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AERONAUTICS AND ASTRONAUTICS

Aeronautics and astronautics deal with the prob-
lems of manned or unmanned vehicles that oper-
ate above the earth’s surface. ! ‘include
fixed-wing aircraft, helicopters, ballistic missiles,
guided missiles, and space vehicles. Successful
realization of systems based on such devices
requires that solutions be found for the static
and dynamic pmblemx of sustentation, fuid
resistance to motion, propulsion, strength and
elasticity of minimum-weight structures, and
measurements under difficult environmental
conditions. In addition it is necessary to under-
stand and use the theory of rapid, precise, and
reliable manual and automatic control of the
direction and speed of massive bodies moving
in space with many degrees of freedom under
driving forces from very powerful and complex
engines. It is the primary objective of the
Department of Aeronautics and Astronautics
to give a clear understanding of all the basically
important problems that occur in aeronautics
and to provide students with a broad back-
gmundofeducatzonmthcartandmcmcof

applying sound judgment in achieving accept-
able solutions for practical situations.

More than any other, the factor which influ-

.ences the educational climate of the Department

is the extensive, vigorous participation by every
faculty member in the activities of one or more of
the several departmental research laboratories.
The Department is outstanding in the volume
of sponsored and unsponsored research carried
out by its staff. Except for flight testing and
similar activities, all this work is done either on
or in the immediate vicinity of the campus.
Because all faculty members are actively inter-
ested in teaching, the aeronautical research
problems of one day can and often do become
the classroom examples or assignments of the
next. Many undergraduates and a majority
of graduate students find that part-time employ-
ment in one of the laboratories gives a source
of income while providing experience that is an
invaluable supplement to formal courses. Such
experience commonly suggests thesis projects
which place fundamental emphasis on a -work-
ing relationship with thé current problems of
aeronautics and astronautics. The Department
is proud that all of its extensive research facilities
are available to its student body for thesis work
or instruction, and that the utilization is high
for both of these purposes. Of the many basic
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contributions to aeronautical science in such
areas as automatic control, inertial navigation,
turbojet engines, acroclasticity and aerodynamic
heating, a large proportion had their origins in
student-faculty collaboration on thesis projects.

Major departmental laboratories are listed

_ below, with a brief description of their activities:

AEROELASTIC AND STRUCTURES LABORATORY

Here a wide variety of investigations are con-
ducted on the interrelation between aerody-
namic and elastic forces. Model construction

- facilities are available, as are wind tunnels and

a shock tube for low-speed or high-speed dy-
namic testing. The structural test facility con-
tains equipment for static or dynamic loading
of aircraft components and material samples.
Elecu-o-thcrmal furnaces permit study of high-
temperature gradients and transient effects.

ATRCRAFT INSTRUMENTS LABORATORY

The Aircraft Instruments Laboratory operates
extensive equipment for studying the perform-

“ance of measuring and control systems, with

particular emphasis on instructing students in
the fundamentals of such systems and provid-
ing thesis facilities. Items available include an
electronic simulator, harmonic synthesizer, en- -
vironmental facility, and apparatus for measur-
ing vibratory characteristics of instruments.

GAS TURBINE LABORATORY

The facilities of this Laboratory are devoted to
the study of fluid-dynamic phenomena in tur-
bines, compressors and combustion chambers,
boundary-layer flow and mixing of jets. The
Laboratory includes an 8 by 8 inch supersonic
wind tunnel for testing turbine components,
along with other experimental apparatus of all
types related to aircraft propulsion research.

INSTRUMENTATION LABORATORY

The Instrumentation Laboratory is a defense
research organization devoted to research and
development on fire control and navigation sys-
tems. Its equipment includes several digital
and analog computers as well as an extepsive

- facility at Hanscom Air Force Base near Boston.

Research projects are organized in such a way
that students may obtain advanced professional
experience, similar to an internship, in instru-
mentation and weapons systems. Valuable
sources of thesis material are provided in these
fields. Results of current research are being
applied directly to graduate academic subjects
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and ultimately to undergraduate teaching in
the Department. The weapons systems curric-
ulum provided for Air Force officers, Navy offi-

cers, and civilians is very largely based on the
work of the Instrumentation Laboratory.

