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Abstract



3D quantum mechanical calculations of electron ground states.

Nucleus + inner electrons represented by ab initio pseudopotentials.

Periodic boundary conditions: infinite crystal.

Schroedinger equation solved for outer electrons.

Exchange/correlation: local density approximation (LDA)
+ generalized gradient approximation.

Plane−wave basis set; 1000 k−points and 50 iterations to convergence.

Calculations repeated at different compression and strain,
predict frozen−ion cold curve and elastic constants vs compression.

nickel

periodic images
of nickel

titanium

Fairly simple predictions of thermodynamically complete equation of state and elasticity; method used before for other materials.

NiTi: considered CsCl (B2) structure only, i.e. estimate of equation of state ignoring phase change energies etc.

Pseudopotentials for Ni and Ti were previously shown to give reasonable estimates of properties of elements.       

Quantum mechanical calculations



�����������	��
����������
�������
������������ �!�"��#$����%&���(')�+*-,/.102�43���
!�5#��6*-,�.	�5�7��8���9�!�:�!�����;�!��<= ���>?�5���"4�8@A��BC���"@"��D�
!�E�������F�5�7�����G�H�1���������;�I��8�G���!�:�!�G�H�;�!��0KJ?���ML�NPORQTSU0
VLXW Y N[Z N\L�N

Z N7�8
��I3;�8@"�����I�]
��8^�!�"�8�G�H0
Z NAW _ NL8N `a Y9b _ bL b�cdfeGgih

_ Nf�5
������8���j�]
��8^�!�"�8������
���� ��8���1�����:�!�"�8�lkm�&���$D1��
)n�N7�5���o���8���qpFNr0
_ NiW n�N\pFNs b n b p b?t

-50

0

50

100

150

200

250

300

5 6 7 8 9 10 11 12

pr
es

su
re

 (
G

P
a)

mass density (g/cm3)

ab initio prediction
mixture model

In general, quantum mechanical predictions of actual composition are preferable
to over−simplistic mixture models.

      

Aside: mixture models for compounds
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Mechanical EOS: see later.

      

Theoretical Grueneisen EOS
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Used to verify/refine EOS, measure strength.  Several designs used to optimize for NiTi:
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ly Launch system: TRIDENT laser

at 1054 nm wavelength, 600 ns pulse.
Energy delivered through substrate
to accelerate flyer.

Samples: 100 to 400 microns
by 5 mm diameter.

     

Laser−driven flyer experiments



timing markers
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Line VISAR record (streak camera) from window release experiment (shot 14124):

Reduced (otherwise unprocessed) velocity data:

acceleration

elastic precursor

shock

      

Example flyer impact data
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Theoretical EOS, laser flyer data (5B: 52.0 at % Ni; 6B: 54.2 at %), gas gun data (50.4 wt %) [Millett 02]:

Flow stresses: apparently observed 0.35 and 0.95 GPa (uncertainty: 0.05 GPa) in different shots,
bracketing quasistatic (0.5 GPa) and gas gun (0.8 GPa).
Spall stress from velocity pull−back: 1.5 GPa (5B) and 2.4 GPa (6B); uncertainty 0.2 GPa.

      

Principal Hugoniot of NiTi



drive beam
illuminates target
to generate 
shock wave

plasma blowoff
from surface
supports shock

Attachment to
TRIDENT
target positioner

Target clamp

Beam aperture

(5 mm diameter)

shock wave

sample

compressed state

window
(optional)

TRIDENT laser at 527 nm wavelength, pulses 0.2 to 3.5 ns long; pressures 1 to 20 GPa; up to 13 shots / day.
Re−usable target holder: minimized pre−shot assembly; sturdy construction helped for sample recovery.

Samples ~100 to 400 microns thick: decaying shock formed, exploring a wider range of states in each experiment.
Metallography was performed to investigate martensite/austenite formation and correlate with local loading history.
Results reported elsewhere.

Used to load large numbers of samples efficiently, with recovery.

     

Direct−drive shock experiments
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NiTi: rad−hydro simulations need EOS and
transport properties in regime of ablation plasma.
We used "QEOS" model: not as successful as
models for elements.

to predict loading history in sample, using
Radiation hydrodynamics simulations are used

measured irradiance history

Surface velocimetry provides a check on
accuracy of simulations and 1D−ness of drive.

Short timescale features have little effect
on loading.
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experiment:
two cameras
with different
time offsets

Laser can be used to induce exotic loading histories by temporal profiling of the irradiance, recorded on each shot.

TRIDENT shot 12129

Sometimes, temporal shape can have unwanted features such as the spike on shot 12129.

pressure history
1 micron from drive surface
from rad−hydro simulation

      

Example result from direct drive shot
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