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SIMPLIFIED OPERATING INSTRUCTIONS

1. Connect the 640 Gaussmeter to the appro-
priate power source. Connect the probe to the
640. Turn the instrument on and allow 5 minutes
for warm-up.

2. To calibrate the 640 Gaussmeter using its in-
ternal calibration feature, turn the coarse ZERO
SUPPRESS switch to the OFF position, and set
the FUNCTION switch to CAL. The RANGE
switch must be in 30 kG- position. Adjust the CAL
screwariver adjustment to. obtain a full-scale
(1.0). meter reading or a 1.0 volt dc reading on
any external readout instrument connected to
the output jacks.

3. The probe is zeroed using the COARSE and

FINE adjustments on the instrument. Set both
controls to about mid-setting. Rotate the RANGE
switch counterclockwise and adjust the COARSE
control to bring the reading near zero while re-
ducing the RANGE setting. On the 0.1 gauss
range the FINE control may be used for better
resolution of the zero adjustment. See Section
IV-2b for details on the effects of the Earth’s mag-
netic field and other residual fields on the zero
adjustment.

4. The 640 is now ready t0 measure magnetic
fields. For complete details on any of the above
procedures consult the appropriate section of
the manual which follows.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




CONTENTS

SECTION | IV-5 Total Flux Determination............. 10
General Description ........................ 1
-1 GeNeral .......ovevveeeiiiiiiiiien, 1 SECTIONV
Theory of Operation. ................... ... 11
SECTION Il V-1 General ....covviviiiii i, 11
Specifications . ..............ciiiiiiiiiians 2 V-2 The Sensing Element.................. 11
l1-1 Electrical and Performance V-3 Circuit Operation .............oviis. 11
Specifications............covviiina, 2
l1-2 Physical Specifications, Controls aig\.{ég:nw 14
and Connectors ........ooviviiiiain 3 B€ .ovvvvrnrrnmirrre e
VI-1 Introduction...........coovivvn i, 14
VI-2 Test Equipment ..........coviviinnn 14
SECTION Il -
Installation and Pre-Operation x:_i (F?O\;er Remov? A 12
Adjustments ................cciiiiiiien .t 4 =4 Feriormance 1estS. ... ... ....oooveeen
-1 Power T 4 VI-5 Adjustment and Alignment Procedure . 15
H1-2 Probe Zeroing Adjustments ........... 4 SECTION VIi
I11-3 Calibration Procedure ................ 5 Auxiliary Amplifier Options ................ 15
SECTIQN v _ SECTION Vil
Operating Instructions..................... 6 VII-1 Schematics .......vvvviviineninnnn.. 16
V-1 The Probe .........c.ooviiiieiin, 6 VIH-2 Parts List «.vvvevneirnervnneennennns 19
IV-2 Measurement Procedure .............. 7
IV-3 OutputJacks........oooiiiiieiiinnen 9 SECTION IX
IV-4 Probe Deviation Curves.............. 10 Warranty......................... Back Cover
SECTION |

General Description

I-1 GENERAL

The Model 640 Gaussmeter is a precision
magnetic flux measuring instrument, featuring
high stability, silicon, solid-state construction. It
has been designed especially for use with the
Hall effect magnetic field probes manufactured
by F.W. Bell, Inc.

A wide range of standard transverse and axial,
as well as special probes, are available includ-
ing the high-linearity low-temperature coefficient
Hall sensors. All probes are directly interchange-
able without recalibration. Factory calibration
of probes is carried out with reference to a
laboratory standard magnet. This standard is
measured by the Nuclear Magnetic Resonance
(NMR) technique and provides traceability to the
National Bureau of Standards. The user can then
set this calibration into the instrument by the use
of the simplified high accuracy built-in CAL
procedure.

Measurement range extends from 1 mG (milli-
gauss) per scale division (100 mG full scale) to
30 kG (kilogauss) full scale. Both dc and ac fields
can be measured directly using the 4% inch panel
meter. DC polarity is preserved for direction infor-
mation when tracing and plotting fields. AC fields
of up to 400 Hz are read out as an rms value for
sine wave fields.

Also zero suppression and scale expansion
controls permit incremental measurements. Any
dc field reading to 30 kG may be suppressed to
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zero and sensitivity increased to a maximum of
1000 times, thus providing full scale output for
0.1% changes in field.

Output jacks are provided on the front panel.
Output voltage is 1 volt full scale and is
proportional to the field for dc and ac fields up to
400 Hz. An auxiliary output amplifier is also
included providing increased output voltage and
power, via rear panel jacks, to drive external
equipment. To obtain high accuracy measure-
ments, a high resolution indicating instrument
such as a digital voltmeter can be connected
to the output jacks. The internal calibration pro-
cedure may also be carried out using this indi-
cating instrument to achieve the best possible
accuracy.

Because of automatic change-over to battery
operation, the Model 640 is ideal for fixed
installations where constant, noninterrupted
service is required in the event of power line
failure, as well as applications requiring porta-
bility. An inexpensive, sealed, high energy dry
battery is used (included with instrument on
special order). Also an external dc power input
is provided through binding posts on the rear of
the cabinet.

Simplicity of operation, wide measurement range
and high accuracy make the Model 640 a versatile
instrument for measurement in the laboratory or
in the field, as well as for production testing and
process control.
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SECTION Il
Specifications

II-1 ELECTRICAL AND PERFORMANCE
SPECIFICATIONS

(a) Measurement Ranges:
Measurement of static (dc) or varying (ac to 400
Hz) magnetic field strength in the range of 0.1
gauss full scale to 30,000 gauss full scale in 10
dB steps as follows:

1X probes 0.1, 0.3, 1.0, 3.0, 10, 30, 100, 300,

1 kG, 3 kG, 10 kG, 30 kG
10X probes 1.0, 3, 10, 30, 100, 300, 1 kG, 3 kG,
: 10 kG, 30 kG

(b) Calibration
1. Internal calibrating procedure is referenced
to a standard NMR magnet traceable to the Na-
tional Bureau of Standards and to probe devia-
tion curves. Probe deviation curves in accor-
dance with MIL-STD-793-1 (WP) Appendix A.
2. internal calibration error does not exceed
+0.3%.

(c) Zero Suppression Range and Scale Expansion:
Any dc field up to 30 kG may be suppressed to
zero. The sensitivity may then be increased in
the 1,3 sequence by means of the range switch
to a maximum of 1000 times (6 switch positions).

(d) Available Standard Probes:

One hundred and ten different Hall effect field
probes are available to meet the challenging
requirements of virtually any application. Please
see the F. W. Bell Gaussmeter Probes literature
sheet for probe models and prices. Consult the
factory for special probe requirements.

(e) Accuracy:

1. Accuracy is the sum of accuracies of the in-
strument, the probe and the calibration source.
The instrument accuracy is +0.25% of full scale
plus +0.02 gauss, and the internal calibration
accuracy is +£0.3% of reading. For example, the
640 gaussmeier used with the model HTB4-0608
probe calibrated with the internal calibration
output; the total accuracy is £0.25% of full scale,
plus +0.02 gauss (instrument), plus 0.3% of
reading (internal calibration), plus +1.0% of
reading (probe) for a.total system accuracy of
+0.25% of full scale, plus +1.3% of reading, plus
+0.02 gauss. The +0.02 gauss is an instrument
error. When a 10x probe is used the specification
then becomes 10.2 gauss.

2. For Incremental Measurements:

+1% to £3% of incremental range depending on
probe type and absolute field magnitude.

3. For ac fields:

0 to 60 Hz; dc field accuracy plus 1% of reading
60 to 400 Hz; dc field accuracy plus £10% of
reading

4, Meter Scale Tracking Error:

For dc field meter readout; 1% of full scale
For ac field meter readout 10 to 400 Hz; 2% of
full scale.

2

Artisan Technology Group - Quality Instrumentation ...

5. Improved accuracy obtainable by using probe
deviation curves and, at specific test points, by
reference to a known calibration field.

(f) Stability:

1. Line Voltage:

Error unmeasurable for £10% line voltage changes.

2. Temperature effects excluding probe influ-
ences: Approx. 3% of reading total over the
range of -50°C to +70°C (can be removed by
using internal calibration feature).

3. Temperature effects and zero temperature
stability will be determined by the type probe
being used. Consult the Gaussmeter Probes
literature sheet for the complete specifications
of the probe being used.

(g) Output Jacks, Front Panel:

1. Output voltage: 1.0 volts dc FS
2. Source impedance: 1 kQ approx.
3. Maximum ac field
frequency: 400 Hz
4. Response time for
full scale step input: 0.4 msec approx.
5. RMS Noise:
0.1 gauss range 25 dB below full scale
approx.
0.3 gauss range 35 dB below full scale
approx.
1 G to 30 kG range 45 dB below full scale
approx.

(h) Auxiliary Output Jacks, Rear Panel:

1. Output voltage: 1.0 to 5.0 volts dc FS
adjustable

2. Source Impedance: <1Q (current limited
above 10 mA
output current)

3. Maximum ac field

frequency: 400 HZ
4. RMS Noise:
0.1 gauss range 20 dB below full scale
approx.
0.3 gauss range .35 dB beiow full scale
approx.
1 G to 30 kG range 45 dB below full scale
approx.
(i) Power Requirements:
1. Line input:
Volts ............ 105-125V or 210-250 V
Frequency ....... 50-60 Hz 50-60 Hz
Current.......... 0.038 A 0.019 A
Power ........... 4 W 4 W

2. Battery input:

9 V to 18 V at approx. 130 mA, Automatic take
over in case of failure in line voltage.

3. Internal battery:

12 V dry battery, Eveready 732; (NEDA No. 926)
automatic take over in case of failure in line volt-
age (approx. 60 hrs. life with continuous use).
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l-2 PHYSICAL SPECIFICATIONS, CONTROLS
AND CONNECTORS

{a) Front Panel:

1. Power Switch:

This toggle switch turns on the primary power
to the instrument. The pilot indicates when the
instrument is operating on line voltage only, no
indication of battery operation is provided. See
cautionary note in Section |1-2b4.

