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1. Lasers

The A-ATOFMS utilizes three lasers: 2 continuous wave 532 nm diode-pumped solid state lasers (JDS Uniphase) and 1 ultra pulsed Nd:YAG 266 nm laser (Big Sky Laser).  Documentation from JDS Uniphase and Big Sky Laser regarding these lasers is shown in the attached Appendix (2.1 and 2.2).  Details related specifically to the A-ATOFMS are listed below.  The entire A-ATOFMS chamber (including these 3 lasers) is vibration isolated using 4 AEK Technology Barry T-mounts (rated for 80 lb. loads each) in addition to the rack vibration isolation plate.

1.1  Two continuous wave 532 nm diode-pumped solid state lasers, 50 mW output power (JDS Uniphase, CDPS532M-050)
Please see Appendix 2.1 for details regarding these lasers from JDS Uniphase (www.jdsu.com).  The lasers are mounted on the outside of the light scattering region of the A-ATOFMS (see attached schematic in Appendix 1.1).  The corresponding laser power supplies will be located inside the power distribution box (previously approved by Kurt Zrubek and Mark Lord).  The outputs of these lasers point directly into the metal chamber of the A-ATOFMS; there is no stray light.

1.2  One ultra pulsed CFR Nd:YAG 266 nm laser, randomly triggered to fire at up to 50 Hz, ~2.0 mJ output (Big Sky Laser)
According to Big Sky Laser (www.bigskylaser.com), this laser has been qualified to the vibration portion of the Military Standard.  The laser is mounted beneath the A-ATOFMS mass spectrometer chamber (see Appendix 1.2).  The corresponding laser power supply and cooler (ICE) is a 19” rack model.  The output passes through or over 1 aperture and 3 mirrors before entering this mass spectrometer chamber.  This entire region is shielded, so there is no stray light.  During times of laser alignment, 266 nm laser goggles are worn by individuals looking at the light beam; there is no stray light during this time.
2. Radioactive Materials

2.1  Staticmaster neutralizers (Staticmaster ionizer, 1U400)
The A-ATOFMS has a small custom-made neutralizer positioned directly above the critical orifice shown in Appendix 1.1.  Three Amstat Industries, Inc. (www.amstat.com) staticmaster ionizers (1” x 15/16” x 7/32”, 210Po, 500 microcuries, Appendix 2.3) are positioned on the side of a small cylinder (6061-T6 Al-alloy) with a volume of ~3.5 inches3.  This cylinder is then enclosed in another fully sealed cylinder (6061-T6 Al-alloy) and labeled UN2911.  Appropriate radiation safety paperwork has been completed through Joseph Sullivan and David Skydel (UC San Diego radiation safety officers), as well as Milenda Powers (NCAR safety officer).
3. Batteries

3.1  UPS (APC SUA3000RM2U)

The vendor specifications for this APC (www.apc.com) Smart-UPS 3000VA can be found in Appendix 2.4.  According to these specifications, the battery is a sealed leakproof Lead-Acid battery with suspended electrolyte.  The power cord between the UPS and NCAR power box meets GV wiring specifications (similar to the previously approved A-ATOFMS electrical documentation) and uses aircraft grade plugs (eg. Pass & Seymour 5266-x).
4. Pumps

4.1 Three Turbo V81-M (969-8901)
See the attached vendor specifications (Appendix 2.5) for details regarding the Varian (www.varianinc.com) turbo V81-M pumps.  These pumps are located on the dome-top and light scattering region of the A-ATOFMS (Appendix 1.1).
4.2 One Turbo V301 (969-8823)
See the attached vendor specifications (Appendix 2.6) for details regarding the Varian (www.varianinc.com) turbo V301 pump.  This pump is located on the mass spectrometer (Appendix 1.1).

4.3 One IDP-3 Dry Scroll Vacuum Pump (IDP3B01)

The IDP-3 is an oil free, hermetic, dry scroll vacuum pump with a brushless motor. See the attached vendor specifications (Appendix 2.7) for more details regarding the Varian (www.varianinc.com) IDP-3 pump.  
4.4 One KNF Micro Diaphragm Gas Pump  (NMP 850.1.2 KNDC B))

See the attached vendor specifications (Appendix 2.8) for details regarding the KNF (www.knf.com) micro diaphragm gas pump.

