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ABSTRACT 

The construction and operation of a molecular beam apparatus equipped 

with a slotted disk mechanical velocity selector is described. The appara-

tus may be used either to measure the energy dependence of the total cross 

sections of the angular distributions for both elastic and reactive scatter-

ing. Preliminary results obtained in test runs with the apparatus are 

presented. 
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1. Introduction 

Molecular beam scattering experiments offer the most direct approach 

.to the study of the dynamics of collision processes. However, many of the 

features that provide the most detailed information about the collision 

dynamics are velocity dependent and are blurred out by averaging over the 

.thermal velocity distributions in the beams. This has been the situation 

in many of the early molecular beam studies, including the crossedbeam 

experiments on chemical reactions carried out in this laboratory (for 

reviews, see HER 62, HER 65). A number of experiments have demonstrated the 

value of velocity selection, in both elastic scattering (these. are reyiewed 

in BER 64) and reactive scattering (BEC 62, ACK 63, ACK 64, DAT 64, GRO 64). 

This. report describes the design and construction of a general molec

ular beam apparatus incorporating a velocity se1ector suitable_ for both 

differential and total scattering cross section studies. The apparatus is 

described as it was constructed and used in preliminary experiments at 

Berkeley; the apparatus has since been moved to Harvard and modified for a 

series of studies of the energy dependence of the total scattering cross 

section (CRO 64). The mechanical drawings for this apparatus are filed at 

the Radiati~::m Laboratory; a list of the drawings, together with the UCRL 

drawing numbers, is given in Appendix A. The UCRL electronics drawing 

numbers are included to help identify the units designed and constructed by 

the Radiation Laboratory; these units, together with commercial units, are 

included in an index to suppliers and manufacturers in Appe~dix B. 

A general view of the apparatus is shown in Fig. 1 and a cut-away 

sketch showing_ some of the more important features together with a block 

diagram of the electronics is shown in Fig. 2. In a certain sense, the 



design of this app~ratus complements the_earlier apparatus for reactive 

·scattering (HER 62~. While the rotating lid swept the angular distribution 

past a ·fixed detector iri earlier experiments, here the detector is pivoted 

to rotate about the scattering·center while the beam sources are placed in 

stationary, differentially pumped vacuum chambers. Alternatively, the 

detector may be kept stationary to study the energy dependence .of the total 

cross section for the scattering of a velocity selected molecular beam by a 

gas iri a scattering chamber. It is a fairly simple matter to change from 

one configuration· to the other and nrerely involves replacing the collimating 

'slit and gate valve assembly (see Fig. 2)··by .the scattering chamber. 

2 • Vacuum System 

a. Vacuum Chambers. The vacuum system consists of three separately 

pumped chambers, one for each beam source and one in which the scattering 

takes place~ ... The wall~ of 'the· chambers are made from heavy aluminum alloy 

(Alcoa 6o61-T6) pl~tes, using a welded construction throughout. This has 
. .,..·. 

several advantages over the usual practice of using thin cylindrical walls 

of brass or steel in that it provides flat surfaces for mounting flanges 

with bolt holes drilled and tapped directly in the walls, is relatively 
I 

inexpensive to fabricate, a,tid is surprisingly light despite the heavy walls. 

In ~rder to minimize the scattering of the molecular beams by the 

residual background gases, it' is necessary to maintain low pressures in the 

vacuum chamber'~·· so 't:tiat the mean free path is much greater than the beam 

lengths. Since the beams repr·eseht large leaks into the system, a large 
.. 

pumping speed is required to maintain the desired pressures. By using fast 

pumps and extensive t'rapping, the pressure in bbth source chambers can be 

maintained at 2~4;io""7 mm Hg fo~ ~ondensable bean{s and at about 5xlo-6 mm Hg 
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for non-condensable beams. Since bulkheads with small slits separate the 

source chambers from the reaction chamber and all chambers are pumped 

differentially, the pressure in the reaction chamber can. be maintained at 

lxl0-7 mm Hg during an experiment. 

b. Pumps, Traps, and Valves. Li~uid nitrogen cooled surfaces provide 

very high pumping speeds for gases which are condensable (i.e. of the -order 

of l-20 liters/sec/cm
2 

depending on the substance (GUT 49)). Liquid nitro-

gen_traps with chevron baffles are-mounted between the velocity selector 

and reaction chambers and the diffusion pumps. These traps have a high 

conductivity and hence do not reduce the pumping speeds of the diffusion 

pumps by very muchj however, by the same token, they are not very efficient 

traps. The main purpose of these traps is to prevent the backstreaming of 

the diffusion pump oil and to help maintain a fairly low pressure in the 

·apparatus when an experiment is not being done. These traps are filled 

automatically by a timer in the 3-channel li~uid nitrogen control (UCRL 

drawing 4X3404) which trips a relay every twenty minutes to begin a fill 

cycle for each of the traps. The filling continues until the overflow 

reaches a glo-bar. The glo-bar is cooled and the change in its resistance 

unbalances a bridge which opens the relay and terminates the cycle. The 

li~uid nitrogen consumption of one of these traps is-approximately one 

liter per hour. 

During the-experiments, additional trapping is re~uired. It was found 
~- ' 

necessary to suspend a small trap about the velocity selector to prevent 

stray alkali metal atoins;from entering the beam path. The inside of the 

reaction chamber is shie.lded with ·a copper box supported on thin stainless 
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steel.tubes to minimtze conduction and maintained at liquid nitrogen_tempera-

tures by a 5.liter liquid nitrogen reservoir •. _This s~ield is very effective 

in trapping out cqp9-ensable gases and is princ;ipally responsible. for attain- ·-< 

ing the low pressures even with the beams on. These traps consume very 

little liquid nitrogen once they are cool and are hand filled occasionally 

in the course of an experiment. 

A Consolidated Vacuum Corporation BCR-41 air cooled· baffle is used 

above the diffusion pump in the cross beam chamber to preven~ back stream-

ing. Since the be,am length is very 'short, the pressure requirement for this 

chamber is not qu:i, te so stringent and an air cooled baffle was thought to be 

~ufficieht. .. 

Conso=\.idated Vacuum Corporation PMC-1440 6" fractionating oil diffw;;ion 

pumps are used onsthe velocity selector and reaction chambers, .. and a PMC-720 

4" pump is used on the cross beam chamber. The inside_diameters given for 
.i 

thes.e pumps are th.~ nominal diameters for the corresponding standard pipe 

flanges, the actual ~iameters being somewhat larger (7" and 5 l/4", respec

tively); the nominal pumping speeds are 1400 and 700 liters/sec, respectively. 

The power to these pumps is controlled by the diffusion pump power inter-

locks (UCR~drawing 4X 5064 and 4:X 5964) and is switched off if the :pumps 

over,heat, the cool~ng-water flow is insufficient, or the fore-pressure 

increases beyond a preset value. Convoil-20 is used in all diffusion pumps; 

it is relatively inexpensive and produces low ulti1Jlate pressures. 

Tw9 Welch 140~~ two stage mechanical PumPS with speeds of 5 cubic feet 

per.minuteare used as forepumps •. Op~ is connected to the PMC-720 and the 

other to the two Th\C-144-0's. As t]1e alk~li metal beam is condensable, the 

total throughput from the velocity selector and reaction chambers is small, 

,, 
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and one mechanical pump is sufficient for both chambers. 

A small gate valve (Appendix A, Item 5) which is positioned and sealed 

with an eccentric cam is mounted on the bulkhead separating the velocity 

selector and reaction chambers. This makes it possible to vent the velocity 
' 

selector chamber to reload the alkali metal oven without venting the rest 

of the system. This greatly reduces the amount of time needed for a pump 

down, cooling of the traps and aging of the detector filaments. 

