to the
study of Sound and Light. Sixleen of these periods are used in
the class room for theoretical instruction and recitation. Ten
periods are devoted to experimental work 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, liguids and solids; Bells, tuning forks, organ
pipes, whistles and vibrating strings; Pitch and intensity of
sound waves; Reflection, interference, resonance, echoes, voice
tubes.

Light: Production and propagation of light waves; Analysis
and differences of water waves, sound waves and light waves,
Reflection of light from plane and curved surfaces; Formation
of images by mirrors; Photometry; Stendards of light; Use of
different photometers; Best lamps for different purposes; Re-
fraction of light; Measurement of index of refraction; Total
reflection, critical angle; Use of totally reflecting prisms;
Dispersion of light; Achromatic combinatlon of prisms and lenses.

: . Optical Instruments: Spectrum fnalysis; Interference and-
dlffractlon Color phenomena; Polarization and double refrac-
tion; uaccharimetry, Florescence and phosphorescence; 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.

-31—
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452. Physics Laboratory Problems:

.Twelve afternoons during summer term,

The officers will work in sections of two or three and will
spend 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 calculating the conductivity. 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 measurw
ing high frequency electric currents of small magnitudse. To
follow work done at radio department of Bureau of Standards.

801, Chemistry:

Practical Work. Tests of common mineral acids; Qualitative
Analysis, including preliminary experiments and examination
of unknown mixtures for acids and for metals; Qualitative analysic
of boiler scale; Qualitative analysis of alleys; Prinocipal com-
mon tests applied to oils, e.g., flash point, boiling point,
specific gravity, distillation test, viscosity, etc.; 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,
course of parallel reading is prescribed.

/Note books on laboratory work are kept and submitted.

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

Text books and references: Stoddard's Qualitative Analysis;
Cairns Quantitative Analysis; Newth's Manual of Chemical Analysis.
Reading presoribed in FPresenius' Quantitative Analysis, Remsen's
Elementary Chemistry, Remsen's Organic Chemigtry, Oswald's

-3
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Fundamental Principals of Chemistry. Prescrived references
to a larze number of standard books on various lines of work
in connection with nractical work and with preparation of
lectures by student officers. Sheets on qualitative analysis -
and on all other practical work prepared by the Professor in
Chemistry {about 12 in numter) end served out to each student
officer, these nf the nature of explaration and directions.

Y Y

Courses pursued at Columbia University. 3

Phys. 52. Conduction of FElectricity in Gases:

Fundamental theory of electricity. Electronie theory of
the conduction of electricity through metals and through gases.
Discussion of the laws of the passage of electiricity through
gases. Action of electrons. A study of the vacuum tube, mer-

cury vapor arc and corona effect, effect of temperature and
pressure,

E. E. 101. Management of Electrical Machinery:

The selection and application of electrical machines for
particular purposes from the view point of the Consulting Engi-
neer. Methods of operation, testing; consideration of efficienacy
regulation, specifications, standards, costs, weights and speeds;
shunt and compound generators, shunt and series motors, motor -
generators, boosters, balancers, storage batteries.

Reference book: Lmerican Handbook for Electrical Engineers.

. E. E. 102. Electric Motors:

Abbreviation of course E. E. 103 for Mechanical Naval Of-
ficers.

. E. E. 103, Electric lotors, Control and Application:

Fl

"Statement of forms and types »f direct a2nd alternating

 current motors encountered in practice. Shunt Motors - Char-

« acteristic curves, factors influencing speed. HMethods of speed

; eontrol, rheostatic, multiple - voltage, double armature, motor

i generator equipments; field control such as interpole and com-

* pensated types with typical numerical nroblems to bring out

¢ each feature. Series Motors - characteristic curves, speed
 control and regulation. Compound Wound tlotors - characteristie

; curves, methods of regulation. Synchronous Motors - single phase

end polyphase, theory of operation, methods of synchronizing,

3 starting torque, action under load chanzes, characteristic

“'35" A ' A‘ f ‘
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curves, operative-curves, phase curves, etc., hunting, etoc.;
with problems to bring out characterictic features. Induqtlon
dotors - Polyphase arnd single phase; development of rotating
magnetic field, types of field or stator winding, types of
rotors, theory of motor showing how voltage, rotor resistance,
frequency etc. influence same; methods nf starting er squlryel
caze motors - such as compensator and Boucherot windings, slip
ring or wound motor control, Circle Diagram predetermination;
method of computing starting resistance, ete.; speed regulation
7f induction motors - analysis of pole changing, frequency
changing, resistance control cascade connection, etc.; methods
of starting singzle phase induction motors, comparison of same
vith polyphase. Single Phase Commutator Motors - discussion of
series, repulsion and shunt induction types; modification of
design to overcome inherent difficulties, compensating windings,
resistance leads etc. lpplications of Electric Motors - The
neral charactericstics of speed and torque requirements met

in practice and typified by line shaft drive, wearing, printing,-
ventilating, traction, propulsion, pumping, hoisting, drilling,
punching, etc.; with statement of which type of motor best satis-
fies each form of requirement, method of motor control and con-
nection to be recommended. The various topics considered are
amplified by numerical problems.

Reference book: Electric Motors by Crocker & Arendt.

t. BE. 105, Alternatinz Current Engineering:

!

The laws of alternating current circuits having resistance,
inductance and capacity; calculation of A. C, distributing
ard transmission lines, single phase and polyphase; theoretical
trd commercial characteristics of generators; transformers; .
gynchronous motors with problems in regulation and efficiency;
reasurement of voltage, current and power in polyphase systems.

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

E. B/ 106. Alternating Current Engineering:"Electric Plants":

The functions and relations of the various pieces forming
part of a complete alternating current power plant, transmission
ird distribution system; prime movers, generators, switchboards,
transformers, lighting »nrotection, transmission line, sub-
stations, regulation and control of esystems; costs, operating
txeenges, sources of income, methods of charging for energy -

Hlustrated by visits to commercial installations and plants
L the vicinity.

. E. 108. Plant Visitation (Optional):

Visits of inspection to power plants, factories, telephone
pparatus is

chanzes and other institutions where electrical a
itrected under conditions of commercial operation.

gnédxa (N3N0 1V 030NA0Yd3Y
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E. E. 109. Telegraph Engzineering:

Historical development of methodse »f signalling semaphore,
flag, heliograph and electromagnetic. Code, The :lorse tele-
sraph: circuit, operation and apparatus, open circuit and closed
circuit arranzements. Keys, automatic senders, sounders, relays,
switchboards. Repeaters: semi-manual and automatic such as
Milliken, Atkitson, etc. Duplex Telegraphy: - Theory, circuits
and Operatlon of s1n rle current and polarized arranzements.
Juplex Telegraph:- lheory circuits and operation. Quadruplex:-
Theory, circuits and Operation. Multiplex repeaters: Theory,
circuits and operation. Submarine Telegraphy: automatic send-
ers, mirror and siphon records, cahles, artificial cables, etc.

Medﬂ 109-110. Theory of Electrical Circuits and Alternating
" Current .Jachines:

A discussion of the fundamental laws of variable currents

: and a mathematical treatment o1 the nhysical relations between
potential current, the magnetic field and the electrostatic

field in alternating current circuits. The application of

these principles to the transformer, induction motor and other
\ spparatus. :

. E. 110, Telephone Engineering:

Historical development of means for transmitting speech,

g Bourseal, Reis, Bell, Gray, Hughes, etec. Development of trans-

b nitters, receivers, etec. Musical notes and speech contrasted.
Receivers: electromagnetic, considerations of designs, mechanitcal

and maznetic adjustment, need of permanent magnets, bipolar .
types. Transmitters: action of transmitter, carbon type, single

) contact - Blake, multiple contact and granular type - White,
packinz, heating, ete. Induction conils - need of same for trans-

mitter circuits. Signal Apparatus - magneto - A. C. and pul-

sating. Bell: A. C. and Biased. Connection of signal apparatus .

t in series and in bridge or multiple. Automatic hook control of

| subscribers equipment Subscribers Equipment - local battery

g sets, connection of parts and combined functions, connected for

| series anad bridge or multiple circuits. Lines - grounded lines,

pretallic lines, electromagnetic disturbences from power lines,

g cross tallk, etc., electrostatic disturbances, atmospheric ete.