2. Range Switch:

The full scale range is set by this switch in 10 dB
steps marked in the 1, 3, 10 sequence. It covers
the range from 0.1 gauss to 30 k gauss, the full
range of the instrument. Also by use of the inter-
locking knob and skirt the incremental scale
expansion ranges are selected.

3. Function Switch:

This switch selects the mode of operation. It
includes the measurement positions for dc fields
of both normal and reverse polarities, and for ac
fields, the calibration position for internal CAL,
and a battery test position to check the internal
battery condition or external dc input voltage.

4. Probe Zero Controls:

COARSE and FINE zeroing controls are pro-
vided to balance each individual probe for zero
output in the absence of a magnetic field. They
will also suppress small residual fields up to ap-
proximately 30 gauss. By turning the FINE con-
trol full CCW past the switch, the zero controls
can be disconnected, permitting the instrument
to be used with special probes having their own
zero controls.

5. Zero Suppression Controls:

Three controls COARSE, FINE, and VERNIER
are used to suppress the field reading. When the
COARSE control is switched from its off position,
the meter circuit generates true zero center oper-
ation for simplified positive and negative devia-
tion measurements.

6. CAL FS Control:

The screwdriver CAL control is used to calibrate
the instrument using the internal calibration
feature as well as calibration to a standard mag-
net. Calibration through external indicating in-
struments is also possible with connection to
the output jacks.

7. QOutput Jacks:

The black and red front panel jacks will accept
a standard double banana plug with %" spacing.
They provide an output voltage proportional to
the full scale field, for use with external instru-
mentation. The polarity is positive for upscale
meter readings and negative for downscale in-
dications. The black jack is grounded to the
chassis.

(b) Rear Panel:

1. Power Cord Receptacle:

The 3 pin power cord receptacle accepts the
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detachable power cord. The power cord is equip-
ped with three conductors and is terminated in
athree-prong plug recommended by the National
Electrical Manufacturers’ Association. The round
pin is connected to the case and grounds the
instrument case and output terminals when used
with the appropriate receptacle. An adapter may
be used for connection to a standard two-contact
receptacle. The ground is brought out of the
adapter by means of a short wire which should
be connected to a suitable ground for protec-
tion of operating personnel. Only when a ground
is supplied by associated equipment should this
ground be unused to prevent common ground
currents. The Model 640 is normally wired for
117 V nominal 50-60 Hz. To change it to 234 V,
the primaries of the power transformer must be
changed from parallel to series connection.

2. Fuse:

The fuse holder accepts a standard 3 AG size
fuse. For 117 V operation, the fuse should be
rated at 1/16 A Slo-Blo. For 234 V operation a
1/32 A Slo-Blo fuse should be used.

3. Battery Input;

An input for external battery power is provided.
The yellow and black binding posts are mounted
on %" centers to accept a standard banana plug
or can be tightened directly on to prepared cable
ends. The instrument will operate satisfactorily
for voltages over the range of 9 to 18 volts dc at
about 130 mA drain. The yellow post is positive
and must be connected to the positive terminal
of the dc power source. The black terminal is
grounded to the instrument case.

4. Battery-Line Switch:

This switch selects the input power used by the
instrument. In the line position the Model 640
will operate on the line power only (117 or 234 V).
In the BATT. position the instrument will oper-
ate on internal or external battery by means of
the automatic takeover feature if line power is
not supplied. NOTE: WHEN THE SWITCH IS IN
THE BATT. POSITION THE INSTRUMENT
MUST BE TURNED OFF USING THE POWER
SWITCH. Merely pulling the plug or turning off
the power source to the line cord will only cause
the instrument to switch over to its internal bat-
tery thus shortening the battery life. It is, there-
fore, suggested that the BATT-LINE switch be
left in the LINE position, unless battery power
or the automatic takeover feature is desired.

5. Auxiliary Output Jacks:

The black and red binding posts are at the stan-
dard %" spacing and provide the output from the
auxiliary dc amplifier. The output voltage is ad-
justable from 1 volt to 5 volts for full scale meter
reading. The output impedance is <1Q2 and will
drive up to 10 mA output current before limiting
occurs for short circuit protection. The auxiliary
amplifier operates only when the instrument is
supplied with line power. No output will be ob-
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tained when the instrument is operated from
battery or external dc power.

6. Gain:

The auxiliary amplifier gain is adjusted by the
GAIN control to obtain the 1 to 5 Volt output for
full scale.

(c) Overall Dimensions:

5%" high 14” wide 10%" deep
(d) Weight:

Shipping 18 Ibs.

Net 12 Ibs.

SECTION 1l
Installation and Pre-Operation Adjustments

I11-1 POWER

To install the battery, slide the cover back and
off after removing the screws on the rear. Take
off the battery mounting clamp strip near the
power transformer on the top of the sub chassis.
Set the battery on the chassis with its terminal
socket facing the power transformer, and slide
the battery can lip under the clamp strip riveted
near the range switch. Replace the removed strip,
clamping the battery lip to the chassis. Connect
the lug attached to the blue wire to the positive
battery terminal, the lug on the white wire to the
negative terminal and replace the cover. The
battery used is a 12 volt dry battery NEDA num-
ber 926—Eveready 732. '

For portable operation simply disconnect the
power cord (for convenience in handling) and
switch to BATT position. The pilot will not operate
except on line power.

(b) Power Requirements:

The Model 840 can be operated from any one of
three types of power: standard ac line voltage
(117 V or 234 V, 50-60 Hz, 4 watts), internal bat-
tery (dry battery 12 volt, NEDA 926—Eveready
732) or external dc power {9-18 volts dc at ap-
proximately 130 mA drain). The BATT-LINE
switch selects either line power only in line posi-
tion, or automatic battery takéover in the BATT
position. In BATT position the instrument auto-
matically selects the power source on the basis
of the following criteria. Power is always drawn
from the line when connected to a 117 V (or 234
V) ac source. If line power is not supplied, the
instrument will operate from either the internal
battery or external dc source, whichever has the
higher voitage. Through this action double back-
up protection for power outages is possible. If
the 117 V line fails, the 640 would switch over to
the external dc source (it is assumed this source
'voltage is in excess of the 12 V supplied by the
internal battery). In the event of failure of the dc
source, the internal battery would take over.

Because of the automatic change over, it is im-
portant that the instrument always be turned off
by the power switch when the BATT-LINE switch
is in BATT position. Pulling the plug or turning
off the power source will only cause switching
over to battery power. Also, the auxiliary amplifier
will not operate from the battery or external dc
input.

(c) Operation:

Before turning the instrument on, make certain
the power to be used matches the voltage and
frequency ratings of the gaussmeter. Battery
condition or external dc source voltage can be
checked prior to turning on by the BATTERY
TEST position of the FUNCTION switch.

When the FUNCTION switch issetat BATT TEST
position, the meter is connected to the battery
and dc input circuitry. The meter monitors either
the internal battery or external source whichever
has the higher voltage (check above paragraph).
The meter must indicate within the range marked
BATT with the instrument operating. if the indi-
cation is over or under the range, then the vol-
tage is either too high or too low for proper oper-
ations. The battery condition can also be checked
prior to instrument turn on to monitor the effects
of the instrument load on the source.

Connect a probe to the input socket. it is impor-
tant that the piug is pushed firmly into the panel
socket observing the key slot, then the clamp ring
screwed on until it is snug. Check the meter
mechanical zero by aligning the pointer with its
image in the mirror. if necessary adjust the screw
on the meter face to exactly zero reading. Set the
panel controis as follows:

RANGE switch to 30 K

FUNCTION switch to NOR

COARSE ZERO SUPPRESSION switch

to OFF

Turn the power switch on and aliow a few min-
utes warm up before making any measurements
or calibrating.

I1i-2 PROBE ZEROING ADJUSTMENTS

To reduce the residual probe output to zero, the
probe zero controls are used. Set the FINE con-
trol to about mid setting. Rotate the RANGE
switch counterclockwise until a reading is ob-
tained on the meter. Adjust the ten-turn COARSE
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control to bring the reading near zero while re-
ducing the RANGE setting. Below the 1 gauss
range, the FINE control may also be used for
bettar resolution of zero adjustment. Make sure
the COARSE ZERO SUPPRESSION switch is
OFF when zeroing the instrument,
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Because the earth’s magnetic field is well within
the measurement capabilities of the gaussmeter,
the effects of this and residual fields from other
sources on zeroing must be considered, espe-

cially when measurements are made on the
higher sensitivity ranges (100 gauss and below).
Check Section IV-2b for details on types of
zeroing.

i1-3 CALIBRATION PROCEDURE

(a) General:

The calibration procedure should be carried out
before using the instrument for magnetic field
measurements. It should also be checked when-
ever probes are changed. Allow sufficient time
for warm up stability before calibrating.

Calibration consists of adjusting the element
control current in accordance with the sensi-
tivity of the probe and gain of the amplifier by us-
ing one of the following two methods.

