Forces, triangles and angles, vectors till you bleed

Andrew Torda, April 2010
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The problem .. k

The energy IS Uangle (r T ﬁ( ’):g(coseijk _005(90)2

i’ j1

And the derivative is

E _ —oU angle(ﬁ)
angle;
i arl'
Ending up as

. T

= —k(cos6;, —cos 6, {ﬁ — L cos by, ji
r. r. r.
Kj ij ij

How do we get this ?
Remember quotient rule
Expand the cos 8 term

. Get derivative of top and bottom

First, some fundamentals we will need later.
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or:. _
a—” how does the distance between two atoms change as one atom

i C?/JC)
or

moves ? Will depend on the vector F; so

o _ N
F= (1)

See the formal explanation on page 5.
. remember T, —T, =T, (2)

think of the triangle.

. the "quotient rule" du_ldu_udv (3)

dx v vdx v,dx

Difficult term €05

(note subscript - we are working with particle 1).

2 2 2
_ r2+r2—r \)
. cosine rule, cosf =L M Kk K

201
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2 2 2

a_u = 2rij — 2%
Then i from (2)
= 2f
Set v =211,
8v Zrkj ﬁj . .
And e using chain rule and (1)
; I

ocos¢ 1ldu ulov

or; Tvdx v VoX

0cosfd _ 1 zﬁ( _cosd 1 2rkjﬁj
J
on 211 ZAM
_iﬁ—iicose
Gi TG T 1

- from quotient rule (3).
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Final form

Uang,e(r r ﬁ():g(coseijk —00560)2

i’ j1

If _ —oU angle (rl)
angle;
' or,

0Ccosfd

= k(cos Oy — cos@o)

n. T 1
= —k(coseijk —C0s 6, ﬁ—iCOS@ijk -
i T 0

Are we finished ?
F =-F,

. similar maths for either F; or F,

. we do not have to do all three F;+F +F =0

What happens if this is not true ?
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Variations

Vectors vs scalars - do we always need vectors ?
If we want forces - yes. Do we always need forces ? No.
Example - For two atoms with a Lennard-Jones interaction
. Wwhat is the distance of lowest energy ?
how close can they approach if the energy has some numbers (kT) ?
What changes ?

. Vectors - work with 2—?

. Scalar properties - work with something like d—U

drij

. Can it become more complicated ? not here

Partial derivative of a scalar with respect to a vector

How to remember how this works.

on; _ N
or; i
i
If we write T; explicitly as the vector | y, |. The top of the formula is a
Z; |

scalar distance between i and j which can be expanded as

=6 —x P+ (= y, Pz -2, F)"

To write this out in great detail, you could say,
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o _ %

on
_%_
0x (4)
or; dr;
or. | dy,
dr;
| dz; |

dr;
so, one component of the vector, d—” you would say
X.

dr; d((xi —Xj)2+(yi _yj)2+(zi _Zj)z)yz
dx.

dx.

= %((Xi _Xj)2 +(yi - yj)2 +(Zi _Zj>2)_%2(xi _Xj)

If we were do the same for the y component, you would get

dr, _(vi-,) ing this
dy = and the same for the z component. Putting this into (4), we
i ij
EAREREN
dXi rij
have% _ |9 | _ ly _yj) =1
K dy; i Lij
dry (Zi - Zj)
| dz; | £
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