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Mechanical Engineering: Fu t u re Fo rwa rd

by Erik K. Anto n s s o n

or most of the 20th centu-

ry, mechanical engineer-

ing meant fluid and solid

mechanics, thermodynamics and

design. However, technical devel-

opments in the last decade have

established the importance of inter-

d i s c i p l i n a ry engineering and sci-

ence, presaging the emergence of

new technical disciplines within

mechanical engineering. These

new areas build on an understand-

ing of the fundamental behavior of

physical systems; more o v e r, the

focus of this work is at the inter-

face between traditional disci-

plines. Examples of the new disci-

plines include several overlapping

mechanical engineering are a s :

m i c ro/nano electro-mechanical sys-

tems (MEMS/NEMS); simulation

and synthesis; integrated complex,

distributed systems; and biological

engineering. These new disciplines

re p resent the crucial directions for

Mechanical Engineering (ME) 

at Caltech.

M i c ro/nano systems have

e n o rmous promise to intro d u c e

sensing, actuation, controls, and

computation into a wide range of

situations. Everything from contro l

of flow and combustion in gas tur-

bines, local climate control in

buildings, to advanced surv e i l l a n c e

systems is being contemplated.

The road to realization of this

p romise will be long and challeng-

ing and re q u i res the application of

all of the traditional mechanical

engineering disciplines to this new

field. Many re s e a rch eff o rts are

u n d e rway at Caltech, from develop-

ing novel micro - t h rusters and sen-

sors for micro-spacecraft, develop-

ing novel active materials for

m i c ro-actuators, to constru c t i n g

advanced modeling methodologies

that bridge the length-scales fro m

atomistic to continuum.

Simulation and synthesis of

novel engineering designs is an

exciting area of re s e a rch at

Caltech. In the early 1960s, engi-

neering design methodology under-

went a renaissance. Methods

began to be developed to guide

engineers through a process to pro-

duce high-quality designs. In the

mid-1980s, these methods began to

evolve from their informal (guide-

M e ch a n i cal engineering is the bra n ch of e n g i n e ering that is ge n erally concerned with under s tanding forces and motion and their

ap p l i cation to solving pro blems of i n terest to society. The field traditionally includes aspects of t h erm o d y n a m i c s , fluid and solid

m e ch a n i c s , m e ch a n i s m s , m a teri a l s , and ener gy conversion and tra n s f er, and invo l ves the ap p l i cation of p h y s i c s , m a t h e m a t i c s , ch e m-

i s try and, i n c re a s i n g l y, b i o l o gy and computer science. I m p o rta n t l y, the field also emphasizes the process of f o rm u l a t i o n , d e s i g n , o p t i-

m i za t i o n , m a n u f ac tu re, and control of n ew sy s tems and dev i c e s .
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Image of an intersonic shear crack moving at a

s peed higher than the speed of shear wave s

and cre ating a shear sonic boo m . From the

re s e a rch of Ares J. Ro s a ki s, Pro fessor of

Ae ronautics and Me c h a n i cal Engineeri n g.
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line-like) origins to more form a l ,

i.e., computable, methods.

R e c e n t l y, the foundations of meth-

ods to automatically synthesize

new designs have begun to be

developed. Synthesis is a diff i c u l t

task; the creation of new designs is

often thought of as a fundamentally

human act. Emerging re s e a rch has

demonstrated that aspects of syn-

thesis can be formalized and the

foundations now exist to actively

pursue highly automated synthesis

t e c h n i q u e s .

Integrated, complex distrib-

uted systems are all around us.

Almost no engineered devices exist

and operate in isolation.

Automobiles and aircraft are

p a rt of a larger transport a t i o n

system; manufacturing equip-

ment is part of a larger pro-

duction system; medical sen-

sors are part of a larger health-care

system. The modeling, simulation,

and design of engineered devices

must be done in the context of the

i n c reasingly highly interc o n n e c t e d

distributed systems of which they

a re a part .

The recent explosion in the

field of biology makes clear the

u rgent need for the development of

the discipline of biological engi-

neering to leverage the scientific

advances for the benefit of society.

A c c o rd i n g l y, Caltech’s Bioengin-

eering Option has strong part i c i p a-

tion from Mechanical Engin-eering.