(b) Calibration Against Internal CAL Signal:
Calibration against the internal CAL signal is a
simple, easy to apply technique which will, in
most cases, produce the best possible accuracy.
Calibration against a reference magnet can pro-
duce better accuracy only if the reference mag-
net is better then £0.3% and the probe linearity
curve is known, :

The accuracy and stability of the internal cali-
bration signal is dependent only on precision,
high stability resistors and the initial factory cali-
bration. Therefore, long-term, high stability is a
characteristic of this technique. It is recom-
mended that, unless a very high accuracy refer-
ence magnet and probe linearity data are avail-
able, the internal calibration be used.

After the instrument and probe have warmed up
(5 min.) set the RANGE switch to the 30 K range
and the FUNCTION switch to CAL. Adjust the
CAL screwdriver adjustment to obtain a full-
scale (1.0) meter reading [or a full-scale reading
(1-V range) on any external readout instrument
connected to the output jacks]. The gaussmeter
and probe are then calibrated to the accuracy
shown in the specifications under Section |I-1d.
Because the adjustment is the same for all probes,
it is not necessary to recalibrate each time the
probe is changed.

(c) Calibration Against a Reference Magnet:
Greater accuracy can be achieved by the use of
a reference magnet, provided the magnet has
an accuracy of better then +0.3% and the probe
linearity data are known. Deviation error curves
are available with most F.W. Bell Gaussmeter
Probes at a nominal charge. Curves may be ob-
tained at time of purchase or after purchase by
returning the probe to F.W. Bell.

The linearity curve is machine drawn using a
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precision electromagnet and is an error plot for
the particular probe measured. it is a plot of the
probe's deviation from the true value over the
measurement range.

The curve is plotted with actual flux density along
the horizontal X-axis and the deviation from true
value, in gauss, vertically along the Y-axis. Thus,
the locus of deviation errors of, for example, 1%
of the actual field, will appear on the sheet as a
diagonal line passing through the 1% of value
points.

To calibrate using the linearity curve and refer-
ence magnet, the following procedure should
be used. it is important that the absolute zero
procedure be carried out prior to calibration by
this method (see Section 1V-2b). The Hall probe
must be carefully positioned in the field to the
correct location and orientation to respond to
the correct field magnitude (maximum reading)
without alignment errors. Set the RANGE switch
to the proper range giving the maximum onscale
meter reading (or external readout instrument
reading). Add the reference magnet specified
field, in gauss, to the deviation, in gauss, read
from the linearity curve at that flux density. Adjust
the CAL FS control to obtain a reading equal to
the sum. For example if the reference magnet
were specified at 9.8 kG and the deviation from
the curve was—10 G, then the adjustment would
be made to obtain 9.79 kG on the meter (or ex-
ternal readout instrument if used).

(d) AC Field Calibration:

No separate ac field calibration is necessary. If
the gaussmeter has been properly calibrated
for dc fields, then the ac signal at the output jacks
for ac fields will be calibrated to the same accu-
racy, with the exception of the effects of the fre-
quency response.

The frequency response is essentially flat to 60
Hz. From 60 to 400 Hz the response may vary up
to about 10% or 1 dB. Above 400 Hz the response
rolls off rapidly and the gaussmeter is unusable
for measurements. The reduced accuracy for ac
measurements indicated in the specifications
is for the panel meter readout and is a result of
the additional errors introduced by the ac detector
circuit. These errors are not present in the signal
at the output jacks and, therefore, higher accu-
racy ac measurements can be obtained through
the use of high accuracy ac external readout
instruments.
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SECTION IV
Operating Instructions

iv-1 THE PROBE
(a) General

The standard probes are divided into two basic
categories depending on field direction response:
Transverse and axial. Figure 1 shows the shape
and size of the various probes. In addition, spe-
cial probes of all types can be designed to
meet unusual requirements. Contact F.W. Bell,
Inc.for information and quotations.

Although the probes are quite rugged, reason-
able care should be exercised in handling. Avoid
excessive shock, pressure, bending or otherwise
straining the element mount. The element can bhe
fractured if overstressed since it is brittle as well
as rigid. Since the device housing is a good
conductor of heat it should be protected and
prevented from touching very hot or cold objects.

Note that probes are supplied for various fiux
measurement ranges. For accurate readings,
make sure that the probe is being used within its
specified range of measurement. When 10 kG
probes are used for measurement higher than
10 kG, increased deviation from linear response
will result. Such measurements wouid not be
accurate as absolute reading, but might be useful
where only a relative indication is sufficient.

AXIAL PROBE:

Requirements

Suggested Probe
Configuration

general use; durable

HEAVY DUTY

~—

measure flux density
-in awkward places

FLEXIBLE

measure flux density
in a'small gap

STANDARD DUTY
(laboratory use)

measure homogeneous
fields* from 0.001 G to
2 G; high sensitivity

MAGNAPROBE

high linearity; low tem-
perature coefficient;
accurate field mea-
surement to 150 kG

10X PROBE**

multi-axis field 2-AX|S PROBE;
measurement 3-AXIS PROBE
withstand low temper- CRYOGENIC

ature (down to -269°C)

monitor instantaneous
difference between
two field points; field
mapping, homogeneity
testing

DIFFERENTIAL

*averages flux density along 9" probe length

sensitivity

TRANSVERSE FLEXIBLE:

**10X probe sensitivity is one-tenth standard probe (1X)

AXIAL FLEXIBLE:

TWO-AXIS PROBE:

TRANSVERSE PROBE:

THREE-AXIS PROBE:

FIGURE 1
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(b) Probes:

A transverse probe, as its name implies, has its
flux response direction transverse to the probe
handle axis. In Firgure 1 notice that the flux vector
is shown entering the Hall element at right angles
(90°) to the plane of the element surface. This is
the direction of maximum Hall output. Magnetic
fields entering the element at some other angle to
the surface cause an output response proportion-
al to the 90° component. That is, the response

will be B cos 8 where B is the field magnitude and
¢ is the angle of the field to the perpendicular.

The axial probe has its flux response direction
parallel and on axis with the probe handle. The
element is encapsulated on the end of the probe
extension tube. If the field is directed at some
angle with respect to the probe axis, only the
axial component will produce an output, just as
the transverse component will only produce out-
put for transverse probes.

V-2 MEASUREMENT PROCEDURE

(a) General:

After completing the pre-operational adjust-
ments described in Section i1, the unit is ready
for operation. Allow sufficient time after turn-on
for the unit and probe to reach operating temper-

ature (5 min.), It is advisable to position the probe .

securely in the measurement position using a
probe-holding fixture or clamp whenever pos-
sible. It may be difficult or impossible to obtain
agood field measurement unless the probe is
stable. The probe may be hand-held only when
operating on the higher ranges (100 gauss and
above) and the field is fairly uniform over a rea-
sonable area. '

When using F.W. Bell probes, errors in readings
due to temperature changes at the probe can be
corrected by using the mean probe temperature
coefficient and computing corrections (see Sec-
tion 1V-2e).

(b) Zeroing:

Since Hall probes do not have exactly zero out-
put in a zero field, it is nécessary to electrically
zero the gaussmeter before taking any readings.
Two types of zeroing are possible: Absolute and
Relative.

Absolute zero is required whenever it is desired
to know the actual field at the probe. As its name
implies, the controls are adjusted to give zero
reading at zero, field. Because of the ever-present
earth’s field and possible stray fields from other
sources, it is necessary to shield the probe to
achieve zero field during the time of adjustment.
The zero gauss chamber accessory available for
the probe is a dual mu-metal can assembly which
effectively shunts all external stray fields around
the internal volume. By slipping this chamber
over the probe end, a zero field condition is created
at the element and the gaussmeter is adjusted
for zero output by the procedure of Section {11-2.

Use care not to place the zero gauss chamber in
a strong magnetic field. Also, it must not be ailowed
to come into direct contact with a magnet, since
it may become slightly magnetized and will not
provide a true zero. It can be de-magnetized by
slowly passing the chamber through the ac field
of a demagnetizer coil carrying ac line current.
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The zero chamber provides a “true” zero refer-
ence. Readings taken in the presence of the earth’s
ambient field will generally have the earth’s field,
or some component of it, included in the reading
of the unknown field. Thus, it may be necessary
to subtract the ambient field reading from the
total to obtain the value of the unknown field.
To avoid this subtraction, the method of relative
zeroing may be used. In this case the gaussmeter
is zeroed after the probe has been placed in the
measurement position, without using the zero
gauss chamber. The ambient field is therefore
zeroed out electrically in the gaussmeter. This
method is successful only if the field to be mea-
sured can then be presented to the probe with-
out changing the probe position with relation
+{0 the ambient field, and without altering the
ambient field at the probe during measurement.
The change in field at the probe will be measured
by the gaussmeter as an absolute value, and the
ambient field excluded froin the reading. Since
the probe position must remain fixed during
measurement, this method is not always prac-
tical. The zero controls are capable of suppres-
sing residual fields of up to about 30 gauss.

Since the ambient field seldom exceeds 1 gauss,
the precautions mentioned above apply only
when measuring fields less than 500 or 1000 gauss.
If a magnet has an iron structure which will modify
the ambient field by its presence, it may be neces-
sary to take several measurements in different
orientations with respect to the earth’s field.
Obtain the two extreme values ahd use the mean .
value between these as the correct value.

The zero adjustments should be checked fre-
quently, if possible, during the course of a mea-
surement particularly when using low ranges.
If a change in temperature occurs at the probe,
rezeroing may be necessary. Zero drift versus
temperature is small and is not compensated.
The zero controls are never used to shift the cali-
bration of the gaussmeter.,

{(c) Calibration Check:

A calibration check can easily be made at any time
during a series of measurements without disturb-
ing the probe by using the internal calibration pro-
cedure. Refer to Section I1|-3b on calibration.
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(d) Operation:

1. DC Fields:

For absolute dc field measurements set the FUNC-
TION switch to NOR, the ac ZERO SUPRES-
SION switch to OFF, and the RANGE switchto a
range higher than the expected field. The RANGE
switch is a dual concentric switch with an inter-
lock between the knob and skirt. For all absolute
measurements the knob pointer should align with
the black index mark on the skirt. If it does not,
rotate the knob untit they do align. The knob

will snap back and interlock with the skirt. The-

knob and skirt will then rotate together.

