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WARRANTY

TRISTAN TECHNOL OGIES Limited Warranty

TRISTAN TECHNOLOGIES Inc. warrants this product for a period of twelve (12) months from
date of origina shipment to the customer. Any part found to be defective in materia or
workmanship during the warranty period will be repaired or replaced without charge to the
owner. Prior to returning the instrument for repair, authorization must be obtained from

TRISTAN TECHNOLOGIES Inc. or an authorized TRISTAN TECHNOL OGIES service agent.
All repairswill be warranted for only the unexpired portion of the origind warranty, plus the

time between receipt of the ingrument at TRISTAN TECHNOL OGIES and its return to the
owner.

Thiswarranty islimited to TRISTAN TECHNOLOGIES products that are purchased directly
from TRISTAN TECHNOLOGIES, its OEM suppliers, or its authorized sales representatives. It
does not gpply to damage caused by accident, misusg, fire, flood or acts of God, or from failure
to properly ingtal, operate, or maintain the product in accordance with the printed ingtructions
provided. Thiswarranty does not cover any unauthorized modifications to the model 5700

bi osusceptometer system. Unauthorized modifications may damage the system, interfere with its
measurement capabilities and/or permit injury or death to occur. Tristan will not be responsible
for misuse of this system.

ThisWarranty IsIn Lieu Of Any Other Warranties, Expressed Or Implied,
Including M erchantability Or Fitness For Purpose, Which Are Expressly
Excluded. The Owner Agrees That TRISTAN TECHNOLOGIES Liability
With Respect To ThisProduct Shall Be As Set Forth In ThisWarranty, And
Incidental Or Consequential Damages Are Expressly Excluded.
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1 Introduction

1.1 Purpose of the Manual
Thismanud is designed to provide operating ingtructions necessary for the user to operate the
Tristan Technologies mode 5700 biosusceptometer.
The procedures in the manual make no attempt to instruct the user in methods or techniques of
iron overload or anemia measurement. The necessary methods and techniques may vary
according to the user's needs and are to be determined by the user. The operating procedures are
given to provide the user with the information necessary to operate the modd 5700 in a safe and
efficient manner. If there are any concerns about indructions contained within this manud, the
user is encouraged to contact Tristan Technologies.

1.2 Overview of Components and the System
The Tristan modd 5700 biosusceptometer is designed for measuring magnetic fields from
paramagnetic materials in the body such as hepatic iron storesin the liver. Details on the
measurement technique can be found in * Biomagnetic susceptometer with SQUID
ingrumentation”, D. N. Paulson, R. L. Fagadly, R. M. Toussaint and R. Fischer, IEEE
Transactions on Magnetics, MAG-27, pp. 3249 - 3253 (1991).
The system pieces are shown in the photo below. The mgor physica subsystems are the gantry,
bed, dewar/sensor assembly (attached to the gantry), data acquisition equipment rack, water bag
system/equipment rack, and data andyss station (not shown).

Figure 1-1 System dewar, gantry, bed, and eectronics photo.
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1.3 The SQUID Detection System and Electronics

SQUID detection systems are extremely senditive detectors of magnetic flux. They operate at
cryogenic temperatures and utilize the Josephson Effect to achieve the ability to detect changes
in magnetic fidd smdler then 102 teda

The SQUID system in the model 5700 biosusceptometer is comprised of three channds of liquid
helium SQUIDs with a highly stable integrated superconducting magnet system for applying a
datic dc magnetic fied. The entire dructure is integrated into a (magneticaly clean) dewar and
cooled by aliquid hdium bath. The eectronics portion conssts of the Tristan three channel
iMAG® mode iMC-303 SQUID controller and Flux-Locked-Loops (FLLS). Thereisaliquid
helium level meter and eectronics, with acomputer interface. The find piece of the eectronics
isthe magnet power supply. A block diagram view is shown in Figure 1-5.

GRREECEASAE e | Dewar

Port to Reservoi .- .
ort to Reservoir BE U D Detection System

Water Bag

Patient Bed

Figure 1-2 Water Bellowsand SQUID
Detection System

The dewar hasasmadl diameter tail to more easily make pediatric measurements. It is designed
to have a one week operationa time between refills of liquid hdium. Typicd spacing (“tal gap”)
between the cryogenic environment and room temperature for the model is 1.8 cm.

1.4 The Water Bellows and Controls
Because the magnetic susceptibility of the human body is non-zero, it is necessary to provide a
megnetically uniform “background” asthe patient islowered beneath the detection system. A
water bellows assembly (Figure 1-2) is attached to the bottom of the dewar. This water bellows
smulates the background of the body, since the magnetic susceptibility of water iswithin afew
percent of the body’s susceptibility (Ciissie » -9-10°%). The water bellows (or water bag) system
consgts of the bellows (water bag), low magnetic signature mounting hardware for the dewar,
fill/drain lines, water reservoir and hydrogtatic control hardware and dectronics (for draining and
filling the water bellows.) The water bag e ectronics include a computer interface and are
integrated into the system control software. The water bag system isfit with pressure valvesto
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insure that the bag could not be over-filled (pressurized). In addition, a heater assembly is
integrated into the reservoir and bag to keep the water at body temperature (37° C).

To perform the measurement, the patient is positioned (centered) under the SQUID detection
system and the water bellowsfilled. The patient is then lowered down from under the SQUID
system while the SQUID system output is recorded. During this movement the water bellows is
continuoudy filled to provide a uniform megnetic background. This makesit appear asif the
subject (liver) is moving away from the detection sysem in a uniform medium of bodily fluid
(since gpproximatdy 70% of the human body is water, thisis very close to the susceptibility of
the body’ s liquid compogtion.) Filling, draining and continuous fill during a messurement is
computer controlled via the software.

15 Position Locator
The position of the patient’s liver with respect to the SQUID detection system iscritical to
achieving ided reaults. This system is comprised of a set of Sgnd coils, asgnd generator and a
lock-in amplifier. The sgnd coil is placed on the skin of the patient, over the center of the liver
(determined by ultra- sound). There are three coils over-laid - two planar gradiometers (double
“D") onerotated 90° to the other, and alarger coil around the outside of the double-Dswhich
serves as agross locator coil (see Figure 1-3).

“Magnetometer” coil

=)
5
Double “D” Coils %

>
Iy 2

= .

3 Positign

(]

g

©
| >
COI| ShOWn dlSplEK:ed Detector Wstem passes over
one diameter for clarity. onecoil tothe other coil.

Figure 1-3 Gradiometer (Double™ D" Coils) Figure 1-4 SQUID vs. Position for L oop

The signd generator is used to generate different frequencies for the each double-D coils. The
double-D coils have aresponse shown in Figure 1-4 that, when moved under the SQUID
detection system, produces a null (zero) when the double-D sgnd coil is directly under the
detection system. With the second coil turned 90° from the first double-D coil, centering for both
X and Y directionsis possble. Usng two different frequency sgnas dlows the centering
process to hagppen in both X & 'Y direction smultaneoudy. By using alock-in amplifier to adjust
the patient position for azero output condition for both cails, it is possible to center the patient
directly under the detection system.

1.6 Patient Bed and Measurement Motion Control

The patient bed and measurement motion control is another important factor in the measurement
of Ironin the Liver. Once the patient is postioned (centered) under the detection system, the
patient is then lowered (with water taking up the volume in the water bellows), and the SQUID
response recorded. Key to the measurement is knowing precisdy the change in relative position
as the patient is moved below (away from) the SQUID detection system. The ability to measure
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this change in distance isincorporated into the patient bed, and the associated dectronics, which
interfaces to the computer, are provided. The position measurements are integrated into the data
file as the measurement is made on the patient. Additionally, during the measurement sequence,
the sgnd generated (at athird frequency) by the larger “Magnetometer” coil (Figure 1-3) is used
to determine the distance between the patient and the SQUID detection coils.

The patient bed is made of materials with low magnetic moments. It canroll inboth X & Y
directions dlowing for the patient to be centered under the detection system. Once in position, a
floor brake system is latched so the bed will not move horizontally under the detection system.
The peatient lies on the bed table top which aso dlows X & Y movement when positioning the
patient beneath the sensor array prior to measurement. A brake alows the table top to be locked
in pogition. Verticad motion isintegrated into the bed, and has atota verticd travel of

(nomindly) 25 cm, while the measurement is made with a patient vertical motion of 15 cm. The
extra 10 cmis provided to account for the variable size of patients that might be studied.
Nomina bed speed during the measurement sequenceis 0.7 - 1 cm/sec.

1.7 Gantry and Vibration Isolation System
The dewar & probe assembly adong with some of the plumbing for the water bag is held in the
gantry. The gtructure is design to minimize vibrations from the floor. The gantry is constructed
of materids having alow magnetic moment, and is design to offer easy access to the patient and
the water bellows system. The gantry is design to provide easy access to the dewar for re-filling
the sygem with liquid helium. The vibration isolation sub-system of the gantry consst of
vibration mounts to decouple the natural vibrational modes of the structure (the gantry, floor and
building). Features of the gantry include:
Esthetic design with al wood condruction with durable laminate surface.
Multiple access pands to provide easy access for maintenance.
Internd routing of cabling and water piping.
Multi-section construction to alow easy transport of subsections. If additional vibration
dampening is needed, some of these sections can be filled with sand.

1.8 Computer Control and Data Collection System

1.8.1 Component Item Overview

The Computer Controller and Data Collection System dlows the user to modify the system
configuration from the computer and collect data. This includes a desk and dectronics rack for
the SQUID dectronics, and magnet power supply. It controls the following functions:

SQUID System - gain, range, filters, tuning and other miscellaneous settings.

Helium Leved meter - determines the amount of liquid helium in the dewar.
Magnet Control System — manually charges the magnet with adc biasfied.
Water Bellows Control - empty and fill the water bellows.

The Pogtion Locator Sysem - control of the Signd Generator and the Lock-in amplifier
functions, aswell asavisud read-out of the feedback of the sgnals used while centering a patient.

Patient Bed and Motion System - manua X & Y postion adjusment, computer controlled Z
position adjustment), electronic readout of Z postion.

Hand Held Controller - bed- height/water bag fill & empty/measurement control
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The computer system is comprised of a desktop computer with interface and A/D or D/A

cards required for the above.
Softwareis provided for setup, control and collecting data (including petient motion) and is
written in National Instrument LabWindows® CVI application language. An ontline analysis
routine gives a 1% approximation to the susoceptibility. It is assumed that findl data analysis will
take place off-line from the system computer, which will be dedicated to system setup, control
and data collection.
Data collection will dlow specific patient information to be recorded in a datafile (in addition to
multiple patient measurements). The header block will contain the SQUID e ectronics and other
system information as required to define the experimenta setup. The SQUID output is voltage
(both channdls) and vertical position. The data file must be post processed by the user to
complete the analysis of liver iron content. It should be noted that liver location and depth are
important parametersin caculating the iron concentration [Fe).

1.8.2 The SQUID Detection System & Electronics

Three channd IMAG® LTS SQUID Electronics (modd iMC-303 SQUID control electronics,
three model FL-301-H flux-locked loops, three model CC-6 fiber-optic composite cables and
three model LSQ/20M niobium dc SQUID sensors)

Modd BMD-35M liquid hdium dewar with detection coils, SQUIDs and superconducting
magnet system integrated into the vacuum section.

Liquid helium level detector on insert to helium storage region of the dewar.

Liquid hdlium level meter read-back eectronics.

Liguid hdlium flow meter.

Magnet Power Supply and control eectronics suitable for computer integration.

1.8.3 The Water Bellows & Controls
Microprocessor control system, located in an EMC protected enclosure.
Water reservoir with analog pressure and vacuum indicators, dso in the EMC protected enclosure.
Water bag assembly for mounting on the dewar.
Safety vave system to protect from an over-pressure condition, including a feedback line for
motion control reversa.
All lines and miscellaneous components required for operation.

1.8.4 Position Locator
3-coil Locator assembly (see Figure 1-3).
Signal generator and software generated lock-in amplifiers (3).
Cabling and interconnects.

1.8.5 Patient Bed & Measurement Motion Control
Patient Bed - low magnetic Sgnature
Vacuum evacuated air mattress
25 cm of tota verticd trave
Manua X-Y horizontd postioning
Verticd location measurement system with electronics readout.
Computer controlled Z-position controller
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1.8.6 Gantry & Vibration Isolation System
Gantry Structure
Vibration Isolation System
Mounts for water bellows reservoir
Heium Transfer access region
Liquid hdium trandfer tube

1.8.7 Computer Control and Data Collection System
An operator desk and two separate electronics racks are supplied. The keyboard, mouse, 17"
color monitor (1024 x 768 resolution) and Hewlett- Packard Color DeskJet Printer reside on the
top of the desk.
Thefirg rack houses the computer and most of the eectronics and is EMC shielded. The
computer system includes an IBM compatible computer (400 MHz Pentium microprocessor, 6
GB hard disk, CD ROM Drive), 17" color monitor, with a second flat pand display for use
during the measurement process. The computer also contains Nationa Instruments data
acquisition cards, RS-232 communication ports, a Centronics compatible parallel port, Windows
98 Operating System, National Instruments LabWindows CVI Development Software. The
electronics housed in the rack are described in §2.2 The second dectronics rack houses the water
bag electronics (81.8.3).
A second flat pand display for use during the measurement process should be located near the
patient bed or mounted on the gantry
A second off-line computer is supplied for off-line post processing. This system can be used for
fina data andyss. This computer has the ability to share files via ether networking or via
"superdrive’ format.

1.9 Schematic

The system block diagram is shown below. It conssts of many integrated subsystems described
ealier.
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System Schematic
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Figure 1-5 System Schematic

2 Preparation for Use or Return
2.1 Site Requirements

2.1.1 Site Selection
The mode 5700 biosusceptometer is a detector of magnetic flux that that is amplified and
transformed by the SQUID system into aroom temperature output voltage. Thisvoltageis
directly related to the iron stores in the liver. Signals can aso be induced from sources other than
the liver, in particular ectromagnetic interference. Examples include power digtribution panels,
autoclaves, telephone switching equipment and cellular base stations. The model 5700
biosusceptometer can detect signals as smal as 10 teda. Because of this, attention must be
paid to externa noise sources.
The god of adte survey isto determine the optimum ste to place an instrument. Hospitals and
other fadilities in urban environments can be extremely noisy due to eectromagnetic radiation
(rfi), low-frequency magnetic noise, and noise at intermediate frequencies contributed by
meachinery and power lines. The use of gradient configuration detection coilsin the mode 5700
biosusceptometer can overcome much of this noise in anorma laboratory setting; but greater
noise reduction may be needed for routine clinical gpplications. Environmenta noise can be
particularly severe at low frequencies. A Site survey prior to system ingalation must be
performed to determine the ambient noise and the leve of shidding required. An extremely
sendtive (e.g., SQUID or flux-gate) magnetometer should be used for the Site survey. Tristan
Technologies can not be responsible for substandard system performance if the modd 5700
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biosusceptometer is Sited in anoisy environment. If you need assstance in performing a site
survey, contact your loca Tristan Representative.

Shown below are representative measurements of measurements made at a poor site (Figure 2-1)
and one at a better ste (Figure 2-2). In terms of magnetic fields, one large divison is equivaent
to 2%2mGauss or 250 nanoteda. Y ou should dso ignore the thickness of the field plot asthat is
due to the high bias frequency of the flux- gate magnetometer used to make the measurements.
What isimportant is the average movement of theline. As can be seenin Figure 2-1, there are
two structures to consider. Thefirgt isalower frequency drift that occurs over tens of seconds
with variations on the order of 250 — 500 nanotesla. The second is the much more rapid ~ 750
nanoteda spikes that occur multiple times over the 500 second measurement cycle. Figure 2-2
shows the measured field noise in a better location. As can be seen (removing the flux-gate high
frequency Sgnds), thereis significantly less low frequency drift (£ 250 nanoteda) and no
observable spiking. Clearly, the second Siteis superior to thefirg.

Figure2-1 Poor Site

IeKRall: &8/ sample
I

SOmv TEoTRTY  -200my

Figure 2-2 Good Site

In generd, what you want to avoid—when siting any SQUID magnetometer—are elevators,
subways and trains, automobiles, and any other large meta (especidly containing iron or sted)
objects. Anything that gives alow frequency signd may cause the model 5700 biosusceptometer
to give inaccurate results. Powerline (mains) fidds at 50 Hz should be below 1 microTeda (0.01
gauss). To avoid ground loops (and subsequent 50 Hz pickup), the system requires an electrica
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ground spike attached at asingle point. Radiated rfi levels of 0.1 voltsmeter may impare the
ability of the SQUID dectronicsto track signd changes.

Basicdly, you should look for alocation where there are no ferrous materias within a 15
perimeter of the instrument and a 30 perimeter where there are minima metallic structures (e.g.,
gurneys, wheeled chairs and stedl desk draws, etc.). Moving an interference source a 15’ to 30’
will reduce itsinfluence by 20 dB.

Obvioudy, aground floor is preferred to alocation on a upper floor. In any case, the floor
beneath the model 5700 must have no iron rebar in the concrete. To reduce motion induced
artifacts, the pad on which the modd 5700 sits should be vibrationaly isolated from the rest of
the building.

2.1.2 Space Requirements
Sufficient space must be alocated to the modd 5700 biosusceptometer, not only to alow safe
and proper operation of the system, but aso to prevent claustrophobic reactions from the patients
being measured.
The Torino Site layout is shown in Figure 2-3. The water bag rack isin adifferent room from
that of the rest of the equipment. The water bag system should be operated floating fromthat of
the main system in order to avoid ground loops.

=E]Q;:;;H RERE

v

N

T T T ¥ T — T

Figure 2-3 Room Layout Torino

2.1.3 Power Requirements
200V 4.5V A for Main Rack and computers
200V 2.4V A for water bag assembly
An eectrica ground to good earth ground (via spike) must be provided near the data acquisition
rack. For safety purposes, an interruptible circuit breaker should be provided at the wall power.
Thiswill connect to a single button (Red Button) on the side of the gantry that makes a contact
closure when activated.

2.2 Items Supplied in the model 5700 Biosusceptometer
Rack Instruments
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Knurr 19" Rack model MR19696C
Hewlett- Packard Signal Generator model HP33120A
Hewlett-Packard Power Supply #1 (magnet) model HP6541A
Hewlett-Packard Power Supply #2 (z-transducer, flow meter)
model HPE3610A
Hewlett-Packard Power Supply #3 (magnet switch & SQUID hegters)
model HPE3611A
Hewlett- Packard Power supply #4 (flow meter, fluxgate) model HP3630A
Kollmorgen Motor Controller (Sngle-axis) modd KXA-80-10-20
Tristan IMAG® SQUID Controller model iMC-303 (R 1.05 Chksum FA9B)
American Magnetics Level Meter model 135
Serralnstruments Helium Fow Meter modd 824-CE-13-0OV1
Computer system:
Gateway CPU mode PI1-400 (in rack) Xpert and Rage graphics cards &
Superdrive
Gateway CPU modd ALR-700 & superdrive
Gateway Monitor #1amodd EV700
Gateway Monitor #1b model FPD1500
Gateway Monitor #2 modd EV700
National Instruments DAC card #1 modd PCI-6023E (in rack) 0XB15D16
Nationa Instruments DAC card #2 modd PCI-6031E (in rack) OXAEA51F
Nationd Instruments Isolated Serid card (in rack) AE1444
Hewlett- Packard Printer model Deskjet 710C
Knurr Desk model 0.302.803.4
Sensor System
Trisan modd BMD-35M liquid hdium dewar
American Magnetics mode 135 liquid helium level sensor
Trisan modd iFL-301-L flux-locked loops (3)
Tristan model LSQ/20M dc SQUID sensors (3)
L akeshore Silicon diode temperature sensors model DT-470-SD-13 (3)
Motorized Petient Bed
Gantry
Water bag system including pump and microprocessor controller (in second rack)
Ultrasound Scanner
Second Bed (manud)
Vacuum méttress (including pump)
Locator loops (4)
Cross Plane lasers
Phantoms (2)
Oscilloscope/V oltmeter

2.3 Initial Inspection

All Trigtan instruments and equipment are carefully inspected and packaged at Tristan prior to
shipment. However, if aunit is received mechanically damaged, notify the carrier and the nearest
Trigtan representative, or the factory in San Diego, Cdifornia. Keep the shipping container and
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packing materid for the carrier and insurance inspections. Even if thereis no apparent damage,
we recommend you keep dl packing materids until the system isfully operationd.