} ‘runsposition of lines, stranded pair cables, etc. Telephone

8 .ichanzes: Local battery systems, function »f exchange, equip-

f-ent of exchange, function of parts, multiple boards, answering

f Jucks, multiple jacks, busy test, etc. Common battery system:

j «dventages of same, typical cord circuits, Stone, Hayes, Dean,

g cllogg, etc. Subscribers Equipment Common Battery System:
-xchange Common Battery System - signals such as calling, ring

0ff, supervisory, cord circuits, rinzing keys, ete., function
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of parts and procedure, multiple boards and transfer systems,
comparison of methods. Party Line Signalling - non-selective

and selective, such as harmonic, biased bell and step by step.
frivate Exchange Board - parts, function and operation. Com-
lined telegraph and telephone lines. Intercommunicating systems.
Urdinary house circuits, common battery system, selective ar-
rangements, etc.

Reference books: Maver's American Telegraph Practice and
liller's American Telephone Practice.

4. E. 117-118. Engineering Thermodynamics:

Laws of heat zeneration by combustion; Heat transfer and
transformation into work; Relation between temperatures and
quantities of heat; Units of heat; LEffect of heat on solids,
liquids, gases and vapors. Laws of heat transfer. Laws of
surface evaporation, ebullition and condensation. Properties
of saturated and superheated vepors. Combustion of fuels,
calorific power, quantities of air for combustion. Temperature
of combustion. Boiler efficiency and conditions affecting.
frinciples of chimney draft. Laws of expansion and compression
of gases. Work and heat diagrams to pressure volumes and tem-
perature entropy coordinates. Air and wet vapor compression.
txnansion of steam by hypothetic adiabatic and saturation laws
end application to steam enzine efficiency. ilissing water in
steam engines. Influence of cylinder condensation, re-evapor-
ttion, steam jackets, initial superheat, compounding and reheat-
ing on steam enzine efficiency. Relation of boiler and engine
performance. Free exnansion laws and application to injector
and steam turbine nozzles. Heat transformation by perfect gas-
es. Hot air, gas and oil engine efficiency. Mechanical re-
frigeration. Effects of evaporation of ammonia and carbonic
acid and expansion of air. Heat balances and combined ef-
ficiency of complex systems.

. E. 119-120. Machine Analysis and Design:

Determination of the forces ccting on each member of a v
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,
linensions, strength, rigidity and life. Effort is concentrated
~on the demonstration of broad inclusive principles and methods

of determination rather than on accumulation of larze numbers of
i Isolated facts, and while these principles are applled to all

| sorts of machines the principal illustrations for drill are taken
| from power generating and auxiliary equipment. Both of the
analytic and synthetic methods are used, but more importance is
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attached to analysis and interpretation of existing successful
practice than to the development of skill in synthetic design-
ing. The presentation of the subject matter is largely by lec-
ture, though constant reference is made to selected parts of ex-
isting tests, professional papers, blue prints and data sheets.
of experienced machine desizners, as illustrative or contemporar
material, and as the basis for the numerical problems that occup
the bulk of the student's time. Examination of machines to de-
termine the nature and distribution of the forces acting on,

and the resulting stresses and strains in each element, due to
kinetic and structural conditions. 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. Proportions of parts subjected tn tension, compressio:
and shear; beriding and torsion; combined bending and tension,
torsion and compression, buckling action and stresses due to
eccentric loading and complex supports. Illustrations from de-
sizns of complete machines anédé their details, crank and turbine
shafts, machine frames, housings, connecting and reach rods;
zear wheels, pulleys, flywheels, turbine discs and drums; rings,
riveted joints, thin and thick cylinders, braces and stays, flat
plate members, pressure joints, screws, belting, rope and chain.
drives for power transmission. Bearing surfaces, flat, cylin-
drical, pivot, ball, roller, thrust. Application of theory

of elasticity to the more complicated elements. Determination
of turning efforts for single 'and multi-cylinder engines and
analysis of uniformity of speed by angular variations per cycle.
knglysis 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 rock the engine and
its bed. Balancing of engines by counterweizht and by spacing
of erank angles according to the methods of Taylor and Schlick.

M. L. 122. Gas Power.

P'undamental ideas »f the zas power system of generating
power; the gas cycle; the enzine mechanism for executing the
cycle, and the auxiliary mechanism for preparing fuel and con-
trodling internal combustion. General analysis of status of
the zas power as compared with the steam power system. Types,
sizes and performance »f standard zas power ecuipment on all
fuels and general trend as evolved from historical review and
analysis of present successes or failures. Gas cycles thermo-
dynamically ananlyzed, and cowmpared with indicator cards and
test data, determination nf efficiency factors and diecgram fac-
tors and diagram factors, prediction »f horsenower and fuel con-
cumption, empirically and rationally, for 2ll cizes, speeds and
tymes on any fuel. Properties nf fuels and combustible fuel mix-
tures, with special reference to explosive gaseous mixtures,
apparatus for mixture making, mixture property limitstione to
enyine performance. TPreparation »f liquid fuels, cerbureiion,
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veporization and spraying, with enalyrsis of apparatus; gasoline,
kerosene and heavy 0il enzines on explosive and non-explosive
cycles. Preparation of solid fuels by gasification; review of
roasting distillation and of fixed carbon gasification with air
and steam. Pixed carbon recactions and the thermo-chemistry of

the performance of coke produccrs, 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 nroducer auxiliaries. Gas
engine structures, general analysis of reasons for modern tynes,
their good and bad features. Enzine frames, cylinders, Jjackets,
liners, heads, valves and valve 1loccation, valve zear and controls,
rotating and oscillating cams, s-rings, cam shefts, and drives,
pistons, piston rods, stuffing boxes, cross-heeads, auxiliary
jacket systems. Liquid fuel injection end electric ignition
systems, engine starting, and exhaust muffling systems. Compar-
ison of stationary vs marine use, larze and small; the automobile
and aero motors.

While a text, such as Guldner or Clerk & Burls, is used, it
is not rigidly followed. The general order of treatment and point
of view is that »f the lecturer who corrects text errors, supplies
omigsions and assizns reading in other books, professional papers
and trade literature. Approximately half the time is devoted to
com>utations, aside from the afternoon work in the laboratory,
which is devoted to experimental 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
precess.  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. 4lloy steels. Corrosion.

