Cartesian

nz- Laplacian[f[x, y]l, {x, Y}

outf2)= ‘F(O’Z)[X , Y1+ f(z,e)[x Y

me- eql = x''[t] == k% Xx[t]

ous- X'[t] == k? x[t]

m- - DSolve[ eql, x[t], t]

ou - 1= {{x[t] - e“te,+ekt c,l}

ne- DSolve[eql, x[t], t] // ExpToTrig

outsl-  {{X[t] » ¢; Cosh[k t] + ¢, Cosh[k t]+c; Sinh[k t]-c, Sinh[k tI}}

ns- eq2 = x''[t] == -k? X[t]
ousl- X"[t] == —k? x[t]

ne- DSolve[eq2, x[t], t]
outel-  {{X[t] » ¢; Cos[k t]+c, Sin[k tI}}

n7- DSolve[eq2, x[t], t] // TrigToExp

I ke I ke 1 e I e
outf7l= {{x[t]—> —e'“te+—e "t +—ie’'te,-—ié cz}}
2 2 2 2

Spherical

Extract pieces

m- - Laplacian[R[r] ~ Y[8, @], {r, 8, ¢}, "Spherical"]

Csc[6] Rr1Y® (6, ¢] . Cos[6] R[r1 Y™ (6, ¢]

Cscl6] (S'in[e] YI6, ¢IR[r]+ : r ) VI8, 1R[r] s HLXIe:e
our - - Y[B, @] R"[r]+ + r

r r

Laplacian[R[r] ~ T[8] ~ F[@], {r, 8, ¢}, "Spherical"]
i} tmpl = Il Expand
R[r] = T[6] ~ F[¢]

2R[r] Cot[6]T[6] Csc[6]>F'[¢] R[r] T"[6]
Out[21]= + + + +

r R[r] r2 T[6] r2 Fl¢] Rl r2T[6)

nesi- tmp2 = tmpl (r? Sin[6]*) // Expand

2 rSin[6]? R[r] Cos[6]Sin[6]T[6] F’[¢] r2Sin[6)> R’[r] Sin[6]* T"[6]
Out[25)= + + + +

RIr] T[6] Fl¢] RIr] el
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F'[¢]

esi- tmp2 = (r?) tmpl /. {—— -mz} Il Expand
Fl¢]
2rR[r] Cot[6]T[6] r2R'[r] T[6]
ous- —-m? Csc[o]* + + + +
RIr] Tiel RIr] Tie]

nes-  eq2 = Select[tmp2, FreeQ[&, r] &+ el (el +1)

Cot[O] T'[6] T"[6]
~ el(l+el)-m?Csc[o]® + +
T[6] T[6]

Out[45

nes- €q3 = eq2 T[6] // Expand
oue- el T[6] + e1? T[6] - m? Csc[6]° T[6] + Cot[8] T'[6] + T"[6]

ns7- DSolve[eq3 == 0, T[], 6] // Simplify
ouar- {{T[6] » ¢, LegendreP[el, m, Cos[6]]+c, LegendreQ[el, m, Cos[6]]}}

nse- eq4 = Select[tmp2, FreeQ[&, 6] &]- el (el +1)

2 rRr] r2R7r]
outsg- —el (1 +el)+ +
R[r] R[r]

neo- €q5 = eq4 (R[r]) /I Expand
ouso- —eLR[r]-el?R[r]+2 r R[r]+r?R’[r]

nes- DSolve[eq5 == 0, R[r], r] // FullSimplify

—i—ii\/el Visel ,[-4- . i Vel A/1+el ,[-4- !
outes]- {{R[r] >r ebe’ [Cy + I elel’ ¢, }}

1 1
o= expl =-—1 ‘Ve'L ‘V1+e'l. -4 - —
2 el+el?

-1
terml = — - '\/ expl? /I Expand // FullSimplify // PowerExpand // FullSimplify
2

outos- -1 -el

1
nezi- exp2 =i \el ‘V1+el -4 - —
V el+el?

term2 = '\/ exp2? Il Expand /I FullSimplify // PowerExpand

oures- 1+ 2 el
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Check DEQ

m- - ? LegendreP

Symbol

o LegendreP [n, x] gives the Legendre polynomial Pq(x).

