
Physics 115 B HWK 2 pa⑧
① We actually did this in clan !
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Texted F.E) -
Careful , this is an operator . So let's see
what it does on a function 4
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Where I wrote the first term in Cortes ien
and used the

" boxed " expression for -



the second term
-
Thus po⑧
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Putting the two boxed equations together
pi-1-zlrpii-pit.it/triI+E'E) =
=
- ¥ 1%+4%1=44%+42



About the Hermitian property :
From the previous discussion,pog@Fp-i_p.r= 2
Which means that @p-yt-p-lf-r.pt

(b) pint = - t
'

1¥ + E) 1% +f)4
=
- til¥. -1%+3%-5.14

= -ñ 1%+814=-1%4%14
F-



② (a) Note that [r 't]=o [Pr Pr]=o
therefore [prr]= - it # if - it pog④

ftp..it/%f1= :#
Then
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(b)

twaiai.IM/-ipr-le+i1h--+rPnu9r#-.l+ipr-ll+11Irtmwr)--
ztmlprtilltilhprfr) - imwprr
- i:(ltilhtrpr -1-11 -11T¥. +
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Iwaiai-fi-mi-hj-mf-yl-itzmwi-e-3.hu
twaioe = He - ✗ +Hw

Po⑧

⇒ IHi-hwfaiae-ill-3.DZ
c) Take Re -11 such that Het , Rey ,=ERe+ ,
then ajtle.pe#=E04+Re-n
From lecture aeHe=He+ ,

Qethwcte

Taking hermitian conjugate of bolt sides

Heat = after , thwart
Toke both left and right hand side and



Make their act on Reti poge①
this gives

He lai Real = (Ethio ) kettle .nl
Thus aiRe, , is a store of energy
Ethw and on eigenfunction ofHe
e-

③ (a) This is taking what we have done
in Ion and setting V14=•

(b) aide --Em lPi+h¥¥+ieH[Pr ID
the commutator Cpr f) = i¥
from problem 2lol



Thus aia, - In Lpi -4¥ " +t¥)po⑧

laiae-z-mlpi-ele-f.lk/--H#HEaeaiJ=m'-file+iHIPr'-rH=timeI!
And also

He+ , - He = h%¥ He+21 - e)
Hen - He = ñµ-¥
So ftp.ait-tle#-He=



(d) t.ae He)= fee aide] = Page@
= aeaiae-aiaeai-faea.tl he

[%He]=lHe+iHe)d#
the He - tee: Heide - Heide
de He = Hen the

Then if we have a solution
Here = E Re

acting with ae on both sides gives
Henke Re) = Eldere)
So ee Re is e so Hn wilt the same
E but with l → l + I



(e) starting with a solution ( E e)
we can build more and more pi⑧
solutions with some E but higher
and higher l - This seems like
an impossibility since eg chemically
L = mvr so you'd think that
increasing L means increasing E = Em v2
and you cannot do that at
infinitum

.

But there is a
"

r
"

factor
in L

.

So os L can become

as large as you want without

having r become inconsistent wilt
find E- Em v2

, just by increasing
r



④ From the chain rule Pagett

in ¥. =¥¥¥ +8¥ ¥=m?÷mp¥+¥
Then taking the dot product of each
side wilt itself

I=lm÷mpTÉ+%!÷mp¥
Doing the same manipulations wit ¥p gives

F. =/m:÷jÑ☒ + F- in:*. :*:

(b) h-eoi-m-r.JP?MF9i+mm-P9i+Hme+tm.18i
Where M= Mp -1Me↳
= f- 8×2 + f- fi where µ=Meµ_Mp



Substituting into the original H we

get the desired expression

pwge@EaKit-Eirit-E.r4- Et

(c) ✗ = Fl dirt

Plug into the SE, divide by Flo , get
- ¥ Em IF - ¥Éi:$ -÷,.EE
split it into

-1T¥ FCI) = LIFE)
-If Fr Olli
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) - ¥, loot
= EH $1M

with E = Ek + Er



The 1st equation is associated wilt
the Molton ( kinetic energy) of the
center of mon . the second
'

equation is associated wilt the
"

binding
"

of the electron into the
H atom pa
⑤ IN too = ¥g e-

% .

<r > = tap far fire
-2%-0
dr

ro o

Cr > = ¥÷, for>e-
"he
dr

looking up integral IF ✗

= n!_
bn -11

Lr>= ¥g¥% G) = % do



(F) = 0¥ f?r
"

e-
2%0
dr pag④

G) = ¥ 2¥06
'

G' 7=3ai

(b) Looking up solutions

4mm ,m=¥n
"

4¥)
""

e- the Yn? 10,017
the normalization of the Yem is
taken into account automatically
thus

a > =¥l÷ 1%1
"¥.

e-
24^00
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er> =¥ : 1¥)
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Similarly
< is -

- Em :
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(c) Rims =fÉ+" ao

RMS =naoj-nt-ln-io-n-ERMS-nfln-it.TK
.
= Infant do



(d) For large n
,
ar > ~ n'aoPa⑧

Compare it with G) =%a . for
the ground state -
So

, for n= too ,
radius ñ ~ 104

longer, volume in ~ to
"

longer

⑥ Compared wilt the H atom , everything
looks the same in the SE expect
that e'→ Zé

-

since the

energy eigenvalues come from
solving SE , we simply have to
replace e wilt Ze in the Rydberg
constant - Now

,
the Rydberg constant

goes like e4
,
so

RIZ) = 2-2 RIZ= 1)
E 12-1 = 2-2 E (7--1)



OTOH
,
the Bohr radius goes like ¥

therefore
aolz) = Rott=D/2-

pog