NAVAL SUPERSONIC LABORATORY

Here basic research is carried on in problems of
high-speed flight — for example, loads on super-
sonic wings and bodies, aerodynamic heating,
and hypersonic gas dynamics. The Laboratory
centers on a 10,000-horsepower wind tunnel,
with rectangular test section 18 by 24 inches,
ambient pressures }{ to 4 atmospheres, and
velocities up to four times sonic speed. Asso-
ciated facilities include a small tunnel capable
of operating above 10 times sonic speed.

WRIGHT BROTHERS WIND TUNNEL

Here there is a 2,000-horsepower low-speed
wind tunnel, with elliptic throat 714 by 10feetand
operating pressures 3{ to 4 atmospheres. This
tunnel also serves as the reservoir for an inter-
mittent transonic wind tunnel with a 22-inch
slotted-wall test section, and for an intermittent
supersonic tunnel with continuously variable
Mach number between 1.2 and 2.0. The latter
facility is particularly adapted for the measure-
ment of oscillatory air loads and aemelastlc
stab.lhty

OTHER RESEARCH GROUPS

The Fluid Dynamics Research Group is not
directly associated with any one facility but takes
advantage of the staff and equipment of any and
all departmental laboratories that are able to
make contributions to its research.

THE UNDERGRADUATE PROGRAMS
Aeronautics and Astronautics (Course XVI)
Building on the firm grounding in basic science
and mathematics provided by the first two years
of Institute work, the undergraduate Course in
Acronautics and Astronautics adds the advanced
subjecm required to apply engineering science
in working out optimum designs for acronautical
systems. The program is broad and flexible,
with education not only in peculiarly aeronau-
tical sciences such as three-dimensional gas
dynamics but also in the areas of generalized
rigid-body mechanics, elasticity, structures, ther-
modynamics, vector field theory, complex linear
systems, applied electronics, measurements, sta-

bility of physical systems, acrvomechamms, and
automatic controls.. The essential unity of the

~ curriculum formed from these subjects is empha-

sized by sequences-of coordinated subjects that
bridge the gap between basic science and math-
ematics and the comprehensive subjects in the
principles of aeronautical and astronautical
cngm‘ !mgl .

These comprehensive subjects are taken in
the senior year and include the major steps
required for a preliminary study of a chosen
manned or unmanned aeronautical vehicle. - In
the course of this work, essential subsystems and
components are considered and integrated into
an over-all design. Methods of checking the
expected performance of a vehicle based on such

" a design are studied by laboratory tests on aero-

dynamic performance, structural behavior, and
the operation of various subsystems including
automatic control components. During parts
of the fourth-year program students work to-

-gcthcrmtcamsmmﬂarﬁothoaccommon]yuwd

by industry for large projects. As a result, each
studentmcmvesmtcrestmg and rewarding experi-

ences in the technical aspects of his chosen pro-
fession, and he also becomes aware of the great
importance of personal relationships in modern

engineering. In his professional work with com-"

prehensive problems, the student has continuous
contacts with a number of senior faculty mem-
bers who are familiar with current practice in
the acronautical industry. Each student is given
personal attention, since it is the Department’s
aim to prepare him for his first job with the
breadth of vision and ability required of poten-
tial chief engineers. In addition, his qualifica-
tions in basic science, mathematics, and applied
science give him an excellent preparation for
starting advanced study toward a career in
research,

The curriculum not only provides the coordi-
nated education described above but offers the
flexibility of choice among several advanced
professional electives in many fields. In addi-
tion, subjects in the regular curriculum may be
replaced by equivalent subjects, if the substitu-
tions are approved by the Registration Officer.

The Course leads to the degree of Bachelor of
Science in Aeronautics and Astronautics, The
curriculum for the first year is shown on page
77; the curriculum for the second, third, and
fourth years is shown on the next page.
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SECOND YEAR!
First Term
2.01  APPLIED MECHANICS I
8.03 Ppuvsics
16.70  AIRCRAFT DETAIL DESIGN
16.82  INTRODUCTORY AERONAUTICAL
ENGINEERING
18.03 calcuLus
21.03  HUMANITIES

VWL LW
coo L~
mon oW

Second Term
240  HEAT ENGINEERING
8.04 pHYSICS
16.00  FLIGHT DYNAMICS
18.04  DIFFERENTIAL EQUATIONS
21.04 HUMANITIES
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THIRD YEAR -

- First Term

2.38  MECHANICAL BEHAVIOR OF MATERIALS 3 2
6.18 FUNDAMENTALS OF ELECTRICAL
ENGINEERING
16.01  FLIGHT DYNAMICS
16.02  AERODYNAMICS
1 Humanities

W W
(=1 =
oo &
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Students regisiered in the third year, first term, 1959-60: omit

2.38 and 16.02. Add 2.40 HEAT ENGINEERING (4-0-5)
and 16.11 AIRCRAFT PERFORMANCE AND STABILITY (4-0-8).