With a field at the probe the meter will read up
scale if the direction aligns with the probe sensi-
tivity direction as described in Section {V-1b. {f
the meter tends to read below zero, the field di-
rection is reversed and the probe can be turned
over or the FUNCTION switch can be set to REV.
Switch the RANGE switch to a range which gives
the greatest onscale meter reading. To read the
magnitude of the field, adjust the probe for maxi-
mum reading. If a desired direction component
of a field is to be measured, set the probe so that
the sensitive direction aligns with the desired
component, The meter will then read the com-
ponent.

The measured value is determined from the
meter reading and RANGE switch setting. All
absolute measurements are from the black meter
scales. The RANGE switch indicates the full scale
value in gauss of the meter reading. For example,
if the RANGE switch is set on 10 kG and the meter
reads 1.0 on the black 0-to-1 scale, then the field
is 10 kG. If the meter reading were 0.5, then the
field would be 5,000 gauss. When the RANGE
switch is on a 3 range (3 kG, 300 kG, etc.,) the
meter reading is taken from the lower black scale.
A RANGE switch setting of 300 G and a meter
reading of 2 on the lower scale would indicate
200 G.

2. Incremental DC Fields:

To measure a small deviation in a farger field,
zero supression and scale expansion is used.
Obtain an absolute field measurement as de-
scribed above; and with the meter reading the
field, advance the COARSE supression switch.
Adjust the switch until a near zero meter reading
is obtained on the RED zero center incremental
scale. Adjusting the FINE ac ten-turn contro!
and VERNIER control permit a precise zero read-
ing. At this point the initial absolute field reading
has been suppressed to zero and the meter cir-
cuit has switched for zero center operation. To
expand the scale for incremental measurements
the RANGE switch is used. Puil the knob out to
unlock it from the skirt and rotate it counterclock-
wise for more sensitivity. The skirt must not rotate
when scale expansion is applied. Trimming the
FINE and VERNIER SUPPRESSION controls
wilf achieve more accurate zero suppression.

8

To determine the incremental deviation in the
absolute field, the RANGE switch knob and red
meter scales are interpreted. The RANGE switch
indicates the incremental range and the meter
indicates the value. If the RANGE switch knob
were on the 10 G range and the meter read +0.6
on the upper red scale the absolute field would
have increased 6 gauss. |f the switch were on the
30 gauss range and a reading of -2 was observed
on the lower red scale, then the field had decreased
by 20 gauss.

The maximum scale expansion permissible is
limited to 6 switch positions or 1000 times the
absolute range. This maximum is shown by the
red index marked on the skirt. Because of the
interiock, attempting to increase the expansion
beyond 6 switch positions will cause the skirt to
rotate and produce an off-scale meter deflection.
3. Operating Example:

(a) Deviations in an 8.5 kG field are to be mea-
sured by the following steps.

(b) The absolute field is measured and produces
a meter reading of 0.85 on the upper black scale
when the RANGE is set on the 10 k range.

(c) The COARSE ZERO SUPPRESS switch is
advanced from OFF until the meter reads just
above zero on the red incremental scale.

(d) The FINE SUPPRESSION control is advanced
until a better zero is obtained.

(e) To apply scale expansion the RANGE switch
is now pulled out, unlocking it from the skirt, and
rotated counterclockwise to the 10 gauss range
for maximum expansion.

(f) The FINE and VERNIER SUPPRESSION con-
trols are trimmed to obtain a precise zero.

{g) The instrument is now operating in its incre-
mental mode and an increase or decrease of 10
gauss in the 8.5 kG field will indicate as a plus or
minus full scale meter reading on the red zero
center incremental scale.

4. AC Fields:

For ac field measurements the FUNCTION switch
is set to the AC position. The direction response
of the Hall element is the same as for dc fields
and alignment of the probe and field direction
must be considered as described above. The
meter is calibrated to read the rms value forasine
wave flux. If the field has much harmonic content,
the reading will not be the true rms value. The
ac detector is an averaging type circuit. For non-
sinusoidal wave forms within the 400 Hz band
width, the average value can be obtained by
multiplying the meter reading by 0.9. The meter
reading and RANGE switch setting determine
the field measurement just as in the case of dc
field measurements. The frequency response
for ac field measurements using the meteris from
10 Hz to 400 Hz. Frequencies outside this range
will not indicate correctly on the meter. The
amplifier system, however, is capable of opera-
ting from dc to 400 Hz, and measurements below
10 Hz can be made by using a dc coupled oscii-
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loscope or low frequency voltmeter connected
to the output jacks. AC fields cannot be read
incrementally because the suppression controls
can suppress only steady dc fields or the dc
component of an alternating field.

5. Overloading:

Because the amplifying system used in this gauss-
meter will amplify ac and dc fields simultaneously,
attempting to measure a smali ac field in the pre-
sence of a large dc field -or a small dc field in the
presence of a large ac field can overload the
amplifier and cause erroneous measurements.

Also when making incremental dc field measure--

ments any ac ripple on the field can cause diffi-
culty especially at high scale expansion. When
measuring dc fields absolute or incremental,
especially on the sensitive ranges, check for
ac fields by switching to AC. If an ac reading
exceeding 4 of full scale on the range in use is
encountered, the dc measurement may be in
error, Switch to the next less sensitive range. If
the dc¢ reading has not changed, the ac com-
ponent of the field has not overloaded the ampli-
fier. If at any time there is a discrepancy between
ranges of more than 2% of full scale on the meter,
there is the possibility that the amplifier is being
overloaded, and the above tests should be made.
Also. when making ac measurements the com-
ponent of any dc fields must be kept below 10%
of the range in use. This can usually be accom-
plished by using the a.c. controls to suppress
the small earth’s field or residual fields. Relative
zeroing as described in Section IV-2b will remove
any dc fields up to 30 gauss. If this is not suffi-
cient to prevent overloading, the suppression
controls may be used or a less-sensitive-than-
normal range can be used to prevent the undesired
dc field from overloading the amplifier.

(e) Temperature Effects:

All Hall probes exhibit a certain temperature
coeffeicent. This value can be found in the speci-
fications for the type of probe being used. if the
probe temperature is known relative to the tem-
perature at which it is calibrated, correction for
the temperature effects can be applied to the
measurement readings.

To correct for temperature influence, the follow-
ing formula can be used:
t
5,8, (1~ (=) 5057)
= the actual value of the field being
measured (unknown)
B, = the value of the field as indicated
by the gaussmeter.
t.. = temperature of probe attime of field
measurement in degrees C.
= temperature of probe at time of
calibration in degrees C. (25°C
when using internal CAL method).
= temperature coefficient of probe
in % per degree C.

where: B,

to

—

This formuia will correct the gaussmeter reading
(By) to give the actualfield (B,) for measurements
under different temperature conditions. Notice
that if the t; is a negative number, the minus sign
must be carried into the formula. Note also that
the temperature effects are on the absolute field
readout of the instrument. Therefore when oper-
ating incrementally the temperature effects are
correspondingly increased. The temperature
change which produces a 0.1% change in the
absolute field measurement will produce a full
scale deviation when 1000 times scale expansion
is used. Care should be taken, when making high-
sensitivity incremental measurements, to mini-
mize temperature changes at the probe.

IV-3 OUTPUT JACKS

(a) Front Panel Jacks:

The output jacks provide the electrical output
of the instrument. They provide the highest reso-
lution, stability and accuracy capability of the
Model 640. The red and black jacks are at the
standard %" spacing to accept a dual banana
plug. The red jack is the output which is positive
for upscale meter readings and negative for below
zero meter indications. The black jack is the com-
mon and is grounded to the gaussmeter case.
The voltage available is 1 volt for full scale meter
reading and directly proportional to the instan-
taneous field at the probe, for frequencies from
dc to 400 Hz. The source resistance is 1 kQ and
the jacks can be loaded with any desired imped-
ance, thus permitting connection to any type of
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external indicating instrument.

High resolution and accuracy can be achieved
by connecting a digital voltmeter to the output
jacks. Set the digital voltmeter to its 1 volt full
scale range and calibrate the gaussmeter as
described in Section I11-3 using the DVM as the
readout instrument. By using only the decade
ranges (0.1, 1, 10, etc.) on the gaussmeter, the
DVM will read directly in gauss with full scale
being equivalent to the full scale range setting
of the gaussmeter.

Because of the stability and backup battery
power, the 640 is ideally suited to long-term field
monitoring applications. By connecting a chart
recorder or other recording device to the output
jacks, the Model 640 becomes a gauss-to-volts
transducer for these applications.
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(b) Rear Panel Auxiliary Output Jacks:

The rear panel output jacks are connected to the
output of the auxiliary dc-to-400 Hz amplifier.
The red jack is the output and black is ground.
The output voltage is adjustable by means of the
GAIN control from 1 volt to 5 volts at full scale.
The output impedance of these jacks is less than

1Q) and short-circuit-protected by current-limit-
ing above 5 mA. These jacks may be used to
drive lower sensitivity indicating equipment such
as galvanometer pen recorders, electronic gates,
etc. Because the auxiliary amplifier operates
only when line power is supplied, the front panel
jacks must be used for electrical output when
the instrument is operated from battery power.

