How Advances In Science Are Made
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By their very nature, those discoveries that most
change the way we think about nature cannot be
anticipated. How, then, are such discoveries
made, and are there research strategies which
can increase the probability of making such a
discovery?




A Linked Chain of Discoveries and Inventions
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Relevant Research Strategies

e Use the best instrumentation available

* Don'’t re-invent. Borrow the technologies you can

* Look In an unexplored region of the landscape

e Failure might be an invitation to try something n ew

e Be aware of subtle unexplained behavior, don'’t
dismiss it!
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—> Maser parametric
amplifier
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Karl Jansky At Bell Laboratories in 1933

1905-1950
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Chemical and Spin Shifts in NMR




Fourier Transform and 2D NMR




Richard Ernst

Nobel Prize

Chemistry
1991




Three Dimensional Conformation of Organic Molecules
Kurt Wtrich

...In Aqueous Solutions




Kurt Wutrich

Nobel Prize for
Chemistry

2002







Magnetic Resonance Imaging: MRI







Functional Magnetic Resonance Imaging: FMRI
S. Ogawa




The Discovery of Superfluidity in  3He
1971-72



The History:

*1948 Ed Hammel led a group at Los Alamos who higstified 3He
*1950’s Physicists study normal liquid behaviofldé (Wheatley+Landau)
«1957BardeenCooper andschrieffer explain superconductivit3CS

e 1959 Theorists prediéHe would become a BCS superfluid at ~80 mK

* 1965 John Wheatley had cooféde at SVP to 2 mK, no superfluidity

« 1964 David Edwards Discovers Finite Solubility3pie in4He

e 1965 Henry Hall built the firstHe-*He dilution refrigerator















Conversational Chinese
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View nature from a new perspective or in a différmealm.

Failure may be an invitation to try something new.

Curiosity driven research can be very rewarding!

The demands of good research do not adhere toedséh

We become myopic when we focus too tightly on oukt.w




Basic Research At Bell Laboratories 1977:

Good research was research that taught us
something new about Nature.

Weak Localization in Two Dimensions




Strategies:

1. Change the subject of your research occasionally.

 After a while we lose perspective as well as runobudeas.

2. Note the predictions of theorists, but don’stru
them to be correct.

» Good theorists have a nose for interesting plsysbut we should
not expect them to have all the details correct.

3. Collaborate to add additional expertise.

« Particularly with those whose skills complement gaun.

4. Enhance your measurement strategy.

« Utilize the speciatharacteristics of the system under study to
your own advantage.



Edwards and Hall

Bloch and Purcell

Hammel, Wheatley, Landau ...

Stratey and Adams



Advances In science are seldom made by
iIndividuals alone. They result from the progress
of the scientific , asking guestions,

developing new technologies to answer those
guestions, and sharing their results and their ides

with others. To have rapid progress, one must
support scientific research broadly, and encourage
scientists to interact with one another and to spenh
some of their time satisfying their own curiosities

....This 1Is How Advances in Science Are Made