Consolidated Vacuum Corporation l l/2" throttle valves are used to iso-

late each diffusion pump from the fore-pumping system. 

c. Pressure gauges. The pressure at various points in the fore-

pumping system is measured with Hastings thermocouple gauges. These gauges 

give a crude determination of the pressure in the l-1000 ~ range. The 

power supplies (UCRL drawing 6Z.3724) for these g~uges tvork in conjunction 

with the interlock panels (UCRL drawings 4x 5064 and 4X 5964). These shut 

off the diffusion pump power when the pressure exceeds a preset value and 

resets itself to turn the power on when the pressure decreases sufficiently. 

One Veeco RG-75 ionization gauge is used in each vacuum chamber to 

measure the pressures below l ~· An ionization gauge switching panel (UCRL 

drawing 6T 2872A) makes it possible to read all gauges with one power supply 

(UCRL drawing 3X 8604F). 

d. Vacuum seals and connections. Rubber 0-rings in grooves providing 

approximately 35% compression are used in most large static seals. In all 

moveable seals, such as in the rotating seal on the detector shaft, a 

double 0-ring groove with a pump-out in between is used; however, it was 

never necessary to use the pump-outs. 

Stupakoff kovar-glass seals are used for all electrical feed-throughs. 

On occasion, one of the terminals would develop a leak. Glyptal was then 
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appl.ied to seal the leak, and if this failed, the whole assembly was potted 

with an epoxy resin. 

The well-standardized system of UCRL couplings and fittings (shown in 

Fig. 3) was found to be indispensable for small vacuum seals of a temporary 

or semi-permanent nature. All the couplings consist of two mating pieces 

with a rubber gasket in between and anut to hold them together. The system 

contained many types of couplings (including ones for the ionization gauges) 

and fittings and satisfied most requirements. They were used in a great 

variety of applications, varying from cooling water lines to high vacuum 

connections. Connections between flanges and fittings are generally made 

by using a fitting with a male pipe thread and screwing it into the flange 

with teflon tape, glyptal, epoxy resin or solder, depending on the permanence 

of the connection. 

All rubber 0-rings and gaskets are greased lightly with Apiezon L 

vacuum grease. The room temperature vapor pressure of this grease is about 

-11 10 mm Hg. 

3. Beam Sources 

a. Ovens. The molecular beams are formed by molecular effusion 

through slits from small chambers that contain the gas or vapor at a pres-

sure of a few millimeters of Hg. The condition for effusive flow is that 

the mean free path in the source be appreciably greater than the slit width. 

When the source pressure becomes too high to satisfy this condition the beam 

intensity is no longer proportional to the source pressure. The intensity 

then increases only slightly as the pressure is increased, because a cloud 

of molecules forms in front of the slit and becomes the effective source for 

the beam (EST 47). When this occurs, the beam and its temperature are no 

,, 
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longer well defined. 

The molecular beam ovens used in these experiments are similar in 

design to those commonly used by Kusch and others (KUS 59, ~IL 55). Two 

different oven: designs are used for the· alkali metal beam. The double 

chamber oven shown in Fig. 4 is used to obtain an effusive beam of mole

cules with a range of kinetic energies. This design permits the pressure 

and the temperature of the sour.ce to be varied independently by adjusting 

the power input to the two chambers. The chambers are machined from monel 

blocks and are connected together with ·a stainless steel tube. The tube is 

attached to the chambers by brazing in an electron-bombardment-heated 

vacuum furnace; both silver and copper were found to be-suitable brazing 

compounds. Each chamber-is heated by eight heater coils, each of which 

consists of about 60 em of 0.010" tantalum wire placed. within a quartz or 

alumina tube of approximately 4_mm outer diameter. The tantalum heater 

coils are made :by-..;inding the wire about a l/16" rod held in a slowly turn

ing chuck on a lathe. The coils are connected in series by spot welds to 

intermediate 0. 040" nickel wires. Eight heater coils cmmected in this 

fashion have an approximate resistance of.l4 ohms, which increases to 40-50 

ohms at operating temperatures. The power to_these ovens is supplied by 

two d.c. power supplies.(UCRL drawing 4X 808~ and 4X 8013 for the front and 

rear chambers, respectively). The sample is placed in a well in the rear 

chamber and sealed with a screw cap and copper gasket. The rear chamber is 

then heated to give the sample the proper vapor pressure and the temperature 1~ 

of the front chamber is adjusted simultaneously to give the proper beam \ 

energy. The temperature of the oven chambers is measured with chromel-

alumel thermocouples inserted in wells in the oven blocks and the voltage 

generated is read with a Rubicon Model 2703 potentiometer for accurate 
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readings and a SIM-PLY-TROL (see Appendix B) voltmeter (which is supplied 

with a temperature scale) for approximate readings. In practice, as was the 

case for Cs, it was found that it is possible to raise the front chamber to 

750°K while keeping the rear chamber at 475°K. 

The oven is mounted on three 0.060" o.d. stainless steel tubes each 

with a 1/8" ball silver soldered on top. These balls fit into perpendicular 

v-grooves underneath the oven providing a.kinematic mount and permitting the 

oven to be replaced reproducibly. The stainless steel pins are press fit 

into a platform which slides kinematically on two rods mounted between the 

rotor and motor on the velocity selector. The position of the platform, 

and hence also the oven position, may be adjusted from the outside by means 

of a screw and is measured with a Starrett dial indicating gauge. 

Since Li will attack copper and monel at high temperatures, a single 

chamber stainless steel oven was designed specifically for use with Li (see 

Fig. 5). A single chamber oven is used partly because of the difficulty of 

constructinga double chamber oven for such high temperatures, but also 

because the Li beam is formed at high enough temperatures so that there is 

still sufficient intensity at the upper velocity ranges of the velocity 

selector. Since copper gaskets cannot be used, a lapped lid is held down 

tightly against a lip around the well by means of a screw mounted on a yoke. 

This arrangement was found to be satisfactory and did not leak. The oven is 

heated by fifteen heater coils which draw about 200 watts to reach 880°K for 

the Li experiments. The heating coils in this oven are placed closer to the 

slits than to the well so that the slit is at a slightly higher temperature 

than the rest of the oven, in order to prevent clogging of the slits. The 
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saw cut under the slit is also intended to aid this preferential heating. 

This consideration is not important in the case of a double chamber oven 

since the whole front chamber is at a higher temperature than the rear '.: 

chamber. The power for the heater coils is obtained by connecting the d.c. 

power supplies for the double chamber oven in series. This oven mounts in 

identical fashion op the three pin mount and is therefore interchangeable 

with the double ~h~mber · oven'. 
' . ., . 

,··· .. 

The permanent, :gas oven . is· smaller but similar in de$_ign to the Li oven 
< . 

(with a,screw cap and copper gasket instead of the lapped lid arid yoke . . ": .. ~· . 

assembly)·~ It actually amou!).ts to a. double chamber .oven with the rear 

chamber outside the vacuum system. This oven also rests on a mount with 

three pins and the position of the mount can be adjusted horizontally by 

means of a drive screw and worm gear assembly. The "rear chamber" that 

contains the sample is a glass bulb on a vacuum manifold outside the vacuum 

chambers. The bulb is immersed in a freezing mixture to keep the tempera-

ture and the vapor pressure constant, but the desired intensity is obtained 

by adjusting a Granville-Phillips variable leak between the sample bulb and 

the oven. A 5 liter ballast bulb between the leak and the ovenreduces any 

fluctuations in beam intensity. With permanent gases, the pressure cannot 

be kept constant in this way. Instead, the permanent gas is placed in a 

large glass bulb and the pressure in this bulb is kept constant at one atmos-

phere regardless of the amount remaining by means of an oil manometer that 

is open to the atmosphere. 

b. Slits. The slits used on the alkali metal ovens are similar to the 

"ideal slits" described by Miller and Kusch (MIL 55, MIL 56); they are shown 
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in Fig. 4 and consist of 0.0127 em thick stainless steel foil that have-been 

lapped on one edge to give a straight edge. The slits are held in place 

with slit jaws and are usually adjusted to a width of about 0.025 em. 