V-4 PROBE DEVIATION CURVES

Machine-drawn error curves can be obtained at
a nominal charge for any probe, at the time of
purchase or by returning the probe to F.W. Bell,
Inc. The use of the probe deviation curves for
calibrating is described in Section [{l-3c.

To use the curves to correct the field measure-
ments, locate the field value, as indicated on

the gaussmeter, on the horizontal axis of the
curve. Use the right half of the curve for positive
or normal direction fields and the left half for
negative or reverse direction fields. Read the
deviation in gauss from the curve. If the devia-
tion is positive (above the axis), the probe output
is high and the error is to be subtracted from the
indicated value. Negative probe deviations are
added to the readings to obtain the corrected
value.

IV-5 TOTAL FLUX DETERMINATION

The Hall effect sensing device is inherently re-
sponsive to magnetic flux density and not to total
flux lines. It is not dependent on rate-of-change
of flux as is a search coil. '

From the basic definitions:
GAUSS = WEBERS PER SQUARE METER X 10¢
GAUSS = LINES PER SQUARE INCH X .1550

The Hall probe is equally useful in homogenous,
uniform low-gradient fields and in high-gradient
fields, although the low-gradient fields are cap-
able of more accurate measurement. If the flux
density is uniform and unidirectional over a given
area, the total flux through the area is found by
multiplying by the area in question.

(Flux) WEBERS = GAUSS X SQ. METERS X 10+
= GAUSS X SQ. CM X 108
(Flux) LINES = GAUSS X SQ. INCHES

.1550

When the Hall generator is moved in a plane, the
component of flux normal to this plane will be
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indicated. If the field varies in magnitude over the
area, it is necessary to integrate the values of flux
density over the area in question. The flux density
value indicated by the Hall probe output is the
effective value over the active area of the Hall
generator. Fortunately, the Hall devices have
extremely small active area. The standard
transverse probe active area is only about 0.008
square inch, and sensitivity is essentially uniform
over this area.

Absolute measurements-of total flux of magnets
having odd shape or high length-to-diameter
ratio are best made using the search coil and
standard fluxmeter methods. In many cases,
however, valuable data can be obtained by air-gap
flux density measurements when the magnet is
mounted in its working structure. Also, accurate
comparison data can be obtained on almost all
magnets of various sizes and shapes using a
Hall probe to measure pole face density in com-
parison to a magnet selected as a standard of
reference.
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IC HALL CURRENT

SECTION V
Theory of Operation

V-1 GENERAL

The basic principle of magnetic flux measure-
ment used in the Model 640 Gaussmeter may be
described as a flux-modulated carrier-amplifier
system. A locally generated ac carrier signal is
fed as an exciting current to the Hall element.
The flux to be measured at the probe modulates
the ac carrier within the Hall sensor, producing
an ac output voltage which is accurately pro-
portional to flux density. The flux-modulated ac
carrier output is amplified by the carrier ampli-

fier and then restored to a flux-proportional vol-
tage by the synchronous demodulator without
loss of polarity (field direction) information. The
demodulator drives the panel meter and output
jacks.

If the field is time-varying, the demodulated out-
put will be instantaneously proportional to the
flux waveform up to 400 Hz. A separate ac detec-
tor is connected to the synchronous demodulator
output to produce a dc meter reading for ac fields.

V-2 THE SENSING ELEMENT
The Hall generator used for magnetic flux
sensing is a semiconductor device operating on
the Hall effect principle. it consists of a thin
rectanguiar wafer of high-purity indium arsenide
with 4 leads attached, Figure 2.

HALL PLATE

MAGNETIC FLUX DENSITY 8

/)

THE HALL GENERATOR

FIGURE 2

The application of control current I, to the Hall
generator results in a flow of charge carriers

through the semiconductor material in the direc-
tion of its long dimension. When the Hall genera-
toris placed in a magneticfield, the Lorenzforce,
acting on the moving charges, defliects them at
right angles to the direction of their motion through
the Hall plate. This is the same force that deflects
the electron beam in a cathode ray tube.

The resulting build-up of charge carriers along
the sides of the wafer produces the Hall voltage,
and this voltage appears as an output at connec-
tions made on each side of the element. Hall
voltage V,, is directly proportional to the flux
density B and to the magnitude of control cur-

rent |..
© V, = K, (B x 1)

The three factors V,, i; and B are mutually per-
pendicutar, If the magnetic flux vector B is not
perpendicular to the face of the Hall generator,
the Hall output will be proportional to the com-
ponent of B that is perpendicular to the element.
The constant of proportionality K,, is called the
Hall sensitivity constant, and is approximately
0.075 volt per kG-ampere for 1X probes, and
0.0075 volt per kG-ampere for 10X probes.

V-3 CIRCUIT OPERATION

(a) Introduction:

This section describes the overall gaussmeter
circuit operation. Check the simplified block
diagram, Fig. 3; the detailed block diagram, Fig.
4; and the complete schematic, Fig. 5. Because
of the unique circuit design it is recommended
that a thorough understanding of the circuit
operation be acquired before attempting to ser-
vice or adjust the instrument.

(b) General Operation Description:

The Hall element is supplied with exciting cur-
rent, |, from the 5 kHz current regulated oscil-
lator, Fig. 3. The Hall output voltage, \,, (the
flux-modulated carrier signal) is connected to
the gaussmeter input summing circuit. At the
summing circuit the zeroing voltage from the
zero controls, the zero suppression voltage and
the feedback voltage from the range attenuator
are subtracted from the Hall output. The differ-
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ence is amplified to produce the proper output
depending on the range in use. The amplifier out-
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put feeds the range attenuator which sets the
proper gain, controls, and stabilizes the ampilifier
by means of overall loop feedback. The zeroing
voltages are obtained from the zero control cir-
cuits which adjust and attenuate a sample of the
control circuit. The amplifier output feeds the
synchronous demodulator which converts the
amplified flux-modulated carrier into a flux-pro-
portional output voltage. This output voltage then
feeds the output jacks and meter for dc fields.
For meter reading of ac fields, the ac detector
is connected between the output and meter to
convert the flux-proportional ac output to dc.

(c) Detailed Operating Description:

1. General:

The circuit is divided into 6 basic functional
groups: the probe, the input section, the amplifier
section, the detector and meter, the current-regu-
lated oscillator, and the power supply. Fig. 4, the
complete block diagram, shows all essential
operating functions; however, various circuit
details have been eliminated or altered for clarity.
Check the complete schematic Fig. 5 for all cir-
cuit details.

2. The Probe:

The excitation current is supplied to the element
through pins A and D of the probe plug and the
Hall output voltage is connected to the gauss-
meter through pins C and E. A calibrating resis-
tor, mounted in the probe plug across pins B and
F, accurately programs the amplifier gain to the
proper value according to the sensitivity of the
particular Hall element.

3. Input Section:

The FUNCTION switch, in the operating posi-
tions, connects the Hall voltage output directly
to the input transformer. The primary winding
of the transformer is split with the two resistors
R3 and R4 inserted between the halves and
grounded, to form a balanced to ground sum-
ming point. The input transformer, in effect, sees
the difference between the Hall input voltage and
the summing point voitage. The summing point
voltage consists of the feedback voltage from
the range attenuator, the zero injection voltage
from the zero controls, and the zero injection
voltage from the zero suppression controls. Also
shunting across R3 and R4 is the calibrating re-
sistor or network in the probe. By varying this CAL
resistor, the feedback factor of the range attenu-
ator is adjusted, and the overall amplifier gain
is programmed very accurately for proper cali-
bration.

The zero injection voltage from the zero con-
trols is obtained by sampling the element con-
trol current. The controls adjust and attenuate
the voltage obtained from the current-sensing
transformer T201. Because the Hall sensor zero
and residual field output are proportional to con-
trol current, and the zero-injected voltage is de-
rived from the current, cancellation of the zero
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field voltage is maintained even under the condi-
tion of current changes. Highest possible zero
stability is, therefore, achieved. ’

The zero suppression controls also adjust and
attenuate a sample of the element excitation cur-
rent and feed it to the summing point across R3
and R4. This voltage then subtracts from the
element output produced by the field, thus sup-
pressing the zero. The attenuator consists of two
sections. The COARSE SUPPRESSION switch
consists of two bridged tee attenuator sections
switched in 10% steps from zero to full output.
The FINE control and attenuator operates in
parallel with this dual bridged tee to provide
smooth control between the steps of the COARSE
control. The VERNIER provides very fine control
for precise zeroing. The output of this attenuator
and the FINE and VERNIER controls feed into
the 4-section attenuator connected to the range
switch ring knob. This attenuator sets the range
of the suppression voltage to correspond to the
absolute range in use. During scale expansion
this attenuation does not change, thus main-
taining the zero suppression.

During calibration the FUNCTION switch con-
nects the internal gain programming resistor R2
in place of the resistor in the probe and discon-
nects the zero controls. the internal gain-cali-
brating resistor programs the gain to the proper
value for the nominal Hall element sensitivity.

The input is switched from the probe output to
a resistor R1 in series with the control current
to the element which is calculated to produce
a voltage equal to the nominal element output in
a 31.622777 kG or 10v/10 kG field [full scale (1.0)
on the 30 kG range]. The CAL control which varies
the current is then adjusted to give full scale out-
put (1.0). By this method of adjustment, any
amplifier gain errors are compensated for by the
control current adjustment, providing an internal
calibration which is dependent only on the accu-
racy of the resistors R1, R2, R3 and R4 and the
initial factory calibration which determines the
probe-calibrating resistor.

