DECLARATION ADDENDUM

I, Robert J. Abend, declare and state the following:

I. Dr. Walter Hollister and Dr. Larry Brock Class Notes

i &

In his 23 May 2000 letter “To whom it may concern” Dr. Walter Hollister states
that his attached class notes discussing gravity assisted trajectories on 21 and 23
March 1960 were notes he took during Dr. Battin’s lectures in course 16.46T
“Astronautical Guidance” taught at The Massachusetts Institute of Technology
(MIT). This data provided by Dr. Hollister is intended to support Dr. Richard
Battin’s claim that he had developed the concepts of gravity assisted trajectories
prior to Dr. Minovitch’s paper on the same topic published 23 August 1961.
During his 7 May 2001 Deposition, Dr. Larry Brock provided, as Exhibit 1, his
set of lecture notes reportedly provided by Dr. Battin during the 1960 — 1961 term
at MIT. Those were reported by Dr. Brock to be class notes provided by Dr.
Battin to students in his class on “Astronautical Guidance”. In reviewing those
prepared notes, I find them to be similar or the same as data published in Dr.
Battins 1964 book “Astronautical Guidance”. The prepared notes are dated
August 1961.

I obtained excerpts from the MIT Bulletin which describes courses taught during

the 1959 — 1960, 1960 — 1961, and 1961 — 1962 class years in the Aeronautics and

Astronautics Department. Those excerpts are attached to this Addendum.
During the 59-60 class year, the MIT Bulletin shows, on Page 262, that the

Astronautical Guidance course is being taught by an instructor with the last name
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of Wrigley. Page 78 of the same document lists Walter Wrigley as an MIT
Aeronautics and Astronautics Department Professor. Dr. Battin is not referenced
anywhere in the 59-60 documentation I received from MIT.

. During the 60-61 class year, the MIT Bulletin shows on Page 258 that the
Astronautical Guidance course is being taught by an instructor with the last name
of Wrigley. Page 84 of the same document lists Walter Wrigley as an MIT
Aeronautics and Astronautics Department Professor. Dr. Battin is not referenced
anywhere in the 60-61 documentation I received from MIT.

. During the 61-62 class year, the Bulletin shows on Page 264 that the
Astronautical Guidance course is being taught by Dr. Battin. Page 84 of the same
document lists Walter Wrigley as an MIT Aeronautics and Astronautics
Department Professor. Dr. Battin is also listed on Page 84 as an Aeronautics and
Astonautics Department Lecturer.

. The course description for the 61-62 class year, on Page 264, is fairly detailed and
lists “one way” and “round trip” trajectories to the moon and planets, but does not
discuss multi-planetary, dual reconnaissance, or gravity assisted trajectories.

. The course description also changed significantly when Dr. Battin became the
instructor in 1962. This change seems to correlate with Dr. Battin taking over the
course in 1962.

. The Astronautical Guidance course is given a G (2) designation for all three MIT

Bulletins indicating that it was a graduate course taught during the Spring

Semester.
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II. Conclusions:

1.

Since Dr. Battin is not listed as an Aeronautics and Astronautics Department
member for the 59 — 60 and 60 — 61 class years, and he is not listed as the
Astronautical Guidance course instructor, it does not appear he taught the course
during those years.

Since Dr. Battin is listed as an Aeronautics and Astronautics Lecturer, and the
instructor for the Astonautical Guidance course during the 61 — 62 class year, and
the course was only taught in the Spring, the documentation shows that he taught
the course in the Spring of 1962. Since multi-planetary gravity assisted
trajectories would have been at a level of import equal to or greater than those

topics listed in the course description, it is surprising they were omitted, and Dr.

-

F,

Battin may not have addressed that topic during his Spring 1962 class. /
+ha

Based on the MIT documentation discussed above, it does not appealh the
description of 1960 class notes given By Dr. Hollister, nor the similar description
for the 1961 prepared lecture notes provided by Dr. Larry Brock are accurate. It
is not clear what those documents really are.

In his 9 February 2005 deposition, Dr. Battin states on Page 59 Line 13 that the
lecture notes identified by Dr. Brock were also the substance of his 1963 Draper

Anniversary Volume, which was later published by McGraw Hill as the

“Astronautical Guidance” book in 1964. Dr. Battin states that those class notes

were used in his new course at MIT taught for the first time in 1961. Since, based
on MIT documentation, his new course was taught during the Spring Semester in

1962, Dr. Battin’s accounting does not appear to be accurate. This finding may
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also bring into question the accuracy of the August 1961 date on Dr. Battin’s
lecture notes.

Since the Astronautical Guidance course was always taught during the Spring
Semester, class notes completed in August 1961 would have been available too
late for the Spring Semester in 1961. Even if the publication date of August 1961
were accurate, the notes could not have been used for the Astronautical Guidance

course in 1961,
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III. DECLARATION

I declare under penalty of perjury that to the best of my knowledge the foregoing is true
and correct.

Robert J. Abend, PE

Date
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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. These include
fixed-wing aircraft, helicopters, baHistic missiles,
guided missiles, and space vehicles. Successful
realization of systems based on such devices
requires that solutions be found for the static
and dynamic problems 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-
ground of education in the art and science of
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 the 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 uatilization 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, aeroelasticity 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.
Electro-thermal furnaces permit study of high-
temperature gradients and transient effects.

AJRCRAFT 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 extensive
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 t. The weapons systems curric-
ulum provided for Air Force officers, Navy offi-
cers, and civilians is very largely based on the
workufthclnstrumcntauonLaborawry

NAVAL SUPERSONIC LABORATORY

Here basic research is carried on in problems of
high-speed flight — for example, loads on super-
e pa i TheTairsion

gas dynamics.

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 }{ 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 acroclasuc
stability.

OTHER RESEARCH GROUPS

The Fluid Dynamics Rescarch 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
mb;cctx required to apply engineering science
in working out optimum deugna for aeronautical
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, servomechanisms, 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
engineering.

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-

gether in teams similar to those commonly used

by industry for large projects. As a result, each
student receives interesting and rewarding experi-
ences in the technical aspects of his chosen pro-
femon,andhealsobeoommawarcofthcgmat
lmportance 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.




SECOND YEAR!
First Term
2.01  APPLIED MECHANICS I
8.03 PHYSICS
16.70  AIRCRAFT DETAIL DESIGN
16.82 INTRODUCTORY AERONAUTICAL
ENGINEERING )
18.03  caLcuLUs
21.03  HUMANITIES
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Second Tarm
240 HEAT ENGINEERING
8.04 rEVYIICS
16.00  FLIGHT DYNAMICS
18.04  DIFFERENTIAL EQUATIONS
21.04 HUMANITIES
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THIRD YEAR '

- First Term
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2,38  MECHANICAL BEHAVIOR OF MATERIALS 3
6.18  FUNDAMENTALS OF ELECTRICAL
ENGINEERING
16.01  FLIGHT DYNAMICS
16.02  AERODYNAMICS
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Students regisiered in the third year, first term, 1959-60: omit

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

Second Term :
16.11  AIRCRAFT PERFORMANCE AND
STABILITY

16.20 sSTRUCTURES
16.30  PRINCIPLES OF AUTOMATIC CONTROL
16.53  AIRCRAPT PROPULSION
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Students registered in the third year, second lerm, 1959-60: omit
16.11. Add 16.02 AEroDYNAMICS (4-2-6).
FOURTH YEAR
First Term
16.302 AERRONAUTICAL SYSTEMS

16.71T AERONAUTICAL ENGINEERING
'm -lo

[P S
Socse

Laboratory elective subject
Professional elective subject or humanilies
(see next column)

m"‘

Second Term :
16.72 AERONAUTICAL ENGINEERING
g THESIS OR PROJECT

2 Humanities

. Professional dcmw.mba:l (see next
column)

Professional elective subject or haumanities
(ses ‘next column)
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1 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
for graduation and must be one of the humanities sub-~
jects taken. 'I'hehumnmuumquuemmtnducnbed
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
Aeronautics and Astronautics, but only a single
thesis of not less than 30 units in the graduate
program. '

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 Aecronautics 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 about six months of experience in an
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
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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 xv1)
SECOND YEAR

Firat Term

Same as Aeronautics and Astronautics {Course Xv1)
Second Term

2,37  MECHANICAL BEHAVIOR OF MATERIALS 3
8.04 puvm:cs ) 4
16.00 rLIGHT DYNAMICS 3
18.04  DIFFERENTIAL EQUATIONS 3
21.04 HUMANITIES 3
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THIRD YEAR
Summer
At MIT., first 6 weeks:
240 HEAT ENGINEERING
16.01  FLIGHT DYNAMICS

L
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Vacation, approximately 2 wesks

At plants, rematnder of summer:
16.851 mWDUSTRIAL PRACTICE 40 h.p.w,

First Term

Plants:
16.852 INDUSTRIAL PRACTICE 40 h.p.w.

