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APPLICATION OF MAPLE IN COLLEGE PHYSICS TEACHING

MENG Yong
(Hefei Beichen Education Training School Co. Ltd, Hefei, Anhui 230041)

Abstract Aiming at several problems in college physics teaching. this paper combines the
four basic functions of the mathematical software maple to apply it to each module of college
physics. Firstly, in the symbolic calculus, the problems including dynamics exercises, the
magnetic field distribution of Helmholtz coil and the solution of solitary wave equation are
completed. At the same time, the problems such as the bound state energy of the finite deep
square potential well, the electric field distribution of the elliptical coil, and the spring pendu-
lum motion in the magnetic field are explored in the numerical calculation. In addition,
through the program design function of the software, the effect diagram of grating diffraction,
the effect diagram of grating diffraction, the thought experiment program of Maxwell’s de-
mon, and the calculation of thermodynamic quantities are produced. Finally, in the aspect of
graphic animation, the change of the electrical quantity of the nonlinear RLC circuit is ex-
plored by drawing the phase trajectory diagram, and the scientific and technological animation
of the scattering experiment of alpha particles and the interactive dynamic diagram of the hy-
drogen atom wave function are produced. Thus, it demonstrates the important role of Maple
software in assisting college physics teaching in formula derivation, data visualization, model-
ing and simulation.
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i HX B A B TS AR B, BRik
Hb BB EAR — 1T Lk 0 BeE o = 5 BT
XFRLT R R A AR I EOR . AR SCHE B — BT N
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Bt 5%

A. REBEIRNFEIA.

eql:= x1(t) =x(t) — 1(t) * cos(alpha) + c[1]; # ¥k
my BB BB AR bR L 1y o, BN AR AR ES T c[1]
FE T = AL RYIE AR S RN B

eq2: =yl (t) =1(t) * sinCalpha); # ¥ m, 15T LN
A

eq3: = x2() = x() + (L — (1)) * cos(beta) + c[2];
Y m, BB AR, o LRSI R T c[2]
A B 2 B T = b AT AT AR 5 RN B 8

eqd: = y2() = (L — () * sin(beta) ; Y& m, KK
NN LY 7

T :=simplify(1/2 * M * diff (x(),)"2+1/2 * m[1] *
(diff (rhsCeql) s )2+ diff (rhs(eq2) ,)°2) +1/2 * m[ 2] *
(diff(rhs(eq3) , -2 + diff(rhsCeqd), ©)°2)); # RS K 3h
feR LA

V := —m[1]* gx*rhs(eq2) — m[2] % g % rhs(eqd) ;

# RGN AR R B X (LI BT TE = B FH RS H D
Lagrange: = collect(simplify(T—V), {diff(1(), v,

diff (x(0, O}, factor) ; # 51 I FAK B H &

L1:= subs({diff(1(t), ) = vard, diff(x(0), ©) = var2,
1(t) = var3, x(t) = varl}, Lagrange); Eprl.= diff (L1,
var2) ; Epr2.= diff(LL1, varl) ; Epr3:= subs({varl = x(t),
var2 = diff(x(©), t), var3 = I(v), vard = diff(1(O, O},
Eprl); Eprd:= subs({varl = x(1), var2 = diff(x(1),
), var3 = 1(t), vard = diff(1(t), ©)}, Epr2);Epr5: =
diff(Epr3, 03

Eql:= simplify(Epr5 — Eprd); £ 133145 — A& 9 H
it

Epr6:= diff(L1, vard); Epr7.= diff(LL1, var3);
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Epr8:= subs({varl = x(©), var2 = diff(x(0), t), var3 =
1), vard = diff(1(0), 0}, Epr6) ;Epr9: = subs({varl = x(t),
var2 = diff (x(t), O, var3 = (), vard = diff(1(O, O},
Epr7) ; Epr10.= diff(Epr8, ©);

Eq2:= simplify(Eprl0 — Epr9); £ {5 3|5 N Hiss 9 H
JrFEs

SOLVE : = simplify (solve ({Eql, Eq2}, {diff (10, t,
O diff(x(O 5t O 1)) 5 R 48T A0 =1 AL A ok &2
ALPHAZ2: =isolate(add Cop([1.. 3], denom (rhs (SOLVE
[1]))))= factor(add(op([1 .. 3], denom(rhs(SOLVE
[1D)))), cos(alpha)-2);