WARNING

DO NOT INVERT THE PROBE WITHOUT USING CARE TO AVOID DAMAGE TO THE RF SHUNT
SHIELDS. THESE SHIELDS ARE TAPED AND GREASED IN PLACE ONLY.

If the unit does not appear to be damaged but does not operate to specifications, contact the
nearest Tristan representative or the Tristan factory and describe the problem in detail. Please be
prepared to discuss dl surrounding circumstances, including ingtdlation and connection detall.
After obtaining authorization from the Tristan representetive, return the unit for repair long with
atag to it identifying yoursdlf as the owner. Please enclose aletter describing the problem in as
much detail as possible.

2.4 Unpacking
The modd 5700 and accessories is shipped in severd crates. Before opening any of the crates,
ingpect the crates for obvious shipping damage. If damage is observed, immediatdy notify the
freight carrier (and Tristan) prior to opening the crate(s).
Open dl shipping containers and carefully remove al supports, cushioning and tape (where
gpplicable) being careful to secure any movable or loose parts. Carefully ingpect al components
for Sgns of damage (dents, scratches, punctures, broken controls or indicators, etc.). If damageis
observed, immediately notify the freight carrier, your loca Tristan representative and Tristan.

NOTE
KEEP THE SHIPPING CRATES UNTIL THE SYSTEM IS FULLY
OPERATIONAL

If the system or any part must be returned to Tristan, the origina crates must be used to properly
pack the system and avoid shipping damage. If the crates have been discarded, it isthe
responsibility of the user to supply equivalent crating to ensure safe return of the shipped items.

CAUTION
THE DEWAR (Figure 2-5 & Figure 2-7) TAIL IS VERY FRAGILE.
DO NOT REST IT ON THE TAIL SECTION.

The modd 5700 is very sendtive of magnetic fidlds and magnetic contaminants. The tall section
of the dewar must be kept clean of contaminants. Handle and store the dewar section
accordingly.
The dewar/sensor assembly is shipped upside down. When removing the dewar/sensor assembly
fromits crate, first ingpect it to ensure that it is il under vacuum. If the bottom plate (to which
is attached the tail piece) appears|oose, contact Tristan immediately. Assuming that the bottom
plate isfirmly atached to the dewar bdly (i.e., theinterior vacuum is good), follow the following
steps:

Prepare wood blocks to rest the dewar top plate on. Be sure that the top plate connectors will

not rest on any of the blocks.

Remove the dewar/sensor assembly from its crate and rest it on the wood blocks.

Remove the wooden sensor box from its crate.
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Prepare atemporary stand to rest the dewar on after it has been turned right sde up. The
stand should be at least 50 cm above the floor to prevent the dewar from resting on itstall.
Lift the dewar/sensor assembly off the wood blocks and carefully tip it right Side up. The
carefully rest it on the temporary dewar stand. 82.5.1.2 will describe how to place the dewar
in the sensor assembly box section of the gantry.

Prepare atemporary stand to rest the wooden sensor assembly box on. This stand must have a
15 cm diameter holein it and be at least 45 cm above the floor to prevent the dewar from
resing onitstail. A cutout in the Sdeis preferable,

Lift the dewar from its resting place on the temporary stand and st it in the wooden sensor
box. Be careful not to damage the dewar/sensor tall. If you are using rope to lift the dewar,
make sure that the rope(s) is firmly attached to the dewar section and is not directly attached
to thetall.

2.5 Preparation for use

2.5.1 Installation of Gantry
Completely assemble the gantry except for the wooden dewar/sensor support; after the initia
helium trangfer, the sensor is mounted in the wooden support and then the support is mounted to
the gantry. Take care to locate the gantry initsfina position; it is not an easy item to move. Use
the adjustable feet under the sde support pillarsto leve the gantry. After the Gantry piers are put
in place, mount the wooden dewar/sensor box, being careful not to damage the dewar tail. The
assembled gantry is shown below.

T T T ¥ T — T

Figure 2-4 Gantry Assembly

25.1.1 Pumping of dewar

Dewars are shipped with the vacuum space evacuated. Atmaospheric pressure actudly holdsthe
end pieces (top and bottom plates) of the dewar together.

The vacuum space is evacuated via the evacuation valve on the dewar top plate. The vacuum is
maintained using two large gasket sedls on either end of the dewar outer case tube.
IMPORTANT: Please make certain that the dewar tail does not twist relative to the top plate if
the pressureis released.
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If the dewar vacuum has deteriorated while the dewar was warm (usualy due to shipping
damage) it will be noticegble during liquid nitrogen precool as the outsde walls of the dewar will
get cold and perhaps even condense water. Any atempt to transfer helium under these conditions
will befutile. The outsde walswill get quite cold but no hdium will collect in the dewar. If this
occurs, contact your local Tristan representative before proceeding.

Since hdium can diffuse through warm fiberglass, do not let helium gas remain in awarm dewar
for extended periods. The elements in the dewar vacuum space may "outgas', particularly at
room temperature. For thisreason, an air getter materid is in the vacuum space to adsorb air and
even helium when cold. The vacuum should hold for along period of time, ayear or more.

2.5.1.2 Placement of dewar in Gantry

Figure 2-5 shows the cross section of the dewar. The dewar "belly" has a volume of about 35
liters. This structure should not be tipped when full. Care must be taken to not freeze the O-ring
at the top of the dewar or the O-rings at the connectors. Care should be taken for the connectors
for the SQUIDsin particular since they could collect cryogenic liquid during atransfer. Make
sure there is a safety mechanism for the lifting of the dewar (separate safety straps) and that there
are multiple personnd (spotters) present when lifting the dewar. A fdl will destroy the dewar.
Damage to the dewar due to improper handling is not covered by the warranty or service
contract.

1

Figure 2-5 Dewar cross-section

Thisdewar mugt be ingtdled in the gantry box and then ingdled in the gantry. The find

assembly is shown below. The preferred method isto ingal straps on the side of the dewar. The
dewar is lifted into the gantry box viathe externa straps and then placed on arubber vibration
isolation on the ingde bottom of the gantry box. If the straps do not interfere with the
measurement process, they may be left in place. Otherwise the straps should be removed. The
gantry box may then be placed on an dectric lift. This sructure is then lifted into place into the

gantry.
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Figure 2-6 Dewar in Gantry

2.5.2 Installation of water bag

See the separate documentation for the ingdlation and filling of the water bag subsystem (Figure
2-7). It isimportant to note that the air must be removed from dl the linesfor the system to
function. Smdl amounts of ar will prevent the bag from riang. Always used clean, iron-free

distilled weter.
H p—Sensor m u
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Figure 2-7 Water Bag assembly

A block diagram of the water bag fill assembly is shown below. This structure must befilled
with water without lesks so that the entire assembly is hydraulic (and not pneumétic). All air
must be removed. The mogt effective technique is to bleed from the top points and to use the
pump to flush water plus air through the system and thet the air collects at the high points.

Ferritometer Manual page 14 of 74



These porin de ek ] brs For 3 phemd

Figure 2-8 Water bag flow schematic

2.5.3 Preparation of subject bed
The patient bed may now be brought into position. There is a strgp which holds the top of the bed
sug againg the base; this fastening is to prevent damage to the bed lifting mechanism during
shipment. This strap should be released s0 that the bed isfreeto rise.

CAUTION

Once the strap has been released, DO NOT try to lift upper bed surface. The height of this
surface must ONLY be varied using the dectricad motor (viathe Hand Held Control unit and
software).
Once the turnbuckle has been removed and al the system electrical connections have been made,
the bed should be tested for function. Verify that the tape switch, the counterclockwise (CCW)
limits and the clockwise (CW) limits dl function. Verify that the position transducer is read by
the software.

Figure 2-9 Bed assembly

2.5.4 Interconnects
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2.6 Reshipment

2.6.1 Repackaging for return shipment
If it is necessary to return the system, you should repack the unit in its origind container (if
available). For thisreason, it is advisable to save the origind crate(s) or manufacturer's
packaging sent by Tristan; however, if thisis not possible, use the following ingructions for
recapping.
1. Wrap the unit in either bubble wrap or foam rubber.
2. Cover the bottom of a sturdy container with a least 8 cm of Styrofoam pellets or shredded

paper.
3. Set the unit down onto the packing materid and fill the rest of the container with Styrofoam

or shredded paper. The unit must be completely protected by at least 8 cm of packing
materid on al sSdes.

4. Thedewar must be shipped inverted. Care must be taken not to damage any of the connectors
on the dewar top (Fig 2.6). If the dewar vacuum is poor, the top plate, center tubing and
bottom plate (including the tail section) must be secured to avoid separation of the dewar
sections or relative motion of any part of the dewar. Failureto follow these dir ections will
void any warranty.

5. Damageindicators, such as shock watches and "tip-N-tdls’, should be attached to the
shipping crates.

6. If you are unsure how to pack the items, contact your local Tristan representative or Tristan
directly.

2.6.2 Return from Customers outside the U.S

To avoid ddlays in Customs clearance of equipment being returned, contact the Tristan
representative in your area, or the Tristan factory in San Diego, Cdifornia, for complete shipping
information and necessary customs requirements. Failure to do so can result in significant delays.

3 Operation

3.1 Introduction

The cryogenic system consgts of afiberglass fixed tail liquid helium dewar (see Figure 2-5)
containing three channels of SQUIDs and detection coils and an integral superconducting
magnet.

3.2 Initial Operation

3.2.1 Initial Cooldown

Ingpect dewar and verify internd cavity is free from ice, moisture, or other
contaminants. Contaminants could result in incorrect measur ementsor
dewar/sensor damage!
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3.2.1.1  Liquid nitrogen precool
Be sure that the dewar is dry before proceeding. Water should never be dlowed to collect insde
the dewar. Water has alarge enthdpy and will require sgnificantly more liquid nitrogen and/or
helium to precool awarm dewar that has water in the inner vessd.
The system should be precooled with liquid nitrogen to ease cooling and conserve liquid helium.
Idedlly, liquid nitrogen should be transferred into a tilted dewar. Do not shock cool the dewar
interior. The dewar's being tilted by about 3" at the edge of the base will alow the liquid to cool
the belly of the dewar first and then cool the feedthrough. This minimizes the stress being placed
on any vacuum connectors. The initid fill with nitrogen should take about 5 liters. The amount is
chosen by watching the temperature until liquid collects and then letting the dewar warm above
the liquid temperature. Do not overfill, otherwise you will have to wait until the liquid nitrogen
has evaporated before proceeding to the next step. When the dewar has no liquid nitrogen it is
then safe to trandfer the liquid hdium. This normaly takes about 6 hours to cool.

3.2.1.2 Initial transfer of liquid helium
Verify that the liquid helium level detector is operationd. Instructions on the use of the AMI
model 135 can be found in its manua (separately supplied).
Make sure the BMD-35M dewar is empty of liquid nitrogen.
For theinitid trandfer, it is recommended that 100 liters of liquid helium be available.
Verify the helium leve in the Storage dewar and the BMD-35M dewar.
Open the transfer and vent ports at the top of probe.
Set the AMI model 135 level detector toggle switch to UPDATE.
Begin the helium trandfer, observing al standard cryogenic handling and safety procedures.

Unless otherwise directed by Tristan personndl,
do not shock warm dewar with liquid nitrogen or helium.

| MPROPER INTRODUCTION OF LIQUID NITROGEN OR HELIUM DIRECTLY INTO THE DEWAR MAY

PERMANENTLY DAMAGE THE DEWAR AND WILL VOID THE WARRANTY.

Cool thedewar dowly. Expected cooling timeison the order of six hours.

Observe transfer levels. * Note: dewar capacity of the BMD-35M is 35 liters.

When the liquid helium level meter indicates > 90% prepare to stop the trandfer.

In any case, do not fill the dewar above 99.9%

Plug trandfer and vent ports after alowing sufficient vent time.

Verify al connectors at top of probe are free from moisture.

Figure 3-1 shows the interna temperatures of the dewar/sensor assembly. With liquid
nitrogen precooling, it takes gpproximately sx hoursto go from80 K to < 5K.

If liquid nitrogen precooling is not used, the cooling timeis sgnificantly longer and more
liquid helium will be required to cool the dewar/sensor array from room temperature to 4.2
K. In this gtuation, we recommend having aminimum of 200 liters of liquid hdium
avalablefor theinitid cool-down.

Set the AMI model 135 level detector toggle switch to SAMPLE. Set theinterval to 60.0
minutes (see AMI manua for ingtructions).
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Figure 3-1 Dewar Initial cooling

3.2.1.3  Tuning of SQUID electronics
A complete description on the Tristan iMAG® dectronics and instructions on how to tune the
SQUID dectronics can be found in the IMAG® manud. A table of the SQUID and tuning
parametersis shown below.

Channd | Voltsp-p Bias Mod V/F o (x100 scale)
1 1.32 22% 43% .67
2 154 21% 37% .67
3 1.43 22% 33% .67

Table 3-1 SQUID Tune Parameters

3.2.1.4  Charging of superconducting magnet
Magnetic field isinjected into the superconducting magnet by driving a current through the coils
(Figure 3-2). To inject current into the magne, it is necessary to open (drive "normd™ or make
non-superconducting) asmall portion of the magnet cail. A region of the coil (actudly asection
of the magnet wiring well above the active portion of the magnet—we cdl this section the
persstent switch) is heated up to drive the connecting section normal. In that Situation, the circuit
is open and current can be injected into the coil. When the desired current (and equivaent
magnetic fidd) is achieved, the persstent switch heeter is turned off and the switch cools down,
becoming superconducting. The current then flows through the persstent switch section
completing the circuit. At this point, the HP 6541A power supply can be turned off as the
magnetic fidd (current) is trgpped indde the coil. The relaxation time after setting (or changing)
adc field can be aslong as 4 to 6 hours.
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To removethefidd, it is necessary to turn on the HP power supply and drive the current up to its
previous vaue before opening the persstent switch.

To HP Power Supply To HP Power Supply
A A\ 4
Heater Heater
on off
>
A v

———— W

Figure 3-2 Conceptual drawing of a persistent mode super conducting magnet

The magnet power supply system has four hegters (one for the persistent switch and three to hesat
each of the SQUID sensors) and a high current Hewlett Packard model 6541A power supply.

AG YOLTS

©

The charge dircuit is shown in Figure 4-3.
HEATERS USABLE
SO 502 503 NAG BED WATER

& +

Figure 3-3 Heater Switch Front Panel (part of system control instrument rack)

The switch heater (in Figure 4-2) is run norma by 1V (=1V/500hms). The SQUID input hesters
(SQ.1, SQ.2, SQ.3 in Figure 4-2) are dso run normd by 1V.
A norma charge from O to Imax consigts of :
Fird tegting the individua functiong(ohms, valts, etc).
Check the voltage, switch current and magnet current for correct resistance and grounds.
Run current in leads while monitoring the voltage
Run magnet heat switch while reading the magnet volts
Then charge the magnet to full fidd by
1. Check the helium levd and transfer if necessary
2. running the switch norma (1 V),
3. rampingthecurrentto 10 A,
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4. run the switch (in Figure 4-3) to superconducting (0 V),

5. then ramp the current to zero. This should be done in less than 2 minutes. High current boils
off helium and can heat the wire leads insde the dewar assembly to destruction.

The discharge differs mainly in that the persastent current is first matched and then the switch is

run normal and the current decreased to zero.

3.2.1.5 Filling of water bag system
A block diagram of the water bag fill assembly was shown in Figure 2-8. This structure must be
filled with water without lesks S0 that the entire assembly is hydraulic (and not pneumeatic). All
ar mugt be removed. The mogt effective technique is to bleed from the top points and to use the
pump to flush water plus ar through the system o that the air collects at the high points. The
water bag fills and empties ether through the LabWindows/CV I control software or viaa
terminal program (19,200, 8, 1, N, none). The bottom membraneislatex. It can be very easly
ruptured.

3.2.2 System Calibration
The system cdibration is covered in 84.1.3. The position transducer, and locator loop cdibration

are very essentid to the system operation and accuracy of the [Fe]. The actud number that the
system yiddsis cdibrated againg a plastic phantom. The system is cdlibrated on G20.

3.2.3 Ongoing Maintenance

3.2.3.1 Liquid helium level and flow monitoring
The system use of helium must be carefully monitored. The flow meter isread by the system
software and has darms at 200 and 2000 std cc of helium gas/minute (SCCM). Per initid system
designs, the level meter is not read by the software, but is manualy entered. Thisdlows for
noise-free data acquigtion. The helium level is read by connecting the cable at the top of the
dewar, reading the level meter and then shutting the meter off and disconnecting the cable. The
vaue read may be entered into the software a any time to estimate hdium transfer time. The
front pand software screen is only the estimated rate per last data entry. Below is shown a
typica bailoff vs. time for this dewar.
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Boil Off

100%
90% -
80% 1
70% 1
60% - o« 0.4%/hour

50% 1
40% 1
30% 1
20% 1
10% 1

0% I I I I

% of 35 liters

days

Figure 3-4 Dewar Boil-off

Note that the first portion reflects the increased boiloff due to theinitid transfer. Astheinterior
portions of the dewar/sensor array achieve stable temperatures, the boiloff decreases to an
equilibrium vdue.

3.2.3.2  Low and high flow conditions
The system has flow dlarms s&t a 200 (low) and 2000 (high) SCCM of helium flow. The front
pand display isnot measured. It isanindicator only.

3.2.3.3  Liquid helium refills

Verify hdium leve in storage dewar and dewar.
Open transfer port and vent port at top of probe.
Begin hdium transfer observing dl standard cryogenic handling and safety
procedures.
Observe transfer levels. * Note: Dewar capacity is 35 liters.
Do not continue transferring past 99.9%.
Plug trander and vent ports after dlowing sufficient vent time.
Verlfy al connectors a top of probe are free from moisture,

3.2.3.4  SQUID defluxing

The SQUIDs are normdlized through the IMAG® software and the front pandl switches. Switches
1-3 (Figure 3-3) control the flux in theinput loop. TheiMAG® hester contrals the flux in the
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SQUID. Both should be normdized after a magnet charge or excessive noiseis sugpected (like a
wrench near the bottom of the dewar).

3.2.3.5 Water Bag Maintenance

The water bag maintenance is covered in a separate document. The digphragm is very easy to
rupture and care must be taken to visually observe the pressure and the degree of deflection of
the bottom of the assembly.

3.2.4 Safety Precautions for handling cryogenic liquids

The potentid hazards of handling liquid helium stem mainly from the following properties:
WARNING
1. THELIQUID ISEXTREMELY COLD (HELIUM ISTHE COLDEST OF ALL
CRYOGENIC LIQUIDS).
2. THE ULTRA-LOW TEMPERATURE OF LIQUID HELIUM CAN CONDENSE AND
SOLIDIFY AIR.
3. VERY SMALL AMOUNTSOFLIQUID HELIUM ARE CONVERTED INTO LARGE
VOLUMESOF GAS.
4. HELIUM ISNOT LIFE SIPPORTING.
Extreme Cold-- Cover Eyesand Exposed Skin
Accidenta contact of liquid helium or the cold gas that results from its rgpid evaporation may
cause afreezing injury smilar to aburn. Protect your eyes and cover the skin where the
possibility of contact exigts. Eye protection should aways be worn when transferring liquid
hdium.
Keep Air and Other Gases Away from Liquid Helium
The low temperature of liquid helium or cold gaseous hdium can solidify another gas. Solidified
gasses and liquid, particularly solidified air, can plug pressure-rdief passages and foul relief
valves. Plugged passages are hazardous because of the continual need to vent the helium gas that
evolves asthe liquid continuoudy evaporates. Therefore, dways store and handle liquid helium
under positive pressure and in closed systems to prevent the infiltration and solidification of ar
or other gases. Do not permit condensed air on transfer tubes to run down into the container
opening.
Keep Exterior Surfaces Clean to Prevent Combustion
Atmospheric air will condense on exposed hdium-cooled piping. Nitrogen, having alower
boiling point than oxygen, will evaporate first from condensed air, leaving an oxygen-enriched
liquid that may drip or flow to nearby surfaces. Areas and surfaces upon which oxygen-enriched
liquid can form, or come in contact with, must be cleaned to oxygen-clean standards to prevent
possibleignition of grease, ail, or other combustible substances. L esk-testing solutions should be
selected carefully to avoid mixtures that can leave aresdue that is combustible. When
combugtible type foam insulation is used, it should be carefully gpplied to reduce the possibility
of exposure to oxygen-enriched liquid that could, upon impact, cause explosive burning of the
foam.
Pressure-Relief DevicesMust Be Adequately Sized
While most cryogenic liquids require considerable heat for evaporation, liquid helium has avery
low latent heet of vaporization. Consequently, it evaporates very rapidly when hest is introduced
or when liquid helium isfirg trandferred into warm or partialy-cooled equipment. Even minor
deterioration of the vacuum in the helium container can result in sgnificant evaporation.
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Pressure relief devices for liquid helium equipment must, therefore, be of adequate capacity to
release helium vapor resulting from such heet inputs, and thus, prevent hazard due to excessive
pressure. This system has been designed to safdly vent the evolving helium gas in the event of
any reasonable failure mode.