Appendix: A-ATOFMS Hazardous Materials and Equipment Documentation

1.  A-ATOFMS schematics showing mounting of lasers

1.1  Mounting of JDS Uniphase lasers

[image: image1.png]A-ATOFMS Schematic

Note: 2" JDS Uniphase laser
(not shown) is located
perpendicular to the 1st JDS
Uniphase laser (going into plane
of schematic, perpendicular to
the 20 PMT).
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1.2 Mounting of Big Sky laser

[image: image2.png]A-ATOFMS Schematic — showing
placement of Big Sky 266 nm laser
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2. Vendor Specification Sheets

2.1  JDS Uniphase (www.jdsu.com) lasers: Continuous wave 532 nm diode-pumped solid state lasers (CDPS532M-050)
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[image: image4.png]Compliance with Regulatory Requirements

The CDPS532M laser system is an OEM version of a JDS Uniphase diode-pumped solid state laser. As such, it is intended only
for integration into other equipment. The CDPS532M laser does not comply with Center for Devices and Radiological Health
(CDRH) standards. The customer is responsible for CDRH certification of any system that incorporates the CDPS532M laser.

“This unit is designed and tested to comply with the following standards:

Electromagnetic Emissions (EN 50081-1) tested to standard EN CISPR 11:1999 + Al
Electromagnetic Immunity (EN 61000-6-2) tested to standard EN 61000-4-2 and EN 61000-4-3
Safety evaluation tested to standard UL 3101 and EN61010-1.




[image: image5.png]Dimensions Diagram: Controller (Specifications in mm unless otherwise noted.)
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[image: image6.png]Specifications

Parameter Specification
Optical
Wavelength 532+ Lnm

Output power

10mw
20 mW
50 mW
<1.0%
Mode quality M° <12
Beam diameter (1/* point) 0.6 mm £10%
Beam divergence (full angle) <12 mrad
Polarization ratio (E-vector is vertical) ~100:1
Noise (rms, 20 Hz to 2 MHz) <0.5%
Ellipticity <10%
Pointing stability (2 h, 25 % 3 °C)" + 30 rad
Static alignment®
Beam position +025mm
Beam angle + 1.0 mrad
Environmental
Base plate temperature
Operating 10 to 4
Non-operating 0t060°C
Shock (11 ms duration)
Operating 1g
Non-operating 25¢
Vibration (sinusoidal, 5 to 500 Hz)
Operating 03¢
Non-operating 2
Feat sink requirements
Surface flatness 25 pm
Torque specification 0.5Nm

1. After warm-up.
2. Specified for bottom-down mounting; same specifications can be applied to upside-down mounting upon request.




2.2  Big Sky (www.bigskylaser.com) laser: Ultra pulsed CFR Nd:YAG 266 nm laser (50 Hz)

[image: image7.png]SYSTEM OVERVIEW

Block Diagram

Figure 1 shows the laser system block diagram which consists of the Ultra CFR Laser Head and Integrated
Cooler and Electronics (ICE).
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Figure 1: System Block Diagram
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Figure 2 shows the Laser Head components in a compact, rigid, stable structure with a folded resonator

geometry. Although primarily a precision optomechanical assembly, some electronics are required within the
Laser Head for proper operation.
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Figure 2: Compact Folded Resonator
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Figure 4: 19” Rack ICE

Laser Electronics

The Laser Electronics portion of the ICE is completely self-contained and connects directly to the Laser
Head and to prime power. It contains all of the high voltage electronics (charging supply, simmer supply,
PFN, etc.) to flash the laser flashlamp. It also contains the interface electronics for system control. The
front control panel contains a keypad to configure and operate the laser system. The various functions
available to the operator include pulse repetition frequency (PRF) control, Q-Switch enable, save
configuration, pump energy control, and various status indicators.




