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• second derivative of  f (f’’)
• index  of stability
• prediction of motion

What is Hessian Matrix?



Imagine few particle in a potential

PAUL TRAPPOTENTIAL

3  PARTICLES SYSTEM



3  PARTICLES SYSTEM

( 0 , -d ) ( 0 , 0 ) ( 0 , d )

potential :

Fy = 0 for 1st and 3rd particle :

constructure Hessian Matrix : 



3  PARTICLES SYSTEM

( unstable when < 0 )



3  PARTICLES SYSTEM

When potential is lower than 

internal energy, then structure 

from linear become zigzag.



4  PARTICLES SYSTEM

( 0 , -y1 ) ( 0 , y1 ) ( 0 , y2 )( 0 , -y2 )

Similiar to 3 particle, so we do it again!

Fy = 0 for 3rd and 4th particle :



4  PARTICLES SYSTEM



GENERALIZE
For more particles, the easiest structures are all “zigzag”!



IN EXPERIMENTS

https://www.researchgate.net/figure/a -Experimental -pictures -of-the -linear -chain -top -and -of-the -zigzag -

configuration_fig4_347535228

https://www.researchgate.net/figure/a -Experimental -pictures -of-the -linear -chain -top -and -of-the -zigzag -

configuration_fig4_347535228



THANK YOU
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