Second Term
16.11  AIRCRAFT PERFORMANCE AND
STABILITY

16.20  sTRUCTURRS
16,30 PRINCIPLES OF AUTOMATIC CONTROL
16.53 AIRCRAFT PROPULSION

o il

W W
cocooco -
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Students registered in the third year, second lerm, 1959-60: omit
16.11. Add 16.02 AEropYNAMICS (4-2-6).
FOURTH YEAR
First Term
16.302 AERONAUTICAL SYSTEMS
16.71T AERONAUTICAL ENGINEERING
*Humanities
Laboratory elective subject
Professional elective subject or humanities
(vee next column)

W w
e ] I
o CSococeo

Second Term .
16,72 AERONAUTICAL ENGINEERING
; THESIS OR PROJECT
Humanities | .
 Professional cloctive subject (see mext

 column) :
Professional elective subject or humanities
(ses next column) 8

w <
R -N -]
w w
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! Students who have not already completed the 12-unit
elective requirement for the first two years must finish it
during the second year; these elective subjects will be in
addition to the regular curriculum shown here. :
* 14.01 zconvomic PRINCIPLES I (3—0-5) is a requirement
fargraduatmnandmmbeonedthehmamuﬂmb-
jects taken. The humanities reqmrmmt is described
in Section 2 of this Catalogue.

PROFESSIONAL ELECTIVE SUBJECTS

Electives may be chosen from any of the areas
of aeronautics and astronautics or from associ-
ated fields, in consultation with the Registra-
tion Officer.

The Honors Course

Students who wish to pursue a coordinated
schedule of studies through their senior and
graduate years may apply for the Honors Course
group; a limited number of students of superior
ability are selected each year for the group by
the Department. A member of the

aids each member in planning the senior and
graduate schedules which are best suited to his
individual interests. The program requires com-
pletion of all unit and humanities requirements
for the Bachelor’s degree and for either the
Master’s degree or the degree of Engineer in
Acronautics and Astronautics, but only a single
thesis of not less than 30 units in the graduate

m.

The Honors Course leads to the degree of
Bachelor of Science in Aeronautics -and Astro-
nautics and either the degree of Master of Sci-
ence in Aeronautics and Astronautics or the
degree of Engineer in Aeronautics and Astro-
nautics, awarded simultancously at the end of
the graduate program.

Aeronautics and Astronautics

(Cooperative Course) (Course XVI-B)

The cooperative program for Aeronautics and
Astronautics undergraduates provides the oppor-
tunity for aboutmxmonthaofexpu-mnoeman
industrial organization before the professional

work of the senior year. Continuous contact
with industrial problems enables students to

discover and develop their aptitudes and inter-
ests to better advantage than would be possible
with shorter periods of employment. The pro-
gram does not interfere with the student’s aca-
demic progress nor with his extracurricular
activities in association with his classmates.
The cooperating companies of the aircraft
industry pay the students at prevailing rates

81




during their period of employment. The stu-
dents pay their own transportation and living
expenses while away from the Institute.

Students who are interested in the program
should apply to Department Headquarters for
a set of Personnel Record Forms prior to Decem-
ber 1 of their sophomore year. These forms
should be completed and returned by Decem-
ber 15, with an added statement specifying the
location where the student prefers to work.

Representatives of the cooperating companies
come to the Institute to interview interested
students and to determine, together with the
Department representative, the distribution of
those selected for employment. Students who
are thus selected become regular employees dur-
ing their period of employment in an aircraft
plant and are subject to the regulations of the
company. They are expected to carry the
Course through to completion unless excep-
tional circumstances intervene,

A list of the companies cooperating in this
program is available at the Headquarters of the
Department of Aeronautics and Astronautics.

Juniors in the Cooperative Course are also
eligible for the Honors Course described above.

* The Cooperative Course leads to the degree
of Bachelor of Science in Aeronautics and Astro-
nautics. The curriculum is shown below.