Solutionl : = subs(ALPHAZ2, SOLVE); # X = #% H: il 3
B B F 38 AT AL

Solution2: = simplify (subs (Solutionl, {diffCeql, t, t),
diffCeq2, t, t), diffCeq3, t, ), diffCeqd, t, 1)})); F 3K
PR IHARTRT B R ey B om, IIHEE Y 23K 5K

B. ZBEXZLBEMEHENEENKE.

restart; with( LinearAlgebra) ; with ( VectorCalculus) ; # 1
I FALMERB S R #ITHENERTFE

rlvec := <<R * cos(phil) | R * sin(phil) | —a/2>; #
BlL.OAE == —a/2 BB L F I A AR AR

r2vec ;= <R * cos(phi2) | R * sin(phi2) | a/2>; #
DAE z=a /2 MBI 2R B L A Ak bR

r3vec := <0 | 0 | 2>z fll L3 A A bR

rl3vec : = r3vec — rlvec; #ITH B LE 2= —a/2 LR
bl RS B B R LR,

r23vec : = r3vec — r2vec; £ I HBLTE 2 =a/2 L E
FE SN sk,

el3 := Normalize(r13vec. 2); £ 118 r, Jr i LK) AR

i €13
e23 := Normalize(r23vec, 2); # 38 r,, K LY S AL
Kt €53

dl ;= map(diff, rlvec, phil); Zfi%kr, X ¢, #HITRF
d2 .= map(diff, r2vec, phi2); # i Kr,, X ¢, HITRS
Bdirl := simplify(CrossProduct(dl, el3)); # i & dl 5
ey, 13U, I AL TR H 45

Bdir2 : = simplify(CrossProduct(d2, e23)); # i} 5&d2 5
ey, 13U, I AL IR H 45

BZ := Blz] = mul[0] % i/(4 * Pi) * (int(Bdir1[3]/r13"
2, phi = 0.. 2% Pi) + int(Bdir2[3]/r23"2, phi = 0 ..
2% PD) # 3l 3 B4 45 2 2 Bl 75 18] L 0 0 SN B B /)N
BzR := expand(simplify(subs(a = R, BZ))); £ & WLk
Pl BE B % T4 k2 R

BzRD2 . =Diff(B[2](0), z, z2) = simplify(subs(z = 0,
diff (rhs(BzR) » z, 2))) 5 £ 7E 2= 0 {3 B 4b 1 J8& N7 58 BE X 2
KRBT

BzRD4 .= ((Diff(B[z](0), z $ 4) = simplify(subs(z

0, diff (rhs(BzR), z $ 4)))) assuming (R>0)); # 7§ z=
O o7 B 4ob % JE% N7 588 BE T 2 SR D B 4

R:= L;mul0] := 13i := 1; # WHSHK

Figl := plot(rhs(BzR), z = —3 .. 3, font = [TIMES,
ROMAN, 15], labels = [ "z", "Bz"], labelfont =
[TIMES, ROMAN, 17]);

Fig2 : = textplot({[—1/2. 0.3, "—R/2"]. [1/2. 0. 3.
"R/2"]}, thickness = 4, font = ["times", "roman", 20]);
Fig3 .= plot([[[—1/2, 0], [—1/2, 111, [[1/2, 0],
[1/2, 1]]], font = [TIMES, ROMAN, 15], labels =
["z", "Bz"], labelfont = [ TIMES, ROMAN, 177,
linestyle = 3, color = black) :

display(Figl, Fig2, Fig3);

C. KdV HF2H KA.

restart; with (PDETools) ; # 3§ & I 5 Al i 50 7 7 &
(5]

alias(u = u(x, D) FWH u g x Mt B ZICREL

KdV := diff(u, t) + 6 % ux diff Cu, x) + diff(u, x $
3 # 5 H KdV IR bR EIE

Solution: = TWSolutions (KdV, singsol = false, functions =
TWSolutions(functions_allowed)) ; # >R 1} 1% )7 #& A9 R
A he £ (1 i