Zacharias slits (KIN 56) consisting of a sandwich of alternating smooth 

and crinkly foils are used in the permanent gas oven to provide a more 

directional beam. Both the smooth and the crinkly foils are made of 0.001" 

thick nickel foil. The length of the channels is 3/16" and the corrugations 

in the crinkly foil have a wavelength of 0.007" and an amplitude of 0.002". 

With these slits, the total throughput is reduced by more than one order of 

magnitude while keeping the intensity in the forward direction approximately 

the same (GIO 60). Alternatively, since the effective slit width restric

ting effusiye flow. is now only the width of one crinkle, a greater source 

pressure may be used to obtain a more intense beam. 

c.· Cold shields, collimating slits and beam flags. A copper cold 

shield surrounds the alkali metal oven (see Fig. 6). This shield is mounted 

firmly on two kinematic guides on the oven platform and is cooled by con

duction to the oven platform which is water cooled. A large foreslit lets 

the major portion of the beam through the shield. A heated collimating 

slit mounted with alumina insulating rods on the outside of the cold shield 

provides collimation for the beam. 

Another collimating slit (Fig. 6) mounted on the gate valve assembly 

provides the final collimation for the alkali metal beam before it enters 

the reaction chamber. This slit assembly slides in two slide bars which 

form a dove-tail groove and, like the alkali metal oven platform, is adjust

able from the outside. 
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Since the permanent gas oven is operated at a much lower temperature 

and.since a shield would only reduce the pumping speed about the oven, no 

shield is used. A collimating slit is used and is mounted on the bulkhead 

separating the two chambers. A beam flag, used to interrupt the cross beam, 

slides along two guides between the liquid nitrogen cooled copper shield in 

the reaction chamber and the bulkhead, and is connected to a plunger through 

a wire coupling. 

4. Detector 

The detector is a surface ionization detector of the type widely used 

in molecular beam work (RAM 56). This detector is linear, sensitive, and 

simple to construct and use. Unfortunately, it is restricted to a relatively 

small class of substances that have low enough ionization potentials. 

For Na, K, Rb, and Cs, a 0.003" dia. W filament, drawn from a single 

crystal, is used. A new filament is usually aged at 2030°K (0.700,amps) for 

2 to 5 hours in order to reduce the background and is operated at l870°K. 

(0.600 amps). For Li, which has a higher ionization potential, theW fila

ment is oxygenated continuously to p~ovide a higher work function (tungsten 

oxide) surface (DAT 56, DAT 56a). 

Iri the absence of alkali metals (M), alkali halides (MX) are detected 

in the same way using a W filament. However, if alkali metals are present, 

the W filament and a 0.003" dia. Pt-8% W alloy filament are used as a differ

ential detector (TAY 55). The somewhat puzzling behavior of the Pt-alloy 

filament, which occasionally also detected alkali halides, is now more 

·clear-ly understood (TOU 63). Depending on its previous treatment, the fila

ment may exist in either one of two surface conditions with well defined. 
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work functions (mode D, sensitive to both M and MX, or mode N, sensitive only 

to M) or it may exist in some poorly defined intermediate state. From 

Richardson plots of the-electron emission, mode Dis found to have the 

higher work function; however, some form of surface contamination, rather 

than the difference in work functions is thought to be responsible for the 

difference-in ionization efficiency for MX exhibited by the two modes.·· The 

two modes D and N can be produced easily, for example, by heating the fila-

6 -4 ment above l 00°K in the presence of 10 mm Hg of 02 or CH4, respectively, 

· for a f~w minutes. Once the filament is in one of these states, it remains 

unaffected by the materials us.ed in our beams for periods of several hotrrs . 

. The Ft-alloy filament is seldom used in mode D since it is extremely noisy 

after oxygenation and since the W filament fulfills the same purpose. For 

operation in mode N, a.new filament is first aged at l520°K (0.300 amps) 

for a few hours to reduce. the background noise, then treated to produce mode 

N, and finally operated at 1290°K (0.200 amps) • 

. The detector .is mounted on an arm off a 3/4" shaft which is concentric 

with the scattering center. The shaft passes through a double 0-ring seal 

in a flange above the apparatus, and is supported by a set of two needle 

bearings. The shaft is coupled to a National PW-0 dial through a set of 

spur gears. The detector is rotated about the scattering center with the 

dial and the angle of rotation is read .directly from the dial with an 

accuracy of 0.1°. 

The lead from the collector plate is fed through a kovar-glass seal on 

the shaft. El~ctrical contact between the rotating lead and the stationary 

preamplifie~ head of the electrometer is made with a gold plated spring 

loaded contact, similar in construction to the one in the head itself. This 
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maintains a good noise-free contact even when the detector is rotated and 

does not put any pressure on the sapphire bearings in the head. The whole 

length of the lead is shielded to prevent pick-up; electrical contact between 

tne stationary and rotating parts is made with a strip of copper-beryllium 

fingers. 

The current from the collector plate is measured with a Cary Model 3l 

vibrating reed electrometer and recorded on a Leeds and Northrup Speedomax 

G recording potentiometer. 

The filaments are each heated with a Trygon T20-2 regulated power supply 

and are biased above the collector plate with the filament.bias supply (UCRL 

drawing 4X 4901). The filament current is read to an accuracy of 0.002 amps 

with a pair of calibrated Weston model 931 ammeters. 

A hypodermic needle, aimed at the filament and supplied with a Veeco 

type VL variable leak, is used for treating the filaments and in the case 

of Li experiments used to provide continuous oxygenation of the W filament. 

5. Velocity Selector 

a. Introduction. The mechanical selection and transmission of mole

cules in a beam within a given velocity range may be achieved by passing the 

beain through two apertures which are opened momentarily at a successive time 

interval. Several velocity selectors consisting of two rotating concentric 

slotted disks have been used in the past and the selected velocity was 

varied either by changing the speed of rotation (LAM 29) or changing the 

phase angle between the disks (BEN 54, 'MAR 59). The number of slits on 

these disks had to be kept low or velocity sidebands would also be trans

mitted, and therefore the transmission of these early velocity selectors 

was usually low. 
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One design that has been quite successful in overcoming this difficulty 

and used to produce monoenergetic beams of molecules and neutrons consists 

of a rotating cylinder with helical grooves milled lengthwise along the 

circumference (MIL 55). However, the helical grooves are difficult to 

machine and the resulting cylinder has such a large moment of inertia that 

large motors and bearings were required to sustain high angular speeds. 

Recently, several slotted disk velocity selectors have been constructed 

(BEN 55, HOS 60, TRU 62) that have transmissions comparable to that of the 

rotating,cylinder selector. By using a sufficient number of relatively 

thick di·sks, it is possible to space them in such a way as to eliminate any 

velocity sidebands. These selectors are much lighter and the slits are much 

easier to machine, thus overcoming most of the disadvantages of the rotating 

cylinder selector without sacrificing any of the advantages. The selector 

we have constructed is of this type and is shown in Figs. 7 and 8. 

b. Design. The design of the rotor follows that of Hostettler and 

Bernstein (HOS 60). The length L of the rotor remains the same but the 

diameter of the disks is reduced to 13.22 em so that it is possible to use 

the same selector with the earlier apparatus which has portholes that are 

only 6" wide. With the sl.it width, 11, remaining the same and the width 

at the base of the teeth equalling 11, this gives 240 slits per disk. The 

selected velocity for a given frequency of rotation depends on the angle, ¢, 

through which the disks are displaced. The choice of ¢ depends on the 

- ' 

desired velocity range of the selector and, for a given choice of slotted 

disks and rotor length, determines the resolution and transmission. In 

addition to designing the rotor so that it will give the desired velocity 

range, resolution and transmission, the disks must be placed in such a way 
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as to permit easy alignment during assembly. It is therefore convenient to 

orient the disks so that the slits on each disk coincide with either the slits 

or the teeth of the other disks. 

The geometry of the rotor may be characterized with the parameters, 

and the fractional open time, 

where d is the thickness of the disks, r is the average radius, and 1
2 

is 

the average width of the teeth. For easy alignment, it is convenient to 

make ¢ correspond to rotating the last disk through an integral number, n, 

of slots and teeth. This gives the condition 

l ¢r 2 n (11 + 1
2

). 