FIRST YEAR
Same as Aeronautics and Astrondutics (Course Xvi)
SECOND YEAR
Firat Term
Same as Aeronautics and Astronautics (Course Xv1)
Second Term
237 MECHANICAL BEHAVIOR OF MATERIALS 3 2
8,04 paVECS ) 4 1
16.00  FLIGHT DYNAMICS 31
18.04  DIFFERENTIAL EQUATIONS 30
21.04 HUMANITIES 30

(TN T T -

THIRD YEAR
Summer
At MI.T., first 6 weeks:
240 HEAT ENCINEERING 4 0
16.01  FLIGHT DYNAMICS 4 1

Vacation, approximately 2 weeks

At plants, remainder of summer:
16.851 INDUSTRIAL PRACTICE 40 h.p.w,

Firat Torm

At plants:
16.852 INDUSTRIAL PRACTICE 40 h.p.w.
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Second Term
At MIT,:
6.18  FUNDAMENTALS OF ELECTRICAL
ENGINEERING

16,02  AzmobynAMIcs

16.20  sTrRucTURES

16.30  PRINCIPLES OF AUTOMATIC CONTROL
B, o

PR ™)
COoOOoON=
Lo oo
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Students registered in the third year, second term, 1959-60: omit
16.20. Add 16.53 AIRCRAFT PROPULSION (3-0-6).

FOURTH YEAR
Summer
At MIT.:
16.11  AIRCRAFT PERFORMANCE AND
STABILITY
16.53  AIRCRAFT PROPULSION
i 3

[CR 3 8
oCc o
o oo

29

 Students registered in the fourth year, summer, 1960: omit 16.53.

Add 16.20 sTrucTURES (4-0-6).

First and Second Terms

Same as Aeronautics and Astronautics (Course xvi)

114.01 ecoNomic PRINGIPLES 1 (3-0-5) is a requirement
for graduation and must be one of the humanities sub-
jects taken. The humanities requirement is described in
Section 2 of this Catalogue.

GRADUATE STUDY IN AERONAUTICS AND
ASTRONAUTICS

Graduate students in the Department of Aero-
nautics and Astronautics study and conduct
research in the engineering and scientific aspects
of many problems of flight transportation. Fields
of endeavor may be fairly general; programs
may be oriented to aeronautical or astronauti-
cal engineering or to aeronautics or astronau-
tics, in which case there will be less emphasis on
engineering applications. Major ficlds of spe-
cialization include vehicle design and operation,
aerodynamics or gas dynamics, space mechan-
ics, structures, acroelasticity, propulsion, instru-
mentation, and automatic control. For suc- .
cessful graduate work in any of these fields,
strong preparation and aptitude in applied
mathematics and physics are necessary founda-

~ tions, Students may clect subjects in other

departments which bear a useful relation to
their program.

Advanced study in the Department leads to
the degrees of Master of Science in Aeronautics
and Astronautics, Engineer in Aeronautics and

‘Astronautics, and Doctor of Science or Doctor

of Philosophy.




Entrance Requirements for Graduate Study

In addition to the general requirements for
admission to the Graduate School, all appli-
cants must have completed strong fundamental
undergraduate _subjects in thermodynamics,
mechanics, electrical engineéring, and auto-
matic control. Additional undergraduate prep-
aration is a prerequisite for specialization in
particular fields. Some prerequisites may be
completed early in a graduate program.

The Graduate Degrees
MASTER OF SCIENCE IN AERONAUTICS AND
ASTRONAUTICS
For this degree, at least one year of an approved
graduate program is required, including thesis.
Two terms of advanced mathematics beyond
DIFFERENTIAL EQUATIONs (18.04) or its equiva-
lent must be included. This degree is awarded
simultaneously with the Bachelor of Science in
Aeronautics and Astronautics upon successful
completion of the five-year Honors Course
program.

Although excessive specialization is unde-
sirable, it is expected that most candidates for

_ this degree will concentrate in a single profes-

sional field, not seeking the same breadth of
educational background implied by the Engi-

neer degree.

ENGINEER IN AERONAUTICS AND ASTRONAUTICS
For this degree the student must satisfactorily
complete at least two years of an approved

graduate program, including thesis. Subjects

in a variety of professional specialties are re-
quired, so as to provide a broad foundation in
both aeronautical and astronautical science and
their engineering applications.

- Requirements for admission to candidacy
for the degree of Engineer in Aeronautics and
Astronautics are more rigorous than for the
degree of Master of Science in Aeronautics and
Astronautics.