M. E. 131-132. Standard Tests & Bxperimental Research Methods:
Methods of approach for the solution of new problems con-
cerning the performance of nower genersting and euxiliary ma-
chinery, requiring experimental determination. Vhile the work
is done wholly with existing standard apparatus, the onerating
characteristics of which are determined by test and then analygz-
ed by the aid of the basic thermodynamic or hydrsulic laws,
the stress is 1laid on the interpretation of results rather than
on thelir determination, and the methods emnloyed are such as to
lead to experimental development of improvements and new equip-
aent.  As all experimental conclusions reet primarily on the ac-
curacy »f the observations and nn the soundness 92f the reasoning by
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hich conclusions and interpretations are reached, the initial
fiort is concentrated on an analysis of existing 1nqtruments

nd direct methods of measurement by lectures and laboratory
rill, baseé on the material of text “"Expcrimentsl Enzineering"
v Cerpenter & Diederichs, instrument makers' bulletins and the
xnerimental pancers nf the rrofessionel societies. ©Special at-
ention is devoted to indirect determination »f imnortant quan-
ities that camnot be directly measured and in this way the
wdgment in interpretotion ie developed. The research method

¢ followed throuzhout, which rrnvides drill in interpretation.
ach problem is undertsken ag if its solution were entirely un-
novm, and the first step is a reculred »nreliminery report,
hich shall analyze the problen intna its elements, reviewing
hatever informetion con be found relating to each and proposing
n detail & plan for the cqnduct of tests to find the missing
lements. After the test the finzl ren~ort bezine with the log

f observations, follqwed by the coleulations of derived quan- -~
ities, an estimate of ‘10bvole nrecigion, and ends with the
ngwer sought and the 1nterpretuu10n. Phe nrincipal topics in-
lude, flow of liquids, gases ané venors in pipes, flues, valves,
ozzles; efficiency and capacity of eteam boilers, piston steam
ngines, vwumpg, fans, comnressors and ice machines with-analysis
f all losses.

I, 139-140. Machine Anslysie end Jesign:

Same as outlined in courses 112-120.

. B, 150, Stecam Turbines:

Lffect on the turbine performance of gencral arrangements,
ronnrtions of narts, and service conéditions, for all classes.
ieview of Rankine cycle and use o7 tcmperature entropy and Mollier
licgram nmethods of determining Jjet velocities. 1lozzle reheat

efficiency factors; flow weizyht laws, rational and empiric,
a4 nozzle energies for ell ceoncitions. Lssential relations
ciween jet velocity and vheel srecds For gll shapes and arranze-
ents.  The problem o1 econonmy and size vs rotative specds; the
eared syptem, the verious multi-staze systems and the turbo-
lectric system, zeneral comperative survey, followed by detail-
oanslyeis a1 each in turn iory both lerze main units and small
aviliaries. Imnulse turbines, sinzle ctaze, compartment com-
minced and nulti-pressure-velocity compounded types. Reaction
ac combined reaction and imnulse turdines, disc or drun, single
xDdomble flow, 211 tynes nf consiruction. Ane lysis of "V1ncipal
laensions and.~erf0rnxnce nf eacch class, eVPluatldn of all energy
bsces by direct and indirect methods, nozzle and vane fric-
don, windaze, bucket £7nilling, leake xes. Ilozzle #nd vane-
nrutruetione | bearinzs, packinz, end thruste and rotor clearance,
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controls, wheels, shafte, bearings, casings; governors, by-
passes, chamber drainage. Low pressure turbines, bleeder tur-
bines, reversing turbines and other srecials. The general
position of the turbine in comparigon with the reciprocating
enzine, 2o a conslderable extent a text such as [Martin or
Stodola is followed, but frequent de-artures are made and a
considerable part oi the time ic devoted to numerical problems
and all the afternoon work ieg »f this character. :

A, E. 162, Orzanization and Manazement:

Fundamental relations between the human and the physical
factors in production, and hetween the elements of organization
and those of management. Orzanization for reproduction of out-
put or function, typified by manufacturing, compared with each
other and with organizations for new o2r¢ emergency conditions.
Efficiency »f¥ indusirial organizations, meagured by costs.
lature of coets, analysis oi cost elementc and possibilities of
reduction or inflation of both the quentity end the price factor
5f each cost element. Lcecounting rrinciples and cost data
collecting systems. Capital, labor and wmaterial classifications.
Relation »f capital charzes to efficiency of processes, physical
equipment and other factonrs. Relation of material chargzes o
to desian, purchoese and control of wastage. Relation of labor
charzes tn efficiency of the individual and the physical equin-
ment. Analysis of human efficiency. Efficiency systems and
the labor wroblem. Systems of organization and managzement
analyzed and compored with typical snecific examples.

Lecture pregentation is mainly relied upon because of the
absence nf a suitable text, but several books are referred to
for s~ecific topies which are then critically analyzed by the
lecturer, and meny professional pepers are assigned for read-
ing and subsequent appraisal.

E. E. 183. Desizn of Direct Electrical !lachinery:

Lpplication of theory and wnractical data to the design
of generators and motors.

Reference book: Lmerican Handbook for Electriecal Engi¥,
neers. - '

E. E. 154. Desisn of A. C. Machinery: :

Application of alternatinz current theory and practical
data to the design and calculation of alternators, transformers,
induction motors, etec.

Reference book: American Handbook for Electrical Engi-
neers.
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4. E. 1556. Shop Processes & Machine Tools:

Review of the methods and ecuipment of the shop with special
reference to the comparative economic value of alternatic methods
of doinz the same job, and with some reference to ordinary and
emergency renairs. Some familiarity with the common appliances,
tools and practices of the nattern shop, foundry, forge, plate
or structural and machine shops is assumed, but this is made a
subject of review, followed by a critical .analysis of the value
of each. The subject matter is presented largely by lecture
because of the absence of adequate texts, but reference is made

to the publications of the tool manufacturers, to pepers in
- professional journals and transactions of the Engineering Socie-
* ties, and afternoon visits are made to successful 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, jointer, surface planer, core box machine and
hand tools. Pattern types, drafts, shrinkage and finish allow-
ances, wood and metal patterns, cores, core boxes and core ovens.
~Joundry »ractices, sands, sand mixtures and facing materials,
nlding 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.
- falleablizing and case hardening of castings. VWire, tube and
. sheet metal drawing. Forge shop practices; furnaces for heating,
~ennealing, tempering and welding, fired by coal, oil, gas and
.electrically heated. Blacksmith's hand tools and typical hand
forging. Limits of forging material, irons, carbon and alloy
steels. Steam hammer and anvils, drop hammer, forging dies,
bulldozers, bolt and nut forging machines. Flanging presses.
Pipe bending. Welding, common, autogeneous and electric. Tool
mnaking and tool room practice. Grades of tool steel. Riveting,
hot and cold, hand, hydraulic, and air tools. Machine shop lay-
ing out and measurinz tools, precision gauges. Hand cutting
to0ls. Machine tools for cutting, all classes. Feeds, speeds
and cuts, power requirements and typical drives, line shait,
roup and individual. General principles of cutting metals and
characteristics of each class of tools. General round work
inside and outside, straight and taper, in lathes, drills, bor-
ing mills end zrinders; flat work in millers, shapers, planers
and grinders, machine tools for cutting gears, slots, threads,
cams and other shapes. Semi and complete automatic tools and
jizs for rapid reproduction. General arranzement of shops for
jobbing or repair work and for manufacturing, with examples.

lypical and special auxiliary shop requirement and dbuilding
construction.
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NG O

i

Des. Columhieg.

Met., 155. Metallographic Laboretory, Iron & Steel and Industrial
" 186. Alloys., '

Methods of eraminatiosn, Comnarison of go0d and bad mater-
ial; wrought iron, 1w carbon steel, structural steel, rail and
steel, tool steel, etec. Dxemination of brasses, bronzes, bear-
ing metals and osther industrisl alloys. Relation between chem-
ical composition, physical properties and microstructure.

E. E. 171, D, C. BElectricel Lpperatus:

{. course given to Mechenicsl Engineers, similar to E.L. 101,

E. E, 173. Direct Current !lechine Lghoratory:

Operation and testing of shunt, series and compound wound
generators; distribution of yotential around commutator and,

- study of distortion of field; function end operation of starting
boxes; operation and testing of shunt, series, compound and dif-
ferentially wound motors; determination of speed and efficiency
curves by various methods; operetion of shunt and compound wound

- generators in parallel; methods of distributing load end effects
of individual differences; heat runs to determine capacity by
various methods; characterictics of series boosters and balancer.
sets. :

Text book: Mimeograph Instructions.

