Solution Problem 3
Question a:
The velocity y of the atoms whose kinetic energy is the mean cdtbms on issuing from the collimator

is given is given by:
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Vo= 1,0410° m/s because:

m=23 m (2)

Since this velocity is much smaller than gs@c, we may disregard relativistic effects.
Light is made up of photons with energy &nd momentumwic.

In the reference system of the laboratory, the gnangl momentum conservation laws
applied to the absorption process imply that:
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hv/c<<mv,. Then ¥ = v, and this implies myAv; = hv = E, where we assume that
Vit Vo= 2V,
Combining these expressions:
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And substituting the numerical values:
v=5010“Hz Av;=-3,010% m/s
If we had analyzed the problem in the reference systammoves with regard to the
laboratory at a velocity,ywe would have that:
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Wherev =

> is the frequency of the photons in the laboratory
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system. Disregardingv’ we get the same two equations above.
The approximations are justifiable because:
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Then v + vo = 2\, - Avy = 2V,

Question b:
For a fixedv:
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if E has an uncertaintly, v, would have an uncertainty:
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so the photons are absorbed by the atoms which vetodtie in the interval
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Question c:
The energy and momentum conservation laws imply that:
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(v’ —is the frequency of emitted photon)
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The deviationp of the atom will be greatest whﬁpg, then:



, hv' o hv'
mv, =mv',cos¢,;— =mv';sinp , = tan¢ =
c

T mv,e
sincev’ = v:
E
tang, = (7)
mv,c
b, = arctgi = ¢, =500 rad (8)
mvc
Question d:

As the velocity of the atoms decreases, the frequaregled for resonant absorption
increases according to:
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When the velocity is = Av, absorption will still be possible in the lower paftthe
level if:
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Av = 3,12 m/s
Question e:

If each absorption-emission event varies the velastiv, = — , decreasing velocity
mc
from v, to almost zero would require N events, where:
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Question f:
If absorption is instantaneous, the elapsed time israhgied by the spontaneous

emission. The atom remains in the excited state fertaio time, T =F, then:

At =Np = N0 - mehv,
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The distance covered in that timeAS=wAt/2. Assuming that the motion is uniformly
slowed down:

AS =%mchv§FE = AS=175m

= At=3370107° s
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