DOCTOR OF SCIENCE (OR PHILOSOPHY) IN
AERONAUTICS AND ASTRONAUTICS

To be recommended for this degree by the
Department of Aeronautics and Astronautics,
the student must complete an approved pro-
gram, including thesis. Such a program probes
more deeply into a special field than the pro-
gram for the Engineer degree and does not
necessarily include the same breadth of engi-
neering applications. Competence must be

DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS

demonstrated by a General Examination con-
sisting of written and oral parts, The thesis
must demonstrate the student’s ability to carry
out independent original research of high qual-
ity on a problem of aeronautical or astronautical
science or engineering.

DOCTOR OF SCIENCE WITH SPECIALIZATION IN THE
FIELD OF INSTRUMENTATION

For the Doctor’s degree in this field, the student
is required to complete an approved program,
including thesis, in the interrelated professional
fields of instrumentation. This work involves
the cooperative effort of the Departments of
Aeronautics and Astronautics (Instrumentation
and Weapons Systems Divisions), Electrical
Engineering, Mechanical Engineering, Mathe-
matics, and Physics. The program is adminis-
tered, for registration purposes, by the Depart-
ment of Aeronautics and Astronautics. The
General Examination includes both written and
oral parts. The thesis must demonstrate the
ability of the student to do original research of
high grade on a problem of instrumentation or
weapons systems engineering.

Language Requirement

No language requirement is made for candidates
for the Master of Science or Engineer degrees.
A candidate for the Doctor of Science degree
must demonstrate competence in reading two
foreign languages in his major field. Each stu-
dent’s choice of languages must be approved
by his Graduate Registration Officer.

Financial Assistance for Graduate Study

The Department offers several fellowships for -
full-time study in aeronautics and astronautics;
these are described in Appendix A of this
Catalogue. In addition, graduate students may
earn part or all of their expenses as part- or
full-time assistants. These duties, concerned
with either teaching or research, provide valu-
able educational experience.




DESCRIPTIONS OF SUBJECTS

The subjects and descriptions given in this Sec-
tion are subject to change. The final list of
subjects to be given in 195960 will be pub-
lished with the class schedules prior to the begin-
ning of each term.

(A) following the name of a subject indicates
that it is given primarily for graduate students.

(R) following the name of a subject indicates
that it is restricted to special groups because of
content; all subjects open only to special groups
are so noted at the end of the description of the
subject.

The information given below the number
and name of the subject is as follows:
1. The number(s) of prerequisite subjects, if any.
Numbers in italics indicate subjects which may
be taken simultaneously with the subject de-
scribed.
2. The year (and term) for which the subject is
normally scheduled in one or more curricula.
3. The time distribution of the subject, showing
in sequence the units allotted to: recitation and
lecture; laboratory, drawing, or field work; and
preparation. Each unit represents 15 hours of
work. The total unit credit for a subject is
obtained by adding together all the units shown,
One unit of recitation or lecture credit, and two
units of laboratory or drawing credit, are each
equivalent to one semester hour.

Arr. indicates that time units are specially
arranged.
4. The name of the instructor(s) in charge, when
known at press time.
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15.951 Spwdn!Studie: in Management (A)
,q J—
G

15.952 Spem! Studies in Management (A)

Tear: G (2) Arr.
For graduate students who desire to do ado\:_mwed work
urtocanyoutmcspmalmmuganon a manage-
ment problem not specifically covered elsewhere and not
;}:d’ ing as a thesis. Readings, conferences, labora

15.96 Administrative and Practice (A)
Prereg.: 15.312, 15.412, 15.712, 15.812
Especlall‘l;‘ﬁw%gezl for grad students who look for-
uate ents
ward to ultimate responsibilities in the top management
of industry. Initial F-ublms confronting the new busi-
ness administrator. Formulation of methods ofapprmh

madmmntrauvepxoblum Techniques of negot: :
Enlmm-hlps of top

mediation and gmmnbﬂaﬁm

management to s ates, investors, vendors, cus-
tomers, associates, community, ment, and the
public. Underlying pl'l-h.Clplel ing to long-term con-
tinuity and tenure, E oanfermoes with business
administrators and ind Schell

15.971 Seminar in Research Management

Prereq.: ——

Year: G (1) 2-0-7
Graduate scminar dealing with scveral aspects of manag-
ing research laboratories: organization, economics, hu-
man relations. Gaudncumom,guuupcakzn,rmdmgl
and reports. Participation by research supervisors from
local laboratories. (Generally restricled to graduate studests
who have worked in research or development alories. Per-
mission of instructor required.) Rubenstein

15.972 Management of Research and
Development

anizational and economic man re-
scarch laboratories. Lecmrumrcadmgs, dmagmgm,
field studies, reports. Subject intended for graduate
mdmuwnﬁhtﬂcornopumusexpmmmmh
management.