WARNING
DO NOT MAKE ANY MODIFICATIONSTO THISSYSTEM THAT

MIGHT AFFECT ITSABILITY TO VENT HELIUM GASIN THE

EVENT OF AN EMERGENCY SUCH ASLOSSOF VACUUM IN THE
DEWAR VACUUM SPACE.

If transfer lines can be closed off at both ends so that a cryogenic liquid or the related cold gas
can become trapped between the closed ends, a pressure-relief device must be provided in that
line to prevent excessve pressure build-up.
Keep Equipment Area Well Ventilated
Although helium is nontoxic, it can cause aphyxiation in a confined area without adequate
ventilation. Any atmosphere which does not contain enough oxygen for breathing can cause
dizziness, unconsciousness, or even death. Helium, being colorless, odorless, and tasteless
cannot be detected by the human senses and will be inhaed normaly asif it were air. Without
adequate ventilation, the expanding helium can displace air and result in an amosphere that is
nat life-supporting. The cloudy vapor that gppears when liquid helium is exposed to the air is
condensed moisture, not the gasitsdlf. Theissuing hdium gasisinvisble. Liquid containers
should be stored in large, well ventilated aress.
If a person becomes groggy or |oses consciousness when working around helium, get themto a
wel|l ventilated areaimmediately. If breathing has stopped or if a person loses consciousness,
aoply atificd respiration and summon a physcian immediatdly.

3.3 Normal Operation

3.3.1 SQUID Electronics

See the User's Manual for iMAG® Multi-Channel SQUID System for tuning the SQUIDs. Use
caution when handling the ddlicate fiber-optic cables connecting the Flux-1ocked loops and
SQUID control dectronics. Do not bend smaler than a 10 cm radius.

3.3.2 Handheld Controller
The Hand Held Controller (HHC) shown below controls al of the motion of the bed, data
acquisition, and water bag functions. The signasto the bed are digital enables and voltagesto
the motor controller. The contral to the water bag is via RS-232 commands. The commands are
sdf explanatory. It isimportant to remember that not al of the buttons work in al of the
software screens. The control was purposdly limited, but can be expanded as required.
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Figure 3-5 Hand Held Controller (HCC)

3.3.3 Magnet Power Supply
The magnet power supply system of alow power current supply for the heat switch, avoltmeter,
and a second high current supply. (Three Smilar low power heaters are used for warming the
SQUID circuitry to remove trapped flux.) The charge circuit is shown below in Figure 4-3. The
switch heater is run norma by charging the circuit to 1 volt (1V/50 ohm). The SQUID input
hegters are ds0 run normd by 1 volt. During anorma charge, the individua functions are first
tested. The current (and polarity) of the last magnet charge must be matched (unless the magnet
has lost persistence), the switch heater powered on (2 series switches) and then the new current
applied, switches off, and current deceased to zero. This should be donein less than 2 minutes.
High current boils off hdium and can heat the wire leads insde the dewar assembly leading to
potentia damage.

3.3.4 Dewar and Sensor Assembly

The dewar and sensor are described elsewhere. The dewar keeps the sensor cold and the
magnetic fidd in the magnet.

3.3.5 Patient Bed

The Patient bed lifts and lowers the subject and reports the bed Z position and aso has
emergency shut-offs for clockwise and counter-clockwise limits and if a person puts ahand
between the lowering surfaces.
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3.3.6 Water Bag

The water bag fills and empties either through the LabWindows/CV1 control software or viaa
termina program (19,200, 8, 1, N, none). The bottom membraneis latex.

3.3.7 Computers

The computers and data acquisition are described in 81.8.7. and shown in the system schematic.
One computer isfor acquistion and the second is for analysis. The computer interfaces with 2
Nationd Instruments /O cards and 3 serid ports. A printer and aflat pane monitor are dso
provided.

3.4 Liquid Helium Level Meter

The sysem includes a 14" superconductive filament liquid helium level sensor (schematic

diagram isshown in Figure 3-6). The sensor uses asingle filament of NbTi astheleve senang
element. To activate the sensors a smal constant current (gpproximately | = 70 mA) is gpplied to
the filament forcing the portion of the filament which isin the helium gas to become resistive.

The portion of the filament in the liquid remains superconductive. By reading the voltage across
the filament one can determine the length of filament which isresdtive.

Leads
Heater
15 Ohm 4.6 0hm
H o AN —AMA
15 Ohm
+V o
w S.C. Filament
R=121.4 Ohm

NV o

)
& &

Figure 3-6 Liquid helium level meter block-diagram

DO NOT LEAVE LEVEL METER IN THE CONTINUOUS POSITION
When turned on, the level detector passes a~75 mA current though a thin superconducting wire.
When immersed in liquid helium, the wire remains superconducting. Any portion of the wire not
in liquid does not have sufficient cooling to remain superconducting and becomes resistive with
aresstance of 4.5 W/cm length. Since the active length of the sensor ingtaled on this probe is 30
cm, a67% full reading is equivaent to 20 cm being superconducting and 10 cm being norma
with aresistance of 45 W. With a 75 mA current, this generates 250 mW, equivaent to a boiloff
of an additiond 84 liters/day of liquid helium. Leaving the level meter in the continuous
position with a 0% reading will generate heet equivaent to an additiond 25 liters/day helium
boiloff. Instead, switch the modd 135 meter toggle switch to INTERVAL.

Bdow is presented awiring diagram and pin assgnment for the level meter comector.
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Figure 3-7 Helium level meter connector

3.5 Taking the System Out of Service

3.5.1 Removing field from the magnet

The removd of the fidd from the magnet must be done by matching the current dreaedy existing
in the magnet and then running the magnet heat switch norma (NOTICE --one switch and one
connector). The field must be decreased in < 2 minutes to avoid excessive helium usage and
potential damage to the wire leads insgde the dewar/sensor assembly. DO NOT HEAT THE
SWITCH WITHOUT MATCHING THE CURRENT (unlessinternd field logt).

3.5.2 Warming up the dewar
Prior to warming up the dewar, ensure that no current is trapped in the superconducting magnet
(83.6.1). Fallure to remove the fidd from the magnet will damage the magnet and void any
warranty or service contract.
Fiberglass dewars such as the BMD-35M supplied with this system should NEVER be alowed
to warm up by smply letting dl the hdlium eveporate. If thisis dlowed to happen and the insde
fiberglass warms to near room temperature, helium gas will diffuse through the dewar wals and
soften the vacuum space of the dewar. To prevent this, you should wait for about one to four
hours AFTER the helium leve has reached 0% and then backfill with nitrogen gas. Then let the
dewar warm up to room temperature. If this procedureis used, it will be necessary to make sure
that any water which condensesin the dewar is removed prior to using the system again. This
can be done by blowing dry room temperature air into the tail of the dewar.
WARNING

DO NOT BLOW HOT AIRINTO THE DEWAR ASTHISMAY CAUSE
FAILURE OF THE EPOXIED JOINTS.

3.5.3 Removing dewar from Gantry

The dewar can be removed from the gantry by reverse of the above procedure. Make sure that
the dewar lifting Straps are securdly attached and that there is a safety and multiple spotters.

4 Theory of Operation
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4.1 Principles of biosusceptometry

4.1.1 Magnetic Susceptibility

All materids are influenced by magnetic fields. How the materia's respond to gpplied magnetic
fields determines their magnetic properties. Ferromagnetic materids such asiron act to strongly
concentrate magnetic flux and are greetly attracted to an induced magnetic field. In addition, the
response is highly nontlinear and hysteretic. Paramagnetic substances (metas other than iron,
cobalt or nickel, gases like oxygen and some organic materias) are weskly attracted to an
induced magnetic fidd. Diamagnetic materids (H>O and some organic materids) are very
wesekly repelled by an induced field. Findly superconductors are diamagnetic, but strongly
repelled by an induced magnetic field. The response of paramagnetic and diamagnetic materids
are linear and non-hysteretic. Mathematicaly, we can represent the magnetic interactions by the
following equation:

B=cH eg. 4.1
where B isthe magnetization of the object, H isthe gpplied magnetic field and ¢ isthe object's
megnetic susceptibility.

Materidl C (Sl units) response
Ferromagnetic 1~100's Non-linear & hyderetic
Paramagnetic 10 Linear & Nonhysteretic
Diamagnetic -10°® Linear & Non-hysteretic
Superconductor -1/4p Linear & Non-hysteretic

Table 4-1 Table of Susceptibilities

Although contaminants in the lung can be ferromagnetic (e.g., inhded dust from welding), no
known human tissues are ferromagnetic. Iron storage molecules such as ferritin and hemosiderin
are paramagnetic with ¢ ~ 10, This paramagnetic response is directly proportiond to the
number of iron atoms present in these iron storage molecules. Thus amagnetic susceptibility
measurement can directly determine the iron concentration. In redlity, if there are diamagnetic or
other paramagnetic materiads present in the sample being measured, they must be accounted for.
Fortunately, other than iron storage molecules, the human body does not contain other naturaly
occurring paramagnetic substances in measurable quantity. While not paramagnetic, body tissue
isdiamagnetic with ¢ » -9-10°°, quite close to that of water. By taking into account the
diamagnetic background contribution of body tissue (and ignoring the inggnificant contribution
from molecular oxygen, trace metals and deoxyhemoglobin), magnetic susceptibility
messurements can be used to produce direct in-vivo measurements of hepatic iron concentration.

4.1.2 Theory of Biomagnetic Susceptibility

The response of a magnetic susceptometer is given by the size of the magnetic flux change (DF )
produced at the pickup coil due to the presence of the object whose susceptibility is being
measured. The flux change is cdculaed from the following volume integrd:

DF = (m 19 § c(r) Bi(r)Bd(r) &°r eq. 4.2
where c(r) isthe magnetic susceptibility of the test object, B¢(r) is the magnetizing fied, and
Bq(r) isthereciprocd flux densty of the detector cail (i.e., flux density generated by a current of
l4 in the detector cail). In our case, B4(r) is provided by afirg-order gradient fidd coil whichis
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coaxia with the detector coil sat. The fidlds Bq and By are determined by the geometry of the
coilswhich generate them, and the response flux DF  can be calculated by numericd integration
for aparticular distribution of tissue of known susceptihility.

Thefidd a off-axis points vaues of Br were computed numericaly. The radia and axid
components of the magnetic flux dengty produced by asmple circular loop of wire of radiusr,
carying acurrent | are given by the usud equationsinvolving dliptic integras. The detector coil
reciproca field By was found smply by summing the contribution of each individud turn.

The voltage response of the SQUID detector is directly proportiond to the flux change through
the detection coil. For a homogeneous object with cylindrica symmetry, the integrd,

Q Bd(0,2) Br(q,2) q dgdz eq. 4.3
carried out over the volume of the test object, is proportional to the magnetometer response. This
function, which we cdl the flux integrd, was cadculated numericdly using a parabolic
approximation to the field integrals. The g and z ranges were each divided into intervas, with
szeincreasing with distance from the axis and origin. The liver was modded as a hemisphere
and acylinder coaxid with the detector coils. The change of flux associated with lowering the
liver from adistance d to infinity was cdculated for arange of sarting distances representetive
of red measurements.

By fitting the output voltage V(2) of the SQUID detection circuitry as a function of depth (2)
beneeth the dewar tail, the susceptibility (c) can be determined. To calculate iron concentration,
some assumptions need to be made. The easiest isto assume that the susceptibility of the liver is
much less than that of the surrounding tissue, e.g., skin, fat, muscle, ribs, etc. In this Situation,
Cliver << Ctissue- Additiondly, we assume that the thickness of the overlying tissue (between the
skin and liver isnot excessive, i.e., the patient is not obese) and that the iron stores are
homogeneous. While smdl variationsin spatid digtributions will not affect the quantitative
mesasurements, sgnificant inhomogenieties (on cm scales) may giveriseto errors,

First Order Approximation: to 1% order, the voltage output is given by

V(z2) = C DCliver F + DVgystem(2) + Vo eq.4.4
where z is the distance of the skin benegth the dewar tail, C is a congtant determined by the
sysem cdlibration, F istheflux integrd (eq. 4.3), DV system(2) is the contribution from the locator
loops, and V, is the voltage at the gart of the measurement
Inaccuracies can result these conditions are not met. For example, an obese patient with aknown
normal [295 ngy/g] iron concentration can measure significantly higher [~1500 ng/g] if the added
distance of the overlying tissueis not taken into condderation.

Second Order Approximation: amore accurate determination of iron concentration can be made
using a second order fit by taking into account the contributions of the surrounding tissue. Thisis
especidly important in obese patients and Stuations where Ciissye > Ciiver /10. Here

V(z) = C {Dctissie F tissie(2) + DCliver F liver(Z + Ziver)} + DVgystem(2) + Vo + O3(2) eg. 4.5
where Dciissie aNd F jissie 1S the susceptibility and flux integrd of the overlying tissue respectively,
Ziver ISthe depth of the liver beneath the skin and Os isthe error associated with higher order
effects.

A multiple linear regression can be used to determine relative to the reference medium (water).
Deviations from thismode are included in ausudly smdl linear error term (O3(2) - > 0). The
liver iron concentration is then calculated as cre = DCjiver/X With the volume susceptibility, Xpe =
1600-10"° S units for the paramagnetic hemosiderin/ferritin complex. See §6.1 for additional
informetion.
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4.1.3 Calibration

To determine the actud (equivadent) iron concentration, a linear fit between the actud
Biosusceptometer system response a a depth and the calculated response of the system to a
theoretica model at the same depth was performed. The depth is derived from the voltages
generated by the locator loop, which has previoudy been calibrated againg the position
transducer. The dope of the linear fit between system response and the calculated response
yidds [Fe], the iron concentration. The softwareis cgpable of subtracting auniform drift or
background measurement response (i.e. locator loop), changing the reference analysis shape, and
overlying tissue thickness. The cdibration is done on gain G20.

4.1.4 Detection Coils

The cryogenic sensor was congtructed with a single magnetizing field and three detection coils.
The magnetizing field was ddliberately chosen to be afirst order gradient configuration for noise
reduction purposes and to reduce the signd from the lung or the gut. The sensor assembly
comprises three detection coils [two 2nd order gradiometers of different radii and athird 1st
order radid gradiometer] along with a 1st order persistent-current superconducting magnetic
field cail. Thefield coil generates amagnetic field strength of 34 mteda/amp at the skin surface.
The SQUID detection coils were balanced with respect to the magnets to < 1% and to externa
fidds. A radiofrequency low-pass filter transformer was ingdled in the input to reduce the
system response to rfi Sgnals over few tens of kHz.

The detection coil assembly is shown below.

Figure 4-1 Detection Coil Assembly

4.1.5 SQUID Circuitry
The SQUID input circuit has two sections that must be separately normalized. The circuit centers
around atransformer for stripping high frequencies from the SQUID input and dlowing the
injection of AC signds (externd feedback) into the detection input. Theselines are ble
indde the dewar.
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Figure 4-2 SQUID input Schematic

Figure 4-3 Magnet Schematic

The magnet has 6 leads (Figure 4-3) rdative to its function. The voltage leads measure the
voltage across the superconducting magnet. During regular superconducting operation thereisno
voltage. The hester drives the magnet switch normal so that current can be trapped in the magnet
(83.2.1.4). The magnet current must be driven through the currents leads only. These leads are
connected with large bolts at the top of the dewar. Asthese leads carry significant currents (10
A), do not dlow them to be shorted, grounded or touched.

4.1.6 Magnet Field Plots

Figure 4-4 shows the on-axis fied strength of the magnetic as a function of distance benegth the
tail section of the dewar. It should be noted that the 5 gaussline is about 14 cm (5%%2") below the
dewar tail.
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Figure 4-4 Magnetic Field Profile

5 Principle of the clinical method (BLS)

The noninvasve method of Biomagnetic Liver Susceptometry (BL S) exploits different effects
of superconductivity. Magnetic fields of 0 - 20 millitedawithin the body tissue generated by an
externa superconducting field magnet (within the insrument) are measured by means of a
SQUID magnetometer. SQUIDs are highly sengtive to the magnetic flux generated by moving a
patient within the magnetic fidd, thus dlowing the measurement of extremdy smal magnetic
fields changes (in the range of 10°° to 102 Tedla). For comparison, the magnetic field of the
earth is~ 510 T; the magnetic fidd generated by the heart (the cardiomagnetic fidd) isa
million times weaker (~ 5-10°1T).

Thein-vivo liver iron concentration of large near surface organs can be measured by means of
the magnetic volume susceptibility of the respective tissue as long as the usudly paramagnetic
iron contribution (ferritin and hemosiderin iron) overwhelms the usudly diamagnetic biologica
tissue contribution (water, skin, muscle, connective tissue, fat). The iron concentration Cre IS
related to the relative magnetic volume susceptibility Dc by cre = Dc /ctin With the specific
susceptibility iy, = 1600-10° SI-(Hg/Gisse) ™ for the paramagnetic hemosiderin or ferritiniron
complex. In contrast, the magnetic volume susceptibilities of most biological tissueisSmilar to
that of water, i. € Cyater = -9.032:10° SI.

The measurement is performed versus a weter reference medium (water bag) covering the upper
body with the advantage of reducing perturbation effects from the body surface and itstissue.
Thus, to 1% gpproximation, one has to consider amagnetized organ moving in anon-
homogeneous magnetic fidld within awater surrounding.

To date, the method can be agpplied only to organs such aslivers and enlar ged spleens (>300
ml) with atota error of s e = 50 - 400 pug/gissue- This replaces the biopsy with quantitative
physicochemica estimetion of the iron content.
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5.1.1 Typical Applications
The most relevant applications of this method are related to iron overload diseases such as
genetic hemochromatoss and Sderos's caused by blood transfusions. The following main
appllcatl ons have been established so far:
monitoring iron overload in patients with transfusonda sideross (genetic -thaassemia mgjor
and sickle cdll disease, or other transfusion dependent anemias) for the onset or
intengfication of chelation thergpy and during this thergpy,
ng iron overload in [3thal assemics scheduled for bone marrow transplantation (BMT)
or monitoring iron overload in ex-3-thalassemics after BMT scheduled for irondepletion
therapy,
assessment of iron overload in patients scheduled for interferon therapy in liver diseases,
assessment of the long-term efficacy of different iron chelators under study,
diagnosis of genetic hemochromatosis (GHC) and assessment of the degree of iron overload
in known GHC,
monitoring liver iron concentration in the initid and preservating phlebotomy thergpy of
GHC.

5.1.2 What type of patients can be measured
In principle, nearly dl kinds of patients between three and ninety years old with the ability to lie
30 minutes on a bed can be measured. In practice, there will be some difficulties with certain
patl ents and some precautions have to be taken:
patients with large ferromagnetic contaminants such as pacemakers or ferromagnetic dust in
the lungs (some welders) can not be measured,
measurements in patients with smaller magnetic contaminants such as dentd clips, sainless
gted screws and nails in bones and joints can be corrected for this far-fied contribution,
no influence has been observed from port-a-caths, but active perfuson pumps have to be
deectivated,
patientswith alatex dlergy may run arisk from skin irritation by the latex foil of the water
coupling membrane,
children between three and five years old can often be measured in most cases without
sedation after some time of accustoming to the procedure. Thiswill be facilitated by the
novel smaler water bag. Moreover, |ess precise measurements (S re = 4-600 pg/g) versus air
reference can be tried in children less than three years old,
measurements in adult obese patients with body mass index > 29 kg/n? are less precise (S re
= 3 - 500 pg/g) due to the large influence from fat in the overlying thorax tissue. Dueto a
better spatid resolution in the modd 5700 SQUID biosusceptometer, the influence of the
overlying thorax tissue will be better discriminated versusthe liver and this error will become
sndler.