4. Amplifier Section:

The input transformer secondary connects to
the first attenuator which operates on the mid-
die three ranges (30, 100, 300 G) to keep the input
below the saturation level of the first amplifier.
The first amplifier is a two-stage plus emitter fol-
fower direct coupled circuit with ac and dc feed-
back for stabilization. The voltage gain is 46 dB
at the carrier frequency and is attenuated at all
other frequencies by the synchronous filter. The
filter consists of two transistor switches opera-
ting in synchronism with the carrier frequency
and two RC filter networks inserted in the feed-
back network of the amplifier section. The ac-
tion is that of a very narrow band pass filter syn-
chronized to the carrier frequency. Very high
rejection of noise and spurious signals is achieved,
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and easy alteration of band width is possible by
changing the RC network.

The first amplifier feeds ‘the second attenuator
which operates on the first 4 ranges (0.3, 1, 3, and
10 G) to prevent overioading the second amplifier.
The second amplifier is identical to the first and
gives another 46 dB gain at the carrier frequency
with synchronous filtering. Again the output
feeds an attenuator which operates on the high-
est 4 ranges (1 kG, 3 kG, 10 kG, and 30 kG).

A third 46 dB filter amplifier feeds a dual com-
plementary unity gain output amplifier which
drives the output transformer. The output trans-
former has two center tapped outputs, one for
the range attenuator and the other for the syn-
chronous demodulator. The 500Q range attenu-
ator connects the output back to the summing
point across R3 and R4, giving about a 40 dB
feedback factor for high gain stability, high input
impedance and high linearity.

The range attenuator consists of four 500Q “O”
pads switched in a binary sequence (1, 2, 4, 4) to
give 10 dB steps to 110 dB total attenuation. Also
connected to the range attentuator switch are
the three dividers between the amplifiers which
also operate in 10 dB steps to maintain the 40
dB feedback factor.

5. Detector and Meter:

The synchronous demodulator consists of two
switching transistors driven by the sync signal
from the carrier oscillator. When the FUNCTION
switch is in the REV position, the output trans-
former signal polarity is reversed which changes
the polarity of the demodulated output. The out-
put jacks are connected to the demodulator
through the ripple filter R53, R54 and C1.

The meter is connected through thr R49 calibra-

ting resistor for dc fields and CAL. For ac fields
the meter is switched to the ac detector. The

detector consists of a diode bridge connected
in the current feedback loop of a two-stage am-
plifier. High linearity ac to dc conversion of the
flux-proportional demodulated output is, there-
fore, achieved. For battery test, the meter is switched
to the attenuator formed by R50 and R51 fed
from the diodes which select the higher voltage;
battery or external d¢ input.

6. Current Regulated Oscillator:

The element control current is supplied from the
5 kHz square wave current oscillator. The oscii-
lator consists of an astable multivibrator driv-
ing a pair of push-pull output transistors into
the output transformer. The output current ampli-
tude is controllable by a dc control signal. This
control signal is obtained from a dc amplifier
with positive feedback for infinite gain. The in-
put to the amplifier is then obtained from the
current-sensing transformer T201 through a
zener reference diode. By means of this feedback
loop, the control current is regulated to obtain a
high stability element excitation current.

The current is adjustable by the CAL control
which varies the secondary load on the current
sensing transformer. The current-sensing trans-
former also feeds the zeroing controls,

7. Power Supply:

The power to all circuits is supplied from the
power regulator which provides +7 Vdc. The
input to the regulator is obtained from the power
transformer, rectifier diodes, and filter capacitor.
At 117 Vac line voltage (or 234 V) the unregulated
dc voltage is about 20 V. Because the internal
battery and external input are less than 20 volts,
the diodes in series with these power sources
are reverse biased and no power is drawn from
them. Therefore, if the ac line power fails, the
external or internal battery will automatically take
over, when the LINE-BATTERY switch is in the
BATT. position.
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SECTION Vi
Maintenance

Vi-1 INTRODUCTION

This section contains the necessary instructions
and diagrams for maintaining the Model 640
Gaussmeter. In addition to the schematic diagram,
a block diagram is provided to aid in trouble-
shooting. Repair and adjustment of the instru-

ment should be attempted in the field only
where adequate test equipment and qualified per-
sonnel are available. Refer to the warranty page
for the procedure to be followed should factory
repair service be required.

VI-2 TEST EQUIPMENT

The following test equipment is required to test
and adjust the Model 640 Gaussmeter:

(a) A high impedance dc voltmeter having 2%
or better accuracy.

(b) A high impedance ac voltmeter having 2%
or better accuracy. The meter should be an aver-

age reading circuit calibrated in rms for sine wave
voltages. A true rms reading meter will not read
the same voltages because of the square wave
forms.
(c) A high quality oscilloscope having response
to dc.

VI-3 COVER REMOVAL
CAUTION—Always disconnect power cord from
power line when removing or replacing cover.

To remove cover, it is only necessary to remove
the four screws on the rear of the unit and slide
the cover off.

Vi-4 PERFORMANCE TESTS

This paragraph describes a rapid overall series
of tests for proper operation. If difficulty is en-
countered, proceed to paragraph VI-5.

(a) Preliminary:

1. Make sure power cord is properly connected
and fully seated in the receptacle on instrument.
2. Check fuse for burnout. Correct fuse is:

1/16 A 3AG slow-blow for 117 V operation.

1/32 A 3AG slow-blow for 234 V operation.

3. Inspect the probe for damaged element or
cable, or poor plug contacts.

4. Check meter mechanical zeroing.

5. Set controls as follows:

RANGE switch to 30 K

FUNCTION switch to CAL

COARSE SUPPRESSION to OFF

6. Plug probe securely into front panel socket.

(b) Line Current Check:

1. Connect to rated power source. Line current
after warmup should be:

at 117 V line, 0.038 A nominal

at 234 V line, 0.019 A nominal

(c) Calibration Check:

1. With the instrument operating the meter should
read near full scale.

2. Adjust the CAL control. A full-scale meter read-
ing should be obtainable with a small adjustment
leeway on each side.

3. Voltage at output jacks should be 1 volt dc
for full-scale meter reading.

(d) Zero Test:

1. Switch the FUNCTION switch to NOR. Adjust
the zero controls to obtain zero meter reading
with the zero gauss chamber over the probe on
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the 0.1 G range.

2. Set the RANGE switch to the 100 gauss range.
3. Rotate the COARSE ZERO control over its
range, switching the FUNCTION switch to REV
when below-zero meter indications are obtained.
4. A total of about 60 gauss adjustment range
should be obtained.

(e) Detector Zero Test:

1. Again zero the instrument on the 0.1 G range
with the FUNCTION switch at NOR.

2. Switch to the 30 K range and measure the dc
voltage at the output jacks. It should be less than
1 mV dc.

(f) Noise Check:

1. With the zero gauss chamber in place and a
good zero on the 0.1 G range, switch the FUNC-
TION switch to AC.

2. The residual meter reading should be less
than 10% of full scale on the 0.1 G range.

(g) Suppression Circuit Check:

1. With the zero gauss chamber in place and a
good zero on the 0.1 G range, set the FUNCTION
to NOR, the range to 10 kG, and the FINE SUP-
PRESS and VERNIER to full counterclockwise.
2. Advance the COARSE SUPPRESS from its
OFF position to its 0 position.

3. The meter should move from zero on the black
scales to zero on the zero center red scales.

4. Continue to advance the COARSE SUPPRESS
controf. The steps shouid be approximately 10%
of full scale in the negative direction on the up-
per red scale.

5. The FINE SUPPRESS control should produce
smooth continuous variation between the 10%
steps of the COARSE control.
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VI-5 ADJUSTMENT AND ALIGNMENT
PROCEDURE
IMPORTANT—None of the- adjustments des-
cribed in this section should be disturbed unless
the instrument is malfunctioning and the tests
indicate adjustment is necessary. These tests
and adjustments are designed to assure correct
overall performance. Before making any adjust-
ments, the Mode! 640 should be turned on for
at least one hour with the cover in place. Line
voltage shouid be at rated value (117 V or 234 V).
(a) Meier Mechanical Zero:
For this test the meter terminals may be short-
circuited with a jumper wire, or the instrument
turned off, allowing a few seconds for complete
discharge of all capacitors. The instrument must
be in the normal horizontal operating position.
Read the meter accurately by aligning the pointer
with its image in the mirror. If necessary, adjust
the screw on the meter face to bring the pointer
to exactly zero.
(b) Power Supply Voltage Adjustment:
Adjust R224 on the oscillator power supply circuit
board to obtain +7 Vdc between terminal 206 and
ground.
(c) Oscillator Symmetry Adjustment:
Connect the oscilloscope to terminal 212 and
ground on the oscillator power supply board
and adjust R211 on that board for a symmetrical
square wave. Use the largest scope trace possible.
(d) Detector Zero Adjustment:
Place the probe in the zero gauss chamber and
zero the gaussmeter down to the 0.1 gauss range.
Switch to the 30 K range and adjust R151 on the
amplifier board to obtain zero dc voltage at the
output jacks. Use the highest sensitivity volt-
meter range.
(e) Meter Calibration dc:
Switch the RANGE switch to 30 K, the COARSE
SUPPRESS control to OFF, and the FUNCTION
switch to CAL. Adjust the CAL FS control to ob-
tain exactly 1 volt at the output jacks using the dc
VTVM. Adjust the potentiometer R52 on the cir-

cuit board on the back of the meter to obtain
exactly full-scale meter reading. The more accu-
rate the dc VTVM used, the more accurate the
setting of 1 volt output for full scale.

Switch the FUNCTION switch to NOR and zero
the instrument to th 0.1 G range. Set the RANGE
switch to 30 K, the FINE SUPPRESS anf VERNIER
to maximum countercliockwise, and CQARSE
SUPPRESS to 0.