Second Term
At MI.T.: -
6.18  FUNDAMENTALS OF ELECTRICAL
ENGINEERING

16,02 AzmoDYNAMICS
16.20  sTrucTURES

16.30  PRINCIPLES OF AUTOMATIC CONTROL
B, =i
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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
Summar
At MIT.:
16.11  ARORAFT PERFORMANGE AND
STABILITY
16.53  AIRCRAFT PROPULSION
g )

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

Add 16.20 sTrucTURES (4-0-6).
First and Second Terms
Same a5 Aeronautics and Astronautics (Course xv1)

! 14.01 Economic PRINCIPLES 1 (3-0-5) is a requirement
for graduation and must be one of the humanities syb=
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 acronautics or astronau-
tics, in which case there will be less emphasis on
engineering applications. Mazjor fields of spe-
cialization include vehicle design and operation,
aerodynamics or gas dynamics, space mechan-
ics, structures, aeroelasticity, 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 engineering, 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 ASTRONAUTIGS

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
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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 Spedu! Studies in Management (A)
G )
15.952 S Studies in Management (A)

Year: G{z) Arr.
Forgraduatentudmixwhodemetodoado\;_ancedwork
or to carry out some special investigation of a manage-
ment problem not specifically covered elsewhere and not
qualifying as a thesis. Readings, conferences, labora
and field work, and reports, T. M. Hill

15.96 Administrative Theory and Practice (A)
Prereg.: 15,312, 15.412, 15.712, 15,812

Elpmallrﬂt;mmﬁnyadua students who look for-
Yy te ts wi

ward to ultimate responsibilities in the top management

of industry. Initial ems confronting the new busi-

ness administrator. Formulation of methods of approach

to administrative problems. Techmqucl of negotmtmn,-

mediation and group deliberation. Relationships of top
management to sul inates, mvuum, vendors, cus-
tomers, associates, community, ment, and the

public. Underlying princi] -term con-
tinuity and tenure. Eﬁmh\:gh business
administrators and Schell

15.971 iemimlr in Research Management

3 —

w&aﬁmm&dwwﬁwﬂnﬂ@mnl alories, Per-
mission of inséructor required.) Rubenstein

15.972 Management of Research and
Development

Prereg.: ——
i Year: il(l} (Z)d of 3-0-6

anizational and economic aspects of man re-
scarch laboratories. Lectures, readings, dmasms ;
field studies, re hxh SubJect intended for graduate
students with no previous experience in research

management. Rubenstein

15.98 Seminar in Administration (A)
Pranq 1(.3)18
15.99 Scnumr 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 bmmus, labor and public
ndmlnnl.ranun Examination of managerial phdowph:cs
d practices in the field and in seminar discussi
(andcd to Sloan Fellows.) W_nm

AERONAUTICS AND ASTRONAUTICS  15.951-16

16.

Aeronautics and Astronautics

16.00 Flight Dynamics
Prereq.: 2.01,18.03
Year: 2 (2) 3-1-5 -

a.pphcanommmmm:alandm
Kincmatics of a point and of plane
| body. Rciativemmmumby

1o mtléw 8-.0!
.: 16.00, 7
Year:3 (8,1) 4-1-5
Dimensional analysi Kmemauﬂnfof a rigid bod
general motion. a.upropaﬂes rigid bodies,
soid of inertia, geometric and mass symmetries. Dymm
ics in general motion of a of particles, a rigid body,
a body of variable mass. er’s dynamical equations,
cquatm rochetquatmns with application
EIIB me

pu-formancean Bxamplmdnm-
linear systems. Halfman
16.02 Aerody

Prereg.: 2.40, 16.01
—_— Tm:f3(1,2 — ﬁ-&

ption of gascous environment of in t,
considered as a continuous medium and from viewpoint
of kinetic theory. Application of the conservation laws
of mass, momentum and thermodynamic to real
and perfect fluids in metion. i i ofa
perfect gas, with simple acronautical and astronautical
illustrations. Fundamentals of three-dimensional fluid

moumapplmtmm, ions, with special reference to nonviscous
incomp flow; airfoil and wing theory. Elementary
exam| of\mcouﬂow boundary layer. Ashley

16.041 Aerodynamics — Viscous Fluids (A)
Prereq.: 16,02, 18.05
Year: G (1) 3-0-9
Introduction to_viscous flows. Basic flow equations;

A) indicates a subject given primarily for graduate

Em?denu. (R).md.wlltel a ﬂlbjectl‘utr{ﬂed‘o sp:;ul
use of content, Other notations

ot Gk page o€ s Besticn




142-16.23T

16.042 Aerodynamic Heating (A)

Prereg.: 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)

Prereq.: 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 Aerodynamics 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 bodies. Supersonic wing
theory. Distributed sources and conical field techniques.
Wing-body interference. Reverse flow theoreéms. Blunt

bodies. Baron
16,065 Physics of High Speed Gas Flows (A)
Prereq.: 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 trandport phe-
nomena. Mechanism of vibrational excitation, dissocia-
tion, ionization, radiation and relaxation effects. Free
molecule and slip flows. Introduction to magneto-

hydrodynamics and plasma flows. Trilling
16.07 Aerodynamics and

Dynamics of Missiles (A)

Prereq.: 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 ies, wings, and more
general configurations. Slender-body methods, Newton-
ian theory, other approximate techniques and their limi-
tations. imation of 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 Dynamics (A)
Prereq.: 16,052, 18.06
Year: G (1)
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.  Molld-Christensen

3-0-9
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16.10T Space Flight Dynamics (A)

Prereq.: 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 A4pplied Aerodynamics (A)

Prereg.: 16,02, 16.11 :

Year: G (1 or 2) 3-0-6
Further studies of airplane performance, including the
eflects of variations of propeller, type of power plant, and

 Mach number at trans- and supersonic velocities. Ober

16.11 Aircraft Performance and Stability
Prereq.: 76.07, 16.82

Year:3 (1,2);4 (8) 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

Aireraft (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 frcqluency response to control mo-
tion; controls and control forces. Larrabee

16.20 Structures

Prereg.: 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 elevated 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 Structures

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)

Prereq.: 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 mothods, Appraxi-
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

Prereq.: 16.20

Year: G (1) 3-0-9
Selected analysis and design problems for advanced
structures of aircraft, missiles, rockets, and s vehicles.

igh vacuum

Considerations of hypervelocity impact,
.stpfingfmﬂ'

and radiation environment, on materials.




of Structures (A)

3-0-6
Vi content from to as new mel.hods for
y'::nsof all-metal Myear mym available for exami-
nmon Investigation and development of methods in-
ving stability criteria or applications of elastic theory
pmbahle effects on structural analysis methodtho

bccxpectedfrmnnew&mdlindmgn

16.30 Prmdplu of Automatic Control

Prereq.: 6,18, 16.01

Year: 3 (2) 3-0-9

Analysis of automatic control systems, including ana-

lmt:l grmap pu?::mancc lel;dmg tmnl:f
uations to solu-

tions for transient and lmdye:lme inputs. Non-dimen-

sionalized treatment of simple linear systems and exten-

sion to more involved automatic control Selected

aeronautical and astronautical control problenu. McKay

16.302 Amnaﬁm! Systems

sl e
pplication and extension c ues for
control system analysis (root locus, frequency response,
computer utilization) to feedback control systems in air-
craft, missiles, and space vehicles. Case studies of acro-

nautical and astronautical control systems. McKay
16.31 Principles of Instrumentation and
ale
Gmcralwedrw o £ m33—10—9
concepts of system pcrﬁmnancc ysis
based on frequency, transient error coefficient

methods. Combined use of fnedback and programmed
control systems for improving adaptive capahlhmf
systems under adverse environmental

ciples of system synthesis. Parameter adjustment for

performan dices.
m&mdmmﬁammmﬁ'

16.32 Principles of Instrumentation and
Conanl (A)

:16.31

)’ur G{z) : _ 3-0-9
System design with random inputs and disturbances.
Analysis of system characteristics with time varying
ameters. Nonlinear system performance analysis.
switching technique applied to control and instrumenta-

system and s
Sampled data ooutml system amdyn‘-. Li

16.33 fmm&mnu(f)on and Control

Year: G(i) : 2-2-6

o be taken simultancously with 16.31. Laboratory
“‘“‘“’“‘ o bugrrinsuest Sawilosk’ Wit Petacoss o
wi es set