In this case, n = 15. These disks, together with the remaining four, are 

positioned identically to those of Hostettler and Bernstein. The position 

for the four intermediate disks are chosen by trial and error to eliminate 

all sidebands. 

For ~ andy small compared with unity, the transmission becomes 

T Gv I(v ) 
0 0 

where I(v) is the intensity at the velocity v and G = ~y(l- ~/y)2 • The 
' 0 0 

transmitted signal will have a triangular distribution about v · the width o' 

at half-intensity is then, 

R~(y-~). 

Since the disks are not infinitesimally thin,the effective fractional open 

time ~· differs somewhat from~' and 
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ij' = TJ(l- 'f3/y) •. · 

The conversion· from rotor frequency (cps) to velocity (em/sec) ts given 

by the relation, 

v 
0 

2:rrL 
Q v, 

for the present velocity selector, v = 329.4 v; at present, the highest 
0 . 

attainable velocity (at 360 cps) is 1.19x105 em/sec. 

The geom~try and the parameters characterizing the rotor are summarized 

in Table I. 

c. Construction. The slotted disks are machined from flat, 1/16" 

thick alcoa 2024-T3 aluminuin alloy plates; twenty such plates are clamped 

between heavy aluminum alloy end plates and then drilled and reamed with a 

3/8" center hole. A 3/8" shaft, threaded at both ends, is inserted through 

the center hole and the whole assembly is scr~wed together and clamped in a 

milling machine. 240 slots are milled axially along the circumference with 

a 0.032" thick circular high speed steel saw. Before unclamping the slotted 

disks, the teeth tha.t form the slots are straightened out by inserting a 

0.032" thick shim until allthe slits appear uniform. The teeth are then 

marked so that it is possible to determine which teeth are milled by the 

same cut. The disks are then unclamped and aligned. 

The end disks are discarded because they tend to be less uniform and 

the eighteen central disks are divided into three sets of six. A 3/8" dowel 

pin is inserted through the center hole of one set of disks and the disks 

are then aligned in their relative positions according to Fig. 1 of Hostettler 

and Bernstein. The disks are positioned in such a way that the beam packages 

pass through slots which have been milled by the same cut so that small 

deviations or inaccuracies in the milling do not impair the performance of 

>. 
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Table I. Summary of ~imensions and specifications of the velocity selector. 

'number of disks 

length of rotor, L + d 

thickness of disks, d 

diameter of disks 

number of slits per disk 

radial length of slits 

width of slits, 1
1 

width of teeth, 

at the base 

at the tip 

average value, 1
2 

average radius (radial distance to slits), r 

f3 

y 

TJ' 

G 

R 

conversion from rotor frequenqy v (cps) 
to velocity v (em/sec) 

0 

6 

10.140 em 

0.1588 em 

14.018 em 

240 

0.80 em 

0.0813 em 

0.0813 em 

0.0913 em 

o.o865 em 

6.610 em 

0.1904 rad 

0.01591 

0.0646 

0.4845 

0.365 

0.0~77 

0.0487 

v 
0 
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the selector. The stack of disks ·is then' clamped firmly together, mounted 

on an indexing_heag. pf a milling machine, and two l/8" ho.le9 are drilled 

through the stack at exactly opposite locations along a diameter about l/4" 

from the base of the slots. The disks are now ready for assembly. 

The front collar is screwed in place on the threaded end of the stain

less steel rotor shaft with a l/4-28 NF socket head screw. A pair of 

Fafnir MM20EX-CR angular contact bearings are now placed on the shaft so 

that the stamped faces of the outer rings are together .(this is the back to 

back mounting for duplex angular contact bearings and gives the proper load

ing when the nuts on the end of the shaft are tightened properly). On the 

face of each ring is a round burnish mark indicating the high point of 

eccentricity; the bearings should be mounted so that these marks are axially 

in line. The disk spacers and the slotted disks are now mounted on the 

rotor shaft and the remaining set of bearings is now mounted in the same. 

manner with the rear collar and a pair of 3/8-24 NF lock nuts. 

The disks are now aligned and the lock nuts are tightened against the 

socket head screw. A sufficient condition for proper alignment is that the 

two sets of l/8" holes in the disks and the center of the rotor shaft lie 

in one plane (MOR 61). This can be checked as follows: two straight l/8" 

rods are inserted through the holes in the disks and the whole rotor assem

bly is supported with its bearings resting on two flat blocks of the same 

height which are lying on a flat surface. The rotor is now rotated in one 

direction so that both ends of one of the l/8" rods touch the blocks; (the 

disks: ·may have to pe rotated slightly). the rods should be spu,n ·to make sure 

that they are not under tension or bent. The rotor is then rotated in the 

other direction until both ends of the other rod touch. The disks are riow 
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aligned and the lock nuts should be tightened against the socket head screw 

to preserve the alignment and load the bearings. It is important to turn 

the 'rotor in its bearings as the screws are tightened so that the bearings 

do not get dimpled. After the screws are tightened, the alignment is 

checked again using the rods and the flat irons. 

The disks are then.checked for proper separation and flatness. The 

rotor is mounted in a slowly turning lathe and a dial indicator mounted on 

the carriage of the lathe is used to measure any wobble in the disks. 

Another dial indicator, mounted on the lathe bed, is used to measure the 

separation of the disks by measuring the amount of travel of the carriage. 

Both the wobble and the separation can be removed by bending the disks 

gentlyat the necessary places. The wobble should not be worse than 

±0.0005" and the separation not worse than ±0.001". 

A strip of l/16" thick butyl rubber is now wrapped around each set of 

bearings and the-rotor mounted in the housing. The rubber strip provides a 

little resiliancy and allows the rotor to rotate about its own axis. The 

rotor is coupled directly to a McLean Syntor~ue FF26H67 hysteresis synchro

nous motor by means of a length of tygon tubing. The tygon tubing provides 

a good flexible coupling between the motor and the rotor, permitting the 

rotor to be lowered and raised without any readjustment; the coupling has a 

surprisingly long life at angular velocities below 350 cps if the alignment 

is good. 

The rotor should then be dynamically balanced in its housing. This 

step is ~uite important if the velocity selector is to be operated at rela

tively high velocities and results in a much longer life for the~bearings 

in both the motor and the rotor. 
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d. Operation., The velocity selector motor is driven.by a Comml].nication 

Measurements Laboratory Model 1452-C electronic power generator which has a 

maximum rated total power output of 250 watts for. the three phases. The 

power generator consists of four sections, the oscillator, a phase splitter, 

a three phase power amplifier and a set of three impedance matching trans

formers (see Fig. 2). The output fre~uency from this power supply is 

.variable from 20 to 2000 cps. 

The recommended starting procedure follows. With .the gain control set 

at zero (CCW) and the regulated output control set at its full CCW position 

(so that it is inoperative at this point), turn on the line current. After 

a time delay of approximately 30 sec9nds,the thermal time delay relay pro

tecting the _high voltage rectifier filaments will close, perm~tting the 

plate current to be turned on; however, i.t is recomm~nded that a longer 

warm-up period is allowed before turning on the plate current. The desired 

fre~uency is selected by setting the oscillator dial at the given fre~uency 

and the impedance matching transformer to the proper tap (see Table II). 

The gain is now slowly increased until the output current reaches the start

ing current (see ~able II) •. As the velocity selector begins to fall into 

synchronization; the output current will oscillate appreciably. After the 

veloc~ty selector is synchronized with the power supply, the output current 

p,gain becomes steady and should be reduced to .the running current. The 

speed of rotation may be changed by adjusting the oscillator dial; the 

output current_should be increased to the starting current if the fre~uency 

is increased, but need not be changed .otherwise. However, the transformer 

taps should not be changed unless the ga,in control is returned,to zero. 