5.1.3 Clinical data needed for evaluation of body iron stores
Data such as Hb, serum ferritin, transferrin saturation (Sl / TIBC), NTBI and serum vitamin
concentrations (C, E) may be determined from a blood sample taken at the day of performing
BL S after overnight fasting and discontinuing of any chelation therapy for 12 hours. Other data
depend on the documentation protocol of the patient’ s heath care center, with the following

priority:
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representative iron transfusion rate or accumulated iron until date of BLS or last annudly
transfused iron (actuad and year before),

effective chelation rate = compliance - prescribed rate (actua and year before),

serum ALT (GPT) and other liver function parameters,

HCV positive or negative, HCV-RNA activity

vitamin subgtitution (C, E),

urinary iron excretion (UIE),

LVEF or arhythmids for patients with cardiomyopathy.

6 Patient Measurements

6.1 Introduction

This section gives a basic step-by-step introduction to the measurement procedure. It is
recommended to use thisinformation as a starting point for developing a patient measurement
protocol.
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Figure 6-1 Softwar e Introduction Screen

6.2 The Method of Patient Measurement

6.2.1 Patient pre-information

Prior to the measurement, the patient should be informed about the nor+invasive character of this
type of measurement (no radiation, no MRI) and the underlying principle (change of
magnetization is proportiona to the degree of liver iron concentration). Additiondly, the patient
should be informed about some surprising or curious effects:

the feding of the water bag may be compared with a baby of 8 kg,

the water coupling membrane could break (very rare event) with the effect of asmal warm

shower bath,

if possible, bresth should be held (usudly exhded, ssdom inhaed) for 10 secondswith

priority to the first few seconds.
At the end of the whole procedure, it is recommended that the patient be informed about the
result directly in front of the data screen. Especidly in thaassemics, this could improve
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compliance with the chelation therapy. However, this should be done with some care for the
specid psychological dtuation of certain patients.

6.2.2 Positioning and Measurement

During the whole procedure, the patient (especialy children) should be continuoudy informed
about the different steps of the procedure. An overview should be given of the three main steps
(positioning with sonography, BLS, liver volume estimation) and time duration (30 - 40 minutes)
in their native language. They have to be asked before for their voluntary participation.

In small children (Iess than seven years old), the whole procedure should be accelerated to the
debit of precision in the measurement, because they get bored during the time of the procedure
and will not sugtain their position. Otherwise, one would risk the biomagnetometer measurement
itself. Mogt lively children can be camed down by getting them interested in the different steps
of the procedure. For very anxious children, sedation may have to be envisaged.

6.2.3 Patient Preparation
The patient should be undressed with no metdlic objects (e.g., jewdry, watches, glasses,
earrings) on higher body. Items such as shoes, coat, pullover, trousers, bras and belts are not
alowed. Cloth underwesr, T-shirt, dip and socks may be |eft on.

6.2.4 Data needed directly prior to the measurement

The patient’s name, birth date, principle diagnos's, date of splenectomy, height, weight, sex, and
hedlth care center is documented in the biomagnetometer logbook and on the biomagnetometer
measurement report. Height, weight and total body fat (impedance measurement by TANITA
body fat monitor/scae: mod. TBF 531) are measured, instantaneoudy and entered via the subject
data screen (Figure 6-2). If the patient measurement is conducted via the position transducer, the
"Closest Digtance for the Position Transducer” is cm relative to the dewar face. After entering

the patient information enter the file name to be used for the measurement. DO NOT MOVE

THE BED OR WATER BAG DURING THE FILE NAMING.
_ -

Figure 6-2 Subject Data I nput Screen

6.2.5 Positioning of the patient
After undressing, the patient is placed in supine position with the right side turned upwards on an
evacuatable cushion of the biomagnetometer bed. The bed should be placed with its wheds
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placed on pre-positioned marks on the floor. For femae patients with afull chest, this position
should be turned more to the left, the right arm may be laid around the head, and with the hip
position less prominent. These efforts result in an outstretched and horizonta thorax position,
with a maximum organ volume on top. Optimum positioning can be faciliteted by aid of smdl
pillows, especidly, under the waist in the case of spleen measurements.

Figure 6-3 Subject L ocation

Only a careful positioning guarantees a good quality of measurement. Pogtioning is adjusted
under sonographic control and laser cross dignment with respect to maximum organ volume on
top, minimum skin-organ distance, absence of any visble lung influence in the window of the 10
cm linear ultrasound probe and minimizetion of ar influence within the intestine. After
readjustment, the gppropriate position is “frozen” under laser cross dignment by evacuation of
the patient cushion.

For precise measurements, a bedside procedure is mandatory, i. e., postioning under
ultrasound imager control and biosusceptometry have to take place on the instrument’ s patient
bed in the same room. Moreover, only an ided patient position (see 85.2.7) guarantees a correct
distance measurement by the locator loop without any displacement under the water bag and a
geometry approximation that fits to the analysis modd.

6.2.6 Assessment of geometry parameters by sonography
Under laser dignment control, four ultrasound images are performed a the measurement
position. From the sagittal and transversal images the shape of the organ is determined by the
three haf-axes of an dlipsoid, especidly, fitted to the upper contour of the organ (liver, spleen).
In case of the spleen, the main axis would be in the longitudind direction instead of sagittal. Two
further images in the diagond directions are performed and from dl four images the mean skin-
organ distance + SD (standard deviation) is determined. Finaly, a subcostd image is taken,
typicaly documenting the hepatic tissue gppearance contrasting with the kidney tissue. All
sonographic positioning work should be recorded on video tape for later inspection in case of
doubts about certain parameters.
After finalizing sonography, the position is marked instantaneoudy by an adhesve dectrode ring
for taking up the locator loop at the measurement position. A preiminary curvature of the thorax
is assessed by ad of the nove “thorax radius ruler” tool. Finaly, a Polaroid picture istaken from
the pogition spot in comparison to typica body stigmata and the position of the arms at a close
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distance (0.6 m). For reproducing this position in further measurements, the position is cartooned
by a least one distance to abody mark on the Polaroid picture.
Special care hasto be undertaken to avoid any change of this position, especially in children!

6.2.7 Positioning of the patient under the biomagnetometer

After the positioning and ultrasound procedure, the bed is moved from its sonography position to
the measurement position marked again on the floor. After entering the patient information enter
the file name to be used for the measurement. DO NOT MOVE THE BED OR WATER BAG
DURING THE FILE NAMING. Before reaching thisfina bed postion, the locator loop isfixed
on the adhesive dectrode ring. The patient is moved upwards by means of the bed’ s motor to
some mm below the closest distance under the Sde laser control. In order to enable the
measurement without the waterbag system use, do aCNTRL A on thisscreen. A check indicates
that the water bag will not be used. The distance shown on this screen for the locator loop is
relative to the coil location.
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Figure 6-4 Input Screen and L ocator L oops

The horizonta position is now software controlled by the locator loop on the x-y screen of the
biomagnetometer monitor. For the center position, afina readjustment is usudly necessary in

both horizonta directions (if thisis more than + 1 cm, the patient has changed his position and

the positioning procedure may be repeated). For moving the patient to the closest distance under
the water bag load later on, it could be practica to keegp in mind the respective bed’ s z-pogtion
given by the postion transducer.

After informing the patient about the next steps, the bed israised by 0.5 to 1 cm below the end-
cap of the dewar and the water bag (ca. 30°C) isinflated with the center of the latex membrane
touching the patient firgt, thereby avoiding any air folds. The bed is moved up again under
software control on the central screen of the biomagnetometer monitor until the start pogition is
reached with the following recommended vaues: locator |oop voltage should be dightly below

the closest distance equivaent voltage, and water pressure of 8 kg in the exhaation phase. This
critical procedure hasto be done with the necessary skillsin using the 8-way button hand-held
controller! Theinstrument and the patient will suffer from inexperienced personnel! The
horizontal measurement position has to be controlled again on the x-y screen. The vertica

position is documented in the biomagnetometer logbook by the locator loop voltage in the
exhaation phase, and the bed postion.

In smaller children, it is recommended to start with measurements versus air first. Then use a
lower water bag pressure (5-6 kg) and try to increase the pressure dowly from one measurement
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run to the other. Runs with water pressure below 6 kg (exhaled state) have to be discarded. Water
pressure recommendations have to be revised for the smdler pediatric water bag.

6.2.8 Execution of biomagnetometer measurements by process control and data
acquisition with LabWindows CVI program.
In the garting pogition, the x-y position is controlled afind time when passing the “ L ocator
Loop” screen. No displacement (> 0.5 cm) should be tolerated. The software is then switched to
the 5-trace screen mode of the “Chart Recorder” display and the pressure trace is observed for
inhalation and exhaation oscillations.

o
Figure 6-5 Main Console and Strip Chart Screen (FP Monitor)

The patient is asked to bresthe in hisher norma manner and to stop breathing in the exhaled
phase for 10 seconds.

Figure 6-6 Strip Chart Pand

Then the measurement is started under processor control. The bed then moves down dynamically
by 8 cm with the water bag inflating automaticaly a a dightly increasing pressure. The data
acquisition process takes place with 100 data points in each of the 8 channdls. At the end position
the water bag deflates automatically.

The figure below (Figure 6- 7)shows the FP display during the acqusition. The actua datais not
shown to avoid timing problems.
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MEASUREMENT IN PROGRESS!

L L[] P ———

Figure 6-7 M easur ement timeout

The figure below (Figure 6-8) shows the output of the instrument after the acqusitionis done.
The 3 channels show can be viewed to evauate if the data was clean. After this screen the
output of the locator loop is shown (Figure 6-9).

<

Figure6-8 SQUID V vs. Z Raw Data

=

| P —

Figure 6-9 Locator Loop Voltsvs. Z Data
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The two 3-trace screens showing the SQUID-voltages and the locator loop voltages vs. the bed
position transducer have to be passed through and be inspected carefully for any bumps (trapped
magnetic flux from externa sources), breething oscillations and far-field perturbations. Any
vigble or suspected perturbation has to be documented in the biomagnetometer logbook.
Assuming the traces are acceptable, advance to the next screen (Figure 6-10).
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Figure 6-10 M easurement Results Panel

Examine the values generated by the measurement. If they are acceptable, check the box to the
|eft of the measurement. Subsequent measurements will be inserted below the previous one
(Figure 6-11). If the measurement just made is unsatisfactory, use the mouse to press the REDO
button. This erases the data of the measurement just taken and lets you repeat the measurement.
If you want to quit the measurement sequence, press the ABORT buitton.

Now that you are ready to do the next measurement (repesting the previous steps), the motor
driven bed is moved up again to the next starting position. The bed postion itsdf isusudly
dightly higher due to some deformation in the preceding run. The horizonta position hasto be
controlled again and readjusted if necessary. The total number of measurement runs depend on
the precision to be reached, on the quality of runs so far achieved, and on the endurance of the
patient. A minimum of 3 runs of good quality vs. the water reference is recommended in routine
measurements.
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Figure 6-11 M easurement Results Several Panel

At the bottom of the measurements results pane is a caculation of the mean of the measurement
runs. Only those runs (N1, N2, etc.) that are checked will be calculated.

For precision measurements sufficient time should be taken to position a patient idedlly with
no compromise to x-y displacement, and 5 measurements vs. water reference aswell as2 vs. air
should be performed.

There are different ways to regulate the patient’ s breething rhythm. This can be done with clear
short commands or just observing the rhythm on the screen and stopping further breathing on
command. In some patients the best liver position may be dso in the inhdation phase. In some
smdl children, the measurements have to be done without any breathing regulations.

Breathing is of critical impact on the quality of the measurement and the iron quantitation. If
there is any doubt about the influence of the lungs on the measurement, a control run with
maximum lung contribution (inhaed) has to be performed.

Measurementsin small children: In smdl children the whole procedure of positioning,
ultrasound and measurement has to be speeded up. The computer didogue (patient information)
has to be carried out in advance with estimated sonographic data. Only two ultrasound images
(sagittal, transversd) should be taken. “ Air runs’ may be performed at firgt, in order to get the
children used to the whole procedure and maybe to analyze these data vs. air reference later on.
The water bag load should be increased dowly from run to run (from 4 - 6 kg to 7 - 8 kg). No
attempt may be undertaken to hold the breath (continuous fast breathing will also do some
smoothing on the response curves). An andysswith red patient information data has to be
performed after the measurement.
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6.2.9 Determination of the effective thorax geometry by biomagnetometer
measurements

The difference of magnetic volume susceptibilities of water and ar iswel known, DCyater-air = -
9.396:10°° SI. The difference of SQUID voltages of an object measured vs. awater and air
reference depends then only from its unknown geometry at the borderline between water
coupling membrane and thorax surface.

Thus, performing additional runs (at least one) vs. air would result in the calculation of an
effective radius for the assumed smple spherical geometry of the anterior thorax shape. This
cdculation is straight-forward: the SQUID voltages from air measurements are fitted by 3" order
polynomids vs. distance, a polynomia made up from mean coefficients is subtracted from the
SQUID voltages from water bag measurements, and the radius of an assumed hemispherica or
cylindrical thorax geometry is variated for minimum chi-square (c2) deviation from the known
susceptibility difference DCwater-air (S2€ above). This effective radius would count for any
deviation from the ided spherica geometry and aso for problemsin positioning a petient in a
proper horizontal way.

In smdl children, these “air runs’ may be performed & firs, in order to get the children used to
the whole procedure.

6.3 Data Storage, organ volume estimation, and on-line analysis

6.3.1 Finalization of the measurement
The data of the measurement runs will be stored finaly on software command. The filenameis
typicaly made up by the first 3 characters of the last and the first 3 characters of the first name,
patient -1d-no 5 digits, number of vidt 3 digits and an extension for the organ 3 characters, e.g.
Fagrob00299001.liv. Duplicate filenames will not be dlowed by the system’ s software check.
Theredfter, the online analysis is performed after selecting suitable runs and is printed (2 times)
for the clinician’ s usage and for the documentation at the biosusceptometer facility.
When the measurement is finished, the patient Sits up. After arest of 10 - 20 seconds Sitting
upright on the bed, the patient could be asked to dress again, if not continuing with sonographic
organ volume estimation. It is good practice to inform the patient about the outcome of the
online andyssdirectly in front of the biomagnetometer, although some caution may be used for
psychologicaly sengtive patients.

6.3.2 Volume estimation by sonography (Ultrasound)

Liver and spleen volumes can be measured by a sonographic scan technique under laser
aignment control of the ultrasound linear probe. It is recommended to do this after obtaining the
maost important information on organ iron concentration. The liver is scanned by sagittal sections
(the spleen by transversa sections) a a gap distance of 2 cm. For large organs, two images have
to be combined with specid attention of the overlay zone. It is recommended to Sart the
scanning near the medio-clavicolar line. Specid care should be devoted to a vertical postion of
the probe. Every image be “frozen” and written into the imager’ s sine loop. The total procedure
is documented in the volume estimation protocol and has to be recorded on video tape with
documentation of video tape no., start address, and end address for later analysis work.
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6.3.3 On-line analysis

The online andysisis performed in the 1% approximation model of biosusceptometry. The
magnetic susceptibility of the overlying thorax tissue is calculated from the body massindex and
apreiminary thorax geometry is assumed from the torso curvature mapping. A refinement of
thismodel resulting in an effective thorax geometry will be established by exploiting the
measurements vs. the air reference. After subtraction of the thorax contribution, the liver or
spleen iron concentration is caculated from linear regression fits, independently, in dl three
detector channdls.
The mean iron concentration vaue is caculated from al selected runsin dl independent detector
channds. These online values can be evduated asfind onesif the following conditions are
fulfilled:
- quaity of measurementsis good, i.e. ho contributions from magnetic contaminants, no

breathing effects, no trapped flux (look for c-A, ¢%-B, c2-C),

if you fed safe with the estimation of the magnetic susceptibility of the thorax tissue (look

for ¢2-is), which may be the case for BMI < 25 kg/m? and percentage of total body fat as

expected,

the deviation between the detector channelsislessthan 5 % for iron concentrations >700

Hg/g (look for theratio A/B and A/C in gppendix 21.).
Indl other cases, afind, second order analysis (86) has to be performed, especialy, for cre <
700 pg/g, BMI > 25 kg/m? corresponding with dcisse > 0.2, far-field contributions, and in most
spleens (lung influencel).

After the dataandysisis done the datais printed viathe PRINT button (in Figure 6-11). The
result isshown in Figure 6-12.
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Tristan Technologies Model 5700
BIOSUSCEPTOMETER

OSPEDALE SANT'ANNA TORINO

Estimate of Fe by SQUID Biomagnetic Liver (Spleen) Susceptometry

For: Charlie Cha Tue Jan 11 20:33:06 2000
File: c:\WINDOWS\Desktop\Mig's DEV\Liver_1_12_2000\ChaChal1110. spl
Organ Type: SPLEEN

Weight[kg] = 60.000 Height[ecm] = 170.000 BMI[kg/m"2] = 20.7612
System Backgroound : LOCATOR_LOOP_AND_H20_BAG_VS _H20
ORGAN Geometry : HEMISPHERE z- organ[mm] = 6.0000

ORGAN Dimensions : HEMISPHERE radiusiem] = 12.0000
THORAX Geometry : HEMISPHERE

THORAX Dimensions : HEMISPHERE radius{cm] = 16.0000 THORAX dX-tis[107~-6] = 0.059103
Run No. LIC-A LIC-B LICc-C X"2-A X~2-B X"2-C H20 Pressure
[ug/g~org] [ug/g-org] [ug/g-orgl [kg]

1 LIv 4754.359 +/- 64.517 -266.417 +/~ 3.797 2310.561 +/- 79.239 2.857961 263.665736 3.414893 -1.298874
2 LIV 3695.136 +/- 70.486 -302.008 +/- 4.640 -678.964 +/- 86.112 0.626181 180.628043 4.471465 ~-1.249222
3 LIV 5047.767 +/- '56.668 -47.103 +/- 3.640 1600.130 +/- 70.870 4.058824 543.094144 5.980397 ~1.276014
Mean of Runs : i, 3,

SQUID A ugiFel/g- organ SQUID B ug{Fel/g-organ SQUID C ug([Fel/g-organ

4901.063 +/- 146.704 -156.760 +/- 109.657 1955.345 +/- 355.215

ug(Fel /g-organ

Total Mean and Error 3428.204 +/- 427.772

Figure 6-12 Subject Analysis Printout

7 Final analysis

The find analysiswill be done on the second (data analysis) computer under the Hamburg HP
Basic routines.

7.1 Simultaneous determination of iron concentration and tissue
susceptibility.
An effective thorax geometry estimation has to be performed first. Under ided positio_ni ng
conditions, thisis somekind of interna qudity contral, i. e. the estimated effective cylindrica or
hemispherica radius should be smilar to the preliminary curvature of the thorax as assessed by
ad of the “thorax radiusruler”. _ o
In a 2" gpproximation model, the liver iron concentration and the magnetic thorax susceptibility
are calculated by a multiple regression fit procedure.
Ina1¥ step, asimultaneous fit of liver iron concentration cee and magnetic thorax tissue
susceptibility Ciissue could be performed in al detector channels A, B and C, independently.
Derive areasonable mean Ciisse from detector B only (most sensitive to near-fidd tissu!) in
the 1st step, otherwise take the BMI derived Ciissie from the online andyss, and fit for ¢z and
error terms e (far-field contributions and/or modd deviations) in dl detector channels A, B
and C, independently.
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In a3rd step, take the mean error terms from step 2 and fit for e = cre”, but Cid * Cyis”. If
thisfails, repest step 2, but with fixed Cissie”™ = Ciissue” = Ciissue”-
Thisresultsin afina iron concentration vaue with an estimation of the sandard deviation from
the variation seen in steps 1 - 3 with respect to systematic errors mainly from the assessment of
the magnetic thorax tissue contribution.
In the case of find andyssfor spleens, Ciisqe IS derived from biosusceptometry of the liver, and
the spleen iron concentration is fitted asin step 3, however, with ey * e °.

7.2 Precision of SQUID biosusceptometry
The absolute error of the organ iron concentration results from the systematic imprecison of:
1. theskin-liver distance determination by sonography (mean error: Dz = 0.5 mm),
2. the erroneous knowledge or estimation (if determined smultaneoudy from the measurement
itself) of the magnetic thorax tissue susceptibility (mean error; Dc = 0.05 -10° S1), and
3. the standard deviation SD-datistics from repeated measurements.
The relative error in repested measurements in the same patient will be lower due to smdler
systematic errors (about Dz/2, Dc- >0) if the measurement position can be reproduced and the
subject gained no weight.
Andyzing various patient measurements, total errors (SD-total) between 100 and 400 pg/g were
caculated from the squared sum of the 3 main contributions:
SD2-total [pg/g] = SD¥Dz, Cge) + SD2(Dc) + SD2-stat eg. 5.1
Error functions for the systematic imprecisons Dz and Dc have been parameterized with liver
iron concentrations in the range of 100 - 12000 pg/g and differentid tissue susceptibilities
between - 0.2 -10°® Sl and +0.5 -10°° SI. The first contribution SD4Dz, cre) scaleslinearly by
3.5% with the liver iron concentration. The second term is a parabolic function of the magnetic
thorax tissue susceptibility Dc with an error minimum of SD(Dc) = 100 pg/g at Dc =0 Sl and
SD(Dc) = 400 pg/g & Dc =0.5 -10°° SI. A 4-dimensiond functiondl relationship SD (z, D¢, Cre)
may prove to be beneficid.