N : = nops([ Solution]) ; 75 I 34 g i) 1~ %L

solution : = Solution[ 14]; # BEHUH: /P sech bk % 1Y) f#
solutionl ;= subs(isolate(4 x _C2°3 + _C3 = 0, _(C3),
_Cl = _C2x%x[0], _C2 = k. solution)[1]; # X} fift 1) %
Ik HEAT R B AR 4

pdetest(solutionl, KdV) ; # £ 5 B 15 45 5 49 1E 1 P

D. RESBERIIKEE:

restart; Digits := 6; £{HFFHWEH TR 6 MVKE
eql := Q2 = 2*mux* V[0] * a2/hbar'2; eq2 : = mu =
0.91 % 10°(—30), a = 0.529 * 10°(—10), VO = 1. 602
i%10°(—19); eq3: = hbar = 0. 6626 * 10~ (—33)/(2 *
Pi)jeqd: =Q 2=subs(eq2,eq3, 2 ¥ a°2 * mu * V0O)/rhs
(eq3)°2; eq5 : = subs(eqd, etali]*2 + xi[i]2 = Q2);
eqb : = etali] = solve(eq5, eta[i]D)[1];eq7 : = etali] =
xi[ 1] * tan(xi[i]) ;

eq8 : = seq(fsolve({eqb, eq7}, {etali], xi[i]}),i=1..
10D 5 # SR fifk 12 iy 72 ) 45 ik

eq9: =alpha= sqrt(2 ¥ mu % varepsilon/ (hbar2));

: = alphali] =

: = seq (subs (eq8, subs (varepsilon =

eql0 : = isolate(eq9. varepsilon);eqll
etali]/a; eql2
varepsilon[i], alpha = alphali], eqll, eq2.,eq3, eql0)),
i=1..10;

eql3:= seq(subs(eql2, E[i] = — varepsilon[i]/0. 16 %
10°(—=18) *ev), i = 1.. 10); # 3 B A 19 fit &t
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E. MAFRENHERSLZNBEREER.

eql := subs(a = 4, b = 3, bxaxsqrt(a2 * cos(t)"2 +
b2 * sin(1)°2)/(((a2 — b2) * cos()"2 + b*2) * sqrt((x
—axcos(t))2 + (y — b*sin(t))2 + 222))); £ A
1R bR AL

plot([seq ([i/10, int(subs(x = i/10, y = 0, z = 0,
eql), t = 0 .. 2% Pi, numeric) ], i = —100 .. 100)],
style = point, symbol = cross, symbolsize = 15, color =

red, labels = ["x/m", "®/V"], labelfont = [ TIMES,
ROMAN, 15], font = [TIMES, ROMAN, 15]); # #iI{E
Hx il B A

plot([seq([i/10, int(subs(y = i/10, x = 0, z = 0,
eql), t = 0 .. 2% Pi, numeric) ], i = —100 .. 100)],
style = point, symbol = diagonalcross, symbolsize = 15,

color = blue, labels = ["y/m", "®/V"], labelfont =
[TIMES, ROMAN, 15], font = [ TIMES, ROMAN,
150D # il /Ry Bl L 3oy A0 1A

plot([seq([i/10, int(subs(x = i/10, y = 0, z = 0,
eql), t = 0 .. 2% Pi, numeric) ], i = —100 .. 100)],
style = point, color = aquamarine, symbol = diamond,
symbolsize = 15, labels = ["z/m", "®/V"], labelfont =
[ TIMES., ROMAN, 15], font = [TIMES., ROMAN,
15015 # HVEH 2 5l o 34531

F. BERIEHHFTEOEER.

restart; with(plots) : #WEZE I FAERETF

eql := m* (diff(r(D), t, 0 — r(v) * diff (theta(t), )°2) =
—k* (r(t) — L0O) — Bx* qx r(t) * diff(theta(t), t); #
H AR o) 2R i iz 2y 2 7 B

eq2 := m* (r(0) * diff(theta(t), t, t) + 2 % diff (+(0),
©) * diff(theta(t), 1)) = Bx* q* diff (r(0), ©); # 7| {1
] 4 4 58 B 2 5 e

parameter] := m = 0.02, k= 0.5, L0 =1, B=10, q=
0.1; #WESH 1

parameter2 := m = 0.02, k=0.5, L0 =1, B=1,q=
0.1; #ESH 2

Eql
A1 7 7

Eq2 := subs(parameter2, {eql,
A= 1 77 72

inil := r(0) = 1.5, D(r)(0) = 0, theta(0) = 0, D
(theta) (0) = 135 # BB AR A 1

ini2 := r(0) = 1.5, D(r)(0) = 0.5, theta(0) = 0, D
(theta) (0) = 0; £ R EYIE KM 2

