(» sone sinplification constants =)
ni= T=tgxty* (tg+tq)
ouftl= toty (to+1t1)
ine4a= X = AXN2

Out[64]= AXZ

ne9= a =V % At / AX
Vv At

out[69]= ——
AX

neel= B =bxat /2
b At

Oout[68]= ——

2
(» coefficients for 1st-order =)

nel= a' = -tq"2/T
ty
to (tg+tq)
nEr= b' o= (t1"2-1072) /T

Out2]= —

~t3+t%
tota (to+tq)
In@4}= C' =t0/\2 /T

Out[3]=

to
Out[d] —m88mm™—
t1 (to+tq)
(» coefficients for 2nd-order «)
nRo= a'' =2%t, /T
2
out[39) —mM8M
to (to+1t1)

In[40]:= b'' =2*(—t0—t1) /T

2 (-to-tyq)
outf40}r —m8M8¥ ————
tota (to+tq)
nai)= €' =2 %tg/ T
2
Out[4l] —
t1 (to+tq)

(*» checking 1st-order derivative coefficients )
nii= Sinmplify[a' +b' +c¢' ]
oufi1j= 0
npzp= Sinmplify[c' xtg-a' *to]

out[12]= 1
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In[45]:=

Out[45]=

In[42]:=

Out[42]=

In[43]:=

Out[43]=

In[46]:=

Out[46]=

In[51]:=

Out[51]=

In[52]:=

Out[52]=

In[38]:=

out[38]=

In[70]:=

out[70]=

In[65]:=

out[65]=

In[67]:=

out[67]=

Simplify[a' *to"2/2+cC' *t172/2]

0

(» checking 2nd-order derivative coefficients =)
Simplify[a'' +b'" +¢c'']

0

Simplify[c'' »t;-a'"' *to]

0

Simplify[a'' *to"2/2+c'' *t172/2]

1

(» checking that our fornulas sinplify in the to=
ti1=h case down to 1st and 2nd order central difference fornmulas =)

Simplify[(a" »f[t -tg]l+b" *f[t]+c" *f[t +t1]) /. {to->h, t1 - h}]
—-f[-h+t]+f[h+t]

2h
Simplify[(a'' «f[t -to]l+b'" *«f[t]+c'' *f[t+t1]) /. {to=h, t1->h}]

“2ft)+f[-h+t]+f[h+t]
h2
Series[g[h], {h, x, 2}]

1
g[x] +g [x] (h-x) +£g”[x] (h-x)2+0rh -x13

(» discretized wave equation =)

waveEq =a'"' *y[i, t —to]l +b"" *y[i, t]1+c'" *=y[i, t +t1] ==
VA2 % (Y[ -1, t]-2%y[i, t1+y[i +1, t]) /Ax"2-
bx(a" *y[i, t —tol+b" =y[i, t]1+c' »xy[i, t +t1])

2 (-to-ty)y[i, t] 2y[i, t-te] 2y[i, t+ty]
+

+ .
tots (to+ta) to (to+ta) ta1 (to+tq)
(-t3+t2)yli, t] tyy[i, t-to] toyl[i,t+ty]
-b - + +
toty (to+1t1) to (to+t1) ta1 (to+ta)

V2 (yl[-1+i, t]-2y[i, t]+y[l+i, t])

AX?
handSol n =
(T/ 2*xtog+b*tp"2)) * (((2*to+2%t1-bx (t17"2-tp"2))/T-2%v"2/X) *xy[i, t]+
((m2t1+b*xt172) /T) #y[i, t =tol + (V*2/X) % (y[i -1, t1+y[i +1, t1))

2 2to+2ti-b (-td+t? .
2v+ o+tely (0*1) y[l,t}*—

(-2t+btZ) yli, t-to]l  v2 (y[-L+i,t]+y[L+i,t])
+
Ax2 toty (to+ty)

toty (to+ty) Ax2

toty (to+ty) ( -

2tg+bt}d
(» verify by-hand results =)
Ful | Si nplify[Sol ve[waveEq, y[i, t +t1]1[[1, 1, 2]] == handSol n]

True
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(» check with the tg=
ti1=At case to verify that our result is identical to M ke Dubson'
s previously derived fixed-timestanp fornula =)

inigol= dubsonEq =
(/7 B+1)) * ((B-1) xy[i, t -At]+2% (L-a™2) xy[i, t]+a2% (y[i +1, t]1+y[i -1, t]))

VZAt2 (y[-1+i,t]+y[1+i,t])
Ax?

2(1—"2“2)y[i, t] e (-1+ 22 yli, t-at]+

AX2

Out[80]= b
t
1+ 22
2

ns11= fi xedTi meHandSol n = handSol n /. {tg » At, t; » At}

A2 AX?

2 At3 (L_sz) (i H+(*2m+bm2>yﬂvtfﬂt1+v2<y[—1+i,t1+y[1+i,t]>
! 23 NG

Out[81]= b 5
2 At +bat

ngzi= Ful | Sinpli fy[fixedTi meHandSol n == dubsonEq]
out[s2)= True
(» check for sinpler formulas for our hand-derived forrmula (result: not really) =x)

ngel= Col | ect [Ful | Si mpli fy[handSol n],
{yli, t1, yli, t -tol, y[i, t +t.], y[i +1, t1, y[i -1, t]1}1 // Di spl ayForm

Out[88]//DisplayForm=
(VZtgta+v2itotd) y[-1+i, t]

4
MX2t g (2+btg)

(2ax2to+bax?t§-2v2tgty-2v2itot]-ax?ty (-2+bty))yli, t]
N

X2ty (2+btg)
ti(-2+bty) yli, t -to] (VZtfta+Vvitot})y(l+i, t]

+

to (2+bty) MXZtg (2+btyg)




