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Physics 510
ExpEFimgnt 5-10 Optical Pumpilng

The object is to ObSETVE, study and understand optical
pumping in the resonance transitions of rubidium vapor in a weak
magnetic field. Besides studying the field dependence of the
2aeman splittings, the earth's field will incidentally be deter-
mined. The apparatus may also be used to study the dynamic response
of spins to time varying magnetic fields and to jllustrate the
contrast between the sudden and adiabatic approximations of quantun
mechanics.
1) Measure the E values for both isotopes of rubidium and
compare with the theoretical predictions. simultansously you
chould be able to measure aceéurately the earth's magnetic field.
2) From the shape .of the optical pumping signal determine the
characteristic time required to establish the steady state
polarization ol the spins. Does this time depend upon the
1ight intensity? _
3) MNote that there i an’apparent Wpesonance” when the field
is swept through zero (applied field cancelling the earth's
field) 4in absence of an r.f. field. Explain these signals
qualitatively in terms of 2diabatic and sudden passage through
zero fField.
) Work at fixed p.f. freguency, ephancing the amplitude of
the r.f. field by resonating the r.f. coil with a small capa-
citor, and demonstrate quantitatively the distinction between
sudden and adiabatic passage through the resonance.

Referances:

Bloom: Leientific Amerlcan, October 1960
Repnumot: Am. Jour. Phys. 33, 151, 1965
de Zafra: - Am. Jour: Phys. 28, Gu6, 1860
special notes - RHS, 1972

Also see:
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Herzberg, "Atomic Spectra”™ - on the Zeeman elfect ganerally and thsa
vector model of the atom.

White, nTntroduction to Atomic Spectra’, P- 473-376 - on the E -
factor in the presence of .a nuclear Spin.

"Optical Pumping: An Introduction®, edited by R.A. pernheim,a
Benjamin reprint volume.

Rabi, Ramsey and schwinper, "Use of potating Coordinates in

i

Haﬂnﬂtiu Resondnoe Prr.:ublr_-ms'T Rev., Mad. Phys. 35. 167, 185Gk.



Circuit

The measurement of "resonance" between the applied
rf-field and the Zeeman split sub levels is not done by
sitting on the resonance (why not? ). Instead a "sweep”
current added to the D.C. current feeding the Helmholtz
coils will produce a "wobbling"” of the total magnetic fisld
and get you into and out of resonance at twice the "sweep"
frequency (Audieo oseillator). The circuit provides a
trapezoldal sweep for the principal pair of Helmholtz coils
(#1) as well as a variable d.c. current for the two pairs
of coils {(#2 and #3) used to trim the transverse field to
zerc. The trapezoidal sweep is characterized by the 4 in-
dependently controlled parameters indicated in the sketch:

1) Sweep period by the oscillator frequency

2) Ramp rate by "Rate"

3) Range by the left hand control marked #1

%3 Ip;, by the right hand control marked #1
(The Range and I,i, are not entirely independent.) The
operation of the sweep may be verified by displaying on the
gsecond CRO using a linear time base. TFor display of the
optical pumping signal, it is useful to use both a linear
time base to the ¥ axizs and to drive the X axis with the
monitor signal from the coil sweep. In this second mode, it
is most satisfactory to use the d.c. ¥ axis amplifier.

Note that it is possible to generate a triangular sweep
by reducing the sweep rate and/or increasing the sweep repeti-
tion rate and range until the sweep is reversed before the
clamping diodes on the integrator are cperative. This triangular
sweep is useful to display the adiabatie passapge when one wishes
to spend more time on one side of the resonance than the other.

Resonance of the pr.f. coil is achieved at roughly the

following fpequencies when resonated with:
L001pf + 1.4 MHz
01 uf + 48O KH,
-1 pf + 160 KH,
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Comments on Use of 5-10 Hotes

You have to know about

(a) The Principle of Optical Pumping

Read the Scientific American Article by A. Bloom
"Optical Pumping"”. Then, more directed towards your experi-
ment, the article by De Zafra "Optical Pumping". If you
need help with understanding atemic spectra terminology or

T o

ng-factors" read Feynman's paragraph 34-2 "Magnetic moments
and angular momentum" and/or Atomic Spectra by Fuwlerr=ﬂf]
chapter 7 of "“Introduction to Modern Optics" or Herzbergs & ¢
book, "Atomic Spectra and Atemic Structure", chapters I/5,
11/1 and II/3 (Zeeman effect). This will do for parts (1)

and (2) of your assignment.

(b) Dynamic Response of Spins to Time Varying Magnetic fields.

This is for parte (3) and (&) of your assignment.
Read Silsbee's Notes: "Dynamic Response of Spins tTo Time
Varying Magnetic Fields" (S5pecial Notes 5-10) in back of this

booklet. See alsoc the article by Benumeff.
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