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Mechanical Engineering: Future Forward
by Erik K. Antonsson
Mechanical engineering is the branch of engineering that is generally concerned with understanding forces and motion and their
application to solving problems of interest to society. The field traditionally includes aspects of thermodynamics, fluid and solid
mechanics, mechanisms, materials, and energy conversion and transfer, and involves the application of physics, mathematics, chemistry and, increasingly, biology and computer science. Importantly, the field also emphasizes the process of formulation, design, optimization, m a n u f ac tu re, and control of new systems and devices.
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Image of an intersonic shear crack moving at a
speed higher than the speed of shear waves
and creating a shear sonic boom. From the
re s e a rch of Ares J. Ro s a ki s, Pro fessor of
Aeronautics and Mechanical Engineering.
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Automobiles and aircraft are
part of a larger transportation
system; manufacturing equipment is part of a larger production system; medical sensors are part of a larger health-care

The digital propulsion “rocket chip” was developed at Caltech in collaboration with TRW and
the Aerospace Corporation as enabling techn o l ogy for micro - s p a ce c ra ft . The micro t h ru s ter array consists of a three-layer sandwich of silicon and glass, and is shown here
mounted in a standard 24-pin ceramic dualinline electronics package. This pro to ty pe contains 15 individual thrusters in the central 3 by
5 array. The visible bond wires are connected
to resistors in each thruster that initiate combustion of the lead sty p h n ate fuel. Ea c h
t h ru s ter cell produces 0.1 milli-newton-seconds of impulse, and about 100 watts of
mechanical power. A successful suborbital test
flight of these MEMS devices has been conducted.
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Mi c ro s copic patterns of the ferroe l e ct ric material barium titanate. This photog raph wa s
taken by Eric Bu rc s u, a Caltech graduate student jointly supervised by K. Bh at t a c h a rya,
Pro fessor of Applied Mechanics and
Mechanical Engineering, and G. Ravichandran,
Pro fessor of Ae ronautics and Me c h a n i ca l
Engineering. This material and related ferroe l e ct ric materials have an interesting pro pe rty
known as elect ro s t ri ct i o n : they change shape
when an electric voltage is applied to them.
Th e re fo re, t h ey are used as act u ators that
drive various micro - d ev i ce s. Bhattacharya and
colleagues predicted and demonstrated a new
mode of elect ro s t ri ction based on manipulating these pat te rn s ; the resulting elect ro s t ri ction is at least 10 times larger that what was
previously known.

uted systems are all around us.
Almost no engineered devices exist
and operate in isolation.
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ME CENTENNIAL
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To learn more about the ME Option and the
anniversary celebrations visit
ht t p : / / w w w. m e. ca l te c h . e d u

A dynamic thin-film deposition. Use of time-varying 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 complexity in ferroe l e ct ric devices by David G. Goodwin, Professor of Me c h a n i ca l
Engineering and Applied Physics.

Erik K. Antonsson, Professor of Mechanical Engineering, is the Executive Officer of the ME Option.
His research interests include formal methods for engineering design, formal design synthesis, representing and manipulating imprecision in preliminary engineering design, rapid assessment of early designs
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