ini3 := r(0) = 1.5, D(r)(0) = 1, theta(0) = 0, D
(theta) (0) = 1; # W EWIRAM 3

D1 .= dsolve({inil, op(Eql)}, {r(t), theta(t)}, numeric,

eq2}); S 1A

:= subs(parameterl, {eql,

eq2)); S H 2 A

output = listprocedure, method = rkf45, maxfun =

5000000 ; # 7 Eql " AR ABIIG S50 1 34T BU0H 5K A
D2 .= dsolve({inil, op(Eq2)}, {r(t), theta(t)}, numeric,

output =
5000000 ; # 7F Eq2 AR AWIIR S50 1 F 47 5000 oK i
D3 ;= dsolve({ini2, op(Eq2)}, {r(t), theta(t)}, numeric,

listprocedure, method = rkf45, maxfun =

output = listprocedure, method = rkf45, maxfun =
500000 ; # 7€ Eq2 AR IR S8 2 3F AT S0 R f
D4 .= dsolve({ini3, op(Eq2)}, {r(t), theta(t)}, numeric,

output =
500000) 5 # 7E Eq2 AW IR 26 1F 3 HEAT HUE K A

figd := textplot({[0.3, 1.7, "y/m"], [1.8, —0.3, "x/
m"]}, font = [TIMES, ROMAN, 251 ; # ¥ 0 A& 5§
2

figl : = odeplot(D1, [r(t) * cos(theta(t)),r(t) * sin(theta(t))
1, 0.. 100, numpoints = 20000, labels = ["™, "], view =
[—1.8.. 1.8, —1.8.. 1.8], font = [TIMES, ROMAN,
207, color = black) ; # £x4 DI #Y#HLL &

fig2: =odeplot(D2, [r(t) * cos(theta(t)), r(t) * sin(theta
()], 0..

listprocedure, method = rkf45, maxfun =

100, numpoints = 10000, labels = ["", "],
view = [—1.8.. 1.8, —1.8.. 1.8], font = [ TIMES,
ROMAN, 20], color = red); # £l D2 %3 Kl

fig3: =odeplot(D3, [r(t) * cos(theta(t)), r(t) * sin(theta
()], 0.. 100, numpoints = 2000, labels = ["™, "],
view = [—1.8.. 1.8, —1.8.. 1.8], font = [ TIMES,
ROMAN, 207, color = turquoise); # % D3 1535 K&
figd : = odeplot(D4, [r(t) * cos(theta(t)), r(t) * sin(theta
()], 0 .. 100, numpoints = 20000, labels = ["™, "],
view = [—1.8.. 1.8, —1.8.. 1.8], font = [ TIMES,
ROMAN, 20], color = magenta); # 2l D4 14 %35 &

display (fig0, figl); display (fig0, fig2); display (fig0,
fig3) ;display(fig0, figd) ;

G. EMETEFERR .

restart; with(plots); #EZEIFFAERETFE

:= proc(lambda) ; # i il VB &b A [F) 3 4 1) 56 fir
POPNAI R REN

if lambda <<= 0. 435 *¥ 10°(—6) then magenta;

elif 0.435 % 10°(—6) << lambda and lambda <<= 0. 450 *
10°(—6) then blue; elif 0. 450 ¥ 10°(—6) < lambda and
lambda <<= 0. 492 ¥ 10°(—6) then cyan;

elif 0.492 % 10°(—6) << lambda and lambda <<= 0.577 *
10°(—6) then green; elif 0.577 ¥ 10°(—6) < lambda and
lambda <<= 0.597 % 10°(—6) then yellow;

elif 0.597 ¥ 10°(—6) << lambda and lambda <<= 0. 622 *
10°(—6) then orange; elif 0. 622 x 10°(—6) < lambda

Color

then red; end if; end proc;

diffraction : = proc(a, d, N, ymax, h, lambda) # #47
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SCHEATT S O 3 A5 B 2

local alpha, beta, Sin, light_intensity;

