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Atomic force microscopy (1986) (Binning, Quate, Gerber)
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Atomic force microscopy (1986) (Binning, Quate, Gerber)
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Atomic force microscopy (1986) (Binning, Quate, Gerber)

Imaging at the nanoscale
(like vinyl LP players)
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Atomic force microscopy and the Casimir effect in Amsterdam (2005)
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Atomic force microscopy and the Casimir effect in Amsterdam (2005)
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Atomic force microscopy and the Casimir effect in Amsterdam (2005)

Casimir force measurements (@ 100 nm)

...an annoying
problem




Fiber-top technology (2005) ‘




Fiber-top technology (2005) .} '




Fiber-top technology: a new platform for all optical sensing

ACCELERATIONS ELECTROMAGNETIC FLOWS, FORCES,
AND VIBRATIONS FIELDS AND PRESSURE

o Extremely small (0.1 mm)

~— Easyto use
_{ y

BIOCHEMICAL
HAZARDS MICROSCOPY

o Adapt for harsh environments

o Adapt for remote sensing

5%

in collaboration with S. Deladi, M. Elwenspoek, E. Berenschot, UTwente
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Fiber-top technology: and it even works! ‘ .

ACCELERATIONS ELECTROMAGNETIC FLOWS, FORCES, ‘
AND VIBRATIONS FIELDS AND PRESSURE
- - -
\ :( Easy to use
BIOCHEMICAL
HAZARDS MICROSCOPY

o Adapt for harsh environments

o Adapt for remote sensing

1000 | 2000
X (nm)
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Reality check beyond the comfortable walls of my own laboratory

— Extremely small (0.1 mm)
4

— Easyto use

o y

o Adapt for harsh environments

; o Adapt for remote sensing = Cost of fabrication
~ 1,000 €/device, more

ﬁ than one day of work!




Moving outside my research laboratory

5 Extremely small (W
3 mm

i Easy to use

i« Adapt for harsh environments

_:{ Adapt for remote sensing

ATOMIC FORCE MICROSCOPY ALL OPTICAL SENSING




Scanning probe microscopy
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‘i Adapt for harsh environments
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“1 0.07 pm

-0.06 pm

L attocube

plonaars of pracision

(D. Andres)
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One application over the others

HARD

OPTICSI

ideas on the top of a fiber

/ 4 - £
PIUMA
OPTICS"\\

Applications in my group: 0 _dx s o0 wooum ElPe
- Brain
- Chick embryos
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Indeter in a needle

PIEZO
(proximal end)

In phase component = elasticity

h Out of phase component = viscosity
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Ex-vivo intervertebral disk experiment
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Fiber-top MEMS

Alternate layers of structural and sacrificial materials
(like in MEMS technology)
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Temporary summary
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COMING UP:
All-optical sensing
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All optical sensors
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Can we study the cardiac cycle at the single cell level?

In collaboration with

| ON|  opTiCS!

ideas on the top of a fiber

and with J. van der Velden, A. Najafi, and M. Helmes (VUmc)

Disclosure: the author is founder and shareholder of Optics1l



Can we study the cardiac cycle at the single cell level? -

Previous state-of-the-art

To piezoelectric force sensor

i Single, isolated myocyte (rat)
i R e T TR O F i

#

force

time

(note: the change in length is negligible!)
ISOMETRIC CONTRACTION!

Are we doing the right thing?
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The cardiac cycle .
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http://sundar.me/2011/03/22/148-revision-8/600px-diagram_of_the_human_heart_cropped-svg/

The cardiac cycle .

Superior
Vena Cava

Pulmonary
Artery

Pulmonary
Valve

Tricuspid " N
Valve

Inferior Vena Cava

Time
Measure F real time

If F<F,, move pillar to keep F=F,

Piezoelectric force sensor:

- Too slow

- Not sensitive enough

- Remote — more noise/drift
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http://sundar.me/2011/03/22/148-revision-8/600px-diagram_of_the_human_heart_cropped-svg/

Ferrule-top force sensor for the study of heart cells ~'

Force (uN)

We can mimic, EXACTLY, the
heart cycle at physiological
conditions at the single cell level
(no extracellular matrix)!

Length (um)

Study regarding:

- Disease animal models
- Pharmaceutical
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Ferrule-top force sensor for the study of heart cells
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Ferrule-top force sensor for the study of heart cells

. +1617696:7335 +353 1 685 4800 LGN SEARCH O
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enabling discovery
Home / Products
OPTIFORCE
Hardware
@ slideshow
) HERE TO -

Optical Force Transducer

The IonOptix OptiForce is a revolutionary optical fiber interferometry-
to detect the nanoscopic forces from single isolated cardiac cells. It
technologies: sensitivity and speed, with detection limits down in the

response above 3kHz.