[image: image10.png]Figure 9: Laser Head Safety Label Location

Top View




[image: image11.png]Figure 11: 19” Rack ICE Safety Label Locations
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[image: image13.png]SPECIFICATIONS

Integrated Cooler and Electronics Specifications

Mechanical Specifications:

Laser Head Weight 2.5 Ibs.
IStandard ICE Chassis Dimensions|7.5"W x 14"H x 14"D (nominal)

IStandard ICE Weight 32 Ibs. (with coolant)
19” Rack ICE Chassis Dimensions|19"W x 18"H x 5.25"D (nominal)
19” Rack ICE Weight 32 Ibs. (without coolant)

Input Electrical Specifications:

Prime Power 115 VAC + 10%, 50/60 Hz
230 VAC + 10%, 50/60 Hz
400 Watts maximum

Environmental Specifications:

[Storage Temperature 5° to +50°C (Distilled Water)
(Operating Temperature 10° to 40°C (Distilled Water)





2.3  Staticmaster Ionizer (www.amstat.com)
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2.4  APC (www.apc.com) Smart-UPS 3000VA USB & Serial RM 2U 120V
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Technical Spec Product Overview Documentation Software & Firmware Options Compare Models

Output Power Capacity 2700 Watts / 3000 VA
Max Configurable Power 2700 Watts / 3000 VA

Norminal Output Voltage 1207

Efficiency at Full Load 95.00%

Output Voltage Distortion Less than 5% at ful load

Output Frequency (sync to mains) 47 - 53 Hz for 50 Hz nominal 57 - 63 Hz for 60 Hz norminal

Crest Factor upto5:1
Waveform Type Sine wave
Output Connections (6) NEMA 5-15R

(2) NEMA 5-20R

Input
Norninal Input Voltage 1207
Input Frequency 50/60 Hz +/- 3 Hz (auto sensing)
Input Connections NEMA L5-30P

Cord Length 8 feet (2.44 meters)
Input voltage range for main operations 82 - 144V

Input voltage adjustable range for 75- 154V
‘mains operation

Batteries & Runtime
Battery Type Maintenance-free sealed Lead-Acid battery with suspended electrolyte - leakproof
Typical recharge time 3 hour(s)
Replacement battery cartridge RBC43
RBC™ Quantity 1

Typical Backup Time 1.3 minutes (1350 Watts)
at Half Load

Typical Backup Time 3.0 minutes (2700 Watts)
at Full Load

Runtime Chart SmartUPS

Communications & Management
Interface Port(s) DB-9 RS-232 SmartSlot USB
Available SmartSlot™ Interface 1
Quantity

Control panel LED status display vith load and battery bar-graphs and On Line - On Battery * Replace
Battery - and Overload Indicators
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e -
at Full Load

Runtime Chart SmartUPS

‘Communications & Management
Interface Port(s) DB-9 RS-232.SmartSlot,USB

Available SmartSlot™ Interface 1
Quantity

Control panel LED status display vith load and battery bar-graphs and On Line - On Battery * Replace
Battery - and Overload Indicators

Audible Alarm Alarm when on battery - distinctive low battery alarm - configurable delays
Emergency Power Off (EPO) Yes

Surge Protection and Filtering

Surge energy rating 480 Joules

Filtering Full time multi-pole noise fitering - 0.3% IEEE surge letthrough * zero clamping
response time - meets UL 1449

Physical
Maximum Height 350 inches (89 mm)
Maximum Width 19.00 inches (483 mm)
Maximum depth 26,00 inches (660 mm)
Rack Height kY
Net Weight 96.00 Ibs. (43.64 kg)
‘Shipping Weight 125.00 Ibs. (56.82 kg)
‘Shipping Height 10.00 inches (254 mm)
‘Shipping Width 24.50 inches (622 mm)
‘Shipping Depth 38,60 inches (380 mm)
Color Black
Units per Pallet 800

Environmental
Operating Environment 32-104°F (0-40°C)
Operating Relative Humidity 0-95%
Operating Elevation 0-10000 feet (0-3000 meters)
Storage Temperature 5-113°F (1545 °C)
Storage Relative Humidity 0-95%
Storage Elevation 050000 feet (0-15000 meters)

Audible noise at 1 meter from surface 47 dBA
of unit

Online Thermal Dissipation 400.00 BTU/hr

Protection Class =
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urge Prote

Surge energy rating 480 Joules

Filtering Full time multi-pole noise fitering - 0.3% IEEE surge letthrough * zero clamping
response time - meets UL 1449

Physical
Maximum Height 350 inches (89 mm)
Maximum Width 19.00 inches (483 mm)
Maximum depth 26,00 inches (660 mm)
Rack Height kY
Net Weight 96.00 Ibs. (43.64 kg)
‘Shipping Weight 125.00 Ibs. (56.82 kg)
‘Shipping Height 10.00 inches (254 mm)
‘Shipping Width 24.50 inches (622 mm)
‘Shipping Depth 38,60 inches (380 mm)
Color Black
Units per Pallet 800