·During operation the plate current should not .exceed 250 ma. 
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Table II. Transformer taps and operating currents.a 

Transformer Starting Running 
Freq_uency Tap Current Current 

cps Volts Amps Amps 

20-60 25 l.O 0.5 

60-100 50 l.O 0.5 

100-150 75 l.O 0.6 

150-200 95 l.O 0.6 

200-250 120 l.O 0~6 

250-300 120 l.O 0.6 

300-350 120 l.O 0.6 

350-400 120 1.0 0.6 

a ·. 
The transformer taps are chosen to give suitable output currents while 
keeping the plate current below 250 ma. The starting and running currents 
are chosen sci that the rotor falls into synchronization rapidly and stays 
in synchronization, respectively. The choice of currents depends on the 
torq_ue necessary to drive the rotor and the power output of the power 
supply; these values are intended merely as a guide. 



-30-

A General Radio Type 1531-AStrobotac is triggered externally through 

the outp~t from one. phase of the power supply to insure that the selector 

is synchronizing properly 'With the supply.· Once the desired speed is reached, 

the actual freq_uency of·rotation is measured with a.Hewlett-Packard 524-D 

freq_uency counter again triggered by the power supply. It may have been 

simpler to measure the rotor freq_uency directly, say through a photocell and 

freq~ency counter, but the use of a stroboscope gives a much better idea of 

the rotor behavior and the present method works q_uite well. 

e. Modifications. Since the construction and initial operation of the 

velocity selector, several shortcomings have become. apparent; a discussion 

of these shortcomings and minor changes that would help to overcome them 

follows. This velocity selector was originally designed to operate in the 

_veloci ~y range 6x103 to 1xlo5 em/sec and the performance -~i thin this range 

is fairly satisfactory. While this. range of accessible velocities is sa tis-

factory for crossed beam studies of the angular distribution of scattered ._, 

molecu,.les, the high velocity limit is too low for measuring the undulatory 

velocity dependence for total cross sections (CRO 64). Even though the 

spacing and configuration of the disks was chosen for operation in a rather 

low velocity range, the present maximum angular freq_uency of 360 cps is 

really not very high and it should be possible to reach 1000 cps with more 

care in the design. 

With the present design of the bearing housing, the two halves of the 

housing push on the bearing from each side loading it unevenly and distor-

ting the outer race; this distor.ation results in constraints within the 

bearing and seriously limits its performance. If the housing jaws are 

loosened to reduce the load, then the rotor is no longer concentric with 
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the motor when the rotor is in operating position. This can be corr~cted by 

lowering the rotor slightly; however, it is then difficult to obtain the 

acc~ate alignment necessary and the assembly is weakened considerably since 

the rotor housings are now held. only by.the guides and the vertical screws 

(which have some play in them) instead of being screwed tightly to the mount. 

Any misalignment leads to .an increased load, shorter life for. the bearings 

and severe strains in the tygon coupling which makes it virtvally impossible 

to go above 300 cps without breaking it. 

In a vacuum and at these angular velocities, lubrication of bearings 

becomes a major problem. We have found that SoconyDTE oil (used in the 

lubrication of vacuum ultracentrifuges) is quite superior to Convoil-20 as 

a lubricant; however, both are light oils and are thrown off gradually at 

high velocities. In order to overcome the gradual loss of lubricant, an 

excess is added before each run. This excess leads to turbulent flow in the 

lubricant and decreases its effectiveness, and for a large fraction of time 

the bearings are not properly lubricated. 

A significant reduction of the frictional torque of the whole system 

and hence an increase in the maximum attainable velocity can be expected by 

selecting more suitable.bearings, finding a better lubricant, designing a 

housing providing better support for the bearings and maintaining a better 

alignment between the motor and.the rotor. 

Since the increased rigidity and greater thrust load capacilities of 

duplex angular contact bearings, obtained at the expense of a much greater 

frictional torque, are not required in this application, it is probably 

much better (and also cheaper) to use single deep groove bearings at each 

end of the rotor. A low friction grease, which is more readily retained by 
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the bearing j:;han oil, used together with a sealed bearing, would probably be 

the best way to keep the bearings lubricated. The seals on the prelubricated 

bearings would not only help retain the lubricant within the bearing, but, 

eq_ually important, protect the bearings from contamination. A Barden bear

ing of the type SR6FFT3G6-(SR6, stainless steel bearing with a 3/8" shaft 

diameter; FF, double seals; T3, phenolic retainer; G6, type of lubricant) 

would seem tofit all of the above req_uirements. 

In order to relieve the pressure on the bearing exerted by the present 

housing, the bearing should be provided with a sleeve of sufficient thick

ness whose inside dimensions conform to the bearing manufacturer's specifi

cations (for operations at high speeds and a stationary housing, the fit 

should be 0.0000" tight io 0.0004" loose). 

Since the-Barden bearings have a smaller O.D., both the bearing and 

sleeve could be mounted in the present housing, held in place by four rubber 

spacers equally spaced between the sleeve and the housing. These spacers 

should provide sufficient resiliency so that the rotor is free to rotate 

about its own principal axis of rotation but still hold the rotor firmly in 

place. 

The best way in which to preserve the alignment between the motor and 

the rotor and still be able to lower the rotor is to have the two mounted 

together and move as one unit. However, the present mount should suffice. 

The housings-are 'bored to be concentric with the mounting hole for the motor 

when the housings are. screwed up against the mount in the operating position. 

Since the rotor will be centered in the housing when the jaws are tightened, 

it will be in line with the motor. 
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6. Scattering Chamber 

This apparatus can be modified ~uite simply for measurements of total 

cross sections. For these experiments, the collimating slit and gate valve 

assembly are removed and replaced _with a scattering chamber (the dimensions 

of the scattering chamber are identical to, the one used by Rothe (Rar 59)); 

the rest of the apparatus remains the same. A single rod, mountefr from the 

side, controls both the horizontal displacement and the orientation of the 

scattering chamber. The rod is attached to the scattering chamber mount in 

such a fashion that rotating the rod rotates the scattering chamber about a 

vertical axis andpushing the rod in or out with a micrometer screw permits 

horizontal adjustment. 

The scattering gas is fed into the scattering chamber through a copper 

tube with sections of copper bellows where flexibility is re~uired. The gas 

flow is controlled with a Granville-Phillips variable leak and the glass 

vacuum system described earlier. A Veeco RG-75 ion gauge is mounted on the 

copper feed line about 10" away from the scattering chamber. It was hoped 

that accurate relative pressure measurements could be made with the ion 

-3 -4 . 
gauge; however, attempts to measure pressures in the 10 -10 mm Hg range 

by reducing the emis9ion current failed. At lower pressures, operation of 

the ion. gauge resulted in large attenuations of the beams and made it imposs-

ible to obtain any significant data. Unfortunately, the settings on the 

G:ranville-Phillips leak were not sufficiently reproducible to permit its 

calibration to the scattering gas pressure for each scattering gas; but even 

if it were possible, it is douqtful whether pressure measurements with the 

ion, gage would have been sufficient. 



The problem of.pressure measurement bas since been circumvented by 

monitoring· the 'pressure with a second, thermal molecular beam, which passes 

through the scattering chamber perpendicular to the velocityselected beam 

· (CRO 64). The atte:rmation of the monitor beam provides an accurate deter

mination of the relative pressure. 

7. Preliminary Experiments 

a. Performance of the Velocity Selector. The velocity distributions 

of thermal beams-of·Na, K and Rb were measured. In Fig. 9, the normalized 

distributions are plotted against the reduced velocities (x = v/a,, where a, 

is the most probable velocity in the oven) and are compared with the distri

bution expected from a Maxwell-Boltzman gas effusing through a slit and· 

passing through tbe selector (two factors of v are gained in the process). 

Tbe.source pressure in tbe Na and K runs was much greater than for the Rb 

ruh and shows up intbe velocity distributions as a deficiency in low veloc

ity Na and K'atoms, •which. presumably are scattered out of the beam by 

collisions within the beam. 

b. Crossed Beam Experiments. The first experiments using crossed beams 

were performed with neitb,er the trap above the velocity selector nor the 

lig_uid nitrogen'cooled copper shield that surrounds the scattering center. 