7.3 Total body iron stores and other related calculations
After estimation of liver and soleen volumes (V) from analysis of the video tapes, total body iron
stores Ure can be caculated according to

Ure = (Cre™™ - Viiver + Cre™*™ - Vipieen) / 0.8 eq. 5.2

Further meaningful parameters such astota body iron eimination rates and rate congtants,
chelation therapy efficacy can only be caculated and compared if the mentioned clinica dataon
the transfusion and chelation therapy regimen of each patient is avallable with sufficient
precison.
For comparison, in-vivo liver iron concentrations by SQUID biomagnetic liver susceptometry are
givenin [Ug/Qiver] in contrast to in-vitro LIC from biopsiesin [Ug/Ovet weight] OF IN [UY/Chiry weight] -
One may caculate 3.5 PY/Giry weight » 1 HO/Gwet weight; by current experience with biopsies from
thalassemics, the theoreticd factor of 3.5 isjudtified..
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8 System Software

8.1 Introduction: Biosusceptometer Software Functionality and Flow Control

The modd 5700 Biosusceptometer system control, data acquisition and andlysis software is
written in Nationd Instruments LabWindows CVI development environment. CV1 isinteractive
graphical user interface development environment based on the C programming language (for
more information go to the Nationa Instruments CVI manuas, or www.nating.com).

The biosusceptometer software functiondity and flow control is sketched below (Figure 8-1):
When the program is started the software first reads the input files — System Parameters and
Machine parameters, containing dl of the system calibration parameters and the vaues for the
hardware (the input file structure is described in detailsin Section 6. Second, it initidizes the
hardware to the required values (sets gains and filters on the SQUID controller, starts the water
bag controller, sets the sne wave on the HP waveform generator, tc.). Third the user interfaceis
started.

the Main Biosusceptometer Pand is loaded when the program isfirst started. All the following
software and system events are initiated from the user interface or by using the handheld
controller (handheld controller alows to move bed up and down, water bag up and down, to
advance between the software pands, to start and stop the data acquisition, to reset SQUID
Sensors).

from the Main Panel the user can initiate patient measurement. The patient measurement routine
is described in the 85. Sequentialy, panels prompt the user to fill patient information, to position
the patient using the locator loop, start the data acquisition (including start bed drop, start water
bag pressure regulation, start data acquisition, and after 10 or 16 second (for the calibration runs)
stop data acquisition, stop water bag, stop bed). The calibration is conducted on G20. Obtained
SQUID output and Locator Loop signas are plotted vs. Position Transducer signd. Ontline
caculation is performed and the results are presented on the Final pane. From the Find panel

the user can CONTINUE (save just acquired data to the Patient File and advance to the Locator
Loop Positioning panel), REDO (discard just acquired data to the Patient File and advance to the
Locator Loop Pogtioning pand), ABORT (discard acquired data and advance to the Main
Panel), PRINT (save the just acquired data to the Petient File, print the On-line Report and
advance to the Main Pandl).

The Main Pand contains the Menu Bars (described in the sections below), alowing the user to
access routines for various hardware tests, liquid helium transfer, Data Manipulation (including
Locator Loop and Background Susceptibility cdibration), SQUID signd acquiring vs. time
(designed to acquire signds over extended periods of time up to 24 hours) and System Help.
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Function SW Diagram

Figure 8-1 Software Schematic

8.2 Software File Structure

All input and output files are ASCII files. The model 5700 Biosusceptometer system is delivered
with the input files, containing the factory cdibration parameters and hardware setting vaues.
The user isrequired to recdlibrate the system on-Site, charge the magnet, set appropriate
hardware vaues, and then manually edit the input files (using a text editor like NotePad) and
save files with appropriate names (MACHPARyy.asc and SY SPARmmyy.asc). Place the newly
cregted file namesin the SY SDAT_FF.ascfile.

Never change the format of theinput files! It will result in system errors!

On software wake up, the SYSDAT_FF.asc fileisread, and the stored file names are used as
Machine and System parameter files. In addition, the SYSDAT_FF.asc file contains information
on the liquid hdium level. Presented below are examples of required input files, and an example
of the output file.

The output file header consists of patient information, machine and system parameters.
Measurements for one patient measurements run (and the Patient file correspondingly) can have

up to 20 runs, each run consists of 100 or 160 point (for acdibration run). The cdibration was
conducted on G20. The following data are saved in the Petient file (17 fidds): run number,

SQUID A valtage output, SQUID B, SQUID C, Locator Loop voltage based on SQUID A, LL
based on SQUID B, LL based on SQUID C, Position Transducer voltage, Water Presser voltage,
standard deviation for SQUID A voltage readings, for SQUID B voltage readings, for SQUID C
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voltage readings, Huxgete voltage reading in the X direction, inthe Y direction, inthe Z
direction, Cardiac Sgnd, Free channd for user defined input. The datais ddimited via " paces’
and an input into Excel can be doneif the space delimiter option is used.

Figure8-2 SYSDAT_FF.asc
SYSDAT _FF.asc

MACHPARyy. asc
SYSPARmMyYy. asc
Sat Jul 10 21:56:36 1999 HelLevel InfoFile.bin

He Level is 59.300000 % on
Mon Jan 03 16:12:58 2000

He Level is 68.000000 % on
Mon Jan 10 14:56:09 2000

Figure 8-3 MACHPARYyy.asc

MACHPARYyy.asc

Z_ZERO 1.80 ; closest distance [cn]

Prslp 4. 01 ; pressure transducer coefficient [kg/V]

I prs 25.0 ; pressure intercept [kg]

Vsl p 2.5 ; position transducer coefficient [cm V]

Mot val u 6.6 ; bed notor voltage generating speed Mtv_speed [V]
Mot v_spd 0. 07 ; bed speed coefficient [cms]

Z LL_VOLT 0.4 ; Z locator |oop source voltage [V]
Z_LL_FREQ 330 ; Z locator |oop frequency [Hz]

Z LL_Resistor 50.00 ; to neasure voltage accross [Ohm

D1_LL_VOLT 0.1 ; D1 locator |oop source voltage [V]
D1_LL_FREQ 250 ; D1 locator |oop frequency [ Hz]
D2_LL_VOLT 0.1 ; D2 locator |oop source voltage [V]
D2_LL_FREQ 200 ; D2 locator |oop frequency [Hz]
Const mag_A 0.4 ; sensitivity constant SQUID A (=B-25) [V/ nm?/cnt]
Const mag_B 1.1 ; sensitivity constant SQUID B (=Pl n-2) [V/ n2/cnt]
Const mag_C 0.2 ; sensitivity constant SQUID C (=A-10) [V nm?/cnt]
Nor const _A 3.64 ; normalization constant SQUID A [SI-unit/V]
Nor const _B 2.64 ; normalization constant SQUID B [SI-unit/V]
Nor const _C 1.64 ; normalization constant SQUID C [SI-unit/V]
Range_A 20 ; default SQUID A gain

Range_B 20 ; default SQUID B gain

Range_C 20 ; default SQUID C gain

Mul ti pl y_500_A0. 04000 ; multiplier for channel A gain 500

Mul tiply_500_B0. 04001 ; multiplier for channel B gain 500

Mul ti ply_500_CO0. 04002 ; multiplier for channel C gain 500

Mul ti ply_200_A0. 1000 ; multiplier for channel A gain 200

Mul tiply_200_B0.1001 ; multiplier for channel B gain 200

Mul ti ply_200_CO0. 1002 ; multiplier for channel C gain 200

Mul ti ply_100_A0. 200 ; multiplier for channel A gain 100

Mul tiply_100_BO0. 200 ; multiplier for channel B gain 100

Mul ti ply_100_C0. 200 ; multiplier for channel C gain 100

Mul tiply_50_A 0.4000 ; multiplier for channel A gain 50

Mul tiply 50_B 0.40001 ; multiplier for channel B gain 50

Mul tiply_50_C 0.40002 ; multiplier for channel C gain 50

Mul tiply_20_A 1.0000 ; multiplier for channel A gain 20

Mul tiply_20_B 1.0001 ; multiplier for channel B gain 20

Mul tiply_20_C 1.0002 ; multiplier for channel C gain 20

Mul tiply_10_A 2.0000 ; multiplier for channel A gain 10

Mul tiply_10_B 2.0001 ; multiplier for channel B gain 10

Mul tiply_10_C 2.0002 ; multiplier for channel C gain 10

Mul tiply_5_A 4.0000 ; multiplier for channel A gain 5

Mul tiply_5 B 4.0001 ; multiplier for channel B gain 5

Mul tiply_5_C 4.0002 ; multiplier for channel C gain 5
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Multiply_2_A 10.0000 ; multiplier for channel A gain 2

Mul tiply_2_B 10.0001 ; multiplier for channel B gain 2

Multiply_2_C 10.0002 ; multiplier for channel C gain 2

Mul tiply_1_A 20.0000; nultiplier for channel A gain 1

Multiply_1_B 20.0001; nultiplier for channel B gain 1

Mul tiply_1_C 20.0002; nultiplier for channel C gain 1

Nrun 10 ; default number of runs

Ndat pt s 100 ; default nunber of data points per run

Nchan 13 ; default nunmber of data channels

free ; defaults

Figure 8-4 SY SPARmmyy.asc

SYSPARMMyYy. asc

SYS_DATE Fri Jun 04 12:24:13 1999 ; CPU-tine

MAG_CUR 10. 000 ; Magnet current, A

POLYNOM AL_LL 6 ; 6-polynom al, 5-5-

Rol and' s

Z_LL_COEF_A 4.439843 -3.855607 -3.132658 -11.681219 -13.078302 -6.551403 -1.202038
; Distance by LL, SQUID A

Z_LL_COEF_B 4.108542 -2.987564 -4.627820 -10.808666 -9.203073 -3.578752 -0.511275
; Distance by LL, SQUID B

Z_LL_CCEF_C 3.983389 -3.462980 -6.184006 -9.340430 -5.972874 -1.761102 -0.192440
; Distance by LL, SQUID C

LL_CURRENT 7.277 ; M\, LL current during calibration

SQ A RANGE_LL 100 : SQUID A gain

SQ B_RANGE_LL 100 ; SQUID B gain

SQ C RANGE_LL 100 ; SQUID C gain

M N_DI ST_LL 1.0000 ; minimum di stance for LL

MAX_DI ST_LL 10. 0000 ; maxi mum di stance for LL

POLYNOM AL_LL_WIRB 6 ; 6-th order

LL_WIRBAG WATER_A 1.0001 1.2001 0.9001 1.0001 1.0000 1.0000 1.0000 ;LL - water bag

background vs water, SQ A

LL_WIRBAG_WATER_B
vs water, SQ B

1. 0000 1.40000 1.5000 1.0000 1.0000 1.0000 1.0000 ;LL - water bag backgrnd

LL_WIRBAG_WATER_C 1. 0000 1.90000 2.0000 0.50001 1.0001 1.0001 1.0001 ;LL - water bag
backgrnd vs water, SQ C

SQ A RANGE_LL_WIRB 100 ; SQUID A gain

SQ B_RANGE_LL_WIRB 100 ; SQUID B gain

SQ C RANGE_LL_WIRB 100 ; SQUID C gain

M N_DI ST_LL_WIRB 1. 0000 ; minimum di stance for LL

MAX_DI ST_LL_WIRB 10. 0000 ; maxi mum di stance for LL

POLYNOM AL_WI'RB 6 ; 6-th order

WrRBAG_V\ATER_Alo. 0000 10. 0000 10.0000 10.0000 10.0000 10.0000 10.0000 ;Water bag
wat er, SQ A
WI'RBAG_WATER_B10. 0000 10. 0000 10.0000 10. 0000 10. 0000 10.0000 10.0000 ; Water bag
water, SQ B
WI'RBAG_WATER_C10. 0000 10. 0000 10.0000 10. 0000 10. 0000 10.0000 10.0000 ; Water bag

background vs
background vs

background vs

water, SQ C

SQ_A_RANGE_WIRB 100 ; SQUID A gain
SQ_B_RANGE_WIRB 100 ; SQUID B gain
SQ_C_RANGE_WIRB 100 ; SQUID C gain

M N_DI ST_WIRB 1.0000 ; mionimum di stance

MAX_DI ST_WIRB 10. 0000 ; maxi mum di st ance

POLYNOM AL_LL_AIR 6 ; 6-th order

LL_AIR_A 10. 0000 10. 0000 10.0000 10.0000 10.0000 10.0000 10.0000 ;Locator
| oop background vs air, SQ A

LL_AIR B 10. 0000 10. 0000 10.0000 10.0000 10.0000 10.0000 10.0000 ; Locat or
| oop background vs air, SQ B

LL_AIR C
| oop background vs air,

SQ A RANGE_LL_AIR 100
SQ B_RANGE_LL_AIR 100
SQ C_RANGE_LL_AIR 100

M N_DI ST_LL_AIR
MAX_DI ST_LL_AIR
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10. 0000 10. 0000 10.0000 10. 0000 10.0000 10. 0000 10.0000 ; Locator
SQ C
SQUID A gain
SQUID B gain
SQUID C gain
m ni mrum di stance for
maxi mum di stance for

1. 0000
10. 0000

LL
LL
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Figure 8-5 Sample Data File

Sanple data file:

Dat eTi me Thu Dec 16 16:48:02 1999
Last Nane Bed G20

First Nanme drop

Visit Number 1

Date of Birth 10/10/2000

Sex MALE

Patient ID 1

Wei ght 0. 000

Hei ght 0. 000

TBF

Comut hal 1D

Nr un 2

Ndat apt s

Nchan 16

MACHPARyy MACHPARyyY. asc

SYSPARMyy SYSPARmMyy. asc

FREE

RangeA 4 ;
RangeB 4 ;
RangeC 4 ;
Di st sel PT ;
Zcl ose 0. 000 ;
Ptvcl ose 4.888 ;
LLcur 0. 002 ;
FREE

Organ LI VER ;
Or gdi st 0. 000 ;
Orgerr 0. 000 ;
Orgg HEM SPHERE ;
Ael (or Rorg) 12. 000 ;
Bel ;
Cel ;
Torg HEM SPHERE ;
Tael (or Rtor) 12.000 ;
Thel ;
Tcel ;
Dchi t or ;
D1 0. 001 ;
D2 0.001 ;
FREE

FREE

FREE

FREE

FREE

FREE

FREE

FREE

FREE

FREE

FREE

RN sqC LLA LLB LLC POS PRESS DSQA DSQB
0 0.380339 0.503267 0.054701 0.000979 0.081413 0.000306 4.884991 0. 082409
0 0.543428 6.385418 0.090732 0.001170 0.110657 0.000398 4.891333 0. 104030
0 0.551765 9.801740 0.112288 0. 001047 0.020324 0.000271 4. 900653 0. 114203
0 0.551564 9.991140 0.116153 0. 001211 0.020324 0.000162 4.910071 0. 113130
0 0.551337 9.999325 0.116152 0. 001109 0. 020324 0.000288 4.920519 0. 112992
0 0.551771 9.999679 0.119656 0.001048 0.020324 0.000114 4.933038 0. 113685
0 0.551564 9.999694 0.118808 0. 000860 0.020324 0.000152 4.947700 0.114343
0 0.551589 9.999695 0. 116523 0. 001108 0. 020324 0.000210 4. 964764 0.115015
0 0.551448 9.999695 0.119715 0. 001704 0.020324 0.001125 4.981929 0. 115933
0 0.551496 9.999695 0.120235 0. 001168 0. 020324 0.000368 4.999636 0.116140
0 0.551854 9.999695 0.121603 0.001272 0.020324 0.000795 5.019021 0. 116722
0 0.551806 9.999695 0.122410 0. 002254 0.020324 0.001858 5. 040915 0. 117939
0 0.551500 9.999695 0.123458 0.000135 0. 020324 0.000634 5.064784 0.119514
0 0.551815 9.999695 0. 124171 0.000922 0.020324 0.000573 5.091005 0. 120933
0 0.552108 9.999695 0.124897 0.001212 0.020324 0.000235 5. 116991 0. 120651
0 0.553884 9.999695 0.125401 0.001156 0.020324 0.000311 5. 144237 0.120787
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RO PP

L2

P hARPHLDPLBPH PDOLDPLRPBPH LLPRPBSPH

CPU Dat e

Total body fat(or infedance) or O
Number of actual runs <= 10

100

16

Machi ne Paranmeters file nanme
System Paraneters file name

LL or PT(position transducer)
Cl osest distance for PT
Equi val ent PT vol tage[ V]

LL(z) source current at

or TMtinme)

start

Organ(liver, spleen, heart, ...)
Ski n-organ distance [ nm

Ski n-organ distance error [mm
Organ geonetry (1-13)

Organ ellipsoid axis a (or spherical
Organ ellipsoid axis b [cm
Organ ellipsoid axis ¢ [cm
Thorax geometry (1-13)
Thorax ellipsoid axis a (or
Thorax ellipsoid axis b [cm
Thorax ellipsoid axis ¢ [cm

Radi us)

spheri cal Radi us)

$ Online chi-thorax difference to water

D1 coil signal reading at start of neasurenents
D2 coil signal reading at start of measurenents
DSQC  FLX-X FLXY FLX-Z CARD FREE
0. 140740 0.562063 0.020665 4.871118 4. 855266 4.852904 4.840394 1.265223
0.007376 2.319692 0.006995 4.891339 4.891994 4.889453 4.885103 1.218138
0.000136 0.167116 0.004922 4.900467 4.900946 4.898636 4.891912 1.166362
0. 000068 0.007222 0.001055 4.910590 4.910422 4.908471 4.905562 1.139603
0.000038 0.000312 0.000847 4.922241 4.921841 4.920274 4.922079 1.200010
0.000171 0.000013 0.000823 4.935118 4. 935260 4.933546 4. 936298 1.257588
0. 000243 0. 000001 0.001083 4.948296 4.948972 4.946782 4. 944760 1.252045
0. 000147 0. 000000 0.000508 4.963867 4.964500 4.962061 4. 956536 1. 198059
0.000166 0.000000 0.000773 4.981789 4.981806 4.979573 4. 975569 1.158184
0.000187 0.000000 0.000262 5.000702 5.000318 4.998615 4.997703 1.198077
0. 000039 0. 000000 0.000288 5.021095 5.020857 5.019292 5. 021302 1.257374
0. 000052 0. 000001 0.000371 5.041920 5.042297 5.040277 5. 040589 1.280076
0. 000101 0. 000001 0.000104 5.064328 5.065027 5.062523 5. 058747 1.253299
0. 000180 0. 000001 0.000433 5.090606 5.090982 5.088516 5.083230 1.205928
0. 000074 0.000001 0.000097 5.117168 5.116928 5.114973 5.111282 1.210891
0. 002132 0. 000001 0.000399 5.145900 5.145404 5.143777 5.144817 1. 258503
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557029
552282
551768
551541
551781
552162
551743
551346
551464
551417
551649
551796
551410
551485
552914
552186
550431
518260
178669
750284
407732
343250
367118
361147
362810
362937
363605
363911
365104
364674
363294
364908
365236
368130
365436
365012
365565
365952
366346
366337
366609
366737
368132
368362
368245
367473
367576
367719
368227
368145
367271
368269
368433
368810
368697
369131
368986
368885
369122
369030
369363
369247
369277
369242
369446
369468
369704
270241
369712
787546
560859
481702
509663
503067
504379
504342
504443
504437
504019
504039
503848
504008
504110
503815
£019462
. 443886
. 462559
. 464830
. 465583
. 464825
. 464437
. 464259
. 464587
- 464070
. 463632
. 463600
. 462234
. 461758
. 461082
. 460840
| 461256
. 461049
. 460908
. 460971
. 460698
. 460769
. 460634
| 461232
461319
461404
461617
461460
461524
461381

P R R R R R R R OO R R R R R R R R R R R R R R R R R PR R R R R R R R R R R R RE RE R R 00000000 000000000000

PRRPRPRPRPPPRRRPRPRRPRRPBERRPRRERRRPRRPRRERRR

PRPRPPRPPRPPRPRPPRPRPRPPRPPRPRPRPRPPRPPRPRPRPPPOO0CO0OO0O0OO0O0O000000000000000000000000000000000000000000000000000000000000000000000O00O00O000O
P

