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m Problem 1 (j):

In[1]:= << G aphi cs' Graphi cs*
<< Graphi cs' Legend’

(» Define mass and radi us =)

m Ground state

m 1. upper radial wavefunction

e =2.043;
Sin[eXx] .
¢gl[x_]:= ————; (% inside the sphere )
e X
Exp[-mx] .
¢g2[X_]:= ————; (» outside the sphere x)
mx
NN = ¢gl[1] / ¢g2[1]; (» scaling factor =)

Di spl ayToget her [
Pl ot [¢gl[Xx], {X, 0, 1}, PlotLabel ->"upper radial wavefun of ground state",
Franme -» True, FraneLabel -» {"r", "¢é(r)"},
Rot at eLabel - Fal se, Axes -» Fal se], Pl ot [¢g2[x] *NN, {x, 1, 1.5}11;

upper radial wavefun of ground state

SO N b O O B

0 0.20.40.60.8 1 1.21.4
r



hw3.nb

m 2. lower radial wavefunction

Sin[eXx] Cos [e X] L
- ; (= inside the sphere x)

xgl[x_]:

(ex)2 e X
Exp[-mx] 1 .
xQ2[X_]:i= — (1+ —); (» outside the sphere x)
mx mx
NN = xg1[1] /xg2[1]; (» scaling factor =)

Di spl ayToget her [
Pl ot [xg1[x], {x, O, 1}, PlotLabel ->"lower radial wavefun of ground state",
Franme -» True, FraneLabel -» {"r", "x(r)"},
Rot at eLabel - Fal se, Axes -» Fal se], Pl ot [xg2[x] *NN, {x, 1, 1.5}11;

| ower radial wavefun of ground state
0.4

0.3
x(r) 0.2
0.1

0O 0.20.40.60.8 1 1.21.4
r

m the first excitedstate

m 1. upper radial wavefunction

e = 3. 204;

Sin[eXx] Cos[e X] .
¢el[x_]:= - ; (= inside the sphere x)

(e x)2 e X

Exp[- 1 Exp[-

¢e2[x_]: = ﬂ (1 + —) - ﬂ; (» outside the sphere x)
mx mx mx

NN = ¢el[1l] / ¢e2[1]; (» scaling factor =)

Di spl ayToget her [
Pl ot [¢el[x], {X, 0, 1}, PlotLabel ->"upper radial wavefun of 1lst excited state",
Frane -» True, FraneLabel -» {"r", "¢(r)"},
Rot at eLabel - Fal se, Axes -» Fal se], Pl ot [¢e2[x] *NN, {x, 1, 1.5}11;

oper radial wavefun of 1st excited stat
0.

¢(r) o.
0.

O P N W b

00.2.9.©.811.2.4
r
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m 2. lower radial wavefunction

3 Sin[ex] Cos[e X] Sin[ex] .

xkel[x_]:= — - - ; (= inside the sphere x)
ex (e x)? e X e X
3 Exp[-mx] 1 Exp[-mx] )

xke2[X_]:= — (— (1 —)) + —————; (% outside the sphere x)
mx mx mx mx

NN =xel[1l] /xe2[1]; (» scaling factor =)

Di spl ayToget her [
Pl ot [kel[x], {X, O, 1}, PlotLabel ->"Ilower radial wavefun of 1st excited state",

Frane -» True, FraneLabel -» {"r", "x(r)"}, Axes - Fal se, Pl ot Range » {0, 0. 33},
Rot at eLabel - Fal se, Axes -» Fal se], Pl ot [xke2[x] *NN, {x, 1, 1.2}]11;

| oner radial wavefun of 1st excited state
0.3

0. 25

0.2

x(M) 0. 15
0.1

0. 05

0 0.20.40.60.8 1 1.2
r

m Problem 2: Relativistic Hydrogen-type Atom

1

137.036 '
m=3.862%10°3;

In[3]:= a=

npn_, j f=Nn-j L.
pin_, J_1:= —1—2,

) 1
yi_1:= (J+—-) -a?;

2
\/1 + (SmrreeT)

V(1-€[n jl) (L+e[n, j1);

eln_, j_1:=

pln_, j_1:

m a.radial wavefunc for 2 p;», n=2,j=1/2 and n’=1. Here I=j+1/2, we should useEq.
(10.465-10.468).