8. E. 176. Alternatinz Current Machine Leaboratory: .

Determination of inductance, ca»nscity, impedance, phase

relations, true and apparent power end power factor in single

., phase and polyphase alternating current circuits; investigation

. of wave shapes and phase relations of vnltaze and current by

- instantaneous contact ondograph and oscillograph. Tests for
the characteristics »f alternators, synchronous motoars, syn-
chronous converters, transformers, induction motors, single N
phase commutator motors. ‘

P

"Reference book: Laboratory Manual of Alternating Currents
+ by Morecraft.

- L. E. 178, Standardizing Labhorstory:

Determination »f inductance and electrostatic caracity by
- the fbeolnute and Bridze 'fethnds. Testing nf iron for per-
- meability and the sensration nf eddy snd hysteresis losses. ., .
. Insulation and dielectric strength tests. Study of insuleting
- meteriale.  OStudy and test of commerciel tynes of storaze bat-
¢+ teries uncer conditione »f rectice. Study o7 commercial methods
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of meterinz voltage, current, power and enervy in S. £. and
L. C. circuits. Characiueristics »f c¢ommercisl meters, their
weaknesses and nrobable error. Calibration of I, C. and A, C.
meters in accordance with commerciel methods.

Mimeograph llotes.

i, B, 201-202. Seminar, Llectricity on Ships:

A detailed study ~f the electric clircuits and apparetus
of all kinds on booard meval vesselg, illus brntEd by official
drawinzg of certain definite vessels,; the various classes nf °
electrical machinery are taken up senarately and u complete re-
port writien uy on each cliees 9y type. Thie report includes -
a description of the appsratus, a diccuesion of its method of-
operation, diagrams of the method of connection and a discussion
of the possible troubles and methods of correcting the same. In
addition to the minor apparatus on ship-board, the subject of .
electric steeriny gear, gyrosconic compass end electric propel-
sion are studied. A complete design of the zenerators, motors
and control apparstus for electric propulsion of a battleship
is included.

E. E, 211-212. Rsadio Enzineéring Laboratory: '

The aim of this course ie to make the student, specializing
in radio work, thorouzhly familiar with the theory and operation
of the various types of sending and receiving apparatus used in
radio communication, with the adjucstments and tests necessary in
making comparisons of vorioue syctems end with the special in-
struments used in radio work. The theory end laboratory work
covers derivation and experimental proof of the formulae used
in caleculation of inductance, capacity, resictance, resonance
in simple and coupled circuits, 1nclu61ng effects of resistance,
coupling, mistuning, etec.; measurement of wave length and deore—
ment by various methods, including the oscillograph; adjustment
of quenched snark sets and continuous wave sets; comnsrison of
various deteotors with c-ecial work on continuous wave receiving
systemb recently develnﬁed in this laboratory.

E. E. 214, Redio Enzineering Labnratory:

Abbreviated course, for students not s-ecializing in radio
vork, consists of a course of exrneriments desizned to familiarize
the student with the adjustment &nd operation of sending and re-
ceivinz apraratus, The work covers the phenomena of resonance
in simple and coupled circuits, measurements of wave length snd
decrement, various connection schemes used in sending and re-
ceiving apparatus, comparison of detectors, adjustments of
quenched spark ancd continunus wave sending sets, etec,

©

'
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Courses nursued at Magsachusetts Institute of
Technology.

v fe, 31, Political Zconomy:

A course of three houre a week in the first term of the
k cenior year, involving lectures, discussions, and written work.

L ihe course ie elementary, with °“ecipl emphesis upon descriptive
economics, .

1L 37, Mathematics: (Ldvenced Calculus ¢ Differentiel Dquetions):

; L cource of four hours a week durinz the first term, cover-

F ing the follnawiny subjects: Teylor's IFormula with applications

iy approximations in calculation and snalysis, complex numbers,

 veotera, differentinl equations of the firet order linear dif-
torential equations, total and pertiel differential equations,

i with numeveus apnlioationa to gQOmetry and physlcs, :

0. 20. Mathematics: (Advanced Celculus & Differential Equatibnsi.

This course of thirty exercices in the second term treats
‘the following subjects: Line and surface integrals, vectors,

‘fwetions defined by integrals, the elements of the calculus

f variations, differentiesl equations of physics.

33.39. Public Speaking:

The couree in Public Sneaking consists of thirty exer01ses
f'end fifteen hours of prey aration 1n the first term. It takes
‘the form larzely of individual training, and aims to cover the
buse of literature and reference booke, and the preparation and
ddivery nf at least one originel address.

1

!

.Em 41. Economics and Corporations:

; L course of two lectures a week in the first term of the
waduate year. It treats of the nature of corporations and their
1enﬂ_development accounting, valuation of bonds, holding com-

nanies,” 1ighting companies, street railway franchises, and the
mXation of corporations.

{, 67, Hydrodynamics:

This course consists of twenty lectures durinz the second
‘term in which the fundamental equations of Hydrodynamloa are
develoned and applied to the eolution of yarticular problens.

1
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¢, 60, Business Law:

Fifteen lectures, given in the second term of the graduate
year. The course consists nf a general treaiment of the subject
f business law, such topics as the definition of law, its
sources, the distinction between law and equity, and the appli-
ration of law to business contracts beinz considered. To the
last of these topics the mosi thorouzh treatment is given, that
veing the form of business law with which the students will have
st to do in their professional work.

145, Theory of Structures:

This is a srecialized course arranzed for the Naval Con-
structors, and consists of forty-five lectures during the second
term of the graduste year, together with about sixty hours in
the drawinz room. It is intendec to give an outline of the
methods of computing and desizning structures, with the object
of enabling the students to meet the simpler structural yroblems
arising in the desizn of shins. -

216. Apnlied Mechanics (Strength of llzterials):

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

This course comprises a study of the strength of materials,
includinz the stresses and deformations in bodies$ subjected
to tension, to compression, to chearing; common theory of beams
with thorough discussion of the distribution of cstresses, shear-
ing forces, bencing moments, longitudinal shear, slopes, and
deflections; stresses in hooks, in columns, and in beams sub-
jected to tension or compression as well as bending; torsional:
stresses and stresses in springs.

226. Applied Mechanics (Strength of liaterials - Graphic Statics).

A course of thirty lectures, or recitation, in the second

term of the junior year.
&

The course includes the study of the methods of the desizn
of riveted joints; a mathematical treatment of the continuous
girder, planned to arply to parte of machinery and structures
where continuity exists; a ctudy of the methods of treatment
of non-homogeneous beams and yperticularly »f the theories under-
lyiny the desizn of reinforced concrete structures. The etudent
is reouired tn solve a considereble number of v roblems illus-
trating the anplication of the fundamental yrinciples dealt with
in this portion of the work, The course s8lso includes & study
of the zeneral methods of Graphic Statics with applications %o
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the determination o1 ctirecvses in rony trussee snd other framed

| structures, end to She determination of the stability of mason-

} ry archies and ahutnente. 4 rumber of Troblemg illustrating

thece yvrincinles cre worked out by the studernt on the drawing
boerd duvring this part of the course.

229, Lnoplied “eclhenics (Stability »f Structures - Strength of
mterials. ) » :

I cource of fnrty-five lectures, or recitations, in the
first term of the genior yeer,

The course comyrices a gtudy of exrerimental data on the
strenzth ~i materials with esgpecisl refcerence t» tests on full
sized bweams, columns, shefting and other nieces under rractical
eonditioneg; of ex eriments tn determine the effect on nhysicel
~roperties of dizferent materiale of verwvine conditions of stress,
of temmerature, and of treatment,; end of stondard srecifications
for the commosgition and nhycical »romerties of the different
meteriels used in construction; eleo of the study 21 the methods
of testing the friction reducing power &nd other properties
sf lubricants and date in regard to coefficients of friction
oné locses édue to iriction.