As a result, the alkali metal background was extremely high! In the course 

of a run ( 4 or 5 hours),.· tbe background, appearing as broad shtmlders on 

either side of the"beam; would increase steadily until it became comparable 

in magnitude to•the beam peak intensity. If some air were leaked into the 

velocity selector chamber; the background would disappear only to reappear 

as the run proceeded. The background resulted from the accumulation of 

alkali metal atoms on the walls of the' source chamber and their subsequent 
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reevaporation and effusion'through the collimating slit. The leaked-in air 

probably had sufficient water vapor in it to react with the alkali metal 

atoms on the wall and remove the background temporarily. As would be expec-

ted, the background problem was much more serious for K and Rb than for Na. 

In addition to this difficulty, it was not possible to obtain suffi-

cient cross beam intensity. Even when the source pressure was at the upper 

limit for effusive flow, the attenuation of only a few percent was obtained. 

The use of Zacharias slits helped somewhat but even then the attenuation was 

only 5% or so. The insufficient intensity in the cross beam is mainly due 

to the relatively large distance of the oven from the scattering center 

(~2.5 em) and the low pumping speed in front of the oven, which allows spray 

molecules to scatter the beam. With the bulkhead; it is difficult to remedy 

both situations; the best solution probably is to sacrifice the differential 

pumping and to move the oven closer to the scattering center. A new oven 

and mount has since been constructed but not tested. 

c. Total Cross Section Experiments. Massey and Mohr (MAS 34) have 

shown that the total cross section Q for an inverse power potential of the 

form V -C/rs is, 

-2/(s-1) 
Q = Q v 

0 

where Q is a known function of C and s. In our experiments~ we measure the 
0 . 

transmission of a molecular beam through a length £ of scattering gas at a 

concentration n; the expression for the transmission is similar to Beer's 

Law and has an exponential dependence on Q, 

I - I -n£Q - e • 
0 

The velocity dependence of Q in this expression can be simplified to (PAU 60), 
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where v
1 

is the velocity of the incident beam, cx,
2 

is the most probable .velo<;

ity of the molecules on the scattering chamber, and F(s,v1/a,2 ) is a factor 

which corrects for the transformation from the relative velocity v to the 

incident velocity v1 and averages over the thermal velocity distribution of 

the molecules in the scattering chamber. Thus, a log-log plot of the expres-

sian in brackets and v1 will produce a s~ope of -2/(s-1). For an attractive 

van der Walls potential, the slope is then -2/5. 

In the presence of a repulsive potential, the Massey-Mohr random phase 

approximation is no longer valid. Instead, the non-random phases accumulates 

to give, depending on the energy, positive or negative contributions to the 

Massey-Mohr expression and the log-log plot will now have an undulatory 

structure superposed on the -2/(s-1) slope. The amplitude and frequency of 

these undulations depend on the shape of the intermolecular potential and 

can be calculated once the form of the potential is known. 

The velocity dependence of the total cross section is obtained by 

measuring at various velocities the ratio of the signals with and without 

the scattering gas in the scattering chamber. However, because of the diffi-

ctilty in measuring the pressure in the scattering chamber, it was easier in 

practice t6 maintain a constant gas pressure in the scattering chamber and 

to sweep through the velocity distribution and to compare this to the distri-

bution with no scattering gas. The leak rate into the scattering chamber is 

adjusted with the variable leak until a constant attenuation of 20-30% is 

obtained. The velocity distribution is swept by decreasing the frequency 

from the velocity selector power supply in 10 cps step$ from its maximum 
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value (the frequencies are the nominal freq:uencies on the oscillator, correc-

tions in terms of the actual frequencies, measured with the frequency 

counter, are made later). One reading, at some convenient velocity, is 

taken at the beginning and end of each run so that it is possible to correct 
\ 

the data for any intensity changes. The procedure is then repeated after 

pumping out the scattering chamber. 

A data analysis program for the IBM 7090 has been written by R. J. Cross, 

Jr., which corrects the data for intensity changes, multiplies by the appropri·-

at~ , : F-factor, and interpolates the data to give log log (I/I
0

) at the 

nominal velocities. Figs. 10 and 11 show the data from several early runs. 

The slopes for the Na runs are close to the expected value of -2/5, but the 

K runs, which yield much straighter lines, give slopes that are too large. 

The slope should ;ir:crease with decreasing resolution, reaching a low resolu

tion limit of -2/3, and for a given poor resolution experiment should be 

larger for K than for Na. However, the difference in 9lopes should not have 

been.as large as they are here (GXS 65). As in the 9ase of the runs shown, 

the slopes from runs done during different pump-downs generally did not 

agree very well; this probably resulted from the difficulty in aligning the 

scattering chamber and slight misalignments probaoly led to narrower effective 

slitwi(lths, increasing the resolution. However, the data within a set of 

runs did agree and .the slopes for Xe and CH
3

I agree quite well for both K 

and Na. Increasing the resolution of the detector by moving it. further back 

would certainly improve the reproducib~lity of the data and give more 

meaningful results. 

The undulations in the Na data were not reproducible and it is there-

fore doubtful that they are real. The thermal velocity distribution of the 

... 
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molecules in the scattering chamber reduce the effective velocity resolution 

of the experiment. Cooling the chamber and using greater incident veloc

ities would help in improving the resolution and may make it possible to 

observe real undulations in the case of Na. However, it is not known what 

effect the rotational blurring will have in the case of CH
3
r. 

The present method of taking the data probably gives cross sections 

that are at best only good to a few percent. Much better values for the 

cross sections could be obtained if a variation of the attenuation as a 

function of pressure could be measured, the slope of a large number of 

points (instead of only two in our case) determining the cross section. 

The detector has since been moved further back to increase the resolu

tion and a new scattering chamber, designed to be used with a crossed beam 

to monitor the pressure, has been constructed (CRO 64). With accurate 

relative pressure measurements, it has become possible to extrapolate the 

slope of the pressure dependence of the attenuation and obtain much better 

values of the relative total cross sections. With this technique, the 

velocity dependence of the total cross section has been measured for many 

systems. 
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Fig. 10 

Run 14 

K +Xe 
Slope =-Q.51 . 

Run 12 

K + CH3 I 

Slope =-0.50 

MUB-5582 



en 
1-

z 
:::> 

>-a:: 
<( 
a:: 
1-
m 
a:: 
<( 

1-
u 
w 
en 
(f) 

en 
0 
a:: 
u 
....J 
<( 
.I-
0 
1-

.~' 

-41-

0 

4 

3 

Fig. 11 

Run 11 

Na + Xe 

Slope= -0.39 

Run 8 

Na + CH 3 I 
Slope= -0.39 

MU B-5583 
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Appendix A. List of Apparatus Drawings and UCRL Numbers 

1. Stand 

Apparatus Stand Assembly 
Levelling Bolt Pad 
Levelling Bolt Support 
Gussets 
Levelling Bolt 
Shim 
Reaction Chamber Supporting Block 

2. Vacuum System 

Velocity Selector Chamber 
Reaction Chamber 
Cross Beam Chamber 
Velocity Selector Chamber Rectangular Flange 
Velocity Selector Chamber Rectangular Flange (with 

mounting holes for velocity selector and oven 
leads and adjusting screws) 

Cross Beam·Chamber Bulkhead 
17" Diameter End Flange 
Cross Beam Chamber End Flange 
Cross Beam Chamber End Flange (with 3" po:r:t) 
Reaction Chamber Side Flange (with 3" port) 
3" Flange 
3" Glass Window . 
3" Glass WindowAdapter 
3" Glass Window Holder 
Cross Beam Chamber 3" Flange 
3" Flange for 7-pin Feed-Thru 
T-pin Socket Mount 
3" Flange for 19-pin Feed-Thru 
19~pin Socket Mount 