Sin := y* (100—3) /sqrt( * (y(100—3))"2 + h2);
alpha := a* Pi* Sin/lambda; beta : = Pi* d * Sin/lambda;
light_intensity: = sin(alpha)~2 * sin(N % beta)~2/(alpha~2 %
sin(beta)*2) ; print(plot(light_intensity, y = — ymax ..
PATCHNOGRID,

numpoints = 200000, axes = boxed, labels =

ymax, color = Color(lambda), style =
["y/mm",
"I/I,"], labelfont = [ TIMES, ROMAN, 15], font =
[TIMES, ROMAN, 151)); print(plot3d(light_intensity,
y = —ymax .. ymax, color = Color(lambda), orienta-
tion = [270, 0], style = patchnogrid. labels = [ "y/
mm", ", "], labelfont = [ TIMES, ROMAN, 15], font =
[TIMES, ROMAN, 15]));

end proc; # 58 BOGHT 5O 1 PSR 4 72
diffraction(5e-6, 10e-6, 5, 80, 1, 632e-9);
diffraction(20e-6, 60e-6, 5, 60, 1, 450e-9);

H ZRTFEIEHNXEESG S

Random := rand(1 .. 10); # & i pEPLE 4 H Random,
I HALHBENUE ™ A 7E 1 8 10 Z 16

movel := 1 —> piecewise(Random(i) <<= 5, —1, 1);
£ R4 R movel BYREHLEC RS M Z BEHL 7 AE 1 TR
#H—1

move2 := i —> piecewise(Random(i) <<= 5, —2, 2);
B MREAS R move2 1Y BEHLEL REL 8 Z BEHL AR 2 BR
H—2.

seq(movel (1), i =

. 300 # I 3IF movel &5 B AL A

1 —1
seq(move2(), i = 1.. 30); # B {F move2 J& & MiHL =4
2B H—2

FastX || n[i] := FastX || n[i — 1] + move2(FastX ||
nli — 1D # X T2 1 IRPEFF PSR n AR PR R i
HER X, SRl X, BT 2

FastY || n[i] := FastY || n[i — 1] + move2(FastY ||
nli— 1D #XTH RGP 0EE n A3 PRk T
WERENY, Lir. izl Y, BT 2

SlowX || n[i] := SlowX || n[i — 1] + movel (SlowX | |
nli — 1D # X T8  RIET T A n A28 PR kT
WEREN X, Bir. Mzl X, BhT1

SlowY || n[i] := SlowY || n[i — 1] + movel (SlowY ||
nli — 1D # X T8 IRAEFE o M55 n A>3 BE PR KL 1
WEEMY, LRIzl yY, BT 1

L HEEHERS R KRBER.

restart; with(PDETools) 5

interface(showassumed = 0); # & BB & 4y &

CTFF := proc(F) ; # #4747 1 pR 800 2 72

local us P, ¢, s, fs k, h, g, Mu;

P .= —diff(F, V); Mu := diff(F, N);

s : = combine(simplify( —diff(F, T)), In);

u := simplify(F + T*s); h := u+ PxV;

g := combine(simplify(h — T * s), In); c[v] := diffCu,
); clpl := diff(h, T);

print(p = P, mu = Mu, S=s, U= u, H=h, G =

g, Clv] = c[v], H = h, Clp] = c[pD;

end proc; # 58 BURFME oA ALY G B

assume(0 < k, 0 << T, 0<h,0<<c,0<<V,0<m,

0 << N, 0 << omega, 0 << beta); # it

TF := proc(Z); # i ﬁ@ﬂ%@’fﬂ(ﬁ&

local u, P, h, s, cv, cp, g, f, Mu;

u : = subs(beta = 1/(k* T), —diff(In(Z), beta));

P .= dsubs(beta = 1/(k* T), diff(In(Z), V)/beta);

s := combine(dsubs(beta = 1/(k * T), In(1/N!) = —N=*

(In(N) — 1), simplify(k * (In(Z) — beta * diff (In(Z),
beta))))., In); h := u + P*V;

f := combine(expand(subs(In(N!) = N % [In(N) — N,
simplify(dsubs(beta = 1/(k * T), —k * T * In(Z))))),
In); g := combine(simplify(h — T*s), In);

v .= diffCu, T); cp : = diffCh, T); Mu .= diff(f, N);
printtU =u, H=h, F=1{, G = g, Clv] = cv, C[p] =
cps p = P, S = s, mu = Mu);end proc;

CTFF(N* k* T* (1+1In(V % (2% Pi* mx kx T/h2)"