Adjust R58 on the meter circuit board to obtain
exactly zero on the zero center red scale.

(f) Meter Calibration ac: .

With the COARSE SUPPRESS switch OFF, con-
nect the ac VTVM to the front panel output jacks
and place the probe in a source of ac field about
60 Hz. This field can be generated by any method:
The external field of a p~wer transformer, a coil
operating from line power, etc. No particular
accuracy is necessary, but a field of about 10
gauss would be easy to use. Mount the probe
in the field using a holding fixture. Zero the dc
field, if any, using the zeroing controls and on
the range which gives about a 1 volt reading on
the ac VTVM. Adjust the probe to provide exactly
1 volt on the ac VTVM and adjust R165 on the
amplifier board to obtain exactly full scale on
the Gaussmeter meter with the FUNCTION switch
on AC. It is recommended that the ac field used
be above the 1 gauss range because stray dc
fields will not be as apt to cause difficulty. Be
sure there is no dc field reading in the NOR or
REV positions of the FUNCTION switch as these
could cause errors. (see Section 1V-2d3).

(g) NOTE: -

Trimmer capacitors C122 and C148 are factory
adjusted for optimum performance and shouid
not require readjustment. Adjustment of these
trimmers can affect accuracy, therefore, do not
attempt to make this adjustment without con-
sulting the factory for advice if it is thought align-
ment is necessary. Field adjustmentis not recom-
mended because special testing equipment and
procedures are required.

AUXILIARY AMPLIFIER—OPTION H
The auxiliary output amplifier provides increased
output voltage and power, via rear panel jacks,
to drive external equipment. The rear panel out-
put jacks are connected to the output of the
auxiliary dc to 400 Hz amplifier. The red jack is
the output and black is ground. The output volt-
age is adjustable by means of the GAIN control
from 1 volt to 5 volts at full scale. The output im-

SPECIFICATIONS
Rear Panel Auxiliary Output Jacks:

1. Output voltage: D—1.0 to 5.0 Vdc
F.S. adjustable
H—1.0 to 10.0 Vdc
F.S. adjustable
2. Source Impedance: <1Q (max output

current 5 mA)

Option:
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SECTION Vil

pedance of these jacks is less than 1Q and pro-
tected from short-circuit by current-limiting
above 5 mA. These jacks may be used to drive
lower sensitivity indicating equipment such as
galvanometer pen recorders, electronic gates,
etc. Because the aux. amplifier operates only
when line power is supplied, the front panel
jacks must be used for electrical output when
the instrument is operated from battery power.

‘3. Maximum ac field

frequency: 400 Hz
4. RMS Noise:
0.1 gauss range 25 dB below full scale
approx.

0.3 gauss range 35 dB below full scale
approx,

1 G to 30 kG range 45 dB below full scale
approx.
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Cer .......
CF........
Comp.....
EC........
EM ...
Foooooo..
Film ......
Fixed .....
FOP.......
HM .......
Schematic
Ref. Value
R1 2317 Q
R2 914 Q
R3 5 Q
R4 5 Q
RS 21Q
R6 25 kQ
R7 25 kQ
R8 2kQ
R9 2 kO
R10 5Q
R11 2 kQ
R12 18 kQ
R13 18 kQ
R14 656 Q
R15 611 Q
R16 1Q
R17 611 Q
R18 656 Q
R19 171 kQ
R20 541 kQ
R21 171 kQ
R22 871 Q
R23 164 kQ
R24 761 kQ
R25 205 kQ
R26 608 Q
R21 23 Q
R28 164 kQ
R29 161 kQ
R30 205 kQ
R31 608 O
R32 213 Q
R33 501 Q
R34 125kQ
R35 01 Q
R36 125 kQ
R37 6111 Q
R38 1238 kQ
R39 6111 Q
R40 1238 kQ
R41 %25 Q
R42 358 0
R43 9625 Q
R44 3558 Q
R45 5010

SECTION VIil—2 PARTS LIST MODEL 640

ABBREVIATIONS
Ceramic K......... Kilo or 10°
Carbon film TR Micro or 1076
Composition M. Mega or 108
Electrolytic can type MME...... Molded miniature epoxy
Etectrolytic miniature type Q... ...... ohm
Farad Povvennn.. Pico or 10-%2
Metal film Voo Working volts
Fixed Var ....... Variable
Factory adjusted for optimum performance W ... ... Watt
Hot molded WW....... Wire wound
PARTS LIST MODEL 640
item Schematic
Spec. Type Number Ref. Value Spec.
VoW Yo% Ww Fixed 318370 R46 125 kQ B W W%
Yio W Yo% Ww Fixed 318420 R47 5101 Q %W Y%
YioW Yo% WW Fixed 318400 R48 125 kQ BW Y%
Vie W V% Ww Fixed 318400 R49 1404 kQ hW 1%
%W 5% GF Fixed 311485 RS0 1271 kQ WW 1%
hW 1% Film Fixed 317900 R51 1540 UW 1%
hW 1% Film Fixed 317900 R52 5k0 :
Ww Var 321710 R53 50 Q hW 1%
W 1% Fitm Fixed 317660 RH4 500 Q hW 1%
{Part of S4) HM Var 321140 R35 1318 kQ %W W%
hW 1% Film Fixed 317660 R36 857 Q %W 1%
hW 1% Film Fixed 317880 R57 590 kQ %W 1%
hW 1% Film Fixed 317880 R58 100 Q
hW 1% Film Fixed 317590 R99 950 Q W 1%
hW 1% Film Fixed 317570 R60 5101 Q B W W%
HM Var 321130 R61 125 kQ W W%
hW 1% Film Fixed 317570 R62 5101 %W Y%
hW 1% Film Fixed 317590 R63 125 kQ BW W
%W 1% Fifm Fixed 316470 R64 %625 Q hW Wh
hW 1% Film Fixed 316260 RB5 3558 Q %W Wh
WW 1% Film Fixed 316130 R66 4625 Q BW "%
hW 1% Film Fixed 315065 R67 358 Q %W W%
B W 1% Film Fixed 316460 R68 6111 Q BWW 4%
W 1% Film Fixed 316310 R69 1238 kQ B W W
B W 1% Film Fixed 316160 R70 6111 Q BW "W
BW 1% Film Fixed 31590 RT1 1238 kQ BW "W
%W 1% Film Fixed 315870 R72 5101 Q %W W%
BW 1% Film Fixed 316460 R73 125 kQ BW W%
BW 1% Film Fixed 316310 R74 5101 Q B W Y%
BW 1% Film Fixed 316160 R401 8042 Q %W 1%
B W 1% Fitm Fixed 31590 R4 074 Q BW 1%
W 1% Fitm Fixed 315870 R403 8042 Q WW 1%
W W Film Fixed 315250 R404 044 Q B W 1%
%W % Film Fixed 315290 R405 919 Q %W 1%
B W W% Film Fixed 315250 R406 919 Q W 1%
hW % Film Fixed 315290 R407 499 Q W 1%
BW Y% Film Fixed 315260 R408 499 O W 1%
B W Y% Film Fixed 315280 R409 120 Q
W % Film Fixed 315260 R410 91 kQ %W 5%
hW Y% Film Fixed 315280 R411 91 kQ W 5%
%W W% Film Fixed 315270 R412 51 kQ W 5%
%W % Film Fixed 315230 R413 51kQ YW 5%
BW % Film Fixed 315270 R414 10 kQ
B W W% Film Fixed 315230 R415 45kQ B W 1%
%W W% Film Fixed 315250 R416 2kQ W o 1%
19
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Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed

ltem

Number

315290
315250
315290
316990
316650
316300
322046
315240
315240
315300
316010
316265
322039
316040
315250
315290
315250
315290
315270
315230
315270
315230
315260
315280
315260
315280
315250
315290
315250
316000
315970
316000
315970
316030
316030
315919
315919
321720
311580
311580
311574
311574
321150
316220
316150



PARTS LIST MODEL 640

Schematic Item .

Ref. Value Spec. Type Number
R417 1167 kQ wW 1% Film Fixed 316070
R418 %0 Q %W 1% Film Fixed =~ 315064
R419 49 wW 1% Film Fixed 315919
R420 49 Q %W 1% Film Fixed 315919
R421 3330 BW 1% Film Fixed 315890
R422 243 Q B W 1% Film Fixed 315850
R423 124 Q wWW 1% Film Fixed 315199
R424 5555 Q BWW 1% Film Fixed 315650
R425 45kQ W 1% Film Fixed 316220
R426 2k - %W 1% Film Fixed 316150
R427 1167 kQ W 1% Film Fixed 316070
R428 %0 Q B W 1% Fitm Fixed 315980
R428 499 Q B W 1% Film Fixed 315919
R430 49 Q wWW 1% Film Fixed 315919
R431 B3I Q B W 1% Film Fixed 315890
R432 243 Q B W 1% Film Fixed 315850

R433 124 0 %W 1% Film Fixed 315199

R4 35 Q %W 1% Film Fixed'® 315650
R435 483 Q %W 1% Film Fixed 315919
R436 499 0 BW 1% Film Fixed 315919
R437 990 %W 1% Film Fixed 315919
R438 439 0 W 1% Fitm Fixed' 315919
R439 249 0 BW 1% Film Fixed 315855
R440 249 0 %W 1% Film Fixed 315855

(1 0.1 uf 200V MME Fixed 324550
(2 1000 uf VAR £C Fixed 323930
Transistors & Diodes
CR1 1N4003 328090
(R2 1§4003 328090
CR3 1H4003 328090
CR4 1N4003 328090
(RS 1N461 328010
CR6 1N461 328010
) 285193 329201
Transformers
m input Transformer LA-1887 326260
12 Power Transformer LB-1906 326270
13 Suppression Transformer LA-1907 326280
Switches
S Range Switch Assemhty ’ 201146
52 Function Switch Assembly 201147
83 Power Switch 333770
4 Zero Qut Switch 321140
(Part of Fine Zero Control, R10)