3. Vacuum Fittings 

Modified UCRL Fitting for Insulated 1/2" Vacuum Seal 
Modified UCRL Fitting for Insulated 1/4" Vacuum Seal 
Inner Sleeve for 1/4" Seal (12M 4681) 
Outer Sleeve for 1/4" Seal (12M 4681) 
1/4" Rotating Vacuum Seal 

· 4. Li.qu.id N.itrogen Traps 

7" Chevron Baffle Body 
7" Chevron Baffle Housing 
Velocity Selector Chamber Upper Liquid Nitrogen Trap 
Copper Bulkhead Shield 

12M 4364 
12M 4301 
12M 4311 
12M 4321 
12M 4331 
12M 4341 
12M 4351 

12M 4936 
12M 4926 
12M 4914 
12M 4904 

12M 4894 
12M 4884 
12M 4853 
12M 4843 
12M 4833 
12M 4823 
12M 4781 
i2M 4811 
12M 4801 
12M 4791 
12M 4771 
12M 4761 
12M 4751 
12M 4741 
12M 4731 

· 12M 4561 
12M 4681 
12M 4671 
12M 4661 
llJ 9151 

llJ 3874 ' 
11J 5934 
12M 4874 
12J 9763 



4. Liquid Nitrogen Traps (cont'd) 

Reaction Chamber Copper Liner 
Copper Liner Bottom Plate 
Copper Liner Side Plate 
Copper Liner Rails 
Liquid Ni tr cgen Reservoir 
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Modified Liquid Nitrogen Reservoir 
Liquid Nitrogen Fill Tube Vacuum Seal 
Liquid Nitrogen Fill Tube 
Reservoir Housing Rectangular Flange 
Reservoir Housing 

5. Gate Valve 

Gate Valv7,. Assembly 
Gate Valve~Flange 
Gate Valve Support 
Gate Valve Cam 
Gate Valve 
Gate Valve Shaft 
Gate Valve Yoke 
Gate Valve Shaft 0-ring Seal 
Gate Valve Shaft 0-ring Compression Ring 

6. Ovens 

Single Chamber Alkali Oven 
Single Chamber Alkali Oven Lid 
Single Chamber Alkali Oven Yoke 
Double Chamber Alkali Oven 
Single Chamber Permanent Gas Oven 
Standard Slits (.002" and .005" thick) 
Standard Slit Jaws 

7. Alkali Oven Shields and Mounts 

Alkali Oven Platform Mount 
Alkali Oven Platform 
Alkali Oven Cold Shield 
Alkali Oven Cold Shield Clamp 

.. Modified Alkali Oven Cold Shield 
Heating Collimating Slit Mount for Modified Shield 
Dial Indicator Gauge Mount 
Oven Platform Shaft Adjusting Nut 
Oven Platform Shaft 
Oven Platform Shaft Housing 

8. Permanent Gas Oven Shields and Mounts 

Oven Mount Assembly 

l2J 9774 
l2J 9783 
l2J 9792 
l2J 9804 
l2J 9814 
12M 4864 
l2J 9823 
l2J 9833A 
12J 9842 
l2J 9854 

12M 4242 
12M 4991 
12M 5001 
12M 5011 
12M 5021 
12M 5031 
12M 5041 
i2M 4961 
12M 4701 

_12M 5281 
12M 5291 
12M 5301 
12M 4981 
12J 6561 
llJ 1461 
12M 4491 

12M 4293 
12M 4283 
12M 4263 
12M 4231 
12M 4273 
12M 4501' 
llJ 4622 
llJ 9161 
llJ 9181 
llJ 9193 

12J 6633 



-44-

8. Permanent Gas Oven Shields and Mounts (cont'd.) 

Oven Mount Front Worm Gear Hanger 
Oven Mount Rear Worm Gear Hanger 
Oven Mount Front Support 
Oven Mount Drive Screw 
Oven Platform 
Oven Platform Mount 

9· Velocity Selector 

Rotor Assembly 
Velocity Selector Slotted Disks 
Disk Spacers 
End Spacers 
Front Collar 
Rear Collar 
Rotor Shaft 
Velocity Selector Fixed Mount Assembly 
Rotor Housing 
Rotor Housing Jaw 
Motor Mounting Plate 
·Fixed Mount Upper Plate 
Fixed.Mount Lower Plate. 

. Veloc·i ty Selector Adjustable Mount 
Adjustable Mount Modified Bottom Plates 

10. Velocity Selected Beam Collimating Slit 

Dial Indicator Gauge Mount 
Gib 
Collimating Slit 
Sliding Slit Mount 
Coll:Lmating Slit Shaft Adjusting Nut· 
Collimating Slit Shaft 
Collimating Slit Shaft Housing 
Collimating Slit Shaft Housing Adapting Flange 

11. Detector 

Detector 
Detector Lower Guard Ring 
Detector Cold.Shield 
Modified Detector 
.~odified Detector Collimating Slit 

12. Electrometer Preamplifier and Detecto~ Mou~t 

Electrometer Preamplifier·M9unt.. . 
Electrometer Preamplifier Flexible Support 
Electrometer Preamplifier Base Plate 

l2J 6571 
12J 6581 
12J 6591 
12J 6601 
12J 6613 
12J 6623 

' 

llJ 6613 
llJ 1423 
llJ 6561 
llJ 6571 
llJ 6581 
llJ 6591 
llJ 6602 
llJ 7354 
l;l.J 1313 
.llJ 7301 
llJ. 7323 
llJ 7333 
llJ 7343 
llJ 8014 
12M 4253 

llJ 4622 
llJ 4671 
llJ 4681 
llJ 4702 
llJ 9161 
llJ 9171 
llJ 9203 
12M 4711 

.12M 4521 
12M 4531 
12M 4.511 
12!'1 5261 
12M 5271 

12M 4624 
12M 4941 

.121'1 4951 
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12. Electrometer Preamplifier and Detector Mount (cont'd.) 

National Co. PW-0 Gauge Mount 
National Co. PW-0 Gauge Vernier 
Detector Shaft Housing and Flange 
Detector Shaft 
Detector Lead Glass Feed-Thru 
Glass Feed-Thru Shield 
~eflon Insulator 
Spring Loaded Electric Coupling 
Mount for Coupling 

13. Scattering Chamber and Mount 

Scattering Chamber Mount Assembly 
Scattering Chamber Mounting Bracket 
Scattering Chamber Angular Adjusting Nut 
Scattering Chamber Lateral Adjusting Nut 
Scattering Chamber Slide Bar 
Scattering Chamber Adjusting Shaft 
Scattering Chamber Dial Indicator Gauge Mount 
Scattering Chamber Adjusting Nut Bracket 
Scattering Chamber Adjusting Nut Spacer 
Scattering Chamber Shaft Housing 
Scattering Chamber Mount 
Scattering Chamber Mounting Flange 

14. Miscellaneous 

Ion Gauge Tube Shield 
PMC-720 Diffusion Pump Exhaust Flange 
PMC-1440 Diffusion Pump Exhaust Flange 

12M 4613 
12M 4961 
12M 4603 
12M 4592 
12M 4581 
12M 4571 
12M 4561 
12M 4551 
12M 4541 

12M 4371 
12M 4371 
12M 4381 
12M 4391 
12M 4401 
12M 4411 
12M 4421 
12M 4431 
12M 4441 
12M 4451 
12M 4462 
·12M 4472 

12M 4721 
12M 4631 
12M 4641 



Appendix B. Index to Manufacturers and Suppliers 

l. Vacuum·System 

Diffusion PUmps 

Diffusion Pump Fluid 

Baffles 

Mechanical Pumps 

Variable Leak 

Vacuum Couplings 

Ionization Gauge 

Ionization Gauge 
Power Supply 

r "_i 

PMC ... l44o 6" oil diffusion 
pump ( 1440 l. /sec.) 

PMC-720 4" oil diffusion 
pump (720 l. /sec.) ,.. : 

VMF-11 l l/2" oil diffusion 
pump (ll 1./sec.) 