Environmental
Operating Environment 32-104°F (0-40°C)
Operating Relative Humidity 0-95%
Operating Elevation 0-10000 feet (0-3000 meters)
Storage Temperature 5-113°F (1545 °C)
Storage Relative Humidity 0-95%
Storage Elevation 050000 feet (0-15000 meters)

Audible noise at 1 meter from surface 47 dBA
of unit

Online Thermal Dissipation 400.00 BTU/hr

Protection Class =

Conformance
Regulatory Approvals BSMI.CSA,UL 1449,UL 1778,FCC Part 15 Class A

‘Standard Warranty 2 years repair or replace optional on-site warranties available.optional extended
waranties available

Protection Class -
Equipment protection policy Lifetime - $150000
“Estimated Resale Price - Without Tax/VAT
*The time to recharge to 90% of full battery capacity following a discharge to shutdown using a load rated for 1/2 the full load rating
of the UPS.
Copyright © American Power Conversion Corp., allrights resenved
About APC | Investors | Job Seekers | Press | Feedback | Contact | Privacy Policy | RSS
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This equipment has been tested and found to com-
ply with the limits for a Class A digital device, pur-
suant to part 15 of the FCC Rules. These limits are
designed to provide reasonable protection against
harmful interference when the equipment is oper-
ated in a commercial environment. This equipment
generates, uses, and can radiate radio frequency
energy and. if not installed and used in accordance
with the instruction manual, may cause harmful
interference to radio communications. Operation of
this equipment in a residential area is likely to cause
harmful interference in which case the user will be
required to correct the interference at his/her own
expense.

Shielded signal cables must be used with this prod-
uct to ensure compliance with the Class A FCC lim-
its.
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‘We, the undersigned, declare under ous sole responsibility that the equipment specified below conforms to the following

standards and dire

es:

Standards to Which Coformicy Declared:

Application of Council Directives:

Type of Equipme
Model Numbers:

Manufacturer's Nanne and Address:

Tmporter's Name and Address:
Place: N. Billerica, MA US.A.
Place: Galvay, Treland

ENGI9S0-1, TECR0950.1
TH2VEEC, IVGBIKC

Power Supply
SUA3000RMIZU, SUAZ200RMIZU

Americsn Power Conversion
132 Fairgrounds Ruad

‘West Kingston, Rhode [sland, 02892, USA.
o

American Power Conversion (A, P.C)'b. v.
Ballybritt Business Park
Galway, Ireland

American Power Conversion
20d Strcct

PEZA Cavite Feonamic Zone
Rosario, Cavite

Philippines.

o

American Power Convession
Lot 10, Block 16, Phase 4
PEZA, Rosario, Cavite
Philippines

Americsn Power Conversion
Lot 3, Block 14, Phasc 3
PEZA, Rosario, Cavite
Philippines

APC (Suzhou) UPS Co,, Ltd
339 Suong Zhong Lu
Suzhou Industrial Park

Suzhou Jisagm 215021
PR China

American Power Coaversion (A, P.C) b. v,
Ballybritt Busincss Park
Galway, Iretand

Richard J. Everet, Sr. Regulatory Compliance Engincer
Letd T 5Jan 03

Ray §. Ballard, Managiog Dircctor, Europe.
$Jan 03
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May 31, 2008

RE:  American Power Conversion Corporation
RoHS Certfication of Complance

Dear APC Customer

APC s comitted to providing customers with products that are fully complant it all reguiations,
international protocos, and customer standards to which they are subject. The European Urion (U}
enacted the RoHS and WEEE directives that are intended o protect the environment and our natural
resources. The RoHS directive restricts six chemical substances in certain defined electronic products
sold i EU counries and the WEEE directive requires that these products be collected at tne end of
ther fespan. Please feel res view detals of e APC WEEE and RoHS implementation program at the
APC web site at:hio:/lvwi ape comcorporate/envircnmentl cim

APC considers the Unintermustinle Power Supply (UPSs) products referenced in the folowing table not to
be subject to the WEEE and RoHS Directives because UPSs are & product type ot listed in Anex 1a or
b to the WEEE Directive. This product ype is not subject o the marking, reporting and waste
management requirements of the WEEE Ditective or the ROHS substances restrictons.
ORGALIME/GIMELEC/CEMEP have confifmed this nterpretation and APC expecis the European
Commission o confim the interpretation of these respected trade associations that UPSs are not subject
o the RoHS and WEEE directves.