ﬁm in 16.31. Various test methty ods to evaluate static
and dynamic characteristics of instruments and control
Tteml meuschemaﬂormpuwmentohtaucmd
ynamic performance. Li

AERONAUTICS AND ASTRONAUTICS

16.35 Special Problems in Instrumentation

and Control (A)

Prereq.: 1632

Year:G(lor2) - Arr.
Problems of interest to qualified individual students in
consultation with the instructor. McKay
16.36 Dynamic Measurements (A)

Prereg.: 16.31

Year: ‘ixs.zd)da 2-2-6

: t ta proccssing of various phiysical

quantities encountered in engmesermg prwuel:,h with
cmphasis on methods to improve dynamic response and

to reduce disturbing effects. Detailed study of data-
handling methods and transducer designs for pressure,
vibration, flow, and temperature measurement for both
industrial and space flight applications. Li

16.37 Statistical Problems in Automatic
Control (A)
Prereg.: 16.30, 18.05

Stamuca{w bGlé:ln)s of i

pro importance to control engineers
Review of probability theory with application to such.
problems as evaluation of of kill. Introduc-

nftheCPEbrmﬁlc mﬁxtmuvemtmmtof

random processes in linear back systems includi

optmumdalgnofsut:hay!tm bnefh-eatmmtofn:;s-
linear systems in presence of random noise. Vander Velde

tion to sample theory with application to determination
systems,

16.38 Physical Components of Control
Systems (A) d
Prereg.: 6.18
_ of?'mr: G(2) char
ect of component performance
control system lem. Consideration of mechanical,
electrical and mma:han ents with em-

3-1-6
Consideration of origins of inertial space %
appllcatmnmmmtmmafmwumd
ized theory of accelerations and velocities of bodies in
which are moving with respect to inertial space.
K plwatmofgmeralthmymdofl‘fegmmmhan
thcor? 0] ents. pace integrators
md stabilization. &::Inpmmt of treatment from
standpoint of engineer, using methods of vectors and
of conventional analysis. Application to gymwnpic
devices in airborne and marine navigation. Wrigley

indica adus
l(rtAl.l)dentA. t(el‘i)aﬁmg ul::l:jm rﬂtri:ted F al

content. mtntlmu are
mmmmwmdmsum
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.392-16.51

16.392 Inertial Guidance (A)

Prereg.: 16.39T

Year: G (2) . - 306
Fundamentals of self-contained automatic marine, air-
craft, and missile guidance. Character of terrestrial and
extraterrestrial gravitational fields; space navigation.
Force measurement for navigation purposes with acceler-

computation referred to gyroscop-
e B hae & B
accelerometers, computers to:
inertial guidance systems. Terrestrial mwﬁ:chm and
Schuler tuninﬁ; computation of the geographic vertical
from i ; damping and other system design
problems. ect of component uncertainties on system
performance. Inertialoonﬂolafvchiclﬂtupmnmmed
paths. Utilization of possible environmental contact
and measurement, Hovorka

16.40T Control Systems Principles
Prereg.: 16.39T

Anal 1:-:fmw St rol including tm:.l--'}-a

is of automatic control systems, i : ytic,
grapzirl:l ! ethods. Response of
systems described
equations. Stability of feedback control systems. Non-
dimensional treatment of linear constant-coefficient
differential equations. System modification to control
dynamic and interference errors. Enmpluch»;:;&

for positi
ically maintamed

1641 Introduction to Weapons Systems (RA)
.: 16.39T,16.40T

Year: G (1, 2) 4-0-8
Static and dynamic behavior of weapons system compo-
nents and subsystems from standpoint of functional per-
formance, in terms of harmonic analysis and clementary
classical physics. Development of a coherent pattern
for associating solutions in terms of nondimensional vari-
ables with typical weapons system enginecring problems.
Numerical and graphical methods for determining tran-
sient stability of feedback systems. Limitations imposed
s mll:u-od mtheoreuﬂl o
ysical equipment. uction to ical state-
ment of fire control problem and to inertial navigation.
(Restricted lo selected of the U. S.A&M,An%,ad
Naw.) arkey

1642 Weapons Systems (RA)

Prereq.: 16.41
Year: G (1,2) 3-0-9
Generalized treatment of wea systems problem and

pons
methods available for its solution by physical concepts
and vectors. Application of gyroscopic and other equip-
ment for interference isolation, tracking, and computing
in weapons systems. Fire control principles for airborne
and marine weapons systems. Fundamentals of inertial
guidance and its application to ships, aircraft, missiles,
and " taken &n service systems.
(Restricted to selected officers of the U. S. Air Force, Army, and
Nagy.) Wrigley, Markey

16.43 Weapons Systems Laboratory (RA)
Prereg.: 16.42
Year: G (1,2) 1-3-5
Demonstration of principles treated in 16.42. Various
iments on characteristics of fire control instrument
components, including gyroscopic elements, data trans-
mission systems, and integrating units. Experiments on
service fire control equipment and special demonstration
units to study static and dynamic performance charac-
teristics of typical airborne and anti-aircraft equipment.
Problems of solution time, smoothing, and tracking.
(Restricted to selected officers of the U. S. Air Force, Army, and
Napy.) R. K. Mueller
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16.44T Automatic Control of Flight Vehicles (A) -

Prereq.: 16,11, 16.302, 16.39T

 Tear:G(2) 3-0-6
Application of design techniques and principles to
m.]::mnned_ automatic control systems for air and space”
vehicles. Synthesis of control systems from standpoint
of meeting mission specifications. Analysis of adaptive
control systems; their use in meeting performance require-
ments over widely changing environments encquntered
by high-speed aircraft and manned s . Typical
i problems associated with design of control
equipment, cons limitations and uncertainties of
components, random mput effects, mass umo;{ughng

16.45T Vehicle Guidance Systems (A)
Prereg.: 16.39T;, 16.40T

Year: G(1) | 3-0-6

Generalized treatment of vehicle guidance systems by

physical concepts and vectors. Fundamentals of inertial

imdqnu- and of guidance systems based on radiation.

pplication to ships, aircraft, and spacecraft. Markey

..

16 46T Astronautical Guidance (A)
Preveq.: 16,392
Year: G (2)

» 3-0-6
Critique of vehicle gui system theory and design

guidance
methods, both for inertial and radiation types; mathe-
matical models for dynamics of rotationally controlled
bodies; astronomy review and space guidance trajec-
tories; kinematic measurements and relativity. Wngley

16.48 Structural Problems in Weapons (RA
Prereg.: 2.01,16.42 )

s ?:ia: G (2) : 3-0-9
tatic an ic stress amalysis of flight vehicle

structures. mm‘ shock kmi;:.g Eﬂ'ﬂg of struc-

tural response on fire control system. Fundamentals

of gun and gun mounting structural analysis. (Restricted

to selected officers of the U. S. Air Force, Army, and Navy.) Mar

16.49 Problems in Weapons

g stems E

Prereg.: 16.42

Year: G (1 0r2) Arr,
Problems of interest to qualified students in consultation
with the instructor. (Restricted to selected officers of the U. S.

Air Force, Army, and Navy.) Wrigley
16.50 Vertical Take-Off Aircraft (A)

Prereg.: 16.11

Year: G (1) ' 3-0-6
Analysis of and inherent stability and con-

performance
trol characteristics of vertical take-off and landing air-
craft, VITOL, incl helicopters, converti tilt
wing, vectored lift and jet vertical risers. Miller

16.51 Advanced Vertical Take=Off dircraft (A)
Prereg.: 16.50
Year: G (2)

capable of vertical take-off and landing, L. Prob-

lems of control and stability during conversion to hori--

zontal flight, design of aircraft stabilization systems,
dynamics of wing-rotor combinations and of rigid or
articulated rom,andanalﬁiu of specialized power ﬂmt
requirements for direct jet lift. iller

-




16.53 Aircraft Propulsion

Prereq.: 2.25 or 16.02; 2.40

Tear: 3 (2): 4 (S) 3-0-6
Review of mechanics of compressible fluids. Applica-
tions to analysis and design of gas turbines, rockets, and
ram jets. Limits on performance imposed z}r thermo-
dynamics, fluid mechanics, and strength. . 8. Taylor