The course £leo includes «& ctudy ~f the conetruction of
simple forms of rnof trusses, Jirdere, snd erches; the stresses
in sngrension conrds; the theory of curved heems snd applications;
and the derivation and use nf tlie formulas for the stresses and
streing in shaftiny subjected to combined hending and. torsion,
thick cylinders and spheres, and flat nlates. A considerable
number of —~raoblems, 1llustretinz applicetione of these rrincinles
in practice, are colved by the students in thie course.

235, Testing Moterials Leboratory:

A course of thirty hours, 1leborctory end nrenaretion, in
the firet term i the cenior year.

The tects mede by the students in the Teet Materisls Labor-
atory vary somewhet from year to rear but inclwude tests to de-
termine the modulus of elasticity, 1limit of elessticity, yield
noint and tensile strength of steel bers, commercial tests on
steel bare; tests o1 the deflection and of the transverse ‘
strensth of a full-sized iron ~r cteel I-beam, or of & wooden
uveam eubjected to a transverse 1lnad; traneverse teste on cast
iron; testec to determine the mndulus of elasticity and the tensile
strenzth of wire; torsional tects of wire; tests to determine
tie shearing modulus of eleasticity ard torsioncl ctrenzth of
¢-inch steel bars,; tecte on cement mortars including sizes of
ropes and of different knote uced in fastening rones; tests to
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determine the ratio of the modulus of runture to the tensile
strength in cast iron znd steel; the crushing of timber.

246. Heat Enzinceringz:

p

A course of sixty leetures extending throuzh the year on
Thermodynamics and the mechcnism of the steam-enzine, esyecial-
ly adapted tn the needs af laval Constructors.

This course includes o detniled study of the rrinciples
of thermodynamics; a discucsion of the rroperties of gases, sat-
urated and superheated vanors, especiclly of air and steam; of
the flow of fluids throuzh orifices, nozzles, yipes and meters,
a discussion of the action of the seteam injector; a egetudy of
the various cycles of the hot air, internal combustion, and steam
enzines, of the turbine, air compressor, and refrigeration sys-
tems. These enzineering applications are treated from the phys-
ical, analytical and graphical points of view, so as to zive
the student a good foundation in the rrinciples of thermodynam-
ics, not only as applied to the discussion of ideel cases, but
also in the solution of actual heat enzineering problems. The
¢ourse also includes a study of the simple, compound snd multiple
expansion steam enzine, of the ¢ifferent types nf gas enzines,
of the gas producer, of compressed air and refrigerating machines,
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 enzines and turbines,
gas enzines, compressors and refrigerating systems. The mastery
of rrinciples and the discussion of data are much simplified by
an extensive use of both the nressure-volume and the temperature-
entropy diagrams. The theoretical work of the course is parallel-
ed by a suitably zraded set of drill and enzineering problems
to be solved independently hy the student. The subjects of
steam boilers and 2as engines are treated at considerable length,
Several lectures are ziven on condensers, air vumps, and the
various accessories of a gteam plant.

251, Internal Combustion Enzines:

Thic course nf twenty lectures, or recitations, is ziven
in the second term.

Internal combustion enegines o7 all kinds &re discussed
with reference to mechanical details of deeign recuired by the
verious fuels and conditions of oreration. About a third of
the course is devoted to 2il and gasoline engzgines, including
the types applied to marine propulsion. The lectures are il-
lustrated by lantern slides, rhotographs and drawingze,

Several text books are used for reference, but most of 4 ¢
reading is assizned from current articles in the technicel
rress and  traneactions o1 enzineeriny societies.

A
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261. Eg,inegginq Lahoratory: . B

This is a course of four hours a week throuvhout the Jearﬂ
AN ‘.‘ i

s The work can, be best illustrated by the following 1ist af
tegte made by the students durinz the past few years: Test ton
determine the efficiency nf chaln drives; Tests of the trans-, 3
miesion of power by belting; Tests of tle rerformance 9f a sur#
fmm,cqndenber' Tects of ¢ dunlek steam »ump 16, 10-1/2 x 12,m
Tests tn determine the accuracy of planimeters; "Teste of & -
do-horse power gas engine; Tes ts tn determine the efflclencyL
of pulley blocks; Pests nf the flow nf steam; Valve setting.
rlain slide valve); Teste of a pulsometer; Calibration of i
srifices for the flow nf water; Determination oi. the clearancev&{;
of an engine; The uce nf the Emerson power scale; Valve setting‘f“
{double valve) Teste of gauges, steam and vacuum; Tests of the
steam injector; The use o taree different kinds nf calnrimeters.,.
Pests of & Humphrey turbine; Tects of a rotary pump of a ca-- .
pacity of 1 ,000 gallons per m*nute' Measurements of the flow of
air; Tests 5f the water injector; Tests of 36-inch American. ../
impulse wheel; Tests of an air pump; Tests on coefficient of ‘
friction; Moment of inertia of connecting rod; Tests of three--
gtaze air compressor, 2,500 1be; High temperature measurements;:
dleat of combustion of cosal; lfeesurements of the flow of water:
by means of orifices and weirs; Test of & 48-inch Pelton water -~
theel; Tests of a Rider hot-air enzine; Valve setting (Harris-- m
C%llss enzine); Anelysis of chimney gas; Lxplosive force and .- °
time of reachlng maximum rressure of dlfferent mixtures of D&St
and air; Tests of a hydraullo ram; A 120-hour plant .test on en-*
¢gines and boilers at the Institute; Tests on & centrifugal pump
{0-horse power input; Tests on an Emercon pulsometer pump; ‘' ..
lests on & dry-air pump; Teste on a B500-kw., Parsons turbine 80>
arrenged as to zive the pressure et each barrel of each stave'ﬁA

lects on one or more types of gasoline enzine; Tests on a 25~wﬁVTTJ,E
car train of "estinghouse air-brakes; Lests on a 150-kw. Curtis w7,
turbine; 4 120-hour continuous test on a battery of Babcock & f‘f" '
"ilcox boilers of 1,000 teiler horse vrower, tozether with a

plant test on the envlne used in the Invtitute nower plant. 2';

+
LR
4\‘ .

The method »{ conductingz the 1ab0r9tory tests is as folloWsri,
ests arermade under the direction of seven inetructors, three - 7
shﬁents zenerally workiny together on one test. 4is the students.
are oﬂplylnr in their labaratory work knowledge they have already v
ained in the class room it is necessary onIfonr the 1nstructorsy.
tﬂeyvlaln the arranzements of nivning and connections for any: ‘
vlece o apparatus before bezinninz work. This makes it p0561ble‘
far a great deal »of valuable labnratorv work to be done in a- ‘
period of two hours. IBach student in his turn is put in charve
f the tests made by that ~roun. “henever it ic safe, the students‘
are made to start the anpﬂrntuu end do all the work of gettinv RN
ready for the test. Eech student writes a complete report of .
the test, giving the arrangements, methods of testing, with: de~,
tails of' computation. The observations taken on every test are’:
returned to the instructor, who works up the test and critioallygﬁ,

_ e - - tion with his own.:
SH3dXT INFHNYAA0D LY 432NA0dd3d R
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274, Industrizl “leansrement: ot

T . Lo ‘

Thi — course of fiftecn 1eotureo in the sacond tcrm ﬂ
graduate year includes a study of the organization and rel&—~,;m;
tions of the various depariments of am indnstrial esteblishment? ¥k
the locationn, arranicuwent, construction and equipment of. indus~»gk5”
trial worls for cfflolencv and cconony in manufacturing ef—;,~ ]