(3/2)/ND)) s # BAR A
CTFF(—N#xk* T* (1 + In(8 * Pi*x Vx (k* T/(hx*c))"
3000 5 A% S AR X I8 SR
CTFF(—N % k* T % In(k * T/Chbar * omega))); # 1E |
RO PiER T
TF(V-N % (8 * Pi * (1/(beta * ¢))"3)"N/(N! * h~(3 *
N>
2 A i AR IS SR
TF(2 * sinh(beta * hbar * omega/2)*(—N)); # N f~& T
IR T
TF((2 * Pi/(h * omega * beta))"N) ; # 1 | & 4¢ i ¥k +
J. dEZ 1% RLC BBEEHIREIT 2 .
restart; with(plots) ; with(DETools) ;
eql .= diff (D), © = —q( — ((D;eq2 : = diff(q(O, V) =
(D3 eq3 : = diff(i(), ©) = —i(t) + g(t); eqd : =
diff(q(t), ©) = i(t); initvalues : = seq(seq([i(0) = j,
() =k],j=—1.. D, k= —1..1;
DEplot({eql, eq2}, [i(t), q()], t = —10 ..
—5..959,q= —5 ..

R

10, 1 =
5, {initvalues}, stepsize = 0. 05,
arrows = SLIM, color = blue, thickness = 2, linecolor
= red, font = [ TIMES, ROMAN, 20, labelfont =
[TIMES, ROMAN, 30]); # 2 il i 3¢ F P, Ab A0 B ikt

SRS
DEplot({eq3, eqd}, [i(t), q(t)], t = —10.. 10, i =
—5..5,g= —5.. 5, {initvalues}, stepsize = 0. 05,
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arrows = SLIM, color = blue, thickness = 2, linecolor
= red, font = [TIMES, ROMAN, 20], labelfont =
[TIMES, ROMAN, 300]); # &l & T P, Ab4H# ik
15
K. Alpha #i FRI BN EEFF .
restart; with(plots) ; with(plottools) ;
eql := m* diff (x(0), t, ) = k* Ql * Q2 * x(1)/(x(1t)"
2 + y(0°2)7(3/2); # Fh Alpha kL F7E x fill J5 17 () 4 i
E AR
eq2 := m* diff (y(0, t, ) = k* Ql * Q2 % y(t)/(x(1)2 +
y(0°2)°(3/2)5 # 5 Alpha K7 1E y 5y 1 (1 4 10 A
m = 4% 1.6605%10°(—27);k := 8.9918 x 10°9; Q1 .=
79 % 1,602 % 10°(—19);Q2 := 2% 1.602 x 10°(—19); £ 4
AR 2 B AT IR AE
for i from 0 to 20 do; # ¥ & alpha R F ¥ IH S5

Z[i]: =x(0)=2%10"(—10) ,D(x) (0) =6. 945392889 *
106, y(0) = —72%10°(—14) + 9/125000000000000 *
i, D(y)(0) = 0;
end do;
for i from 0 to 20 do; # ¥ & alpha ki F M) 1R S5

z[1]: =x(0)=2 % 10"(—10),D(x) (0) = — 6. 945392889 *
106, y(0) = —72 % 10°(—12) + 9/1250000000000 * i,
D(y) (0) = 03
end do;
for i from 0 to 20 do; # VEAT H{E R fi#

WLi]:= dsolve({eql, eq2, Z[i]}, {x(t), y(0)}, numeric,
output = listprocedure) ;
end do;
for i from 0 to 20 do; # #EF7EUE K fi#

wli] := dsolve({eql, eq2, z[i]}, {x(t), y(t)}, numeric,

output = listprocedure) ;
end do;
ms0 : = disk([0, 0], 72 % 10°(—12), color = yellow) ;

AL TR A4 T BB
for j from 0 to 100 do; ZmFE % il alpha ki F 5 o) il o 4
— i 18 A

for i from 0 to 20 do X[i] : = rhs(W[i]J[2](/10°18));
Y[il:= rhs(W[i][4](/10°18)); Ms[i] .= disk([X[i],
Y[il], 2%10°(—12)); end do;

for i from 0 to 20 do;

Msl[i]: =curve([seq([rhs(W[i][2](k/10°18)), rhs
(WLi[4](k/1018))], k=0 ..
3, thickness = 1) ;end do;
animalj|: =display({seq(Ms[J].J= 0 ..
[(J1,J=0..20});
end do; 58 T — T IE Y 4 e
eq6 := display([seqanimalj], j = 0 ..