16.56 Rocket Engines (A)
Prereq.: 2,213; or 2.252 and 16.53; or 2.48

* Year: G (2) 3-0-9
Application of fundamental principles of fluid mechanics
and thermodynamics to the analysis and design of rocket
engines. Discussion of propellants, thrust chambers,
regenerative cooling, and turbopump systems. Theory
developed by application to a preliminary daign study
of a rocket engine for a missile or satellite. E. 8. Taylor

16.60 Advanced Aeronautical Problems (A)
Prereg.: 16.11 or 16.20
Year: G (10r2) Arr.
Individual advanced work by properly qualified gradu-

~ ate students. Problems selected in consultation with the

instructor. i Staff

16.605 Aeronautical Problems

Prereq.; ——

Year: 4 (1 0r2) Arr.
Individual or group work by properly qualified students.
Problems chosen in consultation with instructor. Staff

16.65 Aeronautical Engineering Laboratory

Prereg.: 16.11, 16.20, 16.30 '

Year: 4 (1) 3-3-6
Lectures and experiments selected to illustrate the prin-
ciples and practices of experimental aeronautics in the
fields of aerodynamics, structures, and automatic control

systems. Bicknell
16.66 Fluid Dynamics Laboratory (A)

Prereq.: 16.65

Year: G (1 or2) Arr

Graduate laboratory subject in fluid mechanics and
related fields, conducted as individual projects arranged
between student and instructor. oll6-Christensen

16.70  Aircraft Detail Design

Prereq.: ——

Year: 2 (1) 3-5-0
Aircraft drafting room practice and the preparation of
airplane assembly, subassembly, and detail part draw-
ings. Lectures and drafting room exercises covering air
frame detail design, landing gear and landing gear con-
trol system mechanisms, fuel systems, airplane graphics,
and the preparation of a weight estimate and balance
diagram for a complete airplane. Bentley

16.71T Aeronautical Engineering
Prereg.: 16.11, 16.20, 16.70
Year: 4 (1) 2-10-0
16,72 Aeronautical Engineering
Prereq.: 16.30,16.71T.

) Year: 4 (2) 0-9-3
Design of an airplane or rocket vehicle including layout,
weight, balance, and performance estimates, structural
design and preliminary stress analysis, stability and con-
trol analysis including design of a simple automatic con-
trol system. Emphasis on individual initiative and inde-
pendent application of fundamental design principles
and on presentation of a final report. Koppen

AERONAUTICS AND ASTRONAUTICS

16.74 Advanced Design (A)

Prereq.: 16.105, 16.72

Year: G (1) 2-6—4
Application of current design and operations analysi
methods to the determination of the optimum vehicle
capable of satisfying a given mission. Weight estimation
from preliminary structural design and aeroelastic con-
siderations, ormance substantiation, evaluation of
functional suitability, control system analysis and de-
termination of optimum propulsive device. Consider-
able latitude in the choice of mission; use of the vehicle
primarily as a means of illustrating methods used during
the preliminary design stages in the development of
aircraft and rocket vehicles. Miller

16.761 Orbital and Ballistic Flight (A)

Prereq.: 16.02, 16.11

Year: G (1)
16.762 Orbital and Ballistic Flight (A)

Prereq.: 16,761

Year: G (2) . 3-0-6
Performance of ballistic and orbital missiles and space
craft. Atmosphere and space environment of vehicles;
orbital mechanics; ballistic trajectories; performance
parameters of rocket motors; powered flight and re-entry
trajectories; guidance navigation and control as affecting
flight mechanics and vehicle design; kinematics of inter-
ception trajectories, aerodynamics and structures of
vehicle design; vehicles system design considerations.
First term strongly oriented toward fundamental celestial
mechanics and trajectory kinematics and dynamics;
second term strongly oriented toward effects on vehicle

design of component technologies. Stever, Sandorff
16.81 General Aeronautics

Prereg.: 18.03

Year: 4 (1) 3-0-6
Characteristics of aircraft, engines, and propellers for
non-aeronautical students. Markham

16.82 Introductory Aeronautical Engineering

Prereg.: 18.03
Year: 2 (1) 3-0-3
. Introduction to aircraft, their components and general
principles of flight. Markham
16.851 Industrial Practice
Prereq.: ——
Year: 3 (8) 40 h.p.w.
16.852 Industrigl Practice
ereq.: ———
Year: 3 (1) 40 h.p.w.

Six months of practical work carried out by the coopera-
tive students in man uring, engineering, research,
and developments at the plants of organizations partici-

pating in the cooperative program. Markham
16.91 Aderoelasticity (A)

Prereg.: 16.02

Tear: G (1) 3=0=6

Dynamics of elastic structures. Self-excited dynamic
instability, such as occurs in flying vehicles. Stress on
formulation of self-excited vibration problems and
approximate methods for their solution. Molld-Christensen

(A) indicates a subject given primarily for graduate
students. (R) indicates E' subject restricted to special

ps because of content. Other notations are
gﬁscri.btd on the first page of this Section.
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6.92-17.74

16,92 .ﬁwm;%dg'mudlx'u)

Year: G(2) 309
Presentation of field of acroelasticity from unified view-
point applicable to all types of flight vehicles throughout

y Derivation of acroclastic operators
variational prin-

;ipla. Forced response, static and dynamic eigenvalues
‘ me-dmmtma.l

’ pecial ics of mtc::::
topics
to the acroclastician, with emphnh on aerod
operators.
16.93 Aeroelasticity Laboratory (A)
Prereg.: 16.91
Wr"m(m of problems in structural dymnz-}z
and acroclasticity. i Holfman
16. D_yumia Structures (A
" Prereg.: 16.21‘?16.91 )
Year: G (2) 3-0-9

Fundamental variational principles in dynamics; La-

characteristics of unrestrained elastic

stresses produced during transient of aircraft

and misile structurcs to rapidly forces. Re-
of structures to continuous

ao:mtmctunldymmpmhlm Dugundji

¥

Buddmg Engineering and
Construction -

17401 Advanced Job
Prereq.: 1.922 .
Year: G (1) 3~0-6

Dcvdopumntdtheagnmﬂmdh:gemmtb

Management (A)

reference to the initial mrvey,tlmelchdlu.lu,
job organization, and i of construction pro-
cedures. The character of contract instruments, legal
requirmnfurjobinmrmmdtbeexpedmonnf
materials to accomplish speed and quality. cCreery
17402 Construction Management Seminar (A)
Prereg.: 1,921, 1,922
Year: G (2)
Continuation of 17.401 in seminar form. osis of
failures and their causes; integration of the trical,
mechanical and sanitary services into construc-
tion; analysis of architectural concepts in light of

existing construction

relations in the conduct of con m::tinguagﬁuﬁﬁm.

Extensive contributions by the students. Field trips to

Mnﬂ " from ddc:iunu' Field
i engineers a variety of projects. Fi

surveys, library rescarch papers, term paper. McCreery

17.42 Construction Analysis Seminar (A)

Prereg.: 1,921

Year: G (2) 2~0-4
Exploration of anal appmachesww&ntim of many
variables cmmng to construction, including flow of
problems, influence of site con-
ditions, mnmuk , economic feasibility and
cost analyses affecting opt:mum solution. Case :yltem
largely employed. Heger

17.78 Muurhl';— Wood, Plnﬁu, Fabrics
-t Year: 4d(2) o 3-0-3
echanical and physical Fopu-nu wood in relation
to growth, structure characteristics which
influence its use in construction and . Strength,
moisture mﬁm.:;rumﬁve treatment, wood products,
identification, selection of species for various uses.

Fundamental and uses of plastics; basic char-,
istics of coatings and fabrics used in construction

Wood Handbook; Dietz, Construction Materials Dutz
17.74 Materials — Masonry and Metals

Prereg.: 8.03

Tm 4(1) 3—-2—4

for architectural students with
mmmymatu'iah,mncrme,andmeuh. Flmonaﬂ'uet-
ing the durability uf structures. Principles
underl: lnctnll, thlx oormnon and welding of
metals. t two- of subject on masonry mate-
rials, and the balance on metals. Laboratory work test-
ing brick and mortar; concrete and concrete beams;
ferrous and non-ferrous metals; wood, plastics, and lami-
nates; thermal conductivity of walls, Mumy, Masonry
Mdmab Laboratory Manual; Williams &

Principles of Metallography. J. A: Murray, McGarry
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Head of the Department;
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Professor of Flight Vehicle Engineering
EDWARD STORY TAYLOR, S.B.
Professor of Flight Propulsion
JOHN RAYMOND MARKHAM
Professor of Aeronautical Engineering
SHATSWELL OBER, S.B.
Professor of Aeronautical Engincering, Emeritus;
Lecturer
HORTON GUYFORD STEVER, PH.D., SC.D.
Professor of Aeronaulics and Astronautics
WALTER WRIGLEY, SC.D.
Professor of Instrumentation and Astronautics
RENE HARCOURT MILLER, M.A.
Professor of Flight Vekicle Engincering
HOLT ASHLEY, SC.D.
Professor of Aeronautics and Astronautics
WILLIAM PRICHARD JONES, D.SC.
Jerome Clarke Hunsaker Professor
of Aeronautical Engineering (Visiting)
WALTER MGKAY, S.M.
Associate Professor of Aeronautics and Astronauties
WALTER HENRY GALE, S.M.

