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Problem 1

(a) Because Y is real and positive ) )
(¢ =0) we have a torque k k
vector O =—yi and the Bloch
vector § precesses in the / S,

(b)

Jj—k plane. At t=m/y, the ) /
precession angles for the two C\ U & /) ;

J
atoms are 37/4 and S7w/4, k
respectively. )
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Showing j — k plane,
i points into the page

Changing phase by 180° changes y — —y and thus the direction of precession, but the rate
of precession is unchanged. The second pulse thus undoes the precession during the first
pulse irrespective of the value of ), and thus returns the Bloch vector to its initial state.
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Problem 2

Before we start, we adapt the shorthand notation L E=F, L& =% and so on. (E is the best

I can do for ¢

(@)

(b)

e

in my equation editor) z !

We start from the wave equation in a polarizable dielectric medium,

(3_2_L3_2)E(Z’t): La_zp(zjt)
dz> c¢?ot? g’ ot?

We plug in E(z,¢)=EE(z,t)e™ ") and P(z,t)= E2N 11" pi(z,t)e™ ), take the scalar
product with € on both sides to remove the vector character, and expand out the
derivatives. For the LHS we get

E”e—z(wt kz) + Zlkf,e i wt—kz) sz,'e" ot—kz) _ 1 @e_i(wt_h)+ 2w (Ee—i(wt—kz)+ w2 Ee—i(wt—kz)
2 2 2
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= 2ik(95’ +i2£)e-f<wf-kz>
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where, according to the SVEA, we have dropped the ” and & terms, and used
k*—w?/c*=0 to simplify. Note that the latter does not preclude a complex index of
refraction, as the effect of absorption and dispersion will be incorporated into the
complex envelope E(z,t).

On the RHS of the wave equation we have

2
! a (Z t)_M(le—Zpr ) ~i(wr-kz) —au_p21(z t)e_’ wt—kz)
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where we have dropped the P, and p,,. Putting everything together, dividing out the
plane wave component, and rearranging, we finally get

9 L0 (z) = K N (2)
dz cot &

In steady state we substitute ()= —z%ﬁ—lﬁz( Pn—pn) (from Homework Set 3)

We also set £=0 and use y = p,-EE/h=MUE/h. This gives us



az 28 A%J‘—lgz(pzz pu)E = _(5’_15)(p22 pi)E
0
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These are the results from Class, from my handwritten notes, and from Milloni and

Eberly.
Problem 3
(a) We have

<]%>=Tr[f)[)]:TrK 0 ﬁ12)[ Pn‘ plzei“’tH:Tr[(ﬁlzpne_iw 1312P22‘ j:l
pa 0 pPaue™ Py Do P PaupPre™

=Ppupue ' +pypne = Re[zﬁlzpzl e_iwt]

In steady state we have P = X A+if
2 A+ Byl

(from Problem 2-b above)

We plug this in above and get 5)=Re| p f+iA e_m]
p g g <p> |:p12 A2+ﬂ2+|Z|2ﬁ/A21

2
Now, if 4, =2 we can use - _ IL to rewrite the above as
21 Sat

2 - A+if it
=Re
<p> {plz A2+[32(1+1/13a,)le }

(b)  Noting that y = p,,-€ E/h= uE/h, where = P, -, we have

Fl)=po ol - Poft BB
A2 + B+ xBlA, h A+ BBl



The part of 7/(¢) parallel to E is (remember £ is complex)

=(N—(7(1). 5\ E — JEE A+lﬁ FE 7@ =
p(t)=(p'(¢)-€")é PR TN EE a(w)E(z)

2 . 2 .
We thus obtain | a(w) = ML A+iB  _ |u A+if
nOA+ BBy R AP+ BA(1+1/14,)

where the second step is true when A, =2f. We will assume this is the case in part (c).

(¢)  For n(w)=1 we have

— nR(A) — nR(A) — l’ll(A) — IOan(A)
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Sketch for 1/1, <<1 and for 1/15,=10:



(d) For 1/15,>>1 both the dispersion and absorption features are broadened. In the sketch
we have set //7g,, =10, which makes the power broadened linewidth

B = p1+1/T,, =~11f~3.38

At the same time, the peak dispersion is reduced by a factor
1/\N1+1/1g, =1/~11=0.30

And the peak absorption is reduced by a factor

1/(141/15,)=1/11=0.091.