- ficacious conditions for lEbOT rrocess na?ping and routingfﬂ ‘
scheduling of work, olausLilcatlon of meteal worxlnv plants andx-
the muchine 500D nroulcn
forms of 1ndustr1¢1 Gr’ini‘”tlﬁn and diffcrcntiatlon of reenon—
sibility, reports, rethods of superintendonce, employment £nd - ;
cost of labor, systems of cempensating lebor, &nd a discus sion;‘_ -

of the effect on cost »of different svftems QI distributing in-"
direct expenses, and current methods of "efficlenCJ envlneerin

322, Metallurzy of Lnzineering Materials: B , Ti"3’

This is a cource of forty-five exercises in the second term
of the junior yesar. K ‘,jrw3¢; 
RIS ‘; v
Its eim is to make the c¢hgincer femiliar with the industri@l
uce nf fuels, with the 1r0duction of the metals and alloys used.
hlconstruction and the effects foreizn constituents have ﬂpon "
them. The 1nstrlc+10n is given by lectures and 1ab0ratory and .. 'ﬁ

microscopical examin:tion of the leading metals and alloys :ijuw”

634. Analyticel and Technical Chemistrv.

This course comprises forty five lectures during the . first
term, and six hours per week nf laboratory exercises durinz the
second term, covering the principlee of Orgenio, Analytical and,

Technical Chem1stry, with particular reierence to the needs of
flavel Constructors. -~

, P .
' 5 y;“
. . ,

611, 612. Principles of Electrical Enzineering:

(a) Sixty lectures erd recitations, and flfteen hours of
rroblem wor!z given in the first term of the senior year (611)
ic devoted to the laws and wronerties of electric and mavnetio
circuits and a treatment of the principles of direct current
mwhlnery ~

(b) Tirty-five lectures ané recitations, given in thef' AT
second term of the senior year (612) are concerned with the’ rrin--,
ciples of electro-statics and varieble currents, the zeneral S
theory of alternating-current circuits, end the an nlicatlnn Of
these principles to variouu enaineer1n? nrOblems.t‘ \ ;»}l;

In connecgtion with the work much 1mnortance is attached to
the solution of problems seleccted with rcference to their enn
gineering anplication. h

Text bnoks. Pranklin & Esty'e Elements of Dlectrical pngi~‘g/
neering, Vol. 1 I, and Pender 8 Principles of Tlectrical En?ineering,

g

623, Alternating Current .fachinery:

This course of lectures, recitations aned nrﬂblems extendi
tMWuvh the rfirst tcrm N devated tn 8 careful dlscu“sion of

 ———

inT cu t me C
Fimaya inauan0g Ly aidndoudiy RS eurrent wachinery. ertain.
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details of the action and Operatlon ot machinery which are. not,Jm
essential for students not intending to become electr1ca1 engi—'x
neers are omitted. .

635. Mechanical Applications of Eleotric Power:

A course of lectures, recitetions, and readln
per week during the second’ term, in which the varlous tyﬂes of(
direct and alternatinc current machinery are discussed, with-. ;

special reference to their uses in power work and 1ndustrial
processes,

667. Standardizing Laboratory:

A course of thirty hours of 1aboratory exercise in the first
term of the senior year, in which srecial attention is given:-, ,5,~
to the calibration of instruments and to the tests concerned :
in the acceptance of electrical material.

684,685, Electrical Enuineering Labcratory:'

The work in this course occupies forty- .five hours in fhe‘u
gsenior year and the same in the graduate year, and is arranged’

each year in accordance with the requirements of the individual‘*f
students. ) L

756, Sanitation of Ships: S

A short course of fifteen lestures is offered in the second<
term, in the Elements of Sanitation. i

!

‘u

One half of the course consists cf 1nstruot10n in the gen-;,
eral vrinciples of sanitation; disease and its causes; the germ;nr
theory; infection and contavlon and the methods of their dis—‘v* .
semination, etec.; while the osther half deals directly with"f\ﬁ
sunitary aspects of the heating and ventilation of shops, their
sanitary requisites, lighting, water supply, drainage, sewaze 'ii-
disnosal, and the like, co

..-.

803. Precision of Measurements:

A%course of twn esercises s week for five weeks in the”
second term in connection with the laboratory course in General,
Fhysical lMeasurements. The work includes a discussion of the .. ..
nature and methods nf elimination »f errors and the arplication‘sg
of the Calculus to the solution of rrecision problems in direct;
eand indirect measurements. These problems are selected from . b
cases which arise in connection with the labaratory work, a. fact;{
which adds to their practical.interest. Graphical methods of:
treating observations are also discussed. ‘ . B

IAVEN X8
Y T

Text book: Goodenough's Elements of the Precisinn of
"masurements and Greaphical Methods. ‘ ‘

. e L o ' -B0- ‘ -“‘r'”‘
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814, Heat Measurements.

oonnection w1th gourse 201

This course consists of eieht or more 1aberatory exercises;
in the measurement of hizh temperatures, precise thermometry, s, -
the efficiency of fuels, and determinations of thermal proper-
ties of engineering materials. Esrecial attention is 'given, to./:
the study of such temperature and heat measurements as are. of”":j
technical importance - for instance, the calorific efficiency ’
of coal and the determlnation of the temperature of kilns and
ﬁwnaces. 5 . RO

,),,

1301, Naval Architecture:. | ‘ 7f{if&pf

A continuous series of lectures and recitations, thirty .
each term of the junior year, on the statics snd dynamics of
Haval Architecture, ‘ : TN
DR
The course opens with methods of computation and use Ofn;“ﬂ
integrating instruments, and yroceeds with the methods of com~-i
puting displacement and stablllty of ships, and includes a dis-
cussion of surface of buoyancy and of waterlines also a con:y o
sideration of the effects of adding weights, flooding compart»,»h
ments, grounding, docking and 1andin A 81mple form of modern’'h
drodynamics is developed and applied te the study »f waves and .. -
their influence on the rolling of ships, and also to the-in- . 't
vestigation of stream line about ships. TR

1302. Naval Architecture: ‘ ,;“Fi

This course nf forty-five lectures, thirty in‘the first
term of the senior year and fifteen in the second term, is a’
continuation of the course of the preceding year. o _rjf

A discuesion is ziven of the resistance of ships and of

rropulsion by paddle wheels, screw rropeller, and by sails;
1 8150 methods of making power and speed triale, and of eteering
and manoeuvering. Methods are given of determining the strength’
of ships in quiet water and among waves, also in consideration: .
of the strength of bulkheads. Instruction is given in comrass’.:
adjustment. S

;1305. Memoirs:
Given second term of graduate year,

} 1311, Theory nf "arship Desian:

A series of sixty lectures, thirty in each term of the7juni

' \
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The work o1 the firet tewm zives a hibt0r1cal acoount&"At}
development of warshipg, dealinz scparately with cach of ‘chef‘?,\7
more important classcs; seazdoing battleships coapnt defense: 8n11
erulsers, gunbnats torpedo vegselu and aubmarine boatS\

'

.J,g
The attention ni the student is particularly, directed to
an appreciation of the ceuses which have led to the various.
steps in the develnypment, the chief objcet of these lectures’
being to broaden thc view of the students and to afford a. basis

far the full nnders stending of the 1o0llowing lectures of, thls
course, \ Y

The lectures during‘tlr secon term cre lhe flrbt 1 rt»ﬁ*
a course of ~racticel and theoretical nnture relating direct1J
to the desizn and concirwction of warchi-gs. Dhe course of uhls
tern comprisee a discussion o1 the —“rincinles which . govern the-
choice of the elements of the design of the hull and the Crenera]
arranzements of 1ite main features; princinal dimensions, dis—~f;
tribution of wei:hte, stability, peaworthlnesb wauertlpht sub-!
division and trength. It contains also "ractlcaW rules for.. .

workiny out a preliminary design and for the periormance Of p7y 4
weizht calculations. .