MORTON FINSTON, PH.D.
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LEON TRILLING, PH,D.
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JAMES WAH MAR, SC.D.
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HENRY PHILIP WHITAKER, -S.M.
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Assistant Professor of Aeronautics and Astronautics
MYRON ARNOLD HOFFMAN, SC.D.

Assistant Professor of Aeronautics and Asironautics
JUDSON RICHARD BARON, SC.D.

Assistant Professor of Aeronautics and Asironautics
JOHN DUGUNDJI, 8C.D.

Assistant Professor of Aeronautics and Astronautics
WINSTON ROSCOE MARKEY, 5C.D.
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AERONAUTICS AND ASTRONAUTICS

Aeronautics and astronauticsdeal with the prob-
lems of manned or unmanned vehicles that oper-
ate above the earth’s surface. These 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 problems of sustentation, fluid
resistance to motion, propulsion, strength and
elasticity of minimum-weight structures, manual
and automatic control, and measurements under
difficult environmental conditions. It is the
primary objective of the Department of Aero-
nautics and Astronautics to give a clear under-
standing of all these important problems and to
provide students with a broad background of
education in the art and science of applying
sound judgment in achieving acceptable solu-
tions for practical situations.

More than any other, the factor which influ-
ences the educational climate of the Department
is the extensive, vigorous participation by fac-
ulty members in the activities of one or more of
the several departmental research laboratories.
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 undergraduate and graduate stu-
dents find that part-time ‘employment in one of
the laboratories provides experience that is an
invaluable supplement to formal courses. Such
experience commonly suggests thesis projects.
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.
Many of the basic contributions to aeronautical
science in such areas as automatic control, iner-
tial navigation, turbojet engines, aeroelasticity,
and acrodynamic heating originated from stu-
dent-faculty collaboration on thesis projects.

The Aeroelastic and Structures Laboratory con-
ducts a wide variety of investigations on the
interrelation between aerodynamic and elastic

forces. Wind tunnels and a shock tube are -

-available for low-speed or high-speed dynamic
testing. The structural test facility contains

equipment for static or dynamic loading of air- -

craft components and material samples. Electro-
thermal furnaces permit study of high-tempera-
ture gradients and transient effects,

DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS

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.

The Gas Turbine Laboratoryfacilities 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, along with other experimental
apparatus of all types related to aircraft propul-
sion research.

The Instrumentation Laboratory is a defense
research organization devoted to research and
development on fire control and inertial guid-
ance and space navigation systems. Its equip-
ment includes several digital and analog com-
puters as well as an extensive facility at Hans-
com Air Force Base near Boston. Research proj-
écts are organized in such a way that students
may obtain advanced professional experience,
similar to an internship, in instrumentation 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 and ultimately to
undergraduate teaching in the Department.

The Naval Supersonic Laboratory conducts basic
research and development on high-speed flight.
Typical projects inquire into hypersonic gas-
dynamics, heat and mass transfer, magnetogas-
dynamics, loads on airframes, physics of gases,
and communication through high temperature .
flow fields. The facility contains a 10,000 horse-
power 18" x 24" wind tunnel which operates at
both subsonic and supersonic Mach numbers
up to 7.5, pressures to 7 atmospheres, and tem-
peratures to 1500°R. Additional tunnels include
a 5" x 5 Mach. number 5 circuit and a mag-
netogasdynamic facility operating in the low
supersonic Mach number range at temperatures
up to 50,000°K. -

The Wright Brothers Wind Tunnel Facility in-
cludes a low-speed wind tunnel, with elliptic
throat 7}4 by 10 feet and operating pressures
%4 to 4 atmospheres. This tunnel also serves as
the reservoir for an intermittent transonic wind
tunnel with a 22-inch slotted-wall test section,
and for an intermittent supersonic tunnel with
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continuously variable Mach number between

1.2 and 2.0, particularly adapted for the meas-

urement of oscillatory air loads and aeroelastic
bilty. :

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 CURRICULA

Aeronautics and Astronautics (Course XVI)
Undergraduate education in aeronautics and
astronautics is regarded as a period of ground-
ing in fundamentals, of acquiring habits of
learning and patterns of thought. During the
first two years, the undergraduate curriculum
is devoted almost entirely to providing a suong
preparation in the basic sciences, the engineer-
ing sciences, and mathematics, A working
mastery of mathematics, chemistry, physics,
thermodynamics, mechanics, material science,
and electrical science is a necessary prerequisite
to the subsequent study of professional subjects
in aeronautics and astronautics. The profes-
sional subjects are contained largely in the
third and fourth years of the undergraduate
curriculum.

Each student has a wide choice in the selec~
tion of these professional subjects; he may make
this choice to correspond with his own aptitude
and interests, constrained only by the necessity
of pursuing a well-balanced program of ade-
quate depth. The exact program which he
follows is arrived at jointly with his Faculty
Counselor. Although a variety of combina-
tions of the professional subjects may be de-
signed, the Department suggests two general
types of programs which in its judgment prepare
students especially well for aeronautics and astro-
nautics. These are termed the Engineering
Program and the Engineering Science Program.

The Course leads to the degree of Bachelor

of Science in Aeronautics and Astronautics.

ENGINEERING PROGRAM

Unlike most engineering curricula, aeronautical
and astronautical engineering has the distin-
guishing feature of being polarized around a
flight vehicle. This polarization provides for
students a continuous object and goal which is
of great motivating value in the learning process.
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The flight vehicle, to be sure, may cover a wide

spectrum of devices from helicopters to space

n_:ra&; but all such devices have five elements

in common:

(a) A propulsion system.

(b) A control and guidance system. -

(c) An external shape of maximum aerody-

(d) A structure of minimum weight and maxi-

mum strength.

(e) A suitable compromise among the elements

(a) through (d), so as to produce a flight vehicle

which best fulfills a given mission requirement.
Professional subjects embracing the five

commen elements form the heart of the engi-

- neering program. The professional subjects

corresponding to elements (a) through (d) are
offered in a generalized way so that they provide
a substantial foundation for all forms of flight
vehicles. Subjects corresponding to element (e)
have as their objective bringing together the
previous professional disciplines in the synthesis
of a flight vehicle. Here students work under
the close supervision of the staff to employ their
creative skills to devise a vehicle which satisfies
given mission requirements. More important,
each student’s critical technical judgment is
exercised in making the necessary compromises
among many conflicting technical requirements.
His desire for individual specialization is satis-
fied by elective subjects.

The curriculum requirements for the Engi-
neering Program are given below:
1. ENGINEERING PROGRAM CURRICULUM

Total

units
GENERAL INSTITUTE REQUIREMENTS (sec page 83) 176
payzics 8.03 and 8.04 or 8.031 and 8.041
must be taken. EcoNOMIC PRINCIPLES 1
(14.01) is required as one of the humanities
and social science electives.

DEPARTMENTAL PROGRAM

Required subjects
16.81T FLIGHT VEHICLES
3.14 ENGINEERING MATERIALS
16.201 SOLID MECHANICS 1
16.20T FLIGHT VEHICLE STRUCTURES [
2.40T HEAT ENGINEERING
16.02 AERODYNAMICS
16.11T FLIGHT VEMICLE AERODYNAMICS AND
DYNAMICS
16.53 PROPULSION
16.01T pyNAMICS
6.43 INTRODUCTION TO ELECTRICAL

6.44 INTRODUCTION TO ELECTRICAL
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Regquired subjects (continued)
16.30 PRINCIPLES OF AUTOMATIC CONTROL
16.62 EXPERIMENTAL PROJECTSI
16.71T FLIGHT VEHICLE ENGINEERING

00w
O WO
~ 0

— 153.