How it Works

The OptiForce works by using laser light to interrogate a reflective cantilever arm attached to one en
myocyte. Contractile forces bend the cantilever and produce changes in the light path length. Light reflecte

VRIJE

Disclosure: the author is founder and shareholder of Optics11 e



Update on the temporary summary

Problemaqin
Casimir \

rexperiments Fiber-top Qgrrule—top
technology technology
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COMING UP:
Solve the cliffhanger
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Back to Casimir: a better solution

Measurements with a standard AFM in Amsterdam

A 4

V, feedback

\ 4

Measure S(2w,)

A 4

Measure S(w,)

TO ELIMINATE ELECTROSTATIC RESIDUAL FORCE

TO CALIBRATE THE INSTRUMENT

TO MEASURE THE CASIMIR FORCE
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The Amsterdam method

Fo(t) = Fo(d™ + d cos(wat)) ~ Fo(d™) +[0;;C -0 cos (wgt)]
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The Amsterdam method: hydrodynamic force

Fo(t) = Fo(d™ + d cos(wat)) ~ Fo(d™) +[0;;C -0 cos (wgt)]
d*
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Amsterdam method: problem with fiber-top
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Ferrule-top

...which is not a problem with ferrule-top



From Casimir to dark energy

matter (4%)
dark matter A
(23%)

dark energy

Something else:
dark energy

ATTRACTIVE < REPULSIVE
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Dark energy and 5t force

matter (4%)
dark matter A
(23%)

Dark energy: a particle with a small mass?

dark energy m¢ ~ 10_33 eV :> 5t force
(73%)

Fie /A~ 1pN/(::m2

Remote galaxies:
the Universe is
expanding at
accelerated rate

10-30 pm

Something else:
dark energy

ATTRACTIVE < REPULSIVE




Dark energy and 5* force -;‘

matter (4%)
dark matter A
(23%)

Dark energy: a particle with a small mass?

dark energy m¢ ~ 10_33 eV :> 5t force
(73%)

Fiye /A= 1pN/cm”

Remote galaxies:
the Universe is
expanding at
accelerated rate

Feg/A ~ 1000 X Fd‘e-/A

Something else:
dark energy

2 2 2 kmax k3
&_EO(‘TL+ 75 f — dk)
A 2d*> ki — k k. sinh®(kd)

min min

We cannot test it...or can we?




Dark energy and 5* force

matter (4%)
dark matter )
(23%)

Dark energy: a particle with a variable mass?
07 e

dark energy m¢ ~ 1

(73%)
Me¢ <7 Pmatter

J. Khoury and A.Weltman,
Phys. Rev. Lett. 93 (2004) 171104

in vacuum

Remote galaxies:

the Universe is pmarrert m(ﬁgt
expanding at
accelerated rate
F, d.e.
- Something else: —
dark energy

COMPARE TOTAL FORCE WITH AND WITHOUT GAS

{. If f does not exist — no change of force
ATTRACTIVE < REPULSIVE If f exists — the force changes
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New update on the temporary summary
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COMING UP:;
Social sciences
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Lock-in amplifiers
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Acos? (wt) + f(t) cos (wt)

1 + cos (2wt) / J o l

oscillating around zero

Y (t) =

2
cos” (wt) =
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Lock-in amplifiers feedback loop .

Variable that | can measure

N

>

v

X

Variable that | can control

TN N -




Lock-in amplifiers feedback loop

Variable that | can measure
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Oscillate x around X,

Measure y at o
(Lock-in amplifier)
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Oscillate x around X,

Measure y at o
(Lock-in amplifier)

Set Xp=X,+yA
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Oscillate x around X,
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Oscillate

and lock @ w &7
— Oscillate

and lock @ w;
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Oscillate x around X,

Measure y at o
(Lock-in amplifier)
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The beauty contest experiment: idea

4 Which of these avatars
’:T; is the most attractive?
55; 100 |-
% AVERAGE PEOPLE’S VOTE
2 (1=ugly, 100=Dbeautiful)
=
)
O
9]
O
)
% ' i
Il
@ ' ‘”’//////////',’,’illz,',':{f'::":,%om
-O oL AN
Il
o
‘ l , , ~ GOAL OF THE EXPERIMENT:
0 50 100 Lock-in feedback loop —
x, = brow-nose-chin ratio (a.u.) Find values of x; and x, that

maximizes the average vote
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The beauty contest experiment: method

Survey — VU University 2016

How attractive would you rate the computer generated
face to the left, on a scale from 1 to 100.

Where 100 would represent a very attractive face.

And the face below would represent a face with an
attractiveness score of about 25.

~25

Always the same

N . .
Sequentially adjusted via lock-in 40

Continue feedback loop to converge to
maximizing features
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The beauty contest experiment: method

Voter i Sees avatar with Gives his vote New values for
‘I \ 1 =21+ Ajcos (wi)

“ To = Ty + As cos (wai)

Voter i+1 Se% avatar with
Q 1 =71+ Arcos (wi(i + 1))
l
Ty = Tg + Ascos (wali + 1))
Voter i+2

‘l “u




The beauty contest experiment: results

PEOPLE’S - 07
OPINION 0

Running average over 150 consecutive voters

S LM W
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Giacomo Bressi — amico e maestro
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