APC s voluntarly manufacturing its UPS products to mest the same overal goal ofthe RoHS directive.
'4PC s aplying exemplion 7o, which allows continued use of lead in solder i producs or the server,
network and telecommunications infrastructure, o the UPS products so marked. Therefore, the
referenced UPS products are ‘RoHS compliant ™

45 a customer who uses our products as components within your own designs of a purchaser of APC
products, you have a vested inerest in our complance with the RoHS and WEEE drectives. Allof us at
APC greatly appreciate your continued iterest in our company's producs.

Sincerety Yours,

s/ lonff

Raymond P. Lizote, Jr.
Product Environmental Complance Engineer
Envionmental Programs Offce:

APC Design Center

APC's WEEE SOHS Program s on he Web: it /e a0s comcorooratalenviranmental ofs

APC bases s oS compiance isus knowdge onomatn proviced by i paries and has taen sndconiues o ke
IR0l S5 1oV rprEGETSIR AN Sec S PGSR, 5 13 11 "0 Coni deSTUEe g o rames
75 on coming Compenants 573 M. CompIance Wih He REHS Drecie reans st he rc8clo) oL hove
Comples it i reaurerents o £U Dveceve 2003BHIEC (ROHS). i concentton aes (MCYS) ot Comrission
BEEEion 200501550 Subsscuen: S5aons o 51 a1 ERS 58 895 S0,





2.5  Varian (www.varianinc.com) Turbo-V81M pump (969-8901)                 vvv[image: image23.emf][image: image24.emf]
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2.6  Varian (www.varianinc.com) Turbo-V301 pump (969-8823)

[image: image27.png]DESCRIPTION OF THE TV 301 NAVIGATOR

The TV 301 Navigator pumping system consists of
a pump vith a dedicated controller fixed to it The
system is available in various models that differ in
the high vacuum flange and the controller

The TV 301 Navigator pump models are:

~ Model 969-8918 with 1SO 100 high vacuum
flange:

~ Model 969-8919 with ConFlat 6" external di-
ameter high vacuum flange;

~ Model 969-8920 with 1SO 160 high vacuum
flange:

~ Model 969-8921 with ConFlat 8" external di-
ameter high vacuum flange.

The TV 301 Navigator kit eight models are:

~ Model 969-8824 with SO 100 high vacuum
flange and 24 Vdc controller;

~ Model 969-8825 with ConFlat 6" external di-
ameter high vacuum flange and 24 Vdc control-
fer;

~ Model 969-8826 with ISO 160 high vacuum
flange and 24 Vdc controller;

~ Model 969-8827 with ConFlat 8" external di-
ameter high vacuum flange and 24 Vdc control-
fer;

~ Model 969-8828 with SO 100 high vacuum
flange and 1201220 Vac controller;

~ Model 969-8829 with ConFlat 6" external di-
ameter high vacuum flange and 120/220 Vac
controller;

- Model 969-8830 with 1SO 160 high vacuum
flange and 120/220 Vac controller;
~ Model 969-8831 with ConFlat 8" external di-

ameter high vacuum flange and 120/220 Vac
controller

The controller is also available in two models:
- 24 Vde controller: model 969-8972
- 1201220 Vac controller: model 969-8973,

The following figures show the eight kit models

Pump Description
The pump consists of a high frequency motor driv-
ing a turbine fitted with 8 bladed stages and 3
Macrotorr stages. The turbine rotates in an anti-
clockwise direction when viewed from the high
vacuum flange end.

The turbine is made of high-strength aluminium
alloy, machined from a single block.

Nodel 969-8919
Nodel 969-8825
Model 969-8829

Mode 969-8921
Model 969-8627
Model 969-8631

Model 969-8918
Model 969-8624
Model 969-8628

Nodel 969-8920
Nodel 969-8826
Model 969-8830

Proceeding from the high vacuum to the forevac-
uum region, the turbine stages sequence is

« st stage with a blade angle of 42°
« 2nd stage with a blade angle of 26°,
« 3rd stage with a blade angle of 24°,
« 4thand 5th stages with a blade angle of 20°,

« 6" 7th and Bth stages with a blade angle of
10°

‘The Macrotorr stages are in the form of four discs.

