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of Neuroengineering

New Star Trek Trailer Sets Course for Fan

Dr. Ed Boyden displays the small prototype Transcranial Magnetic Stimulation machinebuiltby hisstudents atthe Neuroengineering Buzz

and Neuromedia Lab at MIT. The copper coils generate magnetic fields thatcreates a currentin adjacentbrain tissue.
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M Rewiring the Brain: Inside the New Science of Neuroengineering Locksmith
This is the second of two parts on the convergence ofengineering and neuroscience. PartOne, "Rewiring the Brain," examined attempts to
control the brain using surgically implanted optical switches. 6. Kill These Cars Now

Sci-Fi author Philip K. Dick may have bestanticipated neuroengineering in his most famous work, Do Androids Dream of Electric

Sheep?, the basis of the movie Blade Runner. The main character and his wife get up in the morning and select their moods on what Dick 7. Show Us Your Favorite Album Artwork
calleda Penfield mood organ.

We'rea long way from building a Penfield mood organ, but we already have ways of prodding our brains. Sometimes weachievemiracle 8. Should The Beatles' 'Revolution' Bootleg

cures, sometimes just trim the edge off the pain, buteven thelittle tweaks can mean the difference between thelivableandunlivable Have Stayed in the Vault?

life.

Next tothe microscopes and viruses at Dr. Ed Boyden's MIT lab is an electronics bench littered with half-finished breadboards, bits of 9. Iran Is This Close to Getting a Nuke.
wireand solder. From a drawer, Boyden lifts a twisted mess of connectors and wires hooked toa copper coil thesizeof a golf ball. Thisisa May be.

transcranial magneticstimulation, or TMS, machine. When held tothe head it's capable of electrically affecting areas of the brain
within a few centimeters of the surface.

Luigi Galvani, a physician and natural philosopher of the 18th century, was thefirst tofigureout that nerves wereelectrical in nature.
His assistant tapped a dissected frog's leg with a scalpel he'd picked up from a statically charged table. The static electricity arced tothe
nerveof thedead frog's leg, making it twitch like living material.

From then on itwas understood that the brain and its attendant peripheral nerves ran on electricity. Inspired by the twitching dead

nervous system, Mary Shelley had Frankenstein's monster raised from the dead by a lightning bolt. But her approach, whilea nice - ' Win a trip o the liere of
literary touch, was overkill: All you needis avery weak current toactivate brain cellsin agiven region. I 1 X-MEN ORIGINS:
In fact, TMS gets electricity intothe brain peacefully, withouteither cutting it open or shocking it with millions of volts. 'a WOLVERINE!

/
Thetargetareapfthebrain istr?atedlikethecoilrinagenerator,subjectedtorapidly changing magn‘eticfields until electricity begins P=PiABY 'l’. _! Subscribe to WIRED
todanceacrossits neurons. Unliketheoptical switch developed by Boyden and Stanford's Dr. Karl Deisseroth, TMS doesn‘t reach the - _ J
deeper regions of the brain, buttherearea lotof importantandinteresting areas in the cortex where TMS deliversits current. It'salso
far less precisethan the optical switch, although TMS seems positively surgical when compared tothe imprecisions of the
pharmaceuticals we pumpintoour bodies.

"The magnetic field has an effective area of stimulation thatis —atthesmallest —thesize of athumb,"says Dr. Bret Schneider, a
neurological researcher at Stanford Medical School. TMS produces an impressionistic sweep of neural activation in the brain that
researchers have used todoeverything from inducing savant-like skills tocausing people totake greater risks. Clinicians useittotreat
migraines and depression, among other things.

Schneider has agreed togive me TMS. Specifically, hewill useiton a part of my brain that controls movement: the motor cortex. He
ushersmeintoan overly largeblack leather chair. Except for the large, two-lobed paddle hanging from the back, which is connected to
an impressive power supply, thechair resembles something a therapist mightuse. "Therearea number of nerves that pass through the SunPower Solar Panels

scalp, and consequently, most patients dofeel the magnetic pulses,”hesays by way of warning. Up to50% more solar power. Sign up for a freeevaluation!-
A fewinches over my ear isthepartof my brain thatcontrols my handandarm. Schneider holds thecoil thereand activates it. The www.SunPowerCorp.com

musclesin my scalp contractautomatically, anditstings. My handis jumping with each loud snap from the TMS machine.

Renew

Give a gift
Customer Service

"Whatyou'refeeling isnerves actually depolarizing,”hesays. "[It's] sending a current through them, they'rereleasing their Make $5K+ Week Online

neurotransmitters with each pulse.” We Make 6-Figures from Home with this System. We Can Show Y ou
TMS feels like a determined and annoying older sibling repeatedly flicking you in the head. It's easy toimagine the subtleties of How. - OnlineBusinessOnAutopilot.com

subjective experience being lostin the snapping, cracking, and thearm-twitching, that, whileinvoluntary, is easy tomisinterpretas

sheer exasperation. Ow, quitit! Ow, quitit! Obama’'s Giving You Cash
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Atfirstlimaginethatmy arm jerking is just meresponding totheannoyance of being thumped on the head. l am, in short,

confabulating wildly. Then I'lift my arm on my own power, and watch asitcontinues jumpin midair. lam definitely not doing that.
Schneider hands me thecoil and shows mehow tohold it over my left motor cortex, which controls therightside of my body. luseiton
myself, holding theunitover my leftbrain, making my own righthandjumpinvoluntarily.