< . L

These lectures, as well as the follawing lectures on’ this
subject, are acoompanied by numerous compilations, directly . 'i-
useful in naval desizn work, Ty

1212. Theary of "ership Desien:

: o 7 et o St
, L course of sixty lectures, exiending throughoutfthe”seniol
YeRT. £ e e ek

- Yhe work of this year is a continuetion of the. lecturesthf
deseribed under 1311 and comrriscsc a digcussion of the structur-
al arrantements of warships, inclnding strenzgth calculations:
and the theory of riveced joints a8 arnlied o Hlpbulldino.n“x
Snecicl cttention ie siven to methods of construction used .in-tt

United Statee Navy end comperisons are made with methods: used A

aiher navies. KT

; ) . » /‘/lgi ' A
MMe lectures durinzy the cecond term comprise the deSign'apf
inctallation of Hoilers, engines, ené “ropellers as far as these

~roblens concern the naval architect; coallmT and coal stowave»
licuid fuel; rudders and steerinz zear.

1512. Theory of “archip Desizn:

A courze of sixty lectures extending
Jesr.

gl bl Kl Ll
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This course comrrises,- arainage, ventilation, heptan“MnV
disposition aré inetaliation of artillery; X v
samunition, ammuniticn transpoart end etovaxe; decsizn of am-

torrnedo installetions; efiects of gunflre ‘ s
resistance of armor, vrinciples of armor protection; vrotect10n“
szainst submarine attazk; conninz tovers,

end anchor gear;

rinition rooms;

The lectures duriny the ertire three years are aocompanied
ty desceription of methods and installationg used in the Unite€
dtates Navy and other navies, tozether with erplsnations and-
¢tudy of plans and working dravings, by which the otudents are
ileo made familiar with the interpretation of euch draw1ngs.5;f

1221, Varship Desizn:

M. I, 0.

— - b

‘,.x, o

sual disgrams

LS

The time allotted Un the subject o7 warship design ie seven
urs ver week durinz the first tern of the junior year, eight
urs ~er week durirz the second term, and this is followed p 2
oy two three-hour exercices per week throuwhout the senior and
rraduate years.

ort, drainage,

The horse power and coal capacity are determined, the“fihi‘
trel dimensions of hoilers, enzines, end ~rorellers are flxed
a¢ the zeneral arranzement »i the maohlﬂery is studied.

A half-block model of the “esizn ic wade by each tudent
id on this model the plating, 10n,1fu01nel, ete., are 1eid off

22, Viarshiv Desin:

%

. ‘/»'~'7r..-l

The first term of the junior year is ocoupied by 1ntr0&uetory
orl consisting of fairing of lines, tracing, &and ship calcula»,pu
tions, The object oi Lbie work ie to “rﬁv1ﬁe exercises for ...
"¢ ctudents in drawinz end calculation. In the second term“,,
+ the junior year the students commence the design »2f a warshin,
i working out the general arranzement plan, particuler attention:
§ yiven to the dicposition of ordnence, ammunition, and armor;.
14 the problems of ammunition trans port coal stowaae &nd trans:
and vencilation are studied. Sﬂe01al plens are: ‘i
irked out, showinz structural arrcnzements, drainaoe and venti- . %
etion and sketches of structural details are prew9red.) Detail-"iils.
¢ calculations are performed for the determination of displacev:few
ent, weizht dletrlbutlﬂn stability, ernd strength, and the :.-
accompany ng such celculations are prenared.»n
¢thods of caloulauzonb are those uveged by the Bureau of an“'ny;
truection and Rerair. SR

s

D

N -

'x,'

The cource is

Lk s ki = Lok -

riven in the senior vear,
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1323. Warship Design:

This course ig given throuzhout the
a continuation of course 132%2.

1365, Marine Engineering:

A course of thirty lectures in the first term of the
vate year, giving attention especially to naval englnee..’

This course gives a description of marine engines’ andgtheir
adjuncts tovethe* w1th ncthodg of determining dlm’ﬂslonszand '

and dynamical aotions A d1
shins and balancing engines. Each student makes a prelimlnary
design of a marine engine adapted to the ship which he is de-

signing in course 1321, » ' »

1261. Marine Engine Desian: ' B ‘ 1"ﬁ’5
PR oy
L course of ninety hours in the first term of the- gradu&te
year in the design and drawing of a reciprocating naval engine,
including the dpbexm1nat1on of power, proportion of parts, and,g
stresses. Detailed drawings are made and the oonstructlon audn;;

assemblage of a naval engine and auxiliary maehinery, including
the rropeller, are discussed.

13656. Marine Steam Turﬁiﬁes:

A course of thirty lectures in the second term of the: éeﬁibﬁ
year giving a dleHSolOn of arrangements and construction of
various type of steam turbines, and methods of determlnlng'

sizes and proportions regquired for. the deveiopment and dis-.
tribution of power especially as applied to marine prolesioh

1372. Aeronoutics:

A course of thirty lectures in the second term Tiving the\‘
essential principles of experimental and theoretical aero«4,~f
dynamics, theory of aeroplane design, theory of dirigible. deawﬂa
81gn hlstory of flight, and description of modern alr craft. ;' "

1395. Model Making: N -‘%‘nﬁﬁf

Each student in MNaval Architecture after having desigﬁed N
a set of lines for a ship is given twenty-five hours instruc—*“f
tion in cutting a model to those lines, in order that,a proper’
conception of the form of the ship may be had . R S

To aid in shaping the model two sets of lines are trans~mﬁf
ferred to the model. In the first place the lifts or boardsﬁ

B4 S
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zontal gections or weter lines.: Thege lifte are then. Qlued'
togother to forn & block, which is ~rofiled to the forms coaf
transverse sections or b+£uiwnu; in e uweclpl meohine,,nfhe‘
student then wnroceeds tH cut sway re@undcnt
end cmooth up the model zuided b} bhe éﬂu 1e s‘btem 07T, lines y
‘which were transferred firom his debl;u. € model ia efber#‘i.
ward used for leying off shell plevinz. Vx

from which the model ic mace ere goarmel o ble i srm A

Courses pursued et Rensselaer Polytechnlc '
Instituse. ‘ o f“

2001. Thermodynemics:

Text hooks and lectures; %the laus of thex mODVWamiOS and‘
their application to perfect zeses, satureted varors, sunervj ¥
heeted vanors and the {flow of fluids; cycles and aﬁplioqtion to.'

engines. o

2002. Rire Prooiing and Protection.

2003. Heating, Veﬂtllatlon & Refrigeration, L

The prlncip]es of ventilation; the arranzement of heatyugl
syctems; methods of refrigeration; cﬂmvutaulons for swecificcgu,
ﬂlants. ' P

2004, SBtruetures:

. :

Beuilibrium ead stability »7f structuree - deng, | ohimneV£
buttresses, abutments, retaininzg wells, iere, erchet; an:lyticﬂ
&1 and zranhicel anelysis of fremed °+ructnrea,— beams, columns
trusses; sreciiicationg ior masonry cnn531ucuinna and 10x Lhridse
foundatione of siructures; reviews »i eclal &txuctures. ‘

2005. Llectrodynamics: :

. R A '( ( Ty

Ilectricity.- Theory; methnie oL rqducin@ electrioity,}}

its verious effects; fundamental laws of we 5netism, eleotroaﬁgz

stetics and electrodvnemics; electricel measurenents. Y-

atory wor':s; meacurements o1 meinetic fields, megnetic’ ven- .

meavility and hysteresis, resietence, current, ~otentlal ca-«*
nacity snd induction. : ‘ - B

2006, Resistances:

1]

: o

Meteriale n1 Construction.- Strength of materials f metals
suilding stones, cements, timber; tests sul inerection of ma-.
terials; manufacture and use of materiesls - metalu;'oeﬂents P
concrete, mes sonry, timber. , oo : o

V1
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of simple and compound steam engines; tests of gas engines. | .