15.98 Seminar in Administration (A)

Prereg.: 15.18

Year: G (1)
15.99 Seminar in Administration (A)

Prereg.: 15.18

Year: G (2) 3-0-6
Study of fundamental economic, financial, organizational
and administrative relationships analyzed and discussed
by expericnced leaders in business, labor and public
administration. Examination of managerial philosophics
and practices in the feld and in seminar discussions.
(Restricted to Sloan Fellows.) Wynne

AERONAUTICS AND ASTRONAUTICS  15.951-16

16.

Aeronautics and Astronautics

16.00 Flight Dynamics

Prereq.: 2.01,18.03

meuzh(z) d3—~1—5 :
Dynamics, applications to acronautical and astro-
nautical problems. Kinematics of a point and of plane
motion of a rigid body. Relative motion as seen by
accelcranngandrotatmgohlm Dynamics of
cles, groups of particles, and bodies in
motion, Work and energy, im, and momentum in
relative motion. Particles of mass. Halfman

16.01 Flight mics

Prereg.: 16.00, 78.04

Year: 3 (8, 1) 4-1-5
Dimensional analysis. Kinematics of a rigid in
general motion. Mass properties of rigid bodies,
soid of inertia, geometric and mass

symmetries. Dynam-
ics in general motion of a grou, ufparuclu,lng:dbody,
a body of variable mass. E; equations,
gymmpccqushms,mcketequauumwuhapphca
to aircraft, spacecraft and their components. Lincar
w,&umdﬁuwudmﬂammum degreuof
om,

classical and operational m of analysis.
performance and stability. Examples of non-
linear systems. Halfman

16.02 Aderodynamics
Prereg.: 2.40, 16.01
| Tear:3(1,2) 4-2-6

of kinetic theory. A
of mass, momentum and thennodynam.nc to real
andpu-ﬁ:ctﬂuidnmmom On ofa
perfect gas, with simple acronautical and astronautical
dlwtrauana Fundamentals of three-dimensional fluid

16.041 Aerodynamics — Viscous Fluids (A)
Prereg.: 16.02, 18.05
Year: G (1) s
Introduction to viscous flows. Basic flow eq
exact solutions; low Reynolds number cases; bounduy
ll:zu' flows; hnefdncmam ufslabihbe, ty; transition; ;ﬁ'hg;
t bomdnry layers. Lectures to be su
occasional demonstrations. w

(A) indicates a subject gi primarily for graduate
students, (R) mdm]-mnmbject mtnrctedto special

of content., Other notations are
ﬁmxbedmtheﬁrstpageoithisﬁeﬂm
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16.042 Aderodynamic Heating (A)

Prereq.: 16,041, 78.06

Year: G (2) 3-0-9
Extension of discussion in 16.041 to include thermo-
dynamic aspects. Kinetic heating at high speeds; heat
transfer through boundary layers; discussion of methods
of reducing surface temperatures. Application to hyper-
sonic aircraft and re-entry bodies, including real gas
effects at high temperatures. Finston

16.051 Aerodynamics of

Compressible Fluids I (A)

Prereg.: 16,02, 18.05

Year: G (1) 3-0-9
Gas dynamics equations. Rotational and irrotational
flow. Subsonic, transonic, supersonic and hypersonic
flow regimes. Similarity and area rules. Nozzles, diffus-
ers, and unsteady flows. Conical flow. Hodograph and
characteristic methods. Experimental techniques. Some
real gas effects. Baron

16.052 Aderodynamics of

Compressible Fluids IT (A)

Prereg.: 16.051

Year: G (2) 3-0-9
General solutions of the Prandtl-Glauert equation. Flow
past inclined axisymmetric bodics. Supersonic wing
theory. Distributed sources and conical field technigues.
Wing-body interference. Reverse flow theoréms. Blunt
bodies. Baron