09999999999999‘Np9¢¢¢¢¢¢@@@Q@@@PPFF@NNNNNN@@@@@WWWWPPPWW@NNHQQPP'WP?P@?¢¢¢¢¢¢¢@@??PP

COPOOOODOOOOOO00000OOOROO00000
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999695 0. 126529 0.001147 0.020324 0.000346 5. 173392 0.121650 0. 002013 0.000001 0. 000145 5.175080 5. 174944 5.173130 5. 174785 1.308618
999695 0.126317 0.001122 0.020324 0.000333 5. 205118 0.121890 0. 000248 0.000001 0. 000044 5.205660 5. 206162 5. 203833 5. 201247 1.319240
999695 0. 126467 0.001243 0.020324 0.000019 5. 238046 0.122876 0.000320 0.000001 0. 000079 5.237832 5. 238390 5.235834 5.229971 1.268956
999695 0.127188 0.001080 0.020324 0.000332 5. 272636 0.123206 0.000207 0.000001 0. 000320 5.272934 5. 272865 5.270586 5. 264435 1.238345
999695 0.127836 0.001256 0.020324 0.000289 5. 307847 0.123092 0. 000124 0.000001 0. 000092 5.309181 5. 308659 5.306795 5. 305323 1.270702
999695 0.128054 0.001173 0.020324 0.000138 5.345125 0.123357 0.000170 0.000001 0. 000198 5.346807 5. 346462 5.344726 5. 346285 1.342430
999695 0. 129043 0. 001046 0.020324 0. 000334 5.384189 0. 124364 0.000282 0.000001 0.000274 5. 385043 5.385374 5. 383284 5.383141 1.390174
999695 0.129024 0. 001122 0.020324 0.000207 5.423605 0. 124880 0.000045 0. 000001 0.000099 5. 423959 5.424521 5. 421988 5.417802 1. 335821
999695 0. 129178 0.001168 0.020324 0.000407 5. 463116 0.125218 0.000090 O.000001 0. 000111 5.463112 5. 463263 5. 460725 5. 453154 1.285032
999695 0. 129138 0. 001080 0.020324 0.000521 5. 502920 0. 125443 0. 000105 0.000001 0. 000028 5.503286 5.502918 5.500757 5. 496096 1.308237
999695 0. 129328 0.001233 0.020324 0.000463 5. 542107 0.125213 0. 000235 0.000001 0. 000040 5.543522 5.543012 5.541232 5.541619 1.366582
999695 0. 129441 0.001052 0.020324 0.000339 5. 581644 0.124680 0.000120 0.000001 0. 000122 5.583137 5.583137 5.581245 5. 582582 1.428537
999695 0. 129680 0.001013 0.020324 0.000428 5. 622316 0.124668 0.000064 0.000001 0. 000090 5.623306 5. 623804 5.621435 5. 618928 1.407894
999695 0. 129324 0.001082 0.020324 0.000434 5. 663125 0.125676 0.000045 0.000001 0. 000079 5. 662839 5. 663345 5. 660698 5. 653454 1.366810
999695 0.129847 0.001157 0.020324 0.000348 5. 702999 0. 126331 0. 000979 0.000001 0. 000135 5.702930 5. 702896 5.700475 5. 694734 1.357899
999695 0. 129452 0.001150 0.020324 0.000324 5. 741829 0.125278 0. 001374 0.000001 0. 000107 5.743085 5. 742574 5.740589 5. 740078 1.377713
999695 0.129494 0.001169 0.020324 0.000158 5. 780705 0.124544 0. 000664 0.000001 0. 000186 5.782949 5. 782632 5. 780897 5. 782592 1.448060
897917 0.114473 0.006075 0. 077670 0.001946 5. 820528 0.096883 0. 043878 0.251223 0. 017602 5.821642 5. 821760 5.819615 5. 818461 1.464133
. 411696 - 0. 008370 0.002796 0. 145836 0.000994 5.860789 -0. 042181 0. 102486 2. 961867 0. 038876 5. 859834 5. 859769 5. 856767 5. 850897 1. 408095

0. 449481 0.029970 0. 022240 0.040666 0.003491 5. 902038 0.083156 0. 365147 0.388909 0.050263 5. 900839 5. 900590 5. 897581 5.891633 1.399630
327250 0.124617 0.005134 0.008674 0.000775 5. 941212 0.130224 0. 030944 0.067004 0. 004755 5.941341 5. 940504 5.937939 5. 935514 1.401325
251466 0.114558 0. 002703 0.007354 0.000244 5.980980 0. 116541 0.008179 0. 070226 0.001275 5. 981863 5. 980896 5.978792 5. 978878 1. 458525
567683 0. 118202 0.002759 0.006852 0.000506 6.020780 0.121215 0. 002927 0.096083 0. 000552 6.021306 6. 020777 6.018464 6.019607 1.521226
983367 0. 118598 0.002659 0.011399 0.000363 6.061339 0.121588 0.001112 0.149771 0.000211 6.060893 6. 060967 6. 058099 6. 056139 1.520175
548771 0.119548 0. 002759 0.011232 0. 000223 6.101514 0. 123971 0.000429 0. 166422 0.000403 6.100449 6.100496 6.097470 6.091834 1. 467695
097836 0.120948 0. 002878 0.011228 0. 000234 6.140472 0. 124887 0.000172 0. 153509 0.000264 6.140298 6.139840 6. 137085 6.132016 1.435638
612285 0.121751 0. 002695 0.010515 0. 000338 6.180107 0. 125558 0.000114 0. 139906 0.000280 6.180420 6. 179458 6.177225 6. 175756 1. 481060
056705 0. 122688 0.002806 0. 010251 0.000294 6.218615 0.126997 0.000111 0.119273 0.000228 6.219619 6. 218855 6. 216673 6.219473 1. 548968
454910 0. 123704 0.002946 0.010434 0.000307 6. 258239 0.127561 0. 000782 0.113426 0. 000407 6.258722 6. 258668 6. 256107 6. 256406 1.577217
838541 0.124435 0.002723 0.010724 0.000363 6. 299118 0. 128223 0. 001072 0.105909 0. 000032 6.298230 6. 298544 6. 295583 6. 290369 1.548485
200272 0.124903 0. 002791 0.011023 0. 000326 6.339152 0. 129908 0.000594 0. 102053 0.000294 6. 338373 6.338295 6. 335392 6. 329269 1.491310
528294 0.125654 0. 002764 0.011091 0. 000275 6.378957 0. 130790 0.000180 0. 088298 0.000123 6. 378494 6.377714 6.375183 6.372276 1.503493
822398 0. 126455 0.002863 0. 011564 0.000332 6.418047 0.131367 0. 000395 0.084127 0. 000285 6.419008 6. 418136 6.415958 6. 418000 1. 569839
131785 0.127639 0. 002800 0.012403 0. 000327 6.458325 0. 131747 0.000690 0. 093920 0.000369 6. 459700 6.459341 6. 457107 6. 458146 1. 628669
435441 0.127896 0. 002645 0. 012092 0.000317 6. 499246 0.132306 0. 000847 0.076579 0. 000155 6.499101 6. 499292 6.496573 6. 492685 1. 623553
674864 0.127844 0.002944 0.012620 0. 000439 6.539457 0. 133151 0.000233 0. 067003 0. 000087 6. 538509 6.538605 6. 535599 6. 529503 1.562146
919578 0. 128459 0.002880 0.013101 0.000220 6.579248 0.134075 0. 000084 0.072292 0. 000212 6.578794 6. 578365 6.575547 6.570181 1.550813
154914 0.128909 0. 002871 0.013468 0. 000268 6.618083 0. 134148 0.000222 0. 063800 0.000079 6. 618913 6. 618081 6. 615818 6. 615031 1.595659
379245 0.129222 0.002751 0.013737 0.000169 6. 657670 0.134099 0. 000064 0.066712 0. 000277 6.658759 6. 658123 6. 656005 6. 657335 1. 653598
612858 0.129932 0. 002840 0.014124 0. 000263 6.698083 0. 134558 0.000111 0. 067649 0.000034 6. 698423 6. 698352 6. 695860 6. 694718 1. 688205
827501 0. 130355 0.002678 0.014223 0.000333 6. 738443 0.136202 0. 000063 0.054014 0. 000237 6.737792 6. 737958 6.735006 6. 729807 1.650712
998072 0.130665 0. 002568 0.014880 0.000221 6.778510 0.136346 0.000131 0.048726 0. 000057 6.778111 6. 778008 6.775073 6. 767403 1.618411
173333 0. 131230 0. 002745 0. 014839 0. 000309 6. 818114 0. 137036 0.000684 0.049224 0.000224 6.818552 6.817872 6.815402 6. 811476 1.627107
324990 0. 131378 0. 002861 0.015386 0. 000405 6.856847 0. 136463 0.000234 0. 041259 0.000058 6. 858218 6.857343 6.855194 6.855844 1.667599
477675 0. 131690 0.002773 0. 015587 0.000342 6. 896893 0.136781 0.000392 0.044998 0. 000204 6. 898150 6. 897828 6.895518 6. 896068 1. 740154
623773 0.132023 0. 002675 0.015759 0.000114 6.936994 0. 137468 0.000078 0. 041164 0.000115 6.936898 6. 937115 6.934354 6. 930670 1.737386
780162 0.132201 0.002782 0.016396 0. 000239 6.977711 0. 138336 0.000039 0. 048702 0. 000062 6. 977067 6. 977223 6.974241 6. 966585 1. 691505
947232 0.132506 0.002828 0. 016499 0.000447 7.016873 0.138738 0. 000153 0.045514 0.000121 7.016814 7. 016359 7.013682 7. 007817 1.666435
085264 0.132733 0.002747 0.016772 0.000478 7.056404 0.138242 0. 000083 0.036485 0. 000066 7.057545 7. 056652 7.054377 7. 053235 1.689216
212130 0.133071 0. 002800 0.016864 0. 000247 7.096462 0. 138645 0. 000063 0. 036316 0.000071 7. 097840 7.097256 7.095140 7.096189 1.772567
336168 0. 133068 0.002765 0. 017055 0.000375 7. 136898 0.138249 0. 000253 0.035394 0. 000149 7.137939 7. 137959 7.135416 7.134272 1.799117
456307 0.133490 0. 002845 0.017362 0.000630 7.177223 0.139167 0. 000347 0.032774 0.000034 7.177242 7.177541 7.174560 7.168201 1.760509
573286 0.133679 0. 002786 0.017843 0. 000407 7.217073 0. 140362 0.000072 0. 038315 0.000039 7. 216568 7.216508 7.213586 7.206185 1.725134
707550 0.133805 0. 002931 0.017949 0. 000490 7.256492 0. 140321 0.000131 0. 035638 0.000087 7. 257251 7.256658 7.254097 7.251064 1.729020
825395 0.134240 0.002873 0.018215 0.000286 7.295875 0.140144 0.000113 0.033460 0. 000081 7.297193 7. 296469 7.294388 7.295979 1.788254
939250 0.134403 0.002802 0.018200 0.000205 7.335901 0.139886 0. 000069 0.032155 0.000129 7.337694 7.337372 7.335130 7. 336670 1.828655
038929 0.134697 0.002705 0.018399 0.000225 7.376021 0.140539 0.000032 0.024979 0. 000087 7.376469 7. 376687 7.373912 7.369640 1.828554
123878 0.134777 0. 002985 0.018688 0. 000358 7.416467 0. 141482 0.000093 0. 026225 0.000054 7. 415526 7.415761 7.412679 7.404709 1.798194
218580 0. 134785 0. 002717 0.018718 0. 000439 7.456491 0. 141772 0.000138 0. 026077 0.000079 7. 456014 7.455738 7.452913 7.448495 1.769343
301455 0. 135039 0.002761 0.018988 0.000245 7.495792 0.141203 0. 000141 0.022885 0. 000056 7.496873 7.496121 7.493898 7.494170 1.797024
386051 0.135053 0. 002747 0.019160 0. 000469 7.535330 0. 140728 0.000187 0. 024612 0.000075 7. 537567 7.536984 7.534905 7.537218 1.854529
456742 0.135408 0. 002809 0.019238 0. 000348 7.575831 0. 141084 0.000040 0. 017938 0.000165 7. 576693 7.576706 7. 574171 7.572543 1. 894827
537369 0.135313 0. 002775 0.019443 0. 000114 7.616800 0. 141868 0. 000089 0. 028623 0.000246 7. 615802 7.616151 7. 613103 7.607276 1.877238
620556 0.135612 0. 002720 0.019710 0. 000205 7.656859 0. 142447 0.000090 0. 017044 0.000325 7. 656357 7.656316 7. 653338 7.648014 1.818910
675327 0.135585 0. 002799 0.019581 0. 000327 7.696744 0. 141720 0.000026 0. 017079 0.000405 7. 697376 7.696711 7. 694307 7.691313 1.816479
729719 0. 135466 0. 002630 0.019717 0.000291 7.735736 0. 141086 0.000191 0. 013903 0.000144 7. 737266 7.736529 7.734426 7.735492 1.879454
777803 0.135797 0. 002547 0.019930 0. 000417 7.774943 0. 141749 0.000148 0. 014249 0.000095 7. 775954 7.775628 7.773260 7.774251 1.941848
134794 0.123131 0. 016081 0.114440 0. 002250 7.815161 0. 110940 0.123656 0. 864704 0.016534 7. 814958 7.815115 7.812154 7.809192 1.940909
. 452328 -0. 003832 0.004271 0.096587 0.000180 7. 853628 -0. 035476 0. 276879 2. 237896 0. 039812 7.852355 7. 852022 7.848737 7.842336 1.843080

0. 333600 0.107895 0. 026887 0.027064 0.005736 7. 896158 0.200736 0. 422197 0. 266591 0.089965 7. 895100 7.894370 7.891364 7.885031 1.876978
160772 0.281260 0. 006195 0.006380 0. 001140 7.935651 0. 290656 0.037378 0. 053339 0.009050 7. 935840 7.934687 7.932052 7.931216 1.936503
054611 0. 264694 0.003301 0.002704 0.000682 7.974029 0. 265733 0. 009816 0.021937 0. 002578 7.975050 7. 974039 7.971456 7. 973529 1.992938
137019 0.270584 0. 003069 0.000609 0. 000722 8.014803 0. 274370 0.003335 0. 014781 0.001306 8. 014740 8.014406 8.011406 8.010160 2.040995
179173 0.269101 0. 002879 0.000873 0. 000765 8.054977 0. 271751 0.001211 0. 014555 0.000494 8. 053912 8.053868 8.050557 8. 044395 2. 000561
231935 0.269786 0. 003165 0.001088 0. 000593 8.095017 0.273176 0.000439 0. 014915 0.000285 8. 093371 8.092926 8.089625 8. 081929 1.959318
279154 0.269498 0. 002896 0.000932 0. 000451 8.135564 0. 273044 0.000140 0. 011171 0.000183 8. 135571 8.134478 8.131569 8. 128454 1.969537
314160 0.269729 0.003193 0.001281 0.000722 8. 175121 0.272510 0.000191 0.010905 0. 000069 8.175969 8. 174793 8.172227 8.173163 2. 019269
354913 0.269798 0.003164 0.001005 0.000483 8. 214590 0.272455 0. 000299 0.012018 0. 000198 8.215527 8.214878 8.212186 8.211863 2. 085936
394847 0.269776 0. 003132 0.001120 0. 000573 8.254711 0.272827 0.000161 0.010953 0.000157 8.254148 8. 253976 8. 250757 8. 246340 2.073336
433234 0.269736 0.003179 0.001364 0.000758 8. 294693 0.273556 0.000267 0.011223 0. 000158 8.293265 8. 293008 8.289535 8. 281975 2.028823
469937 0. 269759 0.003096 0.001183 0.000767 8.334096 0.273228 0.000179 0.009978 0.000148 8. 333532 8. 332720 8.329593 8. 323708 2. 015918
502310 0.269872 0. 003260 0.001345 0.000432 8.373788 0.272770 0.000075 0. 008835 0.000125 8. 374680 8.373453 8.370825 8. 369170 2. 043922
534732 0.269641 0. 002860 0.001302 0. 000459 8.413459 0. 272021 0.000047 0. 010159 0. 000206 8. 414742 8.413764 8.411229 8.411644 2.117241
571328 0.269945 0. 003037 0.001181 0. 000468 8.453177 0.273508 0.000132 0.009972 0.000164 8. 453451 8. 453041 8. 449986 8. 448506 2. 137439

010361 -0.187333 0. 002866 0.000114 0. 000587 3.312858 - 0. 266901 0.376717 0.003900 0.069241 3.303013 3.292132 3.274676 3. 274342 0.794405
017560 -0.265074 0. 003043 0.000162 0. 000643 3.315706 - 0. 265582 0.015570 0.001712 0.002654 3.314906 3.314709 3.312224 3.305323 0. 714462
021642 -0.268021 0. 003200 0.000092 0. 000601 3.323017 - 0. 265513 0.001132 0.000426 0. 000309 3.322765 3.321997 3.319859 3.314823 0.700156
021717 -0.268829 0. 002920 0.000227 0. 000676 3.332522 - 0. 266838 0.000797 0.000161 0.000179 3.333631 3.332544 3.330851 3.330952 0. 715508
022452 -0.269216 0. 003148 0.000082 0. 000677 3.343869 - 0. 268126 0.000496 0.000618 0. 000091 3.345937 3.345096 3.343536 3.344810 0. 766187
025349 -0.268811 0. 003061 0.000168 0. 000507 3.356462 - 0. 266891 0.000136 0.001138 0.000173 3.356965 3. 356701 3.354705 3.353315 0.793183
029479 -0.268619 0. 003256 0.000368 0. 000804 3.370206 - 0. 266029 0.000047 0.000952 0.000034 3.369904 3.369858 3.367349 3.362625 0. 751270
030658 - 0.268463 0. 003052 0.000066 0. 000537 3.385992 - 0. 265636 0.000212 0.000146 0.000078 3.385428 3.385058 3.382663 3.376378 0.713141
029837 -0.268657 0. 003152 0.000420 0. 000845 3.402481 -0. 266593 0.000442 0.000205 0.000138 3.402799 3.401874 3.400046 3.397570 0. 712313
033845 -0.268498 0. 002959 0.000150 0. 000393 3.420662 - 0. 266776 0.000547 0.002819 0.000132 3.422061 3.421000 3.419443 3.421013 0. 756806
043069 -0.268571 0. 003037 0.000062 0. 000770 3.439852 -0.267039 0.000316 0.001763 0.000115 3.440999 3.440411 3.438588 3.440735 0.809795
054340 -0.268211 0. 003045 0.001097 0. 000110 3.462012 - 0. 265712 0.000499 0. 006706 0.000034 3. 462063 3.461983 3.459632 3.457413 0. 795378
081122 -0.268025 0. 003126 0.000284 0.000777 3.485724 -0. 265237 0.000141 0. 006401 0.000131 3. 484460 3.484343 3. 481819 3.474454 0. 748802
092853 -0.267681 0.002405 0.000391 0. 001186 3.510447 -0. 265205 0.000290 0. 001478 0.000042 3.509772 3.509044 3.506867 3.502162 0. 726198
096307 -0.267736 0.003308 0.000344 0. 000373 3.535546 - 0. 265662 0.000035 0.000403 0. 000040 3.536578 3.535362 3.533597 3.534363 0.753974
097721 -0.267523 0.002870 0.000402 0. 000428 3.562736 - 0. 265879 0.000116 0.000916 0. 000060 3.564250 3. 563360 3.561684 3. 564630 0.824756
101418 - 0. 267505 0. 002944 0.000323 0. 000542 3.593004 -0. 265711 0.000232 0. 000869 0.000056 3.593634 3.593381 3.591273 3.590855 0. 841928
103129 - 0. 267688 0. 002784 0.000105 0. 000421 3. 625485 -0. 265391 0.000356 0. 000356 0.000023 3. 624500 3.624484 3. 621904 3.616032 0. 808680
105235 - 0. 267592 0.003140 0.000044 0.000712 3.657934 -0. 264521 0.000345 0. 000818 0.000039 3. 656938 3.656422 3. 653926 3.648409 0. 761199
108110 - 0. 267592 0. 002900 0. 000333 0. 000608 3. 691579 -0. 265104 0.000352 0. 000934 0.000034 3. 691823 3. 690692 3. 688653 3. 686711 0. 768435
111934 -0. 267243 0.003013 0.000254 0. 000553 3.726396 - 0. 265681 0.000232 0. 001242 0.000142 3.727821 3.726700 3. 725030 3.726455 0. 843698
116802 - 0. 267485 0. 002908 0.000199 0. 000493 3. 764406 -0. 266002 0.000192 0. 001578 0.000113 3. 765901 3.765175 3. 763253 3.764242 0. 880555
125173 -0. 267193 0. 002835 0.000324 0. 000634 3.803737 -0. 264875 0.000113 0. 003709 0.000109 3. 803068 3.802874 3.800332 3.796736 0. 878758
139771 -0. 267560 0.002875 0.000423 0. 000694 3.843225 -0. 264470 0.000166 0.004144 0.000070 3.841915 3.841651 3. 838981 3.833005 0. 836657
157306 - 0. 267413 0. 002957 0.000635 0. 000582 3.882667 -0. 264521 0.000029 0. 006509 0.000059 3. 882087 3.881253 3. 878964 3.874215 0. 816667
183109 - 0. 267529 0.002873 0.000785 0. 000258 3.921772 -0. 265970 0.000043 0. 008098 0.000064 3. 922581 3.921336 3. 919565 3.918714 0. 859718
210470 -0.267421 0. 002887 0.000559 0. 000405 3.960695 - 0. 265476 0.000058 0.007119 0.000053 3.962045 3. 960974 3.959131 3. 960644 0.909631
227908 -0.267371 0. 002835 0.000705 0. 000574 4.000471 -0. 264856 0.000095 0.003243 0.000144 4.000545 4. 000134 3.997819 3.996269 0.949584
241355 -0.267178 0. 002866 0.000696 0. 000484 4.040716 -0. 264606 0.000083 0.004667 0.000167 4.039711 4.039557 4.036857 4. 031032 0.919330
258084 - 0.267251 0. 002998 0.000560 0. 000704 4.080725 - 0. 264472 0.000079 0.005193 0.000257 4. 080266 4.079694 4.077124 4.070348 0. 867236