Convoil -20 

BCR-41 air-cooled baffle for 
PMC-720 

l420B two stage mechanical 
pump ( 140 l. /min.) .. · 

l400B two stagemechariical 
ptimp (21 l. /min.) · 

Ser. 9100 permanent gas flow 
regulator 

UCRL Standard Fi-ttings 

Wilson Seals 

RG-75N 

·consolidateQ. Vacuum Corv. 
1775 Mt. Read Blvd. 
Rochester 3, New York 

c. v. c. 

c. v. c. 

c. v. c. 

c. v. c. 

·W. M. Welch Manufacturing Co. 
(available from C. V. c.) 

Welch 

G!artville-Phillips Co. 
Boulder, Colorado 

UCRL Drawing lOA l2llD 

UCRL Drawing lOA 1101 

Veeco Vacuum Corp. 
New Hyde Park, L. ·I., New York 

UCRL Drawing 3X 8604F 

., 

' 

... 
+:-
0\ 
I 
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l. Vacuum system (cont'd) 

Ionization Gauge 
Switching Panel 

Thermocouple Gauge 

Thermocouple Gauge 
Power Supply 

Diffusion Pump 
Power Interlock 

Water Interlock 

50 liter Liquid 
Nitrogen Dewars 

3 Channel Liquid 
Nitrogen Control 

2. Ovens 

Voltage Regulator 

ll7v Line Voltage Regulator 
Output Transfer Panel 

Low and High Voltage 
Alarm (Model 2) 

provides for operation of 3 
gauges with one power supply 

DV-3M 

Model I (two pumps) 
Model II (one pump) 
(both interlocks protect for high 
fore-pressures, over-heating and 
insufficient water flow) 

'Shur-flo' Automatic 
Interlock 

automatically fills traps 
at present time intervals 

Stabiline Type lE5105RP 

·f· 

UCRL Drawing 6T 2872A 

Haystings-Raydist, Inc. 
Hampton, Va. 

UCRL Drawing 6z 3724 

UCRL Drawing 4x 5064 
UCRL Drawing 4X 5964 

Hays Manufacturing Co. 
Erie, Pa. 

Standard Air Co., Inc. 
Brooklyn, N .. Y. 

UCRL Drawing 4X 3404 

Superior Electric Co. 
Bristol, Conn. 
(see UCRL 5X 7775) 

UCRL Drawing lX 8972 

UCRL Drawing 2X 4443 

-. 

I 
_J:::
-.J 

I 



2. Ovens (cont'd) 

D.C. Power Supply 

D.C. Power Supply 

Potentiometer 

Pyrometer 

3. Detector 

Filaments 

Filament Power Supplies 

Filament Meters 

Filament Metering Panel 

Filament Patch Panel 

Filament Bias Control 

Vibrating.Reed 
Electrometer 

f ,. 

Alkali Metal Oven (lower chamber) 
and Permanent Gas Oven 

Alkali Metal Oven (upper chamber) 

Model 2703 (accurate oven 
temperature measurement) 

SIM-PLY-TROL (approximate oven 
temperature measurement) 

Undoped W Filaments 

Alloy #479 (92%Pt-8%w) 

T-20-2 

Model 931 

Cary Model 31 

UCRL Drawing 4x 8013 

UCRL Drawing 4x 8084 

Rubicon Instruments 
Philademphia, Pa. 

Assembly Products, Inc. 
Chesterland, Ohio 
(See UCRL 5X 3023) 

Westinghouse Electric Corp. · 
Lamp Di vision 
Bloomfield, N. J, 

Sigmund Cohn Corp. 
Mount Vernon, N. Y. 

Trygon Electronics, Inc. 
Roosevelt, N. Y. 

Daystrom, Inc. 
Weston Instruments Division 
Newark, N. J. 

UCRL Drawing 4x 5394 

UCRL Drawing 4x 8554 

UCRL Drawing 4x 4901 

Applied Physics Corporation 
Monrovia, California 

-~. 

I 
+
():) 
I 
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3. Detector (cont'd) 

Model 31 Electrometer 
Output Control 

Recorder 

Detector Dial 

4. Velocity Selector 

Driving Motor 

Variable Frequency 
Power Supply 

Impedance Matching 
Transformers 

Precision High-Speed 
Bearings 

Stroboscope 

Frequency Counter 

Speedomax G 

PW-0 Dial 

Hysteresis Synthronous 
Motor Model FF26H67 

Model 1452-C, Spec. 3316 

MM20EX CR 

Type 1531-A Strobotac 

UCRL Drawing 4x 1638 

Leeds and Northrup Co. 
Philadelphia, Pa. 

National Co., Inc. 
Malden, Mass. 

McLean Syntorque Corp. 
West Hurley, N. Y. 
(see UCRL 4x 3212) 

Communications Measurements 
Laboratory, Inc. 
350 Leland Avenue 
Plainfield, N. J. 

(see UCRL 4x 6402) 

Comm. Meas. Lab., Inc. 
(see UCRL 4x 6402) 

Fafnir Bearing Co. 
New Britain, Conn. 

General Radio Co. 
West Concord, Mass. 

Hewlett-Packard.Corp. 
Palo Alto, Calif. · 

,; 

I 
+:
\0 

I 



5. Miscellaneous 

Zacharias Slits 

Needle Bearings 

Gears 

Dial Indicators 

Epoxy Adhesive 

Glyptal 

Loctite A 

6. Chemicals 

CH
3
I, CH

3
cH

2
I, CH

3
(cH

2
)2I, 

(CH
3

)2CHI 

CH
3

(cH2 )
3

I (CH
3

)2CHCH2I, 

CH
3

CH2CHICH
3

, (CH
3

)
3

CI 

r, 

" 
·"'> 
·" 

\ 

C-3 

#i201 (red) 

J. B. Anderson and Son 
Box 505, Manor, Pa .. 

The Torrington Co. 
Torrington, Conn. 

P. I. C. Design Corp. 
East Rockaway, L. I., N. Y. 

Boston Gear Works 
Quincy, Mass. 

Dynamic Gear Co. 
Amityville, N. Y. 

L. M. Starrett Co. 
Athol, Mass. 

Armstrong Products Co., Inc. 
Warsaw, Ind. 

General Electric Co. 
Insulating Materials Dept. 
Schenectady, N. Y. 

American Sealants Co. 
Hartford_, Conn. ,r· 

Eastman Organic Chemicals 
Distillation Products Industries 
Rochester, N. Y. 

Matheson, Coleman and Bell Div. 
The Matheson Co., Inc. 
East Rutherford, N. J, 

.,. 

I 
\Jl 
0 
I 
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6. Chemicals (Cont'd) 

CH2 = CHCH
2

I 

Li 

Na, K 

Rb, Cs 

Ar, Ne, Xe, Kr 

(Special Lot #10539) Fisher Scientific Co. 
Fair Lawn, N.J. 

Lithium Corp• of America 
Bessemer City, N. c. 

United Mineral and Chemical 
Co:tp. 
New York, N. Y. 

TRONA 
American Potash and Chemical 
Corp. 
Los Angeles, Calif. 

Air Reduction Co. 
Jersey City, N. J. 

.~ ·• 

I 
\J1 
1-' 
I 
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Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 
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Fig. 9 

Fig. 10 
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FIGURE CAPI'IONS 

General view of the apparatus. . 

Schematic view of the apparatus and block diagram 
of the electronics. 

UCRL couplings and fittings. 

Double chamber alkali metal oven. 

Single chamber alkali metal ovens; a general purpose 
oven with a screw cap (left) and a Li oven with a 
lapped lid and yoke (right). 

View through a porthole above the velocity selector, 
showing (from top to bottom) the collimating slit, 
velocity selector rotor, copper shield, and the single 
chamber oven. 

Velocity selector, side view. 

Velocity selector, front view. 

Velocity distributions of Na, K and Rb. 

Q vs. v for a velocity selected K beam. 

Q vs. v for a velocity selected Na beam. 
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mation, apparatus, method, or process disclosed in 
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mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of ~uch contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 
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