16.065 Physics of High Speed Gas Flows (A)

Prereg.: 16.02

Year: G(1) 3-0-9
Review of statistical mechanics as basis for the equations
of motion of a gas. Physical nature of transport phe-
nomena. Mechanism of vibrational excitation, dissocia-
tion, ionization, radiation and rclaxation effects. Free
molecule and slip flows. Introduction to magneto-
hydrodynamics and plasma flows. Trilling

16.07 Aerodynamics and

Dynamics of Missiles (A)

Prereg.: 16.02, 16.11

Year: G (1) 3-0-6
Introduction to aerodynamic techniques useful for pre-
dicting performance and stability of slender vehicles in
high-speed flight at all altitudes in planetary atmospheres.
Flow of compressible fluid past bodies, wings, and more
general configurations. Slender-body methods, Newton-
ian theory, other approximate techniques and their limi-
tations. Estimation of forces and moments at subsonic,
transonic, supersonic, and hypersonic speeds. Similarity
laws and area rules. Some quasi-linear and nonlinear
dynamic problems peculiar to slender vehicles. Ashley

16.081 Advanced Gas Dynamies (A)
Prereg.: 16,052, 18.06

Year: G (1) 3-0-9
16.082 Advanced Gas Dynamics (A)

Prereg.: 16.081

Year: G (2) 3-0-9

Two-semester subject for advanced graduate students.
Fundamentals of gas dynamics of continua with examples
from widely diverse fields such as boundary layer theory,
acoustics, rotary flows, potential flows, and jet and wake
flows. Discussion of unsolved as well as solvable prob-
lems. Free usc of mathematical tools.  Moll6-Christensen
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16.10T Space Flight Dynamics (A)

Prereg.: 16.01 :

Year: G (2) - 3-0-6
Satellite librations and some effects of nonspherical gravi-
tational fields. Elementary inertial navigation and the
Schuler pendulum. Calculus of variations in flight
engineering with applications to dynamic aircraft per-
formance and interplanetary rocket flight; classical
minimum principles. General motion of “rigid”* bodies
of variable mass. Relativity and space flight.  Halfman

16.105 Applied derodynamics (A)

Prereg.: 16.02, 16.11 :

Year: G (1 or 2) 3-0-6
Further studies of airplane performance, including the
effects of variations of propeller, type of power plant, and
Mach number at trans- and supersonic velocities. Ober

16.11 Aircraft Performance and Stability

Prereg.: 16.07, 16,82

Year: 3 (1,2); 4 (S) 4-0-8
Application of aerodynamic theory to aircraft perform-
ance and stability. Presentation of general theory of
aircraft stability. Bicknell

16.15 Advanced Stability and Control of

Aircraft (A)

Prereg.: 16.11

Year: G (1) 3-0-6
Various features of stability and control of aircraft,
including airplane motion with free controls; rotary
derivatives; airplane frequency response to control mo-
tion; controls and control forces. Larrabee

16.20 Structures

Prereq.: 2.37 or 2.38

Year: 3 (2);4 (S) 4-0~6
Fundamental theory and methods for static strength
analysis and design of airplane components. Elasticity
relations and practical two-dimensional plasticity. Proper-

- ties and failure modes of ductile materials, including

combined stresses, fatigue, and eclevated temperature
effects. Solid sections, simple shells, and stiffened-skin
structures under shear, bending, torsion, and compres-

sion; both elastic and plastic effects. Mar
16.21 Theory of Siructures

Prereq.: 16.20

Year: 4 (1) 4-0-6

Introduction to the energy theorems in structural analy-
sis. Influence coefficients and statically indeterminate
structures. Flight vehicle shell structures; load distribu-
tion in multi-cell and tapered stiffened shells, analysis of
fusclage rings, general stability problems. Introduction

to plate theory, small and large deflections. Pian
16.22 Shell Structures (A)

Prereg.: 16.21

Year: G (2) 3-0-6

Advanced topics in aircraft structural theory. Theory of
elasticity applied to the stress and stability analyses of
plates and shells including variational mcthods. Approxi-
mate solutions including finite difference techniques and
relaxation methods. Plastic effects in stress and stability

analyses. Thermal effects. Pian
16.23T Flight Vehicle Structures and Materials
Prereg.: 16.20
Year: G (1) 3-0-9

Selected analysis and design problems for advanced
structures of aircraft, missiles, rockets, and space vehicles.
Considerations of hypervelocity impact, high vacuum
and radiation environment, on materials.  Bisplinghoff