The turbine rotor is supported by permanently lu-
bricated high precision ceramic ball bearings in-
stalled on the forevacuum side of the pump

The static blades of the stator are made of
stainless steel. These are supported and accu-
rately positioned by spacer rings.

The Macrotorr stators are in the form of seff-
positioning machined discs with pumping channels
and an opening restricted by the corresponding
rotor discs. These are made of aluminium alloy.

During normal operation, the motor is fed with a
voltage of 54 Vac three-phase at 933 Hz. To re-
duce losses during start-up to a minimum, the fre-
quency increases according to a ramp with a
higher initial voltagefrequency ratio.





[image: image28.png]The pump can be water cooled or air cooled: in the
first case the customer can use the dedicated
channels on the pump body, in the second case
an external optional fan is available

A thermistor sensor is mounted near the upper
bearing to prevent the pump from overheating

The pump is balanced after assembly with a resid-
ual vibration ampltude less than 0.0 um

The pump can operate in any position and can be
supported on the high vacuum flange. The con-
nection of the forevacuum on the side of the pump
is a KF 16 NW flange (KF25 ~ optional)

Recommended mechanical: Varian DS 102
forepump cry pump: Varian SH 100

Operating position__| any

‘Cooling Natural ai convection
requirements. Forced aif or water optonal
Operatingambient | +5 1o 35" C
termperature.

Coolant vater fow: 200 1 (0.89 GPM)

femperature: + 10° Clo + 30" C
pressire: 310 5 bar (451075 Ps)

Bakeout temperature | 120° C af et fange max. (CF flange)
80" C o et fenge max (1S fange)

PUMP.

CON

CONTROLLER:

Controller Description
The dedicated controller is a solid-state frequency
converter which is driven by a single chip micro-
computer and is composed of two PCBs which in-
clude power supply and 3-phase output, analog
and inputioutput section, microprocessor and digi-
tal section

The power supply. together with the 3-phase out-
put, converts the single phase AC mains supply
into a 3-phase, low voltage, medium frequency
output which is required to power the pump

The controller can be operated by a remote host
computer via the serial connection. A Windows-
based software is available (optional).

TECHNICAL SPECIFICATION

Vibration evel 007 m atinlet fange.
(cispiacement)
Noise level <4548 (4)at 1 meter
Par supply (mains):
Inout voitage: 100240 Vac
Ingut e S0_60Hz
Maxinputpar: | 300 VA
Stand-by pur. 0w

Max oper. power: | 150 W with water or air cooiing

Protecton fuse A

Pur supply (24 Vde):

Inout voltage:
Max input par:
Stand-by pur.
Max oper. power: | 150 W with water or air cooiing
Protecton fuse 5A
‘Complance wi UNIEN 292.1
UNIEN 2922
EN-CENELEC 55011
EC 1000-4-2 (ex 801-2)

EC 100043 (ex 301.3)
EC 1000-4-4 (ex 501.4)
ENS1010-1 (IEC 1010.1)
BN 10122

Power cable Vith European of NEA plug

3 meters long (optona)

‘Serial communica-
on (Navigator ki)

RS232 cable with a &-5n D type.
maie cornector and 2 8- D iyoe
female connector, and Navigator
software (optional)

Storage temperatire | -20°C1o+70°C

e T [T T v e e
o 3
A e o st
e
b ey | 1
o= Ty Foonseges |2
et Sersge enporeas | G0 10C

Sase pressure mechanical
(with recommended | <2 10° mbar (< 1.5 107 Tor)

Weight kg (s}
Kit: | 150 100 and 160: 45 (10)

CFF 6" and 8:8.(17.5)
Cortroler: | 12

forepum) diaphrgan: .
2x10% mbar (1.5 10*Tor)

Iniet fange CFFEOD. 150180
CFFEOD. 1501

Fordine fange KF16 NW (K25 —optional)

Rotational speed___| 55000 RPM

Startuptine <3mnes

* (Accorting to standard DIN 28 425, the base pressure is that
~measured in 2 eak-fre test dome, 48 hours after the comple-
fion oftes come bake-out,with a Turbopump fted Wit a Con-
Fiat lange and using the recommendd pre-vacuum purmo)
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2.7 Varian (www.varianinc.com) (IDP3B01)
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2.8 KNF Micro Diaphragm Gas Pump  (NMP 850.1.2 KNDC B))
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