Elective subjects )
Unspecified 41
Total units required for the S.B. degree 370

ENGINEERING SCIENCE PROGRAM

The period since World War 11 has been one
of intense change in flight vehicle technology.
The earliest airplane designers, although not
ignorant of scientific methods, developed their
machines largely by intuitive invention and
empiricism. As the commercial and military
usefulness of their product was demonstrated,
there arose an intense desire to increase its
performance and efficiency. This motivated
intense research activity .in the professional
fields of propulsion, control and guidance, acro-
dynamlcs, and structures. The result is a new
era in flight vehicle development in which
scientific methods logically applied by teams
have accomplished processes which were judged
impossible a few years ago. Thus, research and
the resulting development have become integral
and highly important parts of flight vehicle
techno!ogy. It is the purpose of the curriculum
in the Engineering Science Program to prepare
students to work at the frontiers of research for
improvement of flight vehicles. The princlpa.l
distinguishing feature of the engineering science
curriculum is its emphasis on increased depth

in the areas of physics, mathematics, gas-

dynamics and solid mechanics. Since a proper
balance between theory and experiment is the

- keystone to progress in research and develop-

ment, there is also emphasis on laboratory
experience. Substantial elective time permits
the student to reach more deeply into areas of

Like the engineering curriculum, the engi-
neermgac:eneecurrmﬂumnsdes:gnedasa
terminal program. It is- expected, however,
that a rearrangment of Course content to permit

a smooth transition into graduate work will be

a common feature.

The curriculum: requirements for the Engi-
neering Science Program are given in the next
column:

. 16.81T PLIGHT VEMICLES

DEPARTMENT OF AERONAUTICS AND ASTRONAUTICS

2. ENGINEERING SCIENCE
PROGRAM CURRICULUM

Total

wnits
GENERAL INSTITUTE REQUIREMENTS (see page 83) 176

Puysics 8.031 and 8.041 are prescribed.

EcONOMIC PRINCIPLES 1 (14.01) i re-

quired as one of the humanities and social
science electives.
DEPARTMENTAL PEOGRAM
subjects

16,01T pynamzcs

16.62 EXPERIMENTAL PROJECTS I

16.63 EXPERIMENTAL PROJECTS I
6.43 INTRODUGTION TO ELECTRICAL

6.44 INTRODUCTION TO ELECTRICAL

8.051 ATOMIG AND NUCLEAR PHYSICS
18.05 ADVANCED CALGULUS FOR ENGINEERS
18.06 ADVANCED CALCULUS FOR ENGINEERS
THESIS
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Unspecified
Total units required for the S.B. degree
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 Department
aids each member in ing the senior and
graduate schedules which are best suited to his
individual interests. Thepmgramreqmmcom-
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
Aeronautics and Astronautics, but only a single
thaiadnotleasdmnSOunitsinthegmduate
program.

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 Engincer in Aeronautics and Astro-
nautics, awarded simultaneously at the end of
the graduate program.
Aeronautics ond Astronautics
(Cooperative Course) (Course XVI-B)

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

|
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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
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.
CURRICULUM IN THE COOPERATIVE COURSE
(COURSE XVI-B)

The Cooperative Course leads to the degree

_of Bachelor of Science in Aeronautics and Astro-

nautics. The curriculum requirements for this
degree are the same as for the Engineering
Program in Course xv1, except for the addition
of required plant work:
16.851 INDUSTRIAL PRACTICE 40 h.p.w.
16.852 INDUSTRIAL PRACTICE 40 h.p.w.

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 acronautics or astronau-

tics, in which case there will be less emphasis on
engineering applications. Major fields of spe-
cialization include vehicle design and operation,
acrodynamics or gas dynamics, space mechan-
ics, structures, aeroelasticity, 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 elect 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, Materials Engineer, Doctor of
Science or Doctor of Philosophy in Acronautics
and Astronautics, and Doctor of Science in
Materials Engineering.

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 e ing, and auto-
matic control. Additional undergraduateprep—
aration is a prerequisite for spec:ahxat:on 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 also
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 cxpected that moest 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 scicnce and
their engineering applications.

Requirements for admission to candxda.cy
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
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

Fortthocmr’adcgmcmthsﬁeld, 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.

MATERIALS ENGINEER AND DOCTOR OF
SCIENCE IN MATERIALS ENGINEERING

There has arisen in recent years a very strong
interaction between the field of materials and
flight vehicle dcvclopmcnt. It may be said
that material properties impose limitations on
either the ce or efficiency of most

flight vehicles and their propu]mon systems.

Graduates who have preparation in the com-
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bined fields of aeronautics and astronautics and.
material science are required in mcmamng nume-
bers to deal with these important interdiscipli-
nary problems.

Graduate students with undergraduate back
grounds in aeronautics and astronautics may
pursue programs leading to the clcgmu of Mate-
rials Engineer or Doctor of Science in Materials

‘Engineering. The same general requirements

for the completion of these degrees are applica-
blcasforthecompondmgdegmmAm-
nautics and Astronautics.
Programao_fstudyleadmgmthedeg‘reesof
Materials Engineer and Doctor of Science in
Materials Engineering are arranged on an indi-
vidual basis, depending upon the preparation
of the student. In general, such programs will
involve a substantial number of subjects in the
fields of metallurgy, physics, and chemistry in
addition to subjects within the Department.

Language Requirement

No language requirément 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 1960-61 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 an approved subject for a graduate
degree.

(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 simultancously with the subject de-
scribed. -

2. The year classification (and term) for which-
the subject is normally scheduled. This is indi-
cated as follows: “1” is a first-year subject only,
and not accepted for upperclass credit; “U” is
an undergraduate subject above the first year;
“G” is a graduate subject. '

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 twa
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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15.942 Scnﬂm{; ;.; Business Practices (A)

Studin in Management (A)

1
15.952 Spodnl{s)tndtu in Management (A)

Year: G{Z) Arr.
For graduate students who desire to do advanced work
or to carry out some special investigation of a'manage-

lsim

; ?2?5 412,15 7';'2“’15.812 "
Prereq.: 15.31
TwG(l)h students hobnm
Especially designed for graduate w
wudw&matembdmumthzmpmmagm
confronting the new busi-
ness administrator. ormulation of methods of approach
to administrative problems. Techniques of l:un,
mediation and group deliberation. poftup
managemmttnm inates, investors, vendors,

associates, community, t, and the
lu-.. Undu'l ptmmpluhg:nm
mtyandtmﬁ Emmgeaﬂumcﬂmthhmm
administrators

and mdlm:m.lwtl.

15.96

15.971T . Seminﬁ i;; {lamh Management (A)

Organiu::::lc(zgnmnnmh&omupecud
laboratories and groups urpginmch m;;ﬁ
ment, with consideration of

factors in creative work.

studies, and reports. Ma'qun
15.975 Seminer in Management of
Improvement (A)
Prereg.: 15.371
Year: G(1) 3-3-3

ment. Review of literature on creativity as it affects
innovation in industrial Human relations

t tool. Field work in comparative
§mpruemanvempmvunm pmg;ml.

15.98 Seminarin Adnu'niltroh’nn (A)
Prereg.: 15.18
Year: G (1)

15.99 Semin-r in Administration (A)

AERONAUTICS AND ASTRONAUTICS

16.

Aeronautics and Astronautics

16.01T Dynamics
hqu 8. 0?., 13 .03
U(,s) 4-2-6

16.02
.: 2.40T, 16.01T
Year: U(1,2) ﬂjgmht
Description of gaseous environment of vehicles in 3
considered as a continuous medium and from t
of kinetic Application of the conservation laws
of mass, momentum and thermodynamic to real
and perfect fluids in motion. ofa
mm&:npkmauMIsndmuuﬂl
Fundamentals of i uid
motion; npphﬂa?wi:h d reference to nonviscous
airfoil an theory. Elementary
qmm\mmuﬂow boundarymhya Ashley
16.03 Gasdynamics
Prereq.: 2,40T, 76.01T, 18.05
Year: U(1) 4+-2-6

Fundamentals of fluid presented 50 as to meet
theneuhufmldenuklmudmrmmh. Physics and
thermodynamics of gases from the phenomenological
and atomistic vicwpoints,. Gonscrvation laws for a cons=

tmnmuﬂuidmed:umandtbar tion to mon-
b
dmnty empha-ont!wtwo-dimmﬂcue.

Introduction tn small-perturbation and to
methods for analyzing compressible m Ashiey

(A) indicates a subject given primarily for aduate

m?denu. }Mum:nbjmmﬂedtdpnpmﬂ
because of content. Other notations are
on the first page of this Section.

15.942-16.(
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gy g e
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i
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b E
r




116.041-16.201

_ m:moz,-r&;ﬁ ™
In’tmduczt;.; ?nuv)houl flows. Basic flow equations;
e Tyl W‘Wﬁmmmm
occasional demonstrations.