D], color = red, linestyle =

20), seq(Msl

100)], insequence =

true, scaling = constrained, axes = box, view = [ —2 *

10°(—10) .. 2% 10°(—10), —2*10°(—10) .. 2 * 10"
(=10 D) 5 # ¥ 55— Wi &) 7 42 BRI 4145 I 4K U4 ik
eq7: =textplot([0. 15 % 10°(—9),0. 18 * 10~ (—9),"E=
1MeV"], color = black);

display ([ eq6, eq7, msO], labels = ["x/m", "y/m"],
labelfont = [ TIMES. ROMAN, 15], font = [ TIMES,
ROMAN, 15]);

L SEFERHNZTEXERER

restart; with(plots) ; with(plottools); P : = (I, m, x) —>
piecewise(l = 0 and m = 0, (1 — x2)°(1/2* m) * (x2 —
D1/ (21%11), 0 <land 0 < m, (1 — x2)°(1/2 % m) *
diff((x2 — D1 x $ A+ m)»)/(21+11), 0<land m =
0, (1 — x2)°(1/2* m) x diff ((x2 — D1, x $ A+
m)) /(271 1D 5 # 5 A FE 4 H) L R B R A

Y := (I, m, theta, phi) —>> piecewise(0 <<= m, (—1)"
m* sqrt(1/4 % (2 %1 + 1) % (I — m)! /(Pi* (I +
m) 1)) * subs(x = cos(theta), P(l, m, x)) * exp(m *
phi* 1), m << 0, (— 1) abs(m) * conjugate ((— 1)~
abs(m) % sqrt(1/4 * (2% 1+ 1) % (I — abs(m))! /(Pix*
(1 + abs(m)) 1)) * subs(x = cos(theta), P(l, abs(m),
x)) * exp(abs(m) * phi* 1)) ; # i ABRIE R ER B X
altLaguerrel. := (n, a, x) —=> (—1)"a * n!
(n—a,a,x); R: =, 1, 1) —> —2xsqrt((n — 1 —
D! /n+ DY-3) ¥ exp(—1/n) * (2 % r/n) "1 *
altLaguerrel.(n + 1, 2% 1 4 1, 2 % r/n)/n2; # iy A2
e R F kK

Phi : = (n, I, m, r, theta, phi) —> R(n, I, r) * Y,
m, theta, phi); # i A SR T 37 sR B A0 £ 3520
Explore(plot(R(n, 1, r)°2 % r"2, r = 0 .. 100, color =
"NavyBlue". thickness = 3. filled = [color = "Blue",
transparency = 0.5, labels = ["r/a", "|R(r)r|~(2)"],

* LaguerrelL

labeldirections = [ horizontal, vertical |, labelfont =
[TIMES, ROMAN, 15], font = [TIMES, ROMAN,
15],R(n, 1, 2% r2, r = 0.. 100, color = "NavyBlue",
thickness = 3, filled = [color = "Blue", transparency =
0.5], labels = ["r/a", "|R(r)r|~(2)"], labeldirections =
[ horizontal, vertical ], labelfont = [ TIMES, ROMAN,
15], font = [ TIMES, ROMAN, 15], view = [0 ..
100, 0.. 0.10D, n=1.. 10, 1 = 0.. 9); # &l
IR, GHOrl* A%

Explore(plot3d(Y(l, m, theta, phi) * conjugate(Y(l, m,
Pi, phi = 0 ..

theta, phi)), theta = 0 .. 2 % Pi, coords =

spherical, style = patchnogrid, color = theta, font =
[TIMES, ROMAN, 15], orientation = [90, 0, 0],
numpoints = 100000), parameters = [l = 0.. 9, m =
—9..9D; #£4#lY, 0,0 |* HEH

Explore(plot3d (Phi(n, 1, m, 100, theta, phi) * conjugate
(Phi(n, 1, m, 100, theta, phi)), theta = 0 .. Pi, phi =
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0 .. 2% Pi, coords = spherical, style = patchnogrid, color =

theta) , parameters = [n=1.. 10,1=0.. 9, m= —9 ..

9D
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