Our view is that just as chemical

engineering has built on the scien-

tific advances in chemistry to

develop useful products and sys-

tems, bioengineering will build on

the advances in molecular and neu-

ral biology. These new dire c t i o n s

will take us far into the future — a n d

the ME faculty are poised to help

lead the way. A full strategic plan

is available on the ME website.

n recognition of incre a s-

ing student interest, the

faculty has instituted an

u n d er grad u a te option in Mechanical

Engineering to begin in the

2002/03 academic year. The aim is

to pre p a re students for re s e a rc h

and professional practice in this era

of rapidly advancing interd i s c i p l i-

n a ry technology. The pro g r a m

builds on the core curriculum to

combine individual depth of experi-

ence and competence in a part i c u-

The digital propulsion “roc ket chip” was deve l-

o ped at Ca l tech in co l l a bo ration with T RW and

the Ae ro s p a ce Co rpo ration as enabling te c h-

n o l ogy for micro - s p a ce c ra ft . The micro -

t h ru s ter array consists of a thre e - l ayer sand-

wich of silicon and glass, and is shown here

m o u nted in a standard 24-pin ce ramic dual-

inline elect ronics packa g e. This pro to ty pe co n-

tains 15 individual thru s ters in the ce nt ral 3 by

5 array. The visible bond wires are co n n e cte d

to re s i s tors in each thru s ter that initiate co m-

bustion of the lead sty p h n ate fuel. Ea c h

t h ru s ter cell prod u ces 0.1 milli-newto n - s e c-

onds of impulse, and about 100 watts of

m e c h a n i cal powe r. A successful suborbital te s t

f l i g ht of these MEMS dev i ces has been co n-

d u cte d.

Mi c ro s copic pat te rns of the fe rroe l e ct ric mate-

rial barium titanate. This photog raph wa s

t a ken by Eric Bu rc s u, a Ca l tech gra d u ate stu-

d e nt jointly supe rvised by K. Bh at t a c h a rya ,

Pro fessor of Applied Mechanics and

Me c h a n i cal Engineeri n g, and G. Rav i c h a n d ra n ,

Pro fessor of Ae ronautics and Me c h a n i ca l

E n g i n e e ri n g. This mate rial and re l ated fe rro-

e l e ct ric mate rials have an inte resting pro pe rty

kn own as elect ro s t ri ct i o n : t h ey change shape

when an elect ric voltage is applied to them.

Th e re fo re, t h ey are used as act u ators that

d ri ve va rious micro - d ev i ce s. Bh at t a c h a rya and

colleagues pre d i cted and demonstrated a new

m ode of elect ro s t ri ction based on manipulat-

ing these pat te rn s ; the resulting elect ro s t ri c-

tion is at least 10 times larger that what wa s

p reviously kn ow n .
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Mechanical Engineering has a long

h i s t o ry at Caltech, and indeed the

origins of the Option predate the

f o rmation of Caltech itself. The

M a y, 1907 Throop Polytechnic

Institute B u l l e t i n indicated that

“Although courses in Mechanical,

Civil and Mining Engineering are

not outlined below, considerable

work is given in these branches of

engineering and their collateral

subjects. It is also the purpose of

the Institute to extend the work

along these lines as demand for it

a r i s e s . ”

A p p a rently there was vigoro u s

demand. Only a month later, in the

June, 1907 B u l l e t i n, a four-year pro-

gram of subjects re q u i red for grad-

uation in mechanical engineering

“looking toward the degree of B.S.”

w e re published. These courses

included Chemistry, Physics, and

Calculus, as well as Shop Wo r k ,

Machine Details, Prime Movers,

S u rveying, and Commercial Law.

A year later, in the May, 1908

B u l l e t i n, it was noted that a

Mechanical Laboratory had been

established, and was “equipped

with apparatus for the investiga-

tion of the strength of materials, to

which will be added immediately,

the apparatus needed to fully equip

in other lines of mechanical experi-

m e n t a t i o n . ”

The importance of engineering

to the developing Thro o p

Polytechnic Institute was made

clear in the April, 1910 B u l l e t i n:

“The Institute confines its degre e s

to Electrical, Mechanical, and Civil

Engineering.” By January, 1917,

Chemical Engineering, Chemistry,

Engineering, and Economics, and

General Courses had been added to

the list of Bachelor of Science

d e g rees off e red by the Institute.

The December, 1928 Annual Cata l o g

of the (now) California Institute of

Technology included a page show-

ing the numbers of students in

each area. Seventy-nine seniors

w e re listed in Engineering (21 of

whom were in Mechanical Engin-

eering), out of a total Senior Class

of 110 students. These numbers

g rew steadily to slightly over 40

seniors in ME until World War II. At

the end of the war, the pent up

demand for Mechanical Engin-

eering was evident, with nearly 70

seniors, and 91 juniors in the pro-

gram. A graduate program was

added in 1933.