1
In[9]:= n0=2; j0O=—;
n[ 9] J >

In[10]:= {np[nO, jO], ¥[j O], e[n0, jO], u[nO, jO1}

Qut[10]= {1, 0.999973, 0.999993, 0.0036487)
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In[11]:= x1Jj = l
n[12):= xll ] =] e o

: npn, j] ;
f v =l 72 ; ;
afn_, J_, r_] 240 1+1 pin, J1r
fb , , 2l 2 , ;
[, ), r_1] + 2301+ 1 puln, J1r

FLIn_, j_ r_1:=(un, j1r)*" 7 Expl-uln, j11]
[[np[n’ 1yl —xl[j])fa[n. i, r1-npn j1fbIn, j, r]);
eln, i1l A
GLIn_, j_, r_1:=(un, j1r)*U It Exp-uln, j1r]
((np[n, j1+%0 1

-xl[j]]fa[n, . r1enpin, j1fbrn, |, r]];

eln, j1l
(205 N[, | ;= AN jnte (L+e[n, j1) Ganma[2y[j ] +np[n, j]+1]
o — - Gammal[2 y[j ] +1] 4 WLl (I e pj ) '
cin11 <tni1 !

N2[n_, ]_] L=

Ganma[2 y[j ] +1] 4 DpInjl+viil (np[n,j]w[j] - x1j ])
eln,jl

e[n,jl

(un, jnH*° \/ (L-€[n, j1) Gamma[2y[j 1 +np[n, j]1+1]
{NL[NnO, j O], N2[n0, j O]} (* NI>>N2 %)

Qut[22]= {0.000381749, 6.96447 x10")

In[24]:= Plot[{Fl[nO,jO r/m], GL[nO, jO, r /m]},
{r, 0, 10}, Frame -» True, FrameLabel -» {"r", ""},
Rot at eLabel - Fal se, Pl ot Styl e - {G ayLeveI [0], Dashing[{.03}1}, PlotLabel ->"2p1,2",
Pl ot Legend » {"F1 (r)", "Gy (r)"}, LegendPosition-> {0.1, 0.2},
LegendSi ze -> {0. 6, 0. 2}, LegendShadow- {0, 0}];

2p1,2
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m b. radial wavefunc for 2 p3,, n=2,j=3/2 and n’=0. Here |=j-1/2,we should useEq.
(10.471-10.472).

3
In[25]:= nO = 2; jO:;;

In[26]:= {np[n0, j O, ¥[j 0], €[n0, jOI, u[nO, jOI}
Qut[26]= {0, 1.99999, 0.999993, 0.00364868}
In[30]:= x2[j : j L.
n(30):= X201 :=-] - |
F2[n_, j_ r_1:=(2un, j1n)"0 " Expl-uln, j1r]
(B eegi) farn, §. r1-npin, j1fbIn, §, r1);
efn, 1 _
@([n_, j_ r_1:=(2un, j10) " Expl-uln, j1r]
(Bl o) fam, i, r1enpin j1fbin, §, r1);
eln, 1
£ 1y 1.5 ; ; ;
iz = N, _yse JZAIDYE [ Geeln 1) G2yl ) +tpln 1)+ 1)
me[2y[]]+1] 4 S ( AT -x2[j 1)
o j e e DT (1-en, j1) Gamma[2y[j]1+np[n, j1+1]
Gamma[2 ¥[j ] +1] 4 tRlpllxl) (el l¥l] o)
In[33]:= {NL[NO, jO], N2[nO, jO1} (* NI>>N2 %)
Qut[33]= {0.000031812, 5.8036x10°%}
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In[39]:= PIot[{FZ[nO,jO r/mp, @[no, jO, r /m]},
{r, 0, 10}, Frame -» True, FranmeLabel -» {"r", ""},
Rot at eLabel - Fal se, Pl ot Styl e - {G ayLeveI [0], Dashing[{.03}1}, PlotLabel ->"2p3,2",
Pl ot Legend » {"F, (r)", "G (r)"}, LegendPosition-> {0.15, 0.1},
LegendSi ze -> {0. 6, 0. 2}, LegendShadow- {0, 0}1];

2p3,2




