Leapfrog/Verlet method including damping
We assumed velocity-independent force (acceleration) in
Upi1/2 = Up_1/2 + Aa,, we do not have v, for an=a(xn,vn,1)

Ln+1 — Tn + At/Un+1/2

We can still use this form, with an = a(xn,vn-1/2,t), where error is O(4)
- X error is then O(4:3) instead of O(4+?) [see by expanding a(v) in V]
To do better, first separate out dissipative part of force:

a(z,v,t) = %[F(r t) — G(v)]
Consider the approximation
a(Ty, Vs tn) = [F(Tp,tn) — G(v,_1/2)]/m
and use this for intermediate (*) velocity and position:
Vpt1/2 = Vp—1/2 + D¢ [F(Tp,tn) — G(vp—1/2)]/m
Tpy1 = Tp + At’lA)nJrl/:z has O(4+3) error

Then we can obtain v, with O(4+?) error: Vn = (Trs1 — Tn—1)/(24¢)



Up = (:ﬁn—i—l Lp— 1)/(2At)+O(A2)
Now we can use thls in the acceleration an(xn,vn,t); O(4t2) error
Summary of procedure'

Un—H/Z Un—1/2 + At[ (E717t7l) o G(”n—l/?)]/m
:En+1 =Tp T Atvn—i—l/Q

Up = (-/ﬁn—H - :E7z—1)/(2At)

Unt1/2 = Vn-1/2 Asan Vn Used here in an
Tpt1 = Tp + DiUpiq/o
More than twice as much work as the standard Leapfrog method
Upt1/2 = Un—1/2 + Diay,
Tyl = Ty + DyUpiq /9
but the O(4+4) error is now maintained (work pays off)
Test by running friction.ipynb on the web site (tomorrow’s discussion)