S5 Batt-Ling Switch 333690
S6 Coarse Suppression Switch Assembly 201148
Meter
M1 0-100 1A Meter MB-1927 310530

The following parts are on the amplifier
circuit board assembly, ltem #201125

Schematic ltem
Ref. Value Spec. Type Number
R101 0kn uw 1% Film Fixed 316350
R102 2kQ YW 5% CF Fixed 311540

20

Schematic
Ref. Value
R103 62 kO
R104 43 kQ
R105 10 kQ
R106 100 Q
R107 365 kQ
R108 10 kQ
R109 24 kQ
R110 10 kQ
R111 10 kQ
R112 10 kQ
R115 KeiiNe!
R116 10 kQ
R117 2 kQ
R118 62 kQ
R119 43 kO
R120 10 kQ
R121 100 Q
R122 365 kQ
R123 10 kQ
R124 . 24 kQ
R125 10 kQ
R126 2 NQ
R127 2 NQ
R130 160 Q
R131 10 kQ
R132 2kQ
R133 62 kQQ
R134 43 kN
R135 10 kQ
R136 100 Q
R137 365 kQ
R138 10 kQ
R139 24 kQ
R140 24 kQ
Ri41 10 kQ
R142 10 kQ
R143 20 kO
R144 20 k0
R145 160 Q
R146 10 kQ
R47 20 kQ
R148 10 kQ
R149 NN
R150 13 kQ
R151 -0 Q2
R152 810
R153 YAT®!
R154 1 MQ
R155 1MQ
R156 10 kQ
R157 10 kQ
R158 2 kQ
R159 62 kQ
R160 47 kQ
R161 12 kQ
R162 10 kQ
R163 18kQ
R164 10 kQ
R165 2kQ

W
W

W
"W
W
WW
WW
hW
W W
W
WW
W
WW
WW
WW
WW
W
W W
WW
W
WW
WW
W
WW
UW
%W
%W
UW
W

hW
W
W
W
%W
WW
W W
%W
%W
W
%W
hW
W
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Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var

Item
Number
311576
311572
311557
315790
316550
311557
311542
311557
311557
311557
311521
311557
311540
311576
311572
311557
315790
316550
3115657
311542
311557
311636
311636
311514
311557
311540
311576
311572
311557
315790
316550
311557
311542
311566
311557
311557
311564
311564
311514
311557
311564
311557
311502
311560
322074
315852
315852
311605
311605
311557
311557
311540
311576
311573
311559
311557

- 311539

311557
322059




Schematic
Ref. Value
R166 30 kQ
G101 10 uF
6102 10 uf
103 210 pF
C104 470 pF
(105 1 uf
(106 10 uf
G107 10 uf
G108 01 uf
¢109 0.1 uf
0110 0.015 uf
G111 0.015 .f
(112 100 of
0113 10 uf
G114 10 uf
G115 210 pF
(116 470 pF
6117 (7
(118 10 uf
(119 10 .F
6120 0.01 uf
G121 0.01 uf
0122 5-25 pF
(123 10 pF
(124 100 oF
(125 10 uf
(126 10 uf
6127 210 pF
{129 1 uf
(130 10 uf
G131 0.1 of
(132 0.1 uf
$133 0.015 uf
K" 0.015 uf
{135 100 oF
{136 10 uf
0137 10 uf
(138 100 uf
(139 100 uf
0141 001 F
G142 10 uf
0143 100 of
(144 100 oF
(145 10 .F
(146 0.0015 uf
G147 10 pF
(148 5-25 pF
(149 180 pF
150 068
G151 068 F
G152 10 pf
153 10 pf
{154 10 pf
{155 10 pf
CR101

GR102

CR103

Spec.
hW 5%

100V
100 V
1kV
1kV
1kV
1kV

M
MME
Cer
Cer
Ger
MME
MME
Ger
Ger
Cer
Cer

Transistors & Diodes
18270
N270
1N270

PARTS LIST MODEL 640

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Var

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Item
Number
311568
323310
323310
325470
325500
324930
323310
323310
324550
324550
324500
324500
323160
323310
323310
325470
325500
324930
323310
323310
324490
324490
325820
323310
323160
323310
323310
325470
324930
323310
324550
324550
324500
324500-
323160
323310
323310
322980
322980
324490
323310
322800
322980
323310
324410
325250
325820
325400
324260
324260
325250
325250
325250
325250

327990
327990
327990
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Schematic Item
Ref. Value Spec. Type Number
CR104 N270 327990
CR105 1N461 328010,
CR106 , 1N461 328010
CR107 1N461 328010
CR108 1N461 328010
GR109 1N461 328010
CR110 14461 328010
CR111 1N5254A 328520
CR112 1N5254A 328520
0101 2N4384 329120
0102 203905 329040
Q103 N30 329000
104 2N4302 329100
0105 2N4302 329100
Q106 N3707 328990
Q107 23905 329040
0108 243710 329000
Q109 2N4302 - 329100
Q110 2N4302 329100
Q111 N3707 328990
0112 2N3905 329040
M3 , N30 329000
Q114 ' 2N3905 329040
Q115 2N3905 329040
Q116 2N3903 329030
Q7 243405 329040
0118 11873 329290
Q119 11873 329290
Q120 MN3707 328990
0121 2N3905 329040
Q122 2N3903 329030

The following parts are on the power supply —
current oscillator circuit board assembly, Item #201126

R201 39 kO %W 5% CF Fixed 311547
R202 51kQ WW 5% CF Fixed 311550
R203 39kQ %W 5% GF Fixed 311547
R204 1kQ %W 5% CF Fixed 311533
R205 1kQ “W 5% (F Fixed 311533
R206 2 kQ %W 5% CF Fixed 311540
R207 12 kQ W 5% CF Fixed 311559
R208 15Q %W 5% (F Fixed 311650
R209 12 kQ %W 5% GF Fixed 311559
R210 2kQ %W 5% GF Fixed 311540
R211 2kQ Film Var 322059
R212 560 %W 5% CF Fixed 311527
R213 JkQ W 5% CF Fixed 311544
R214 43 kG W 5% (F Fixed 311548
R215 51kQ W 5% GF Fixed 311550
R216 18 kQ %W 5% GF Fixed 311539
R217 2kQ %W 5% CF Fixed 311540
R218 15kQ WwW 1% Film Fixed 316300
R219 21Q 2W 5% WwW Fixed 319830
R221 1kQ W 5% CF Fixed 311533
R222 68 k2 uw 5% CF Fixed 311577
R223 180 Q uW 5% GF Fixed 311515
R224 25kQ Film Var 322058
R226 20 kQ %W 1% Film Fixed 316490
R227 20 kQ %W 5% CF Fixed 311564
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Schematic

Ref.

RZ28
(201
(202
(203
(24
(205
(206
L2207
(208
209
(210

Vatue
50 Q
10 uf
0.0015 uf
00015 uf
001
0.01 oF
001 uf
1 1f
200 it
0.022 oF
100 oF

Spec. Type
uwW 5% CF
6V EM
200V MME
200V MME
00V MME
200V MME
200V MME
6V EM
12V EM
0V MME
6V EM
Transistors & Diodes
1N5239A 91V
1N5239A 91v
14461
1K461
1H461
1N52324 56V
1K461
1K461
15461
1N5229A 43V
2N3905
2N3905
243403
3403
243905
243903
2N3905
2K3903
Transformers

Output Transformer LA-1686
Current-Sensing Transformer LA-1884
Current Qutput Transformer LA-1930

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Item
Number
311527
323310
324410
324410

324490 -

324490
324490
322910
323170
324510
322980

328490
328490
328010
328010
328010
328460
328010
328010
328010
328430
329040
329040
328940
328940
329040
329030
329040
329030

326250
326240
326300

22

Parts List for Auxiliary Amplifier,
SN 156347 and Above

Schematic | Iltem
Ref. Value Spec. Type Number
R312 5kQ 10% WW Va. 315081*
R314 118 kQ %W 1% Film  Fixed 315100
R314 536 O %W 1% Film  Fixed 315082+
R315 287 kQ B W 1% Film  Fixed 315100
R316 287 kQ %W 1% Film  Fixed 315100
R317 300 Q %W 5% CF Fixed 311520
R318 300 Q %W 5% CF Fixed 311520
R319 50 kQ2 Cer  Var 322055
(305 200 wf 5V EM  Fixed 323400
(306 200 uF 2%V EM  Fixed 323400
(307 0.01 uf 200V MME  Fixed 324490
(308 0.01 uf 200V MME  Fixed 324490
CR310 IN4003 328090
CR311 IN4003 328090
CR312 IN4003 328090
(R313 IN4003 328030
(R314 VR-15 328510
GR35 VR-15 328510
CR316 IN4003 328090
(R317 IN4003 328090
G301 OPT/LAT14 330040
1301 JUMPER
*Standard
**H Option

How To Obtain Parts:

Parts may be ordered from the factory or authorized
representatives. For prompt and efficient handling of
your order, include the following information:

Quantity

ltem Number

Description

Reference Desighation
Gaussmeter Model Number

a0 oTp
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- DESCRIPTION

The third generation of Bell gaussmeter probes is
comprised of a wide range of probe models
designed to meet the electrical and mechanical
requirements of virtually any application. The
probes are precision, solid state magnetic field
sensors built for accurate, repeatable, stable field
measurements. Models are available for transverse,
axial, two axