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Convert sum to integral over modes:
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A > )
where %= £/% is a unit vector along & and
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wz" A olw wz
< % VAR
© X :D(‘FE) (am? ¢
A %
Ve Wz, mode density in shell of

X Wy /. Ie - space of radius "‘)’3’/6
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A 0

Convert sum to integral over modes:

S > (435 DE) = [#taleB)d b Dii
4
- f d fixdw,z%a@(fl) = Jau% LN DI W)

A > )
where %= £/% is a unit vector along & and

’P“%
wz" A olw wz
< % VAR
© X :D()FE) (am? ¢
A %
Ve Wz, mode density in shell of

X Wy /. Ie - space of radius "‘)’3’/6
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where f = £/% is a unit vector along % and

W /%% 2
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: &
Ve Wz, mode density in shell of

< g, T - space of radius "%/,
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Convert sum to integral over modes:
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A ) )
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: &
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Thus, in the Continuum Limit

€
b r(&) T~ I
RRRCTNG S E N P
B

Convert sum to integral over modes:

S > (485 DB = [&tal(B)d b Di
¢
= Iol (i\doo;—zifa@@) = JDL(@A olwz l)[ooa,)

Ao N
where f = £/% is a unit vector along % and
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Y S Dleo,) = L, 2%
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- %
Ve Wz, mode density in shell of

< g, % - space of radius “z/,
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Ao N
where f = £/% is a unit vector along % and
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Y S Dleo,) = L, 2%
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- %
Ve Wz, mode density in shell of

< g, % - space of radius “z/,
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Thus, in the Continuum Limit
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Convert sum to integral over modes:

S > (485 DB = [&tal(B)d b Di
¢
= Iol (i\doo;—zifa@@) = JDL(@A olwz l)[ooa,)

Ao N
where f = £/% is a unit vector along % and

W /%% 2
Y S Dleo,) = L, 2%
\\ T‘-’ (em? ¢
- %
Ve Wz, mode density in shell of

< g, % - space of radius “z/,
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Thus, in the Continuum Limit

t 00
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We define the “polarization average”

Convert sum to integral over modes:
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W /%% 2
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\\ Tf (em? ¢
: &
Ve Wz, mode density in shell of

< g, T - space of radius "%/,
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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¢
= fdfisdw,g‘-z—%a@(ﬁ) = J ott%olwzcbfooz)

A ) )
where f = £/% is a unit vector along % and

W /%% 2
Y S Do) - L 2¢
\\ Tf (em? ¢
: &
Ve Wz, mode density in shell of

< g, T - space of radius "%/,
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We define the “polarization average”

100glt =2 (dihy g, 1%
. .
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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¢
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Ao N
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W /%% 2
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- %
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We define the “polarization average”
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. .
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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¢
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Ao N
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- %
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We define the “polarization average”
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Ao N
where f = £/% is a unit vector along % and
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- %
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< g, % - space of radius “z/,
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We define the “polarization average”
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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!
z

we St ol 7

5 % Dieo ),_.__\.L g

\\ 2 amie

; :BY T

£ w.”/c, mode density in shell of
x W/, % - space of radius wf/c_

(o]
‘ (o]

We define the “polarization average”

10ogl>= 2 {dth) lg,, 2=
. .

gé
;fil\” =
A A . .
£, % in polar coordinates

. ru C 9
£ Z”f’” Sy 1t S0 14l
e )r no ¢ dependence

out of plane

w4
I d“"Z”Vv gl ﬂd@ Idtcosexgmle Fe

= Ty [auu— SHEAE NG

70



Wigner-Weisskopf Theory of Spontaneous Decay

Thus, in the Continuum Limit
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Convert sum to integral over modes:
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¢
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Thus, in the Continuum Limit
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Thus, in the Continuum Limit
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Convert sum to integral over modes:

S - (485 DB = [#tal(B)dbe Dis
¢
= [ol (i&doo;—zif’a@[z) = JDL(@A olwz l)f ooa,)

Ao N
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Thus, in the Continuum Limit
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Convert sum to integral over modes:
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P!
z

“2 . 4 dw >

c J Diw,) = &, 2%

\\ g oeme

2, T

Ve w.”/c, mode density in shell of
oWy % - space of radius ")f/c

0
> > 1, |1 dew@%) Z Sdm 19,1
BA o A '
We define the “polarization average”
100glt =2 (dihy g, 1%
> .
38100;; —’:
.c\“( ¢ V)S MZI v’

_ ‘-H”O\)g |
Y TRV,

f(\ %

" - ur 1
Id(mZ!iﬁ,;sm %= S dp I d(Cos )gint l/'g\“,,l1
A

0 D

74



Wigner-Weisskopf Theory of Spontaneous Decay

Thus, in the Continuum Limit
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Convert sum to integral over modes:
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Ao N
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Thus, in the Continuum Limit
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We define the “polarization average”

Convert sum to integral over modes:
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Thus, in the Continuum Limit
0
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We define the “polarization average”
100glt =2 (dihy g, 1%
> .
ﬁwz —»
ale V)S “Z' T’

_ ‘-H”O\)g l
Y TRV,

Putting it together:

. t.
(o) = -;I%mﬁg e'(“u'wz}('tw)czlowmﬁ,
A o}

OO t ] !
= —’J‘ ey, ]%(M)g)[i'@f&)g) (d‘ﬁ'Q' Carog)li-¢ )C'I.Dw)
o (b}

77



Wigner-Weisskopf Theory of Spontaneous Decay

Thus, in the Continuum Limit
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We define the “polarization average”
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Thus, in the Continuum Limit

o0
%lgmli—" Sd«ogo@@oz) % Sd(ﬁ\ 192,
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We define the “polarization average”
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Putting it together:
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Regular Perturbation Theory
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Thus, in the Continuum Limit

o0
%I%z)\li"" Sd"\)gwcb\)z) % Sd(ﬁd 192,

(o

We define the “polarization average”

lmll:é Sd[ﬁ\ 19,1
nlGes) e 4.8

_ HTTWpg
PR A,

141, 1

Putting it together:
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Gy ot - ‘%'%leig ¢ Curent-e, ey
A

o

) t .
= —«J dNE lgm,;)["@fwg) (OH-'Q, (arog)lt-¢ )CI.OM)
6 (b}

Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much.
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Thus, in the Continuum Limit

o]
%I%z)\li"" Sd"\)gwcwz) % Sd(ﬁd 192,

(o

We define the “polarization average”

l@l“‘:; Sd[ﬁl\ 19,1
nlGes) e 4.8

_ HTTWpg
PR A,

141, 1

Putting it together:

_ £
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A lb)

) t .
= —«J dNE lg(w,;)fla@fw,z) (OH-'Q, (arog)lt-¢ )CI.OM)
6 (b}

Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows
us to approximate C, , )~ ( 4(0).
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Thus, in the Continuum Limit
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We define the “polarization average”
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Putting it together:
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o
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= —«J dNE lg(w,;)fla@fw,z) (OH-'Q, (arog)lt-¢ )CI.OM)
6 (b}

Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.
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Thus, in the Continuum Limit
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%I%z)\li” Sd"\)gpcwz) % Sd(ﬁ\ 192,

(o

We define the “polarization average”
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Putting it together:

[ ] £ : [§
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) t .
= —«J OLNE lg(w,;)[ta@fwg) (OH-'Q, (arog)lt-¢ )CI.DM)
6 (b}

Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.

Wigner-Weisskopf approximation:
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Thus, in the Continuum Limit

o]
%I%z)\li” Sd"\)gpcwz) % Sd(ﬁ\ 192,

(o

We define the “polarization average”

lg(uo,zlilz Sd[ﬁ\ 9, 1*
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nlGes) e 4.8

_ HTTWpg
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141, 1

Putting it together:

[ ] £ : [§
Gyt - ‘%'%leig ¢ Curent-e, ey
A

o

) t .
= —«J OLNE lg(w,;)[ta@fwg) (OH-'Q, (arog)lt-¢ )CI.DM)
6 (b}

Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.

Wigner-Weisskopf approximation:

The integral over time reduces to
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times €' infinitesimally close to f
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state does not change much. That allows
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not work here.
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Regular Perturbation Theory
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Regular Perturbation Theory
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Rest of Lecture: Work with this Equation
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.

Wigner-Weisskopf approximation:

The integral over time reduces to

+

J'd_élei(wq_"'OO;g\C% ~') o Sl —-’i')
0

on time scales £-t' %> [y~ cop[~1 »

[ ] t : [§
Gyt - ‘,zz'wig ¢ Curent-e, e
A o)

0 t ,
- ”J v [0l Do) ( o@ P, e
() (0]

Rest of Lecture: Work with this Equation

First:

99



Wigner-Weisskopf Theory of Spontaneous Decay

Regular Perturbation Theory
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First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.

Wigner-Weisskopf approximation:

The integral over time reduces to

+

J'd_élei(wu"OO;g\C% ) e S A1)
0

on time scales £-t' % [wy,-wp/ 1 [>

[ ] t : [§
Gyt - ‘%—-'wig ¢ Curent-e, e
A o)

0 t ,
:_’J‘ OLNE lg(w@["a@f%g)(dé'e'(M‘wa)&'f )Cz,ofﬂ
() (b}
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First: This eq. is of the form éz,o‘ﬁ) = (3Cs,0(£)

solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows

us to approximate ¢, , )~ G, 4(0). That does
not work here.
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{ti,
evolving at a rate I to be determined.
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{ti,
evolving at a rate I to be determined.

That means we can let + - -0 on timescale «w,;*
while still keeping 1« -
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{ti,
evolving at a rate I to be determined.

That means we can let + - -0 on timescale «w,;*
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0

Defining —',‘f(wz._wu) - ‘(‘0!‘7',' ei(ﬁu“”ﬂ\(‘ﬁ“ﬂ)
(v}

107



Wigner-Weisskopf Theory of Spontaneous Decay

Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows
us to approximate ¢, ;£ )~ (, 4(0). That does
not work here.
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{ti,
evolving at a rate I to be determined.
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We can then rewrite
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the probability amplitude of the initial
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We can then rewrite

o
Cy o183 ~ | duog 191 D o [- 8w tanY] ¢, o8
] .
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Regular Perturbation Theory

Validity is limited to short times, such that
the probability amplitude of the initial
state does not change much. That allows
us to approximate ¢, ;£ )~ (, 4(0). That does
not work here.

Wigner-Weisskopf approximation:

The integral over time reduces to

+
J'd_élel(wu’w;g\(-& ~t') o S 47
0

on time scales £-t' % [wy,-wp/ 1 [>

[ ] t : [§
Gyt - ‘,zz'wig ¢ Curent-e, e
A o)

0 t ,
- ”J v [0l Do) ( o@ P, e
() (0]

Rest of Lecture: Work with this Equation

First: This eq. is of the form C.w(ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{ti,
evolving at a rate I to be determined.

That means we can let + - -0 on timescale «w,;*
while still keeping 1« -

0

Defining —',‘f(wz._wu) - ‘(‘0!‘7',' eilwzl‘wﬂ\(t~t-)
(v]
We can then rewrite

o
Cy o183 ~ | duog 191 D o [- 8w tanY] ¢, o8
] .
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Rest of Lecture: Work with this Equation

First: This eq. is of the form éz,o‘ﬁ) = (3Cs,0(£)
solutions oscillate at fregq. Im[{z]
and grow or decay at rate  Re[f]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{ti,
evolving at a rate I to be determined.

That means we can let + - -0 on timescale «w,;*
while still keeping 1«2

0

Defining —',‘g(wz._wu) - ‘(‘0!‘7',' e;(o\hl“b‘)i:\('t~.él)
(v]
We can then rewrite

o
Cy o183 ~ | duog 191 D o [- 8w tanY] ¢, o8
] .
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{Wu) i fdi.e.(wz,~wh\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{G\’u) i fdi'e"””"”“\(*"“
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{G\’u) i fdi'e"””"”“\(*"“
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

()
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Rest of Lecture: Work with this Equation Math Details: Consider the function
First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£) %(9) = ?f;lo're" AT
(V)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{Wu) i fdi.e.(wz,~wh\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8
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Rest of Lecture: Work with this Equation Math Details: Consider the function
. . . : _ Y -
First: This eq. is of the form ¢, ()= (3Cs 5 (8 %(R) = ;Ld-rej T = g~ Wy,
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{Wu) i fdi.e.(wz,~wh\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P~

o0 B ” |
Defining "’\S(W{G\’u) i fdi'e"””"”“\(*"“
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifore T, a=cp-o,
(V)

Approximate the integral as
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{G\’u) i fdi'e"””"”“\(*"“
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifore T, a=cp-o,
(V)

Approximate the integral as

S ZT SAT-ET
£(R) =Lim e

s=>ot 7o
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{Wu) i fdi.e.(wz,~wh\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifore T, a=cp-o,
(V)

Approximate the integral as

®
- ¢ "‘-.”—T"a - 1

f(;;):x_,mlfol*re' TzL,m( R )
2"’O+ 0 E_..s,o'f‘ '_l—n.'-£-
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(W{Wu) i fdi.e.(wz,~wh\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifore T, a=cp-o,
(V)

Approximate the integral as

®
- ¢ "‘-.”—T"a - 1

f(;;):x_,mlfol*re' TzL,m( R )
2"’O+ 0 E_..s,o'f‘ '_l—n.'-£-

i =) LI 4
= Ltm ( + 1 7 9_)
saot b abpst SLFE
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "'\S(WE"WQ i fdi.e.(wz,~wa\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifare T, a=cwp-oy,

0

Approximate the integral as

~in-é&

P
g(R) =Lim ideC"'JLTFE;T: Lim ( : )
s~»ot

s=>ot 7o

=Lim (P—n} +1 £ )

s~of

A

_/

|
ahest Mg

/

v

Ya
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "'\S(WE"WQ i fdi.e.(wz,~wa\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifare T, a=cwp-oy,

0

Approximate the integral as

~in-é&

P
g(R) =Lim ideC"'JLTFE;T: Lim ( : )
s~»ot

s=>ot 7o

=Lim (P—n} +1 £ )

s~of

A

_/

|
ahest Mg

/N
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "'\S(WE"WQ i fdi.e.(wz,~wa\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifare T, a=cwp-oy,

0

Approximate the integral as

~in-é&

P
g(R) =Lim ideC"'JLTFE;T: Lim ( : )
s~»ot

s=>ot 7o

=Lim (P—n} +1 £ )

s~of

A

_/

|
ahest Mg

/N

[

»

=GP (2)+iwdia)
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Rest of Lecture: Work with this Equation

First: This eq. is of the form C‘w(ﬁ) = (3Cs,0(£)
solutions oscillate at freq. Iw.[(z]
and grow or decay at rate Re[f3]

Next: Atoms couple weakly to the vacuum

Cy p(t) changes slowly on timescale w{,i,
evolving at a rate I to be determined.

That means we can let + - o on timescale «,;*
while still keeping 1« P

o0 B ” |
Defining "’\S(‘*’rz’%) i fdi.e.(wz,~wa\(t~ﬁ)
0
We can then rewrite

Cy o l8): -Soo\wz 13w FD g [-1 5w ta)] ¢, o8

Math Details: Consider the function

o0 -
39 =ifare T, a=cwp-oy,

0

Approximate the integral as

~in-é&

P
g(R) =Lim ideC"'JLTFE;T: Lim ( : )
s~»ot

s=>ot 7o

=Lim (P—n} +1 £ )

s~of

A

_/

|
ahest Mg

/N

[

»

v

Ya

=GP (£)+iwdia)

L Cauchy’s Principal Part
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Math Details: Consider the function

D= W=y,

4

g(n) = }f;lo'r o T
(v}

Approximate the integral as

D
- ¢ -.JLT" . 1
%) = Lim lfd're' 2 Lim (=)
2"’O+ 0 2..501‘ "l-n.'-£.

i =) LI 4
= Ltm ( + 1 3 9_)
saot b abpst SLFE

N/ \Jk

e AN

=GP (2)+iwda)

L Cauchy’s Principal Part
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Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;Iam"“
(v)

Approximate the integral as

D
€() = Lim :f dTe NI L iy (]
2-—»0"" 0 E"’O+ '—l.ﬂ."a

i -at . £
= le ( +1 3 9_)
saot b ahpst SLEE

'/ N\
Y

=GP (2)+iwda)

A

_/

L Cauchy’s Principal Part

)
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Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;Iam"m
(v)

Approximate the integral as

@D
- ¢ -.JLT"a .
'f(.S).)=er ldeC ' T: Lim ( .’f_

i -at . £
= le ( +1 3 9—)
saot b ahpst SLEE

'/ N\
Y

=GP (2)+iwdia)

A

_

L Cauchy’s Principal Part

)

Thus,
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Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;Iam"“
(v)

Approximate the integral as

D
€() = Lim :f dTe NI L iy (]
2-—»0"" 0 E"’O+ '—l.ﬂ."a

i -at . £
= le ( +1 3 9_)
saot b ahpst SLEE

'/ N\
Y

=GP (2)+iwdia)

A

_

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS
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Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;{am"“
(v)

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .’f_

. o R
smot b ghpgl RS

=GP (2)+iwda)

A

_

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

‘U:"wzl%lwzlzﬁth\('wwv"“’i’“;@(
0

a0
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Math Details: Consider the function

o0 -
%(8) = ;Iam"“
(v)

D= g =Wy,

’

Approximate the integral as

QD
$(0) = Lim i [ dTe 502 (=
st 0 s>t '—l.ﬂ."a

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N
AN

=GP (2)+iwdia)

A

_

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

‘mwzl%lwzlzﬁth\('wwv"“’i’“;@(
0

which is of the form

W,

= | 8
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Math Details: Consider the function

o0 -
%(8) = ;{am"“
(v)

D= g =Wy,

’

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .’f_

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N
AN

=GP (2)+iwda)

A

_/

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

- [Sodwg |%(w£ ﬁD[uE\ ('ITB(WN" 033)"' l@( W,j:‘ “2]] C!)'O (.‘1:)

which is of the form

C.l(o = - (%“—;b) Cq ptE)
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Math Details: Consider the function

o0 -
%(8) = ;{am"“
(v)

D= g =Wy,

’

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .’f_

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N
AN

=GP (2)+iwda)

A

_

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

- [Sodwg |%(w£ ﬁD[uE\ ('ITB(WN" 033)"' l@( W,j:‘ “2]] C!)'O (.‘1:)

which is of the form

C.z(o =T (%";b) CptE) ®

132



Wigner-Weisskopf Theory of Spontaneous Decay

Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;{am"“
(v)

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .’f_

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N
AN

=GP (2)+iwda)

A

_

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

‘U:"wzl%lwzlzﬁth\('wwv"“’i’“;@(
0

a0

which is of the form

C.z(o =T (%";b) CptE) ®

a H
U/z-l:@ ()

C,y W)z Cy,0)
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Math Details: Consider the function Thus,
2% - é,_\o(é\‘.‘:.
39 =ifare T, a=cwp-oy, "
— af 1
o —[50\w3 lgl""a’ﬁcbfwz\(” Wy~ )~ :@( Wz"wz]] Cyolh)
(v) |

Approximate the integral as
which is of the form

@D
. ¢ At NAT-& . T
t(RN) =Lim ldeC ' = Lim ( .’f_ )

C.z(o =T (%";b) CptE) ®

-0t . £ _ =0t 150
(J\.‘-+£‘ " Jf'+$‘_9—) Caalt)ze “

'/ N\
Y

=GP (2)+iwdia)

=Lim
s=>ot

A

_

L Cauchy’s Principal Part
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Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;Iam"“
(v)

Approximate the integral as

QD
$(0) = Lim i [ dTe 502 (=
st 0 s>t '—l.ﬂ."a

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N
AN

=GP (2)+iwdia)

A

_

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

‘mwzl%lwzlzﬁth\('wwv"“’i’“;@(
0

a0

which is of the form

C.z(o =T (%";b) CptE) ®

a H
‘v/z-l:@ ()

C,y W)z Cy,0)

Decay Rate:

o0

‘D'u"' - S Aoy 2T JLYINPS lzD (wp) 5(‘”11" wz)

(V)
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Math Details: Consider the function

D= g =Wy,

’

o0 -
%(8) = ;{am"“
(v)

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .’f_

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N
AN

=GP (2)+iwda)

A

_/

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

‘U:"wzl%lwzlzﬁth\('wwv"“’i’“;@(
0

a0

which is of the form

C.z(o =T ('Af"';b) CptE) B

a H
U/z-l:@ ()

C,y W)z Cy,0)

Decay Rate:

o0

‘D'u"' - S Ao 2T Q1w lzD (wp) Ay wz)

(V)

= 2T 10y, 15D ey )
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Math Details: Consider the function

D= g =Wy,

’

%(8) = Id‘rz LT
(v)

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .’f_

i -at . £
= le ( +1 7 9_)
saot b ahpst SLEE

/N YR
\/ . . >
=GP (2)+iwda)

L Cauchy’s Principal Part

A

_/

)

Thus,

C-‘L\O (CAYS

- [Sodwg |%(w£ ﬁD[uE\ ('ITB(WN" 033)"' l@( W,j:‘ “2]] C!)'O (.‘1:)

which is of the form

C.l(o = - (i“—;b) CaplE) B

‘U/!.'L‘ 15(19

C,_ 0 (‘D = C?,O (0)

Decay Rate:

o)
‘D'u"' - S Ao 2T Q1w lzD (wp) Ay wz)

(o)
= 2T 10y, 15D ey )

AN

S&E\lrrn \/ c‘)!.I

ant'cd

= AT x
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Math Details: Consider the function

D= g =Wy,

’

(N = i{;lo'r o T
(v

Approximate the integral as

@D
. ¢ ~1AT-& .
t(R) =Lim ldeC ' = Lim ( .'f_

) ~-at . &
smot \ ghpel NS

A7\
A

=GP (2)+iwda)

L Cauchy’s Principal Part

)

Thus,

C-‘L\O (CAYS

‘U:"wel%lwzlzﬁth\('mwn"“’i’“ﬁ)(
0

a0

which is of the form

C.z(o =T (%";b) CptE) ®

a H
U/z-l:@ ()

C,y W)z Cy,0)

Decay Rate:

o0

‘D'u"' - S Aoy 2T JLYINPS IzD (wp) 5(‘*’1(' wz)

(o)
= 2T 10y, 15D ey )

':3_ — I~ ’—g-_ —_—
W& S&EO\/ [rnl CJ.II]S C_3

138



Wigner-Weisskopf Theory of Spontaneous Decay

Thus,

C-‘L\O (CAYS

- [Sodwg |%(w£ |2(D[WE\ ('ITB(WN" CAQ)"’ l@( wu{: NIZ)] Cﬁlo (.‘1:)

which is of the form

C.z(o =T (%";b) CptE) ®

~a H
o ‘v/z-l:@ )

C,_‘o (‘D = C?,O (0)

Decay Rate:

o0

‘D'u"' - S Aoy 2T JLYINPS IzD (wp) 5(‘*’1(' wz)

(o)
= 2T 10y, 15D ey )

':3_ — I~ ’—g-_ —_—
W& S&EO\/ [rnl CJ.II]S C_3
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