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Overview

What are forced interfaces ?

Interfaces produced by external elds.

May be static or dynamic.

Structure and dynamics of the interfaces can be
controlled by manipulating the external elds .

We study the response of the system to such
manipulations
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3. Hard disks in a narrow channel in an external strain
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2-d Ising Interface

The nearest neighbor ferro-magnetic Ising model in 2-d:

The spins

Phase separation with interface between and
regions.

Interface l.e. no overhangs.

In an uniform eld interface moves in the direction of
the minority phase.
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Non-unif orm eld

Ising model in eld: h
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Non-unif orm eld

Ising model in eld: h

Ve
= h(y.t)
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Interface dynamics

How does the velocity of the interface v depend on the
velocity of the eld prole v ?

. —p.6/1.



Interface dynamics

ine M.ET. assuming Y =Y

points computer simulations.
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Interface dynamics

Detached Phase : v =v forv Y/
Interface has KPZ characteristics

Sharp transition atv =v

Stuck phase: v =v forv <v
Interface macroscopically at

Fluctuations suppressed: M.FT  exact.

Microscopic uctuations in the stuck phase lead to
Interesting phases and phase transitions.
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The stuc k phase

Ising model on a square lattice.
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The stuc k phase

Ising model on a square lattice.

In the stuck phase the interface is macroscopically at.
Microscopically the interface has texture.

Fluctuations with magnitude a lattice spacing are
allowed.
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The stuc k phase

Ising model on a square lattice.

O

Q= 45

corner flip
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The stuc k phase

Ising model on a square lattice.

dis-commensuration i
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The stuc k phase

Ising model on a square lattice.

For incommensurate angles interfacial textures contain
dis-commensurations.

Average slope most probable slope.

At v most probable slope nearest
commensurate slope.

Increasing v causes transitions of the most probable
slope to simpler rational fractions.
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The stuc k phase

Ising model on a square lattice.
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Lessons

Non-uniform external eld produce macroscopically
smooth interface; i.e. roughness exponents zero.

Possible to produce atomic level textures/patterns by
changing the orientation of the shape of the eld
pro le.

Possible to produce dynamical transitions between
these self-assembled patterns by altering driving
speeds.

How does elastic interactions in uence the results ?

. —p.8/1.



Next Part



Next Part

Deformation of hard disks con ned in a narrow channel
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Con ned hard disks

hard disks in channel of few atomic diameters
wide.

Motion restricted to plane.
Width  and length  with

Interaction with channel walls is hard repulsion. i.e.
featureless wall.

Colloids in a glass channel (model nano-solid) OR
nano-beam inside channel of another material.

How does incommensurability affect design of load
bearing nano-beams ?
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Con ned hard disks

If an integer, then a
strain-free triangular lattice of lattice parameter is
possible.

If Integer then a rectangular strain _ —
where Is the nearest integer to Is present.

IS discontinuous for half integral

What is the effect of this strain ?
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Con ned hard disks

Strain imposed by rescaling  keeping X ed.

Monitor Lindemann parameter

nearest neighbors and -th component of
the displacement of particle from it's mean position.

and structure factor,
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Con ned hard disks

Results:
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Con ned hard disks

Results:
throughout.
and show a jump at close to
we get with signifying

SMECTIC (!) ordering.

remains zero and shows a divergence below
close to the bulk melting transition.

What is going on for ?
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Con ned hard disks

Bands :
IS larger in the smectic phase than in the solid.

smectic bands appear, nucleate and grow for

@)

10

10+

M A \ ) L | " m
10 A ‘G‘ ‘W*"“‘\‘ “ LA ‘ﬂ““\‘ﬁ“\ i M |
- ‘ ‘ | [ 71 ‘ ‘
| |
\ | \
U Y
e
w UL I . | —p.10/1.
or Lol g L,wv” W yJ ‘w‘ Wikl e “W‘“W“ Wt ‘WMJ- .= p.10/1
N



Con ned hard disks

Smectic - crystal interface: Smectic bands have one less
layer Interfacial dislocation.
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Con ned hard disks

Deformation: reversible plastic ow!!
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Con ned hard disks

Deformation: reversible plastic ow!!

stress for depends only on the
proportion of smectic.

stress-strain curve is completely reversible.

reversibility persists from 10 KHz - 1 MHz cycle
frequency.

stress minimum when  where full system is smectic.

stress is zero in the liquid phase.
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Con ned hard disks

Explanation: not full theory !

Is discontinuous for half integral and decreases as
forlarge ()
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Con ned hard disks

Explanation: Free energy




Con ned hard disks

Band Theory :

All nonintegral globally unstable (.. evenin 3-d !)

Stressed nano-beams should break up into regions of
different

Prevented by the need to nucleate dislocations  high
Kinetic barriers.

“Band energy” — —, for
band width

Bands nucleate when dislocation pairs separated by
— arise due to random uctuations.
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