16.041
3-0-9

Aerodynamic Heating (A)
Prereg.: 16,041, 18.06
_ Year:G(2) 3-0-9
ofdumf;nhi&ﬂlmmt:h\dcﬁum
dynamic aspects euchnﬁnguhlthpeetk
wmwum,dm of methods
mkmlftmdre-mtrybodu,mcluﬂmgmrpu-

" cffects at high temperatures.

16.051 Topics in Gas Dynamics (A)
Prereg.: 16.02 or 16.03; 78.05

Methods appropriate for subsoric, transonic, supersonic,
f 1l
and b - mmdﬁommtwomdth:ud:men

sions, and real gas effects.
Introdumun l::ynonathbrlum flows. App&nnn
bodies and wings.

P h Gas Flows
16.065 lvdfl! zfmﬂia Speed (A)
Year: G (1) 3—0—9
statistical

16.07 Aerod i and
of Missiles (A)

Prereg.: 16.02,16.11T

Year: G(1)
Introduction mwndmp‘:imic
high-.peedﬁghlatallaltxtndﬂhpluﬂlry;ﬁnuphm
Flow of com
f pprcu:imﬁetedmi{{uumdthurhm
::wm. tion of forces and moments at subsonic,
transonic, hypersonic speeds. Similarit;
laws lnd area rules. Some quasi-linear and nonlinear y
dynamic problems peculiar to slender vehicles. Ashley

o Prereg.: 16 0562:’1806 "
Year: G (1.) ) 309
6.082 Adunci%doac;u Dynamics (A)

Tear: G (2) 3-0-9
Two-semester subject for advanced uate students.
Fundamentals of gas dynamics of continua with examples
fmmmddydxvmeﬁeldnuchuboun layer theory,

flows, potential and wake
flows. Dmn uwelluaél}?ablemb-
luu.l?memeofmathanatlcalmoh Moll3-Christensen

256

16.10 Space FllghtDyn.mm(A}

Prereg.: 16.0

m)ud effects of nonspherical

some effects -

mt.imalﬁelds. Elemenuryincu.alnawg:mmlﬁ?t‘;c
Schuler pm:‘;tlhm Calculus ol“ivm:uml in flight
engineering applications to aircraft
formance and in ml:"ﬂ%m d-nﬁ
minimum motion of * bodies
of variable mass. Rdativltymdapaceﬂlght. Halfman

602,1211'1’ "

3-0-6
t vehnde performance i ud.ly acro-
dpmmn characteristics of various types of power

for a wide range of Mach numbers, Ober

16.11T Flight Vehicle Aerodynamics and

bdmcaldynlmcmbﬂitydﬂightvehldu.

16.15 Mﬁmwqu

3-0-6
Various features of stability and control of aircraft,
mdud‘::g wm&nmm&rq
derivatives; arplane frequency. response to control mo-
tion; controls and control forces, Larvabee

analysis and design of airplane components, Elastici
s andmd modes of duuﬂemm;h,trmme?-
tries ure es

Prereg.: 16,201 '
Tew: U{1,2) 406
™ Aasiicity and plasticiy in " i




16.202 Solid Mechanics IT
Prereg.: 16,201
Year: U (2)
'I‘hmuofelaantyandplutiutymthreedimmmmal
nal curvilin

o ai:"édpluu bending and o Tiasioggr i
tic C twis -
ceptlof stability. Flunenmjzlbmnﬁphm including

tory demonstrations,

(.Nu gmd Doy s ) Bisplinghoff
16.21 Thomy qf Structures
Year: U (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-
ﬁnninmulti—odlandtaperedmﬂ'enedlhdk, analysis of

fusclage rings, general stabili typrohlems. Introduction
to plate thmr;r small and large deflections.  Dugundji
16.21T Flight Vehicle Structures IT

Prereg.: 16.20T

Year: U(2) 3-1-6

Energy methods in solid and structural mechanics.
Influence coefficients. Vibrations of structural compo-
nents. Introduiction to shell th with applications to
the analysis of flight vehicle _structures with and
without internal pressure. rings and bulk-
heads. Theories of elastic and plastic stability with

applications to flight vehicle shell structures. Laboratory
experiments, (Not offered 7960-61.) Dugundji
16.22 Shell Structures (A)

Prereq.: 16.20

Year: G(2) 3-0-6

nation. Probable effects on structural analysis methoda
to be expected from new trends in design. Dugundji

Principles of Automatic Control

Prereg.: 6.18T, 16.01T

1‘:{: U(2) il e 3-0-9
Analysis automatic con systems, uding ana-
lytwal graphical, and analog methods. Formulation of

trol system equations leading to solu-
tiou for transient and stead ltnte inputs. Non-dimen-
sionalized treatment of si pL linear systems and exten-
sion to more involved automatic contyol loops. Selected
aeronautical and astronautical control problems. McKay

16.302 Amnuuhcd Systems

Prereg.: 16.30

Ymuﬂmw h
Lectures jects - dealing with aero-
nautical and uh‘onaudca}n;mu'al lyltetm. Lectures
include case studies of tative systems. Indi-
vidual projects involving and execution of two
mb,fnrmdwhmhwalandwnttmprmtam

are made. McKay
16.31 Principles of Instrumentation and
Control (A)
.2 16.30 -
Year: G (1) 3-0-9

Generalized concepts of system performance analysis
based on frequency, wansient and error cocfficient

AERONAUTICS AND ASTRONAUTICS

methods. (hmbmedmcnfﬁ:edbackmd
control systems for improving adaptive capahhmf

under adverse cnvironmental changes
ciples of system synthesis. r adjustment for
1 of specific d performance indices.
I tive application of principles to aircraft and
systems. Li
16.32 Principles of Instrumentation end
Control (A)
Prereq.: 16.31
Year: G (2)
Syuunduiguwi:hmdommpuumddhwbmeu.
Analyzis of system with time varying

garmum Nonlinear system
Switching technigue apphed to m:.&

m data mtml systun

16.33 Imm&mnt?r)ou and Control
Prereq. 16.31 '

. Tear: G (1) " 2-2-6
taken simultaneously with 16.31.

exercises. on instruments mi; control wm?m

to mental familiarity with sct
mgp%mmmthgdawwwm
dynamic characteristics

16.35 Special Problems in Instrumentation
and Control (A)
Prereg.: 16.32
Year: G (1or2)
thlumnfmmttoquahﬁedindindual:mdenuin

consultation with the instructor. McKay
16.36 Hmmnt, Telemetry and Data
Processing (A)
Pr : 16
2-2-6

avercoming
various stages of the system.

16.37 Statistical Problems in dutomatic
Control

FPrereg.: 16.30, 18.05
Zear: G (1) 3-0-9
of i )

content,
e e

16.2]2—16.37}\




i 16.38~16.50

L2 6.1(:T
d!"ur.- G(2) - i
Effect of component performance characteristics on
control Consideration of
electrical ical com; with em-

Year: G (2) 3-0-6
tals of sclf-contained autum::}ic i l.il;
¥ e il an

ment of fire control vigal
(Restricted to selected :q'mU.S.A:‘rFm,A:'IH,md
. arkey

Nagy.)
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16.42 Weapons Systems (RA)
.2 16.41 -

1643 Wi ' '
] oupm;g'gylmu Laboratory (RA)
Year: G (1, 2)

1644 Automatic Control ht Vehicles
&Tm 16.117T, 15.302,"1’653' @

Year: G (2)

ments over widely changing cavi ts
by high-s aircraft and manned gncu:uh. T
engincering problems associated ign of control
equipment, consid limitations and uncertainties of
components, rlnd:;nﬁrput cifects, mass cross-coupling
effects, etc. Whitaker
1645 Vehicle Guidance Systems

Prereg.: 16,39, 16.40 e

Year: G (1)

1646 Astronautical Guidance (A
Prereg.: 16.392

716

Prereg.: 16.42

T;'?G (1or2) Ary.
Problems of interest to qualified students in consultation
with the instructor. (Rcﬂiﬁdm:dﬁdﬂwxof!h U. S.

Air ‘Force, Army, and Nazgy.) Wrigley
16.50 Vertical Take t

Prereg.: 16,11T 0 dicorate )

Year: G (1)

of performance and inherent stability and con-
trol characteristics 2 air-

A




16,51 Admcad Vertical Take-Off Aircraft (A)
Prereg.: 16.50

analyzis of specialized pow

a.rﬁcu.lamdm a.nd i E.ll“

mquumenngr"duect Jﬂm E H.

