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I
MOLECULAR AND ATOMIC BEAMS

I. 1. Introduction

THE subject of molecular beams is the study of directed beams of neutral
molecules at such low pressures that the effects of molecular collisions
are for most purposes negligible. The earliest molecular-beam experi-
ments were those of Dunoyer (DUN 11). He used an apparatus illus-
trated in Fig. I. 1. A glass tube 20 cm long was
divided into three separately evacuated compart-
ments. Some sodium introduced into the first
chamber was heated until it vaporized, whereupon —
a deposit of sodium appeared in the third chamber. ol
The deposit was of the form to be expected on the
assumption that the Na atoms travelled in straight
lines in the evacuated tube.

Subsequent to Dunoyer’s pioneering work, many
different experiments based on the molecular-
beam methods have been performed. Particularly
significant from the point of view of the develop-
ment of molecular-beam techniques have been the
experiments of Stern and his collaborators at .

. . 5 Fie. I. 1. Schematic
Hamburg in the nineteen-twenties and early giagram of Dunoyer's
thirties. The papers of Stern and Knauer in 1926 original atomic-beam
(STE 26, KNA 26, KNA 29) indeed laid down ZPPerstee 4 o tho
many of the principles of molecular-beam tech- collimatorchamber,and
niques which have been followed even to the Cchﬂgﬂ (‘]’;’I?I? fl";‘m
present time.

Precision measurements of nuclear, molecular, and atomic properties
began in 1938 with the introduction of the molecular-beam resonance
method by Rabi and his associates (RAB 38, KEL 39). At first, the
resonance method was applied to the measurement of nuclear magnetic
moments only, but it was soon extended as a more general technique
of radiofrequency spectroscopy initially by Kellogg, Rabi, Ramsey, and
Zacharias (KEL 39a) in applications to molecules and later by Kusch
and Millman (KUS 40) in the study of atomic states. Since 1938 the
history of molecular beams has dominantly been the history of the

resonance method. As discussed in subsequent chapters, important
3595.91 B

To pump

=-»To pump
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2 MOLECULAR AND ATOMIC BEAMS L§l

improvements and extensions of the molecular-beam resonance method
have been made by Lamb (LAM 50a), Ramsey (RAM 50c), Kusch
(KUS 51), Rabi (RAB 52), Zacharias (ZAC 53), Lew (WES 53), and
others. However, since 1938, most molecular-beam researches have
been applications of the resonance technique to physical measurements.
The molecular-beam laboratories at Columbia University, Massachusetts
Institute of Technology, and Harvard University have been particularly
effective in measuring with the resonance method many varied proper-
ties of nuclei, atoms, and molecules.

The developments in molecular beams prior to 1937 have been
described in detail by Fraser in two different books (FRA 31, FRA 37).
Since that time no book devoted exclusively to molecular beams has
been published. However, considerable discussion of molecular beams
is given in the nuclear moment books of Kopfermann (KOP 40) and
Ramsey (RAM 53b, RAM 53¢) and in various review articles (HAM 41,
BES 42, KEL 46, EST 46, KUS 50, RAM 50, RAM 52, ZZB 1-6). In
accordance with existing conventions as to the scope of the subject
molecular beams, the present book will be limited to beams of electrically
neutral molecules. Ion beam experiments have been discussed exten-
sively by Massey (MAS 50, MAS 52), Burhop (MAS 52), and others.

I. 2. Typical molecular-beam experiment

Although molecular-beam experiments and apparatus vary greatly
according to their applications, they also have many features in common.
This is especially true of the experiments in recent years, which have
almost exclusively been by the molecular-beam resonance method. For
this reason a general description of a typical molecular-beam resonance
apparatus is given in this section as an introduction to the more detailed
considerations which follow in subsequent chapters.

A photograph of a typical apparatus is shown in Fig. I. 2. A sche-
matic diagram of the apparatus is shown in Fig. I. 3. The molecules
emerge from a source § into an evacuated source chamber. The source
may be either a heated oven or a small chamber cooled with liquid
nitrogen, depending on the vapour-pressure properties of the substance
being investigated. The source shown in Fig. I. 8 is for the study of
gaseous hydrogen and is cooled with liquid air. The pressure inside the
source is about 6 mm Hg. A typical source slit width is 0015 mm and
height about 0-8 cm. Sometimes the slits are a few millimetres long to
assure that a larger fraction of the emerging molecules goes in the
direction of the detector. The molecules then pass through a separately
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pumped separating chamber and into the main chamber. The purpose
of the separating chamber is to aid in the attainment of a better vacuum
in the main chamber. Typical pressures are 2 x 10-5 mm in the separat-
ing chamber, and 5x 10~ mm in the main chamber. These pressures
are sufficiently low for most of the molecules to travel the entire
length of the apparatus without being subjected to collisions.

A
L I
"_,[_’ lA 2 7 Ic 7 IJ“"—lI—"—lc—J
e o
Oil ’
Manometer
U] Lﬂ[w«:l o
l o Colli .-
s.,]r'_l — -
Main Chamber

.

Mech.
Pump

Fie. I. 3. Schematic diagram of a molecular-beam apparatus. The transverse beam
displacements are much exaggerated (KOL 50). The S and D on the beam axis indicate
source and detector, respectively. Typical dimensions are given in Table X1IL.1 on p. 356.
The molecules are detected in the main chamber by any of several
different kinds of detector described in Chapter XIV. Two of the most
frequently used detectors are the surface ionization detector and the
Pirani detector. The former consists of a heated wolfram (tungsten)
wire of about 0-015 mm' diameter. If an atom, such as potassium, with
a low ionization potential (4-3 eV for K) strikes the heated tungsten
wire, whose work function is 4:5 eV, the valence electron goes into the
tungsten and the atom evaporates from the wire as a positive ion.
The wire is surrounded by a negatively charged cylinder and the posi-
tive current to the cylinder is determined, thus providing a measure-
ment of the beam intensity. The Pirani detector, used with non-con-
densable gases like H,, consists of a small volume chamber (7-5 cm X 0-6
cm X 0:06 cm in a typical case) along whose length are stretched one or
more thin platinum strips (typically 7-5 ¢m X 0-:05 cm x 0-0001 cm).
The beam is admitted to the Pirani cavity through a long narrow
channel (2-5 cm long, 0-8 cm high, and 0-015 ¢cm wide in a typical case).