The Mechanical Engineering

p rogram continued through the

1959–1960 academic year, along

the way adding a fifth year to the

u n d e rgraduate program for stu-

dents interested in a more special-

ized education. In 1960, however,

the Institute chose to consolidate

its undergraduate engineering

o fferings into a single program. The

S e p t e m b e r, 1960 C a ta l o g i n d i c a t e s

“The California Institute of

Technology has adopted a single

engineering curriculum strong in

the sciences and humanities with

g reat flexibility of choice among

the engineering sciences.” Thus

began the E&AS underg r a d u a t e

p rogram that currently graduates

nearly 100 students each year.

In 1997, in recognition of stu-

dent and faculty interest in a pro-

gram more focused on Mechanical

Engineering, a “Concentration” in

Mechanical Engineering was intro-

duced. The C a ta l o g listed a set of

re q u i red courses for students inter-

ested in ME. Students satisfying

those re q u i rements would earn an

E&AS degree from Caltech, but

with a notation on their off i c i a l

transcript, that they had

“Concentrated in Mechanical

Engineering.” The number of stu-

dents choosing to concentrate in

ME has steadily grown, reflecting a

continuing strong interest in the

d i s c i p l i n e .

With the re i n t roduction of the

u n d e rgraduate Option in 2002/03,

the Mechanical Engineering pro-

gram at Caltech has come full 

c i rc l e .
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E rik K. An t o n s s o n , Professor of M e ch a n i cal Engineeri n g , is the Exe c u t ive Of f i c er of the ME Option.

His re s e a rch interests include formal methods for engineering design, f o rmal design sy n t h e s i s , re p re s e n t-

ing and manipulating imprecision in prel i m i n a ry engineering design, rapid assessment of e a rly designs

( RA E D ) , s tru c tu red design synthesis of m i c ro - el e c tro - m e ch a n i cal sy s tems (MEMS), and digital micro-

p ropulsion micro t h ru s ter s . His re s e a rch work is supported by the NSF, D A R PA , and industry. He has

p u blished over 100 sch o l a rly pap ers in the engineering design re s e a rch litera tu re and holds four U. S .

Pa te n t s . He is a Fellow of the Am eri can Association of M e ch a n i cal Engineers (ASME), a co-winner of the 2001 T RW

Distinguished Pa tent Aw a rd, the recipient of the 1995 Feynman Prize and a 1986 NSF Presidential Young Inve s t i gator Aw a rd.

He served as an editor for the ASME J o u rnal of Mechanical Design and is currently on the editorial board of two intern a t i o n a l

j o u rn a l s : Fuzzy Sets and Systems and R e s e a rch in Engineering Design.

lar chosen mechanical engineering

s p e c i a l t y, with a strong backgro u n d

in the basic and engineering sci-

ences. It maintains a balance

between lectures, laboratory, and

design experience, and will empha-

size the pro b l e m - f o rmulation and

solving skills that are essential to

any engineering discipline. The

p rogram will also strive to develop

in students self-reliance, cre a t i v i t y,

leadership, professional ethics, and

the capacity for continuing pro f e s-

sional and intellectual growth. 

Mechanical engineers are

found in a wide range of applica-

tion areas including automo-

tive, aerospace, materials pro-

cessing and development;

power production, consumer

p roducts, robotics and

automation; semiconductor pro-

cessing; and instru m e n t a t i o n .

Mechanical Engineering can be the

s t a rting point for careers in bio-

engineering, environmental engi-

neering, finance, and business

management. 

ME CENTENNIAL

he year 2002 marks the

95th anniversary of the

establishment of Mech-

anical Engineering at

Caltech and 2007 will mark the

Centennial of the Mechanical

Engineering program at Caltech.

We are now initiating plans for this

i m p o rtant event. Historical

vignettes, photographs, and publi-

cations will be enthusiastically wel-

comed to help illuminate the distin-

guished history and contributions

of the pro g r a m .

To learn more about the ME Option and the
a n n i v e rs a ry celebrations visit
ht t p : / / w w w. m e. ca l te c h . e d u

o p t i o n  p r o f i l e

A dynamic thin-film depo s i t i o n . Use of time-va rying process conditions may enable deposition of

films with novel pro pe rties or lead to lowe r - cost proce s s e s. From re s e a rch on engineeri n g

m i c ro s t ru ct u ral co m p l ex i ty in fe rroe l e ct ric dev i ces by David G. Goodw i n , Pro fessor of Me c h a n i ca l

E n g i n e e ring and Applied Phys i c s.
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