16.53 Propulsion

2.25 or 16.02 or 16.03; 2.40T

Revi oimecbm'S) nfen?mb' le fluids. Ap;.vlmaa_sz‘“6
eview -

gas turbines, rockets, and

ram jets. Limits on imposed by thermo-
dynamics, fluid mechanics, and strength. g §. Taylor.
16.56 Astronautical P (A)

Prereg.: 16.051, 16.53, 18.06

Year: G(1) 3-0-9

Application of fundamental principles of fluid mechanics
n;thmnodynammmtheanalymdselec!edspwal
roblems found in the research and development of

Kq'u.ld pmpd.lant engines and nuclear, ion, are, and

wmmdnnnmlcen@na. Discussion of possible

pplication of the various engines.
E. 8. Taplor, Oates
16.60 . Admwad Aeronsutical Problems (A)
Prereg.: 16.11T or 16,20
Indi uﬁﬁ&aﬂw ropert uahﬁedgr::lm
vid p i u-
ate students. Problems selected ylﬁtaﬁon with the
instructor. Staff
16.605 Aeronautical Problems
Prereg.: ——
3 Year: U (10r2) by Arr.
ndividual orgmupwnrk pu!yquahﬁed students.
Problems chosen in consultal pm Staff

16.62 Experimental Projects I
Prereg.: 16.81T or 16.82
Year: U (1,2) 244
imental jects in the field of aeronautics and
astronautics. on the role of the experimental
method in relation to analysis, and on the ltude;‘t;

responsibility in project leadership.

16.63 Experimental Projects II

Prereg.: 16,62

Tear: U (1)
Plniouophyoi’iﬁﬂapp!wdnomorccou:uplﬂxproblfsx"::.f
16.66 Fluid Dynamics Laboratory (A)

Prereg.: 16.63 or.16.65

Year: G (lor2) Arr.
Graduate laburmry subject in fluid mechanics and

related m:wd a8 individual ts arranged

16.70 Mtbcmﬂbutgu

Pt (@) W 350

room practice and the of
y, subassembly, and dm»
Lectures and drafting room exercises air

Enﬁfmedmddengn landmggmandlmdmmm-

wdthege;mmndnwaghtaﬂm:mdm

§ i —
A T e

AERONAUTICS AND ASTRONAUTICS

16.71T Flight Vehicle
Brereg. 15 1T, 1?2‘3’1‘“"‘

(1) 2-3-7
16.72T Flight Vehicle Engineering
Preveg.: 16.711T
Tw U(2) 2-3-7

i an airplane or rocket vehicle including layout,
wdg ,halanca,and pu-ﬁ:manocudmam mmw
a.na!yﬁ,ltabllltyandm—
Emﬁmonmdiwdualmﬁnﬁvemdhde—
a

of fundamental
nndmprumtuinnofaﬁnalmport. G mph

16.74 Advanced Design (A)
Prereg.: 16,105, 16,72T
A fm"?(l)
pphr.atmn c\m-mtdmgn operations an
cap;bkof tul‘-ymg w
sal a given
u'uguraldmgn
ddeﬂ.tiom, serfor
terminationn::fo o ive device, i
pirsdor mprbphualger b s et g
as a means of i ating
the preliminary design stages in the development of
umﬁmdmckmdu. R. H Miller
16.761 Orbital and Ballistic Flight (A)
Prmq 1(6)01 16.02 or 16.03
16.762 Orbihlﬂadm&c Flight (A)
Prereg.: 16.761
Tear: G (2) 3-0-6
ofballnticandorbutnlmmﬂumdtpwe

Atmosphere and space environment of vehicles;
m-hml mechanics; ballistic trajectories;

16.78 Controland Gufd:m in Flight

Transportation
Pnng 16.11T, 16.30
G(1) 3-0-6
Studyoftheﬁmcdma.land:echnical aof the over-
all arr ation problems associated with enroute
navigation, and take-off, and traffic control
Consideration of the interrelationshi between the
characteristics of the airplanc as a w andthcfu:i.li-
Ues,eqmpment, and environment, with the view of

veaoluuuntothemnamaum

andtxmtrol de:flthatmeeuthedmod m
tu na tr control,
andsutnmaucct’:'nu'o?umg e Whitaker
16.81T Fu""f;:""“’
Tear: U (1) 3-0-6
The role of science and in the t
ofmu‘aﬁmdspaoecu&. tion of the
mental problems and solutions of these problems in the
hghtdmmtwchndogy Draper

(A) indicates a

. students. (R] mdicatusmbjmmmd to special

Other notations are
ﬁ:plbedontheﬁuwo{th-w

-

16.51-16.81

A TR L et e e -
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82-17.742T

16.82 Introductory Aeronautical Engineering

Prereg.: 18.03

Tear: U (1) 3-0-3
Introduction to aircraft, their components and ?mcr-l
principles of flight. arkham
16.851 Industrial Practice

Zear: U (S 40 h.p.w.
16.853 Ith Practice

Tear: U (1) 40 h.p.w.

Smmmthsofpnchulwurkmcdwtbythampun—

twc students in manufacturing,

ents at the plum of
cooperative program.
16.91 mluuuty (A)
Prereg.: 16.02

bration problems and
approximate methods for their solution. Moll6-Christensen
16.92 Aduwwui gzimduﬁeisy (A)
309

point a bletoalltypeaufﬁ:ghtvchu:lesthmughuut
.51 Derivation of aeroelastic operators
unsmady mhnﬁ&omgwmmgvanaﬂmalpnn-
Forced response, static and dynamic eigenvalues
nmph:ﬁed systems, one-dimensional structures and
two-dimensional xtmctum Special topics of interest
to the aeroelastician, with emphasis on aerodynamic
operators. Ashley

16.94 Dynamics of Structures (A)

Prereg.: 16.21,16.91

Lo T .

Lt :

grange’s equation and Hamilton’s princi Vibration
characteristics of unrestrained systems. Dynamic
stresses produced during transient of aircraft
and missile structures to rapidly forces, Re-

tion of elastic and plastic stress waves. Mar

| i e

Building Engineering and
Construction

17.401 Admncod Job Management (A)
Prereg.:

260

" cedures,

job organization, and in ofuumu-ucnunlpm-
The character of contract instruments, legal

requirements for job insurance and the ition of
mm:kmmmphshvpeed and quality, Dietz
17.402 Conslrugg;mucmgcmmt&nﬁwm)
Year: G (2) 3-0-6
Continuation of 17.401 in seminar form ogis of

t situations. Parﬁeipaﬁonofmntracm,
architects and engincers from a variety of projects. Field

surveys, library research papers, term paper. Distz
17.42 - Construction Analysis Seminar (A)
Prereg.: 1,921
Year: G (2) 2-0-4
Exploration of analytical approaches to ao.lutmn of many
variables entering into construction, flow of
site con-

components, structural problems, mﬂumce
ditions, materials technology, economic feasibility and
cost analyses affecting optimum solution. Case system

largely employed. Heger
17.73 Matsriala =~ Wood, Plastics, Fabrics
Year: U (2) 3-0-3

Mechanical and physical
to growth, structure
influence its use in construction and

ies of wood in relation
other characteristics which

- Strength,

moisture content, ative treatment, wood products,
identification, selection of species for various uses.
Fundamental and uses of plastics; basic char-

acteristics of coal and flbnamedincomtrumnn .
Wood Handbook; Dietz, Construction Materials. Dieiz

17.74 Maudgh-—MmryanJMcub
Year: U (1) 3-2-4
Primarily for architectural students with emphasis on

masonry materials, concrete, and metals, Factors affect-
mgthedwabd:tydmrym Principles

underlymg 5-!]3 corrosion and welding of
t two- Dfmbjcctmmmmlte-

fermwandnm—femms ; wood, plastics, and lami-
nates; thermal conductivity of walls. Murray, Masonry
Materials; Laboratory ; i Pz-ncrb«s.
Principles of Metallography. McGarry
17.741T godwnm! Behasvior of Plastics (A)
ereq.

. Year: G(1) 3-2-4
Relation between composition, physical struc-

chemical
o aph i o el
s : ors
ot e B bl ek e g o

Emphasis on recent research techniques. and results.
Laboratory on individual Pm:t basis investigating
problems related to current Research Laboratory

programs. MeGarry, R, D. Andrews
17.742T Composite Materials (A)

Prereg.: 3.14

Year: G (2) 3-24

Concepts underlying formation, characteristics and be-
havior of plastics-based oompnmu such as fiberglass