"TMS seems toberelatively benign,anda fairly short list of adverse effects have been identified," says Schneider.

Transcranial magnetic stimulation is quite safe for useas a neurological therapy or research tool. Its effects are temporary, and while
TMScan induceaseizure, thatusually won'toccur without a deliberate effort or gross negligence on the part of the operator. Focused on Ads by Google
abipolar patient, TMScan alsoinduce massive mania and psychosis. Theeffect thereis alsoalsotemporary, although thedamage tothe

person's creditrating, car or goodwill of his neighbor may not be.

In short, TMS, which has been around for barely 20years, shows enormous potential for certain types of neural conditions.

Boyden's lab has several plans for this technology. Smaller, cheaper and more hackable versions of TMS machines are being built.
They've put together an open source TMS project that might allow anyone tostartan at-home DIY brain hacking lab. Boyden tells me

that his own TMS machine is aworking prototype for an affordable, wearable unit that could gointomuch wider usein regular therapy Subscription: Subscribe | Give a Gift | Renew | International |
Questions | Change Address

offices, or even at home.

"Onenicething about medicationsisthatthey arecompact —you can usethem when you'reathome, when you'retraveling," hesays. "l

would benicetoachievethatin other fields of neurotechnology.”

Back in his office, he goes beyond the medical applications. "As technologies are proven safe and effective, they will become more
widespread, helping more people — not always those with the most severe needs. It's the same story thatany health-related technology

hasever taken.”

Boyden theorizes that TMS could someday be a "prosthetic for creativity,”based on its ability toincrease concentration and risk-taking.

Thatis, if people can get past how strange the whole thing seems.

"Weknow solittleaboutthe brain thatit's easy tofind projects that [are] both ... philosophically important problems,and alsocan assist
[with] new treatments of neurological and psychiatric disorders," hesays.
It'sashotgun approach totrying towork out what can be done with the most complicated system we'veyet foundin theuniverse —

ourselves —using theoutput of that system, technology.

"Thefieldas a wholeis wrestling with what tomake of such technology,"says Boyden.

Neuroengineering raises a number of ethical issues, not the least of which centers on the question of when and how totreat certain
conditions using the new technology. As an example, Dr. Debra Matthews, a bioethicistat The Berman Institute of Bioethics, points out
thatmany in the deaf community feel thattreatment of deafnessis an assaulton their culture. For them it's a question of identity, not

necessarily a handicap.

"Whois defining better?"says Matthews. "Whodecides whatis a disability? Whodecides whatis normal?"
Butshealsosays thatthese questionsarenota sufficientreason toprevent neuroengineers from pressing ahead, nomatter what kind of

strange wonders they might produce.

"A course of research shouldn't be stopped by the mere presence of moral disagreement,"she says. “[But] it's absolutely a reason tothink

aboutitandhaveapublicconversation aboutit.”

The MIT Media Lab, which houses Boyden's neuroengineering lab, is a kind of utopia of clutter, a fluorescent lit cave of saliva-worthy
geek toys. Everyonethereissurethatinnovations tochangetheworldarejustaroundthecorner,andthat Boyden's lab, like Deisseroth's
outat Stanford, ison thebrink of changing the way we control our brains.

Walking a few blocks away from MIT late thatnight | find the other side of the universe, still in Cambridge. There's a gig going strong at
la.m., deepintheback of a dive bar on Massachusetts Avenue. On the street outside, old black men stand around, some with instrument
cases, some with cigarettes dangling from their lips. It gets me tothinking.

All of us —them, me, thecops gliding pastin their cruisers —arereally just brains floating around on the ends of spine sticks.

Involuntarily, I seeeveryonewith a wire fed intotheir cortexes, some part of themselves commanded by their choiceata given moment.

A littleprimitive Penfield mood organ above every ear, if you will.

Solwonder: Whatbit of themselves would each of us wish tocontrol? Wherewould we direct our own TMS, if we could?
It'saterribleresponsibility toconsciously shoulder. Whatis the mind that's choosing the shape of its own brain?

"I'think if you ask most neuroscientists, they don't find that particular question puzzling,”says Deisseroth. "Thoughts, feelings and
drives derive from patterns of electrical activity ... [but] thereare other ways tothink about it.

"Themindcouldbethatlittle spark of consciousness thatis floating around, guiding your direction and attention and desires and
...Whatisthatlittlefloating entity thatuses thebrain? The partthat

thoughts. Something thatrecruits different parts of the brain
uses thevisual cortex, thatuses sensory input, whatis that?

If that partisn'twhatpuzzles neuroscientists atthe moment, it'simportant toremember thatit'sthecrucial partfor the old men on
Mass. Ave. A description of reward pathways and their functions will never really explain whatit means toneeda clearly unneeded
cigarette, much less thedefinea lifetime of desire that turned a second-hand guitar intothe organ of an old blues player's soul. But

without a doubt, changing those pathways can changeeverything.

When I ask Boyden what this work means for the far-off future, he puts his hands in his pockets and scrunches back in his seat.

"I'think society is going tochange,”hesays. "Peopleare going tounderstand more about themselves than they've ever understood

before."
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