LegendreP [n, m, x] gives the associated Legendre polynomial P['(x).

v

niosi-  Clear["Global™ %"]
(1-x%)(d*y /dx*)-2x(dy/dx)+n(n+1)y = ©

wior- DSolve[(L=x?)y'"[x] = 2x y'[x] + n(n+1)y[x] == 0, y[x], X]

ouior- - {{y[x] » ¢, LegendreP[n, x]+c, LegendreQ[n, xI}}

niiz- Plot[ Table[LegendreQ[n, x], {n, 1, 5}] // Evaluate, {x, 0, 1}]
25¢

out[113]=

niiz:- Plot[ Table[LegendreP[n, x], {n, 1, 5}] // Evaluate, {x, 0, 2}]

out[112]=

nii4:- tmp = LegendreP[n, z]

ouriia-  LegendreP[n, z]
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wis- (1-2?)D[tmp, {z, 2}]- 2 zD[tmp, z]+ n(n+1)tmp / Simplify
oufiis= @
wie- tl= (1-2%)D[tmp, {z, 2}]
(-n-n*>+22z”+3nz”>+n”z%) LegendreP[n, z] 2(1+n)zLlegendreP[l+n, Z]

out[116]= (l - 22) —
(-1+ 22)2 (-1+ 22)2

7= t2 = -2z D[tmp, Z]
2z((-1-n)zLegendreP[n, z]+(1+n)LegendreP[1l+n, Zz])

Out[117]= =
-1+22

mtig= €3 = n(n+ 1) tmp

ouriig- N (1 +n) LegendreP[n, z]

nig= tl+ €2 +t3 N Simplify

out19}= O

Cylindrical

Extract pieces

m- - Laplacian[f[r, 6, 2], {r, 8, 2z}, "Cylindrical"]

ot f0.0r, 6, 2]
outf « J= f(o,o,Z)[r’ 6, z]+

+ 280 9, 7]
-

Laplacian[R[r] ~ T[8] ~ Z[z], {r, @8, 2}, "Cylindrical"]
7= tmpl = Il Expand
R[r] « T[6] ~ Z[Z]

R'[r] R”[r] T"[6] Z"[z]
out[127]= + + +

rRirl  RIrl  r2T[0] ZI2]

Inftes)=  Zeq = == -k 5
Z[z]

DSolve[zeq, Z[z], z]

outize=  {{Z[z] » ¢ Cos[k z] + ¢, Sin[k z]}}

Z'[z]

miso-  tmp2 = r? tmpl I.{ - —k2} Il Expand

Z[z]
rRIr] r’Rr] T'[6]

ot -k r?+ + +

RIr] RIr] el
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niss-  teq = Select[tmp2, FreeQ[H, R[r]] &]
T[6]

ourisel. —K2 r?+

T[el

meo- teq = Select[tmp2, FreeQ[#, R[rl] &+ (n®+k* r?)

, T8l
ouff160l= N~ +

T[el

nies- teq2 = T[O] teq /I Expand
oufiese N2 T[6] + T"[6]

nies:- DSolve[ teq2 == 0, T[6], 6]
ouriea-  {{T[B] » €, Cos[n O] + ¢, Sin[n 6]}

nies-  req = Select[tmp2, FreeQ[H, T[O]] &]

rRIr] r2Rr]
—_

R[r] R[r]

ouries-  —K2 r +

nizs- req = Select[tmp2, FreeQ[, T[6]] & - n®

rRIr]  r2R"[r]
—_

RIr] RIr]

ouri7ee —n% - k% r?+
nizer-  req2 = req R[r]/l Expand
ouize-  =n? R[r]-= k2 r2R[r]+ r R[r]+ r? R[r]

nieo- DSolve[req2 == 0, R[r], r]

ouriso-  {{R[r] » BesselJ[n, -ik r]c; + BesselY[n, -ik r]c,}}

nies- Plot[Table[Besseld[n, x], {n, 1, 5}] // Evaluate, {x, 0, 10}]

06
0.4 |

02}

OO

out[186]=
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niss- Plot[Table[BesselY[n, x], {n, 1, 5}] // Evaluate, {x, 0, 10}]

ou18s5l= _o |

Check DEQ

mn - - ? Besseld
Symbol

ol = Bessel) [n, 2] gives the Bessel function of the first kind J,(z).

v

o - - Clear["Global %"]

wop- z'y +zy +(z*-n*)y =0
- Set: Tag Plus iny (—n2 + zz) +zy +2z°y" is Protected .
outf « ]= 0
wier- DSolve[z?y''[z] + zy '[z] + (2% -n?)y[z] == O, y[z], Z]
ourie7=  {{y[z] » BesselJ[n, z]c; + BesselY[n, z]c,}}

nieer-  tmp = BesselJ[n, z]

ourise- BesselJd[n, z]

oo~ z2 D[tmp, {z, 21+ z D[tmp, z] + (z® - n?) tmp // FullSimplify

ou18gl- O
mieo-  tl = z2 D[tmp, {z, 2}]
BesselJd[-1+n, z] (n+n?-2z?)Besseld[n, z]
Out[190]= Z2 - +
z 22
net- €2 = z D[tmp, Zz]

1
ouriel-  — z (BesselJ[-1+n, z]-BesselJ[l+n, z])
2
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mezp- €3 = (22 - n2) tmp

out[192= (— n? + Zz) BesselJ[n, z]

niez-  tl+ €2+ t3 [/ FullSimplify

out193l= O