3
, 5
Des. o ‘ Rensselaer. 3

2007. Botany:

‘Enzineerinz botany. The growth, charhctev1°tios and’ methoc
of nreservative treatment »f woode uged in enzineering practice,

2008. Geolozy: - . ek
Structural; historical; anplied.

2009. Stone Cutting Theory:

=l

Stereotomy. Stone culting, theory and plates.

2010. Mincralogv: , ) ;

Crystallogrephy; descriptive and determinative mineralogy.

2011. Architecture: , | Al Sy

2012. Mechanical Laboratory: T Y S S

Calibration of gaugzes and indicetors; indicetion and tests,

('\. LT3
! AT o
€013. Mechanics: ' ; L e g

{

Rational Mechanics. Mechanics of solids; mechanics of . ,:.'
fluids; mechanical problems. ) L

2014. Mechanics: ~ o &
L continuation of Course 20123

2015, Electrical ¥Measurements.

Calibration of instrumenis; commarison of standards; tem= %
perature coefficients. ..

2016. Mectallurgy.

Metallurey of iron and steel.

>

2017. Stone Cuttinz Drawingz:

Practical work of course 2009.

2016. D. C. - A. C. Machines, Laboretory: ' i

Direct Current Machines: Theory; zenerators; motnrs,~cnnv$;
trolliny evnliances; switchborard instruments., I?Dﬁratory WO?P '
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Jes, ‘ , Rengselacy, Ty %, ﬁ*ﬁi

operation, chgracteristic curves, effib1oncv; héat runs
generators and wdtors; tests of D, C. ¢ nn11nnoes.; ”)

: i
Alternatiny Current !Machines: fn@“ry, w?thematical theory
of alternating currents; eliernators; synchronous and: 1nducu§on'
motors,; transformers, c¢ontrolling awpllpnce : switchboardyin-
svruments, Laboretory worlc OpOTuLJOH chalacterlstic curves, %
ff101cncy and heatl runs nf single and polyphase Jeneratorb\ond
motors

.

2019. Mar Drewings:

Popographical rawiag.
survey.

@ 2020. Electric Lietting: -‘
fe A
Pheory; erc ard incandecscenl lamps; 1ntcr10r and street'
lighting. ¢ PRLRT
¢ 2021. Testing Luboratoyry: - _ e el

Materials »f Construction;- A continuavion of Course 2006,

2022, Central Station Electrical Louipment:

Theory; ecuinment end operation o7 central power}plgnta;'
: St o

2023, Railroad durves: ; jvif.ff

. . 5 5 a . !.I
Railroad Enzineering. The discuseion o1 simple: nnd Qom—\_f
pound curves, vertical curves, spirels ard earthwork and/ the 55'

comstruction of carthwork tables cnd disgrams. The use oi the

slide rule in railroad problems.

2024, Central Station Mechunioal Peuinment: - . ;7jfﬁ“

Theory,; equinment end oreration of CPﬂtxPl nnwer plant

2025. Tlectrical Bnrineerinz Comise: e

# Text booke, lectures and 195ﬂr?t0Tj worle;, the nrlnciples
of alternating c¢urrents; direct ané elternating current gen- .
erators end motonrs; rolary conve ifcru cnd trars fﬂxmers;,stora?e
butteries; the trsnsmisgsion and dis trnxutlon of electrical -
energy and its annlication in reilway and nower work, 1ight1n
and electro-chenical processes.

2026. Comressed fir: x s
L \;A/O I)‘ 'r

ext Books, lcctures ané celculations "on ﬁowcr required

o comhress eir in difrereat ty-eg of LFCllneI;, utillzation:;”

2 ocomrressed elr Iar power nurpnces, AT

o
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Des.
2027.
Gao and oil engines.. .

gas and o0il engines;
nition;

forms of
design of an engine.

Pumping Machinery:

2028.

Text books, lectures,

duty; analyuls of tests

2029.

Rensseleaer,
Internal Combustion Enwzins Design: = -

The neculiarities
engines,

develonment of Dump1nv machlnery, d681én of pumps fﬂr sreoiflo(
of rumps and pumping ‘

Tlectrical Tranemission & Distribution: P

10f

the design nf ]
frels;

gOVeI'I‘).Ll’lE. 13'— )’:;t“.'"

Pt
i

cnglnes,

direct and alternating current
lines; overhead and underground
and distribution; depreciation;

2030. Lizhting, Transmisgion &

Transmission and distribution of electrical enprgy'”

syetems; lony distance tranemissio
digtribution; cogt of ﬁroduction
eptablic hment of rates.,»

i

DiétributionCApﬁaratﬁévﬁf”

of arc and incandescent lampg;

Elevators: : L

~ s

Laboratory work; c¢fficiency dlstrnbutlon and life tests’ ~‘v“
cable testin
duotivity; standardization of meters.

1n<u1ation con-qﬁ

roofs - plete girders,
lever bridges, draw Liridges,

2034, Water Sunply and Sewers:

“Weter Supply Enzineering.
watery drinking water and disee
el purificetion of water; lake

vater;
cné filtvers; aqueducts
reservoirs;

rive

Sewers
se-orate end combined systems,
nostl aqud treatwent.

RU36. Hizhways:
The design;
end city ﬂavemcnts

UV o
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2031. Electric Cranes,
2032. Central Station Architscture:
2033, DBridees:

Calculation of stresses in end detailse of bridves and
trucs bridges,
t)ois.

Sources of gumnly; quallty'of”

actificial purjfieat1on ntf water;
lines;
stend plpea, pumping maohlnery , '

liouge chaze and reinfall; formulee for flqw',
general de81rn of plbnﬁs'

susrension br]dpes

et

se; river and, stream water, atur-
and reservoir watler,; around R
structures, - basins

dis urlbutlrg svutemS' dams;

‘iu.

dis—
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2028, Bridge Desimn: ' .

“road surveys - theory end rrectice. ; ‘ PRYEN

20&6. Taw of Cﬁnt racta:

2037. Heating anc Ventilating Eabora*nry:

.

>ccrminations of
eut types of radluuﬂr*,
idifying aprarstus.

Trperimental
f

ce
ficiencies of diffen
coils; tests of hunt

'

Desizng; devedled chop drawings and Lutlwa ses of co t of
hridges, examination of existing Lzngcs and uHop worl,

2039. PFailroad Inzinecring:

b5 ;:,'L‘/.'
Meteriale used in railroead concstrvction; the 1000m0L1ve'f~;;
train and other &561bULucuu, gvacd vrovlews; velocity, pro’ileS‘V;
the economics of railroad location; railroad 51rnalﬂn*' 1a11— L

2040. Architectural Desimn: L (L

2041. Hydraulics: . 3 .'Jf.y

Flow of water in nipe‘, mains, ditches, canals, sewerp,(QrU
streams, rivers; measurement of the flov of water by orifices, i
weirs, current moclers; measurement, estimatecs of, wnd cost of; (}
water power; hyiraulie motors; hydranlic plants. Laboratoryi.
puty tests of pumping ergines; tests for lflcloncy of tLrbines
and other water wneels; flocw of water over weirs and  through':

orifices and pines. : R u_;ﬂf-J

i 0D

42, Lighting, Transmission, & Digtrikbution Degigny v

Design; pluans, specificetions and bills of meterial of
trangmigsion lines and distribution systems. : e

'

2044, Thesis:

I'reparation ¢f graduation thesis.

.
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