-1.461617
-1. 461537
-1. 461752
-1. 461995
-1, 462145
-1.461865
-1. 461785
1. 461777
-1. 462316
-1. 462672
-1. 462592
-1. 462427
-1. 462097
-1. 462360
-1. 462862
-1. 463403
-1. 463674
-1. 463419
-1. 463383
-1. 463554
-1.463815
-1. 463872
-1, 463957
-1. 464102
-1. 464393
-1. 464769
-1. 464712
-1. 464405
-1. 464794
-1. 464797
-1. 465080
-1. 465548
-1. 465201
-1. 465422
-1. 465095
-1. 465266
-1. 465665
-1. 465581
-1. 465774
-1. 465425
-1, 465311
-1. 465469
-1, 465592
-1. 465851
-1. 465760
-1. 465502
-1. 465929
-1. 465362
-1. 465741
-1. 465482
-1. 464797
-1.465117
-1. 465032
-1. 465284
-1. 465299
-1.464771
-1. 464673
-1, 464543
-1. 464512
-1.465111
-1. 466093
-1. 466042
-1. 463453
-1. 464050
-1.464173
-1. 463916
-1. 464043
-1. 463622
-1. 463546
-1. 463665
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273153
280836
287708
294448
302291
308406
313214
317329
323031
326663
330267
335670
340039
344415
347929
352127
357340
361823
364737
368121
369233
369977
370949
372758
373791
373911
374968
375444
376960
377213
378911
379475
380037
380956
382518
383216
383651
385053
385409
386411
386498
387471
388687
390038
390629
390942
392534
394021
395630
395959
397339
398088
399297
400967
402039
402596
403592
405238
405879
406497
407071
408556
409710
411045
411587
413402
414516
414770
415596
416562

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

266915
267392
267223
267199
267199
267024
267013
267085
267147
267196
267339
267160
267048
267089
267052
267341
267302
267447
267371
267208
267035
267284
267304
267396
267406
267245
267409
267301
267303
267396
267437
267359
267641
267326
267246
267394
267220
267521
267386
267501
267133
267337
267101
267298
267285
267466
267130
267282
267071
267012
267125
266860
267143
266967
266953
266726
266966
266594
266864
266776
267208
267143
266603
266282
266334
266470
266368
266517
266180
266396

OO0 0000000000000 000000000000000000000000000000000000000000000000000000

002937
003027
002964
002934
002758
002867
003064
002943
003007
002845
002829
002894
002950
002868
002864
002805
002941
002972
003152
002970
002950
003043
003102
003013
003090
002849
003012
002975
003039
002887
002970
003076
002901
002916
002974
002913
003127
002932
003064
002940
002871
003093
002971
002837
003018
003014
002950
002945
002990
003018
003011
002982
002995
002877
002985
002943
002936
002993
002866
002989
003014
003129
003042
002938
003038
002883
003041
003038
002944
002755

000542
000630
000694
000538
000647
000664
000665
000678
000794
000706
000504
000675
000527
000735
000687
000685
000627
000747
000801
000816
000709
000657
000713
000753
000693
000709
000785
000685
000763
000673
000815
000755
000876
000847
000884
000627
000635
000874
000795
000754
000933
000803
000975
000804
000689
000904
000619
000732
000892
000790
000814
000837
000834
000814
000772
000765
000777
000870
000800
000834
000845
000893
000730
000754
000812
000747
001030
000947
000806
000865

OO0 0000000000000 000000000000000000000000000000000000000000000000000000

000594
000557
000452
000598
000613
000485
000801
000444
000641
000361
000598
000568
000631
000577
000595
000428
000819
000545
000305
000588
000587
000567
000543
000551
000609
000506
000322
000698
000378
000402
000582
000572
000618
000620
000528
000517
000757
000655
000416
000500
000728
000528
000500
000486
000628
000425
000466
000386
000553
000493
000612
000514
000470
000441
000669
000538
000645
000475
000622
000553
000621
000456
000524
000271
000579
000598
000551
000607
000715
000490

120627
160076
200374
240364
280690
319509
359105
398174
438817
479137
519481
558805
598606
638925
679137
719275
758711
798418
838557
878009
917957
958853
998851
037853
078210
118828
159302
199062
238307
277882
318694
359406
399153
438066
477837
517874
558548
599312
639494
678840
718241
758153
798209
839152
879159
918212
957995
998742
039114
079103
117856
157015
197322
236608
277417
316434
356070
396024
436940
478093
517458
557232
506747
636506
677002
717487
757151
796296
836160
876817

8.3 Coderequired for acompile

Below are presented the files required for the Biosusceptometer software. To create a stand aone
executable, these files should be compiled ingde the CVI development environment and the

Ferritometer Manual

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

264975
265126
265125
264979
264111
264460
264870
265028
265456
264802
264518
264331
265183
265638
264841
264130
264195
265371
265070
265019
264403
264151
264865
265300
265298
264959
264461
263985
265027
265558
265640
264576
263541
264768
265486
265733
264284
264466
264409
265105
264982
264640
264577
264446
264550
264628
264945
264734
264510
263552
264500
264471
265103
264187
263491
264006
264740
264330
264204
264017
264546
264261
263606
263731
263442
263366
263060
264222
263902
264050

000084
000048
000127
000067
000046
000138
000024
000071
000197
000024
000104
000028
000103
000136
000206
000058
000101
000181
000152
000071
000145
000108
000076
000096
000045
000098
000112
000053
000147
000041
000168
000107
000052
000060
000075
000069
000099
000078
000099
000180
000062
000064
000019
000162
000185
000134
000152
000129
000063
000122
000179
000218
000152
000232
000175
000073
000051
000079
000272
000161
001099
001290
000189
000082
000057
000162
000198
000383
000308
000144

OO0 0000000000000 000000000000000000000000000000000000000000000000000000

002986
001877
001914
002124
002131
001647
001008
001547
001472
000801
001297
001712
001035
001265
000983
001344
001595
000871
001142
000522
000387
000068
000672
000298
000271
000133
000263
000442
000187
000504
000198
000312
000044
000593
000214
000200
000269
000320
000207
000196
000185
000246
000568
000106
000298
000106
000718
000383
000309
000253
000359
000303
000286
000720
000101
000482
000156
000618
000098
000208
000329
000362
000512
000108
000558
000296
000437
000225
000582
000195
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OO0 0000000000000 000000000000000000000000000000000000000000000000000000

000190
000039
000068
000082
000103
000037
000017
000055
000055
000063
000079
000029
000177
000198
000143
000252
000107
000078
000094
000040
000083
000059
000077
000041
000069
000044
000063
000044
000033
000017
000035
000151
000151
000125
000164
000175
000146
000143
000060
000073
000082
000130
000200
000141
000166
000162
000122
000218
000208
000190
000163
000164
000150
000106
000113
000050
000077
000105
000096
000166
000153
000127
000294
000183
000152
000153
000219
000207
000295
000203
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routine "Create Ditribution Kit" should be completed (see Nationd Instruments manuals for
LabWindows CV1 for more details).

I e

Figure 8-6 Code CompileList

8.4 Utility Screens
Various useful utilities can be accessed through the menu bar on the Main Pandl.
Through the Hardware Test bar the user can access the following panels (see below) and test the
following functiondlity:
SQUID outputs vs. time (al the measurements in this group are done using high speed data
acquisition, 10 kSamples/sec and higher)

s
a
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e v ey e e
—
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T i mie

Figure 8-7 SQUID Test Pand (high frequency)

Lock-in outputs vs. time (amplitude of SQUID A, B and C on the frequency corresponding to the
S - Locator Loop, set by the HP waveform generator)
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Figure 8-8 Locator Loop vs. Time
Position transducer voltage vs. time

"L ]_-'_"F-'""'"""“'I—_""' !
Figure 8-9 Position Transducer vs. Time
Water pressure voltage vs. time
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Figure8-10 Water Pressurevs. time
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Handheld controller test — press on the handheld controller button should cause LED indicator
“on” for the corresponding button on the software test pandl.

ERAEEE

:-d.,_._..

EEEEES

Hew| @S Y emn gesms |
Figure8-11HHC Test Pandl

Bed Test alows to move the patient bed up/down through the software pandl interface and cycle
the bed fully up and fully down “Number of Cycles’ times.
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e BN s gesms |
Figure 8-12 Bed Cycle Test Panel
SQUID Controller pand dlowsto chang_gthe SQUID gainsand to reset SQUIDs.
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Figure 8-13 SQUID Range Test Panel
Run Locator Loop alows to test the locator loop functiondity
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Figure 8-14 Locator Loop Test Panel

Time Measurement pane acquires data from SQUID channels and stores the detaiin thefile. The
routine has been designed to monitor SQUID outputs with low data acquisition rate over
extended periods of time to monitor the magnetic environment. The user is alowed to choose the
SQUID gain, data acquisition speed and time. In addition, this routine providesred time deata
display. The user can aso set the display update rate which is different than the deta acquistion
Speed, and the display multiplier. This changesthe X and Y axis on the display, this does not
change the actud datarecorded in the file.

M| @Ry [Fieee— ETEIL

Figure 8-15 SQUID Low Frequency Test Pane

Liquid Helium Monitor routine should be aways used during liquid helium trandfer. Thisroutine
reads the liquid helium level and caculates helium transfer rate. It also prompts the user to input
the hdium level value manudly and specify transferring condition. The software gives estimated
liquid hdlium leve based on the dewar bail off.
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Figure 8-16 Helium Transfer Pandl

Figure8-17 Helium Set Panel
Help providesinformation on the operating system, etc.

8.5 Utilities for Locator Loop and Background Susceptibility Calibration
These routines help the user to fit the data (which were obtained by the Biosusceptometer
software for the patient measurement) and extract the coefficients and errors for the
corresponding fit. It isthe user's responsbility to know which fileis usad for cdibration and
which runsin thefile are vaid. The cdibration is conducted on G20.

8.5.1 Calibrate Locator Loop
The purpose of the Locator Loop Cdlibration is to generate a depth profile of the Locator Loop
signal generated on a selected SQUID channdl.
Follow the command buttons from top to bottom:
sect datafile
sect runsfor caibration
select the SQUID channd — default SQUID A — the software is configured at the present time to
caculate distances based on the SQUID A readings.
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select type of fit — the software alows the user to use 2 formulae to establish the relation between
the voltage read by the SQUID and the absolute distance in cm between Locator Loop and the
pick up coail. Thefirg formulais apolynomia of log(Voltage):
Distance = A, lod'(Voltage) eq. 7-1
The second formulais

: Ay
Distance = A, + AN + A, /V +
Additional details on locator loops and the use of equation 7-2 can be found in R. Engelhardt, K.
Valett and R. Fischer, "Printed Circuit Locator Loop for X-Y -Postioning and Z-distance
Measurements', Recent Advancesin Biomagnetism, T. Y oshimoto et al, eds. (Tohoku
University Press, Sendai 1999) pp. 10-98 - 1101. In the case of second formula, the user is
required to input preliminary coefficient to start the fit. These coefficients should be reasonably

closeto the red coefficients.

+ AS/V:VS eq. 7-2

dart calibration

M| @AY e paedms |

Figure 8-18 Locator Loop Calibration

the results of the fit and the actual data are output on the graph on the following pand aswell as
the coefficients and the sandard deviation of the fit

the user can rgject current fit (previous screen pops up where different runs can be chosen and
the fitting routine can be repeated) or accept the fit (in this case, the obtained coefficients are
saved in a specid file)
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Figure 8-19 Locator L oop Calculation Panel

8.5.2 Background Susceptibility Calibration
This routine establishes contributions from the Locator Loop and/or Water Bag to the SQUID
signa during Patient measurements. The cdibration is conducted on G20.
Follow the command buttons from top to bottom:
sect datafile
select the type for the background susceptibility calibration to be performed (Water bag and
Locator Loop vs. water, Locator Loop vs. air, Water bag vs. water)
select runs for the background calibration (For example, to perform Locator Loop susceptibility
vs. ar cdibration one should mount the Locator Loop on a plastic bottle, perform the Petient run
measurement, then remove the L ocator Loop and perform the same measurement for the plastic
bottle. The plastic bottle is the background for this calibration. The Locator Loop signd isthe
difference between the first measurement and the second measurement (the background).
dart cdibration - the software performs the least square fit to a polynomia

Voltage = An(1/Distance)"

The output is the polynomid coefficients for SQUID A, SQUID B, SQUID C and standard
deviations of fits.
the user can rgect current fit (resdlect the runs used for background calibrations and start new fit)
or accept the current fit
sHect runsfor the susceptibility caibration (referring to the example above, these are the runs of
the Locator Loop on a plastic bottle)
dart the susceptibility cdibration - based on the polynomid coefficients for the background
obtained above , the contribution from the background is calculated and subtracted from the
susceptibility runs, polynomid fit is performed on the difference. The output is the polynomia
coefficients for the desired susceptibility signal vs. distance for SQUID A, SQUID B, SQUID C
and standard deviations.
The user can rgect the current fit (resdlect the runs used for susceptibility caibrations and start
new fit) or accept the current fit (the polynomia coefficient will be saved in aspecid file)
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Figure 8-21 Susceptibility Calculation Result Pandl

8.5.3 Subtraction of Tissue and locator signal
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8.5.4 Computation and errors

9 Safety Issues

The system safety rlay block diagram is shown in the following section (Figure 9-1 System
Safety Schematic).

NI JUNCTION | [
BOX o0 (9/ Alarm to Waterbag 1
______ O (N ——_——— 4 Power (12VDC - 40mA) I
I AEER 1 Supply | I
ENABLE  PIN? L e 1 |
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o
|
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o
,

&
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GND
Bed Kill SW
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GND 25 Bed Mount
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(NC) TAPESWITCH
(NO)
o

Digital Relay
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KxAAUX  F [
£y -

Z-LOWER
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(NO)
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Bed & Dewar Safety Switches

TI (AND) GATE: P/N SN75451BD (TRISTAN P/N 03-0034) 2047 - Torino Liver Ee
CP CLAIRE REED RELAY: P/N PRMA1CO05B
£ 3 DWGNO REV
28 June 99 | 2047-E16
Tony Ewing | |SHEET 10F 1

Figure 9-1 System Safety Schematic

9.1 Bed Motion:
The bed should never be raised such that any object touches to bottom of the dewar or water bag
or damages the dewar tall.
Care should be taken not to trap the patient between the bed and dewar tail. There are emergency
stops for the bed and water bag on the gantry. If thereis any indication of potentia injury, these
sops will interrupt the bed mation.
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The Emergency Stop (alarge RED button)is interlocked so that when it is mechanicaly reset,
power is not restored to the bed. Thereisareset on the power interruptor that must be activated
in order to restore power to the bed. (This prevents the bed from powering up immediately after
the Emergency Stop is reset).

When measuring patients, the bed should not be raised asto lift the patient into the dewar tall. If
the patient complains or indicates sgnificant discomfort due to pressure againgt the dewar tail,
the measurement should be interrupted. To prevent injury, the dewar is held in the gantry by
gravity; thereisalimit switch that will cut off the bed motion if sufficient force is placed on the
dewar tall to begin to lift it.

The bed has skirts around it to prevent non-qudified personnel from accessing the bed motion
gpparatus. Additionaly, one should not place extremities near or in the skirts when the bed is
being raised or lowered. Thereisabed trapping switch that stops the z-axis motor if an object is
trapped between the box and bed bottom.

In the case of a power failure or emergency switch actuation, the bed may be manualy lowered.
To do this, open the Side doors on the bed. Manualy move the drive bdt in the direction
indicated by the arrow until there is sufficient clearance to remove the patient or object. When
the patient (or object) has been removed, close the doors. The bed table need not be returned to
its prior position—the Z-postion transducer will automaticaly indicate to the control system the
new position of the bed table.

9.2 Water Bag

The bottom of the water bag bellows is alatex product. Appropriate caution should be taken with
patients who have alatex dlergy.

Do not alow sharp objects to contact the water bag. They could tear the thin material and cause
the water bag to spill water on elther the bed or patient

Depending on the stage of the measurement, the water bag contains from tens of millilitersto a
few liters of water. Over pressurization of the water bag can cause discomfort in patients. The
water bag pressure should not exceed and equivaent force of 20-30 |bs. in adultsand 8 Ibs. on
children.

The water bag temperature should be kept at 37°C

In the event that water bag burgts, stop the measurement and remove the patient alowing him/her
to dry off. Replace the water bag bellows (83.2.3.5) and restart the measurement process.
De-ionized water should be used in the water bag system.

9.3 Dewar Safety

See §3.2.4 for safety in handling cryogenic liquids. If the liquid helium flow darm aectivates, Sop
al measurements and remove the patient.

9.3.1 If the flow indicator indicates low flow (< 200 SCCM),

1. check theliquid helium level meter to make sure that thereisliquid hdium in the dewar. If
the dewar is empty, refill the dewar.

2. If thereisalow flow darm and the level meter indicates sufficient liquid heium, check to
see that the hose between the dewar and the flow meter has not come loose or developed a
leak.

3. If neither 1. or 2. gpply, contact your Tristan representative for ingructions.
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The model BMD-35M dewar is held together by vacuum. Should the dewar |ose vacuum, contact
your Tristan representative for ingructions befor e attempting to evacuate the dewar or refill the
dewar.

9.3.2 If the flow indicator indicates high flow (> 2000 SCCM),

1. check theliquid helium level meter to make sure thet thereisliquid hdium in the dewar. If
the dewar isfull (>100%), liquid helium may be in the neck region of the dewar causing high
bailoff. Wait until the liquid hdlium leve is beow 100%.

2. If thereisahigh flow darm and the level meter indicates sufficient liquid helium, check to
see that the top of the dewar is“warm” (reasonably near room temperature).

3. If thereisevidence of icing, ether at the top of the dewar or on the dewar tail cal the
compnany.

Again, if these ingructions apply, contact your Tristan representetive.

In any case, do not resume patient measurements until heium gas flow is within reasonable

vaues. If there are indications of damage to the dewar contact your Tristan representative

immediatdy for indructions.

9.3.3 General comments about dewar safety

Helium expands ~680 times fromthe liquid state at 4.2 K to the gaseous state at room
temperature (300 K). Theoreticdly, thiswould mean that a completely enclosed cryogenic vesse
filled with liquid helium and would have an internd pressure of 680 bar (atm.) when raised to
room temperature. Thusit is necessary to vent the dewar, not only during normal operation, but
when warming up the dewar. No blockage of the dewar must be permitted to occur.

The BMD-35M dewar used has a 3.8 cm (1%2") neck tube that alows the helium vapor to vent to
atmosphere. As can be seen in Figure 2-5, aneck tube blocks atmospheric gases from entering
the cryogenic vessd (via cryopumping). Thisisto prevent water in the aamosphere from
condendang in the neck and forming an ice plug. The venting hdium exits from the top of the
dewar insart through tubing to a flow meter which continuoudy monitors the gaseous flow rate
and displaysit as an equivadent liquid heium consumption (or boiloff) rate. Should the rate
exceed either upper or lower limits, an darm on the heium flow meter (see above) istriggered.
The upper limit would indicate excessive heet input into the system, the lower indicating either
exhaustion of dl liquid helium or ablockage of the neck region. In ether case, operator
intervention isindicated.

There are two additiond exhaugt ports. Oneisfor the liquid helium transfer line and is normaly
blocked by a3/8” plug. This plug isheld in by arubber o-ring that would only require ~1 ps
over pressure to be forced out and vent the dewar. Should both the flow meter exit port and the
transfer tube port be blocked, athird port contains a Swagelock B-4CP2-DR-10 10 ps check
vave. Thistriple combination of active flow monitoring, o-ring plug and check vave reducesthe
potentia for an unobserved over-pressurization of the dewar.

9.4 Magnetic field concerns
The mode 5700 biosusceptometer contains a superconducting magnet. While the applied field is
ggnificantly less than magnets used in MRI systems, the following precautions should be taken.
THE 5 GAUSS LINE SHOULD BE ASSUMED TO BE A30 CM (12") DIAMETER SPHERE

LOCATED AT THE BOTTOM OF THE DEWAR TAIL.

NO PERSONS WITH PACEMAKERS CAN BE ALLOWED WITHIN THIS REGION.
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We recommend that you indicate this region on the floor below the gantry. Depending on the
location, patients with metal implants may not be able to be measured with this system. While it
may not be a safety issue, the presence of metallic implants can interfere with the measurement
process.

Ferromagnetic objects shoud not be brought into proximity of the tail while the magnet is
charged. Allowing ferromagnetic objects to be pulled into the dewar tail could bresk the water
bag bellows or damage the dewar tail.

The superconducting magnet must be kept at liquid heium temperatureswhileit is charged. If
the dewar iswarmed up without removing the field from the magnet, it will cause the magnet to
go normd (no longer remain superconducting) and liberate its stored energy (“quench”). While
the energy liberated (less than afew joules) issmall and in no way would cause
overpressurization of the dewar, this may damage the magnet’ swindings and will void any
warranty or service contract.

9.5 Other items to be guarded against
To prevent interruption of service, an uninteruptable power supply (UPS) could be implemented.
Trigtan can not be held responsible for damage or injury incurred during a power failure.
To prevent ground loops, asingle isolation transformer where system power can be drawn is
recommended. This does not include the water bag controller, which should be on a separate
power supply system.
Do not modify any part of the modd 5700 biosusceptometer system. Unauthorized modifications
may damage the system, interfere with its measurement capabiilities or permit injury or death to
occur. Tristan will not be responsible for the misuse of this system.
The dud cross-plane lasers used for positioning the patients are solid- state laser diodes emitting
light & 660-685 nm at a power of 0.5 mW (Class ). To avoid potential eye damage, anyone
using the system should not stare directly into the beams.

10 Service and Maintenance

10.1 Inspection and Cleaning

The mogt important feature in the care of the system is regularly filling the system with liquid
helium. This must be done to keep the magnet and the SQUID detection circuitry operationd. In
addition to this, the sysem must be kept magnetically clean near thetail region. Always use
gloves and specid care in handling the tail and the rubber bellows.

10.2 Cryogenic Dewar Maintenance

10.2.1 Vacuum

In normal operation the dewar should not need pumping since the dewar has a cryopump insde.
The dtatic pressure at the start should be <200 micron for 2 minutes.

10.2.2 Sensor Maintenance

Water and ice must be kept off the sensor in order to have reliable readings. If ice forms on the
electrical connectors at the top of the dewar, the readings may not be accurate.
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10.3 Bed Maintenance
The bed must be lubricated every three months and the belts checked for tenson. Care--Watch

for the pulley screw on the motor if power is gpplied and the motor turns. Thisis not
recommended. Do not apply power if the sSides are uncovered.

10.4 Water Bag Maintenance

The water bag must be checked for leaks periodicaly and the system kept free of trapped air.
Maintenance of the water bag is covered in a separate document.

10.5 Mechanical Pump Maintenance
Check the pump for backstreaming and oil periodicaly.

10.6 Transfer Tube Maintenance
The two piece flexible transfer tube has an evacuated region in each section between the inner
tube and the outer tube which is a room temperature. If the vacuum deteriorates, then the
thermal isolation between the two tubes will dso deteriorate, and the outer tube will frost up
aong its whole length when atransfer is attempted. It is possible that it will be impossible to
transfer any liquid helium. The cause of such adeterioration may be either alesk or the mistaken
opening of the evacuation vave. If the problem isalesk, it must be fixed. After repair, the
transfer tube vacuum space must be evacuated before the transfer tube can be used. Aslittle as
1/2 hour of pumping with a mechanica vacuum pump should be sufficient.

11 Appendices

11.1 Hardware PC and National cards setup
Channd ligt is shown below:

Channd assgnment 7/3/99
NI 6031 (64 Ch)

100 pin Cdlout
ribbon
Al | SQUID A 3-4 A0,8
1
2| SQUIDB 5-6 1,9
3| SQUIDC 7-8 2,10
41 H20 9-10 3,11
Pressure
5| Z Postion 11-12 412
6 | Cardiac 13-14 513
7 | X fluxgate 15-16 6,14
8| Y fluxgate 17-18 7,15
9| Zfluxgae 51-52 16,24
10| Spare 53-54 17,25
11| LL current | 55-56 18,26
12 | Levd Meter | 57-58 19,27
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13| Fow Meter | 59-60 20,28
61-62 21,29
63-64 22,30
AO D1 23-20 DACO
D2 23-21 DAC1
(23gd)
Dig In/Out
(24)
NI 6025 (16Ch)
100 pin S100-
ribbon breakout
Al None
AO Motor 23-20 DACO
(23gd)
Dig In/Out Ground
8
H20 FILL 75 PB3
BED 73 PB4
SPEED HI
MISC. TOP | 79 PB1
H20 77 PB2
EMPTY
BED UP 83 PA7
MISC. 81 PBO
BOTTOM
NEXT 87 PA5
BED 85 PA6
DOWN
5 91 PA3
BACK 89 PA4
START 95 PA1
RESET 93 PA2
7 98 Gd,
STOP 97 PAO
Green 57 PC4
STROBE 1
STROBEO |61 PC2
black 33 DGND
+5V 34 +5V
Motor 25 (24gd) DIOO
Endble
Motor Fault
sense
Motor Diode
fault
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Bed Relay 24

BedRday | 25
Power 33 DGND
Power 35 Y

PCI-2321 (al 10pin connectors)

Com 1 iIMAG

Com3 HP
generator

COM6 Water bag

isolated (or Rack

COM 4

direct)

Table- PC setup re: IRQ and addresses

*kkkkhkkhkkhkkhkkhkhkhkhkhkkkkkkk*% SYSTEM SUM\/ARY R R I S I S S
W ndows version: 4.10.1998

Conput er Name: Unknown

System BUS Type: |SA

Bl OS Nanme: Unknown

Bl OS Date: 02/04/99

Bl OS Version: Phoeni xBIOS 4.0 Rel ease 6.0
Machi ne Type: |BM PC/ AT

Processor Vendor: Genuinel ntel

Processor Type: Pentium(r) Il Processor
Mat h Co- processor: Present

Regi stered Owner: A. Piga

Regi st ered Conpany: Tristan Technol ogi es

IR IR IR I S S R R IR IR IR I S I
I RQ SUMVARY

I RQ Usage Sunmary:
00 - Systemtiner
01 - Standard 101/102-Key or M crosoft Natural Keyboard
02 - Programmable interrupt controller
03 - Communi cations Port (COW)
04 - Communi cations Port (COM3)
05 - I RQ Hol der for PCI Steering
05 - 3Com Fast EtherLink XL 10/100Mb TX Et hernet NI C (3C905B- TX)
05 - XPERT LCD PCI (English)
06 - Standard Fl oppy Disk Controller
07 - Printer Port (LPT1)
08 - System CMOS/real tinme clock
09 - I RQ Hol der for PCI Steering
09 - Intel 82371AB/EB PClI to USB Universal Host Controller
09 - PCl-6025E
10 - N.I. PCI-232/4 (1sol ated) Conmmuni cati ons Port (COWR)

10 - N.I. PCI-232/4 (Isolated) Multi-function Parent
10 - N.I. PCI-232/4 (lsol ated) Conmuni cations Port (COML)
10 - N.I. PCl-232/4 (Isolated) Communications Port (COW)
10 - I RQ Hol der for PClI Steering

I.

10 - N PCl - 232/ 4 (Isol ated) Conmmunications Port (COWb)
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11 - RAGE LT PRO AGP 2X (English)

11 - PCI-6031E

11 - 1 RQ Hol der for PClI Steering

12 - PS/2 Conpatible Muse Port

13 - Numeric data processor

14 - Intel 82371AB/EB PClI Bus Master |DE Controller
14 - Primary |IDE controller (dual fifo)

15 - Intel 82371AB/EB PCl Bus Master |DE Controller
15 - Secondary |IDE controller (dual fifo)

Kkkxkkkkkkxkkxxkkxxxx | O PORT SUMVAR khkkkhkhkhkhkkhhkhhkhhkkhkk

1/ O Port Usage Sunmary:
0000h- 000Fh - Direct menory access controller
0020h-0021h - Programmbl e interrupt controller
0040h-0043h - System ti mer
0060h- 0060h - Standard 101/102-Key or M crosoft Natural Keyboard
0061h-0061h - System speaker
0064h-0064h - Standard 101/ 102-Key or M crosoft Natural Keyboard
0070h-0071h - System CMOS/real tinme clock
0081h-008Fh - Direct nemory access controller
00AOh- 00Alh - Progranmmble interrupt controller
00COh- O0ODFh - Direct nemory access controller
OOEAh- OOEBh - Mot herboard resources
00FOh- O0FFh - Nuneric data processor
0170h-0177h - Secondary |IDE controller (dual fifo)
0170h-0177h - Intel 82371AB/EB PCI Bus Master |IDE Controller
01FOh-01F7h - Primary |IDE controller (dual fifo)
01FOh-01F7h - Intel 82371AB/EB PCI Bus Master |IDE Controller
02E8h- 02EFh - Communi cati ons Port (COW)
02F8h-02FFh - N.I. PCl-232/4 (lsolated) Milti-function Parent
02F8h-02FFh - N.I. PCl-232/4 (lsolated) Communications Port (COW)
0370h-0371h - Mot herboard resources
0376h-0376h - Intel 82371AB/EB PCI Bus Master |DE Controller
0376h-0376h - Secondary |IDE controller (dual fifo)
0378h-037Fh - Printer Port (LPT1)
03B0h-03BBh - RAGE LT PRO AGP 2X (Engli sh)
03C0h- 03DFh - RAGE LT PRO AGP 2X (Engli sh)
03E8h- 03EFh - Communi cati ons Port (COM3)
03F0h-03F5h - Standard Fl oppy Di sk Controller
03F6h-03F6h - Primary |IDE controller (dual fifo)
03F6h-03F6h - Intel 82371AB/EB PCI Bus Master |DE Controller
03F7h-03F7h - Standard Fl oppy Di sk Controller
03F8h-03FFh - N.I. PCI-232/4 (lsolated) Miulti-function Parent
03F8h-03FFh - N.I. PCl-232/4 (lsolated) Conmmunications Port (COM)
04D0Oh- 04D1h - Mot herboard resources
O0CF8h- OCFFh - PCl bus
1000h- 100Fh - Intel 82371AB/EB PCl Bus Master |IDE Controller
1000h-1007h - Primary |IDE controller (dual fifo)
1008h-100Fh - Secondary |IDE controller (dual fifo)
1010h-1017h - N. 1. PCI-232/4 (lsolated) Milti-function Parent
1010h-1017h - N. 1. PClI-232/4 (1sol ated) Communi cations Port (COW)
1018h-101Fh - N. 1. PCI-232/4 (lsolated) Multi-function Parent
1018h-101Fh - N. 1. PClI-232/4 (1sol ated) Conmmuni cations Port (COWb)
1040h- 105Fh - Intel 82371AB/EB PCl to USB Universal Host Controller
1080h- 10FFh - 3Com Fast EtherLink XL 10/100Mb TX Ethernet NI C (3C905B- TX)
1800h- 18FFh - XPERT LCD PClI (English)
7000h- 700Fh - Mot herboard resources
8000h- 803Fh - Mot herboard resources
9000h- 9FFFh - Intel 82443BX Pentiun(r) Il Processor to AGP controller
9000h- 90FFh - RAGE LT PRO AGP 2X (Engli sh)

kkkkkhkkhkkhkkhkhkkhkhkhkhkkkkkkk* UPPER NE'\mY USAE SUMVARY *kkkkhkkhkkhkkhkkhkhkhkhkhkkkkkkk*%

Menmory Usage Sunmary:
00000000h- 0009FFFFh - System board extension for PnP Bl OS
000A0000h- 000AFFFFh - RAGE LT PRO AGP 2X (English)
000B0000h- 000BFFFFh - RAGE LT PRO AGP 2X (English)
000C0000h- 000CFFFFh - RAGE LT PRO AGP 2X (English)
000D0000h- 000DOBFFh - 3Com Fast EtherLink XL 10/100Mo TX Et hernet NI C (3C90
000DOCOO0Oh- 000D3FFFh - Mot her board resources
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000D5700h- 000D577Fh
000E4000h- 000FFFFFh
00100000h- 07FFFFFFh
08000000h- 08000FFFh
08001000h- 08001FFFh
08002000h- 08002FFFh
08003000h- 08003FFFh
08004000h- 08004FFFh
08020000h- 0803FFFFh
09000000h- 09FFFFFFh
E4000000h- E400007Fh
E6000000h- EGO00FFFh
E6000000h- E7FFFFFFh
E6020000h- E603FFFFh
E7000000h- E7FFFFFFh
E8000000h- EBFFFFFFh
FFF80000h- FFFBFFFFh
FFFCO000h- FFFFFFFFh

IR R IR I S S S R R

DMA Channel
02 -

04 - Direct

IR IR IR I S S R R

636 KB Tot al
65040 KB Tot al

kkkkhkkhkhkhkhkkhkkhkkhkhkhkkkkkk*%

A:  Floppy Drive,
80 Cylinders
512 Byt es/ Sect or

B: Floppy Drive,
963 Cylinders
512 Byt es/ Sect or

C. Fixed Disk
524 Cylinders
512 Byt es/ Sect or

D: CD- ROM Dri ve

DMA USAGE SUMVAR

Conventi onal

3.5"

3.5"

N.I. PCI-232/4 (lsolated) Multi-function Parent

Syst em board extension for PnP BICS
Syst em board extension for PnP BICOS
PCl - 6031E

PCl - 6031E

PCl - 6025E

PCl - 6025E

XPERT LCD PClI (English)

XPERT LCD PCI (English)

XPERT LCD PClI (English)

3Com Fast EtherLink XL 10/100Mb TX Et hernet
RAGE LT PRO AGP 2X (English)
Intel 82443BX Pentium(r) 11

RAGE LT PRO AGP 2X (English)
RAGE LT PRO AGP 2X (English)
Intel 82443BX Pentium(r) 11
Syst em board extension for

Mot her board resources

NI C (3C90

Processor to AGP controll

Processor to PCI
PnP BI OS

bridge (

EIE R IR I S O

Usage Sunmary:
St andard Fl oppy Di sk Controller
menory access controller

'\E'va SUM\MRY EIR R IR I I I S S

Menor y

Ext ended Menory
DI SK DRI VE INFO kkkkkkhkkhkkhkhkhhkhkhkkhkkkk*k*k

1.44M
2 Heads
18 Sectors/Track

1.44M
8 Heads
32 Sectors/ Track

4200776K Tot al 2638476K Free

255 Heads
63 Sectors/ Track

11.2 Water Bag Microcontroller (WBC)

To start the microcontroller from a secondary termina, use: 19200,8,1,n,n and no caching. On
wake give the command gtart (or programming for upload) and then the program number. The
norma commands shown in Figure 11-2 then apply.
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11.3 SQUID Interface Connector Pinout

® 0
o @ @
® ® 0

®@®

FACE MIEW

Figure 11-4 iFL-301 Pigtail Connector Pinout ( Face View )

Description

HEAT+

SIGNAL+

SIGNAL-

HEAT-

FEEDBACK-

FEEDBACK+

MOD+

BIAS+

BIAS-

el
'5(000\1@01#00[\)!—\;

MOD-

Table11-1iFL-301 Pigtail Connector Pinout ( Face View )

Note: The connector shell, twisted pair shields, and cable shield are grounded to the connector

shel and acircuit board ground.
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11.4 Dewar Interface Pin Connectors

INTERNAL-

19-pin connector

Spare Magnet Heater

Magnet Heater

N} Magnet Voltage

INTERNAL WIRING

EXTERNAL-

19-pin connector

Wire: 8 mil Manganin for all leads (2X.008 wire used) except Magnet Heater/Spare

Magnet Heater/Spare: 8 mil Phosphor Bronze (LakeShore QL-32AWG) - 4X.008 wire used

— —————— SpareMagnet Heater
—————=—(notcurrently on cable)

* Magnet Heater (1/4"
. spade terminals)

1H

{ Magnet Voltage
(BNC connector-Male)

DEWAR CABLE Al (19-PIN)

2047 - Torino Liver Fe

e Tt DWERT
11 Aug 99 | 2047-E10a
“Tony Ewing | [suee 10F1

Figure 11-5 Dewar Cable Al
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INTERNAL-

8FEET

Pair (each encased in
fberglass tube - grease
after installaion)

. 1

SiDiode
#1

q

)

19-pin connector. +
p CL(/DJ O, .
e

] SiDiode
] 7%

See diagram below

oo &'G

q

1

e G

-

i SiDiode
#3

?

LakeShore 4-lead wire - encase in iberglass
tube - grease afer nstallation

b

BE

I1
|
]

INTERNAL WIRING

Spare Magnet Heater
Magnet Heater

Magnet Voltage
(BNC connector has

shield on V4-)

Wire: 8 mil Manganin for all leads (2X.008 wire used) except Magnet Heater/Spare

Magnet Heater/Spare: 8 mil Phosphor Bronze (LakeShore QL-32AWG) - 4X.008 wire used

EXTERNAL-

19-pin connector

v

+

JL Four-lead
Measurement:

Note: see
LakeShore silicon
diode lead
attachment
instructions.

——————— e e e

|
] Lemo# L

ol o "

e

|
| Lemo#2

AS PER LTC MANUAL

HG

~H-11

|
| LEmo#3
|

v+

SNCRERE,
(ClC]

BLUE

ORNG

* Magnet Heater (1/4"
. spade terminals)

BLACK

Magnet Voltage

ADDED EXTRA MAGNET
CABLE FOR DIAGNOSTICS
ON 25 OCT 99 - 14 METERS

DEWAR CABLE A2 (19-PIN)

2047 - Torino Liver Fe

v g DWENT
| 250ct99 | 2047-E10b
“Tony Ewing [snee 10F1

Figure 11-6 Dewar cable A2
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INTERNAL-

Internal Heater Cdi

8FEET

Resistance

}sQuID #1 HEATER (280.7)

} SQUID #2 HEATER (283.5)

} SQUID #3 HEATER (283)

} SPARE HEATER

} SPARE HEATER

(O ONONC)
GHCNG

CABLE WIRE TYPE: 24 AWG 10
CONDUCTOR SHIELDED CABLE
OVERALL

B
INTERNAL WIRING:
Pair (each encased in fiberglass tube -
grease after installation)
WIRE: 8 mil Manganin for all leads
(2X.008 wire used) Approx. 8 feet.
19-pin connector
(supplied by Precision
Cryogenics)
EXTERNAL- 14
ORANGE
l_ WHITE _|
SQUID #1 HEATER
'_ BLACK —
SQUID #2 HEATER - _8 O
@J G \_SQUID #3 HEATER
O @J G \\
3 BLUE
B ® @ ® @ YELLOW —————

VIOLET =—

GRAY SPARE HEATER

srownC N SPARE HEATER

DEWAR CABLE B (19-Pin)

2047 - Torino Liver Fe

DWG NO
2047-E14

SIZE

Date
28 June 99

“Tony Ewing [suee 10F1

Figure 11-7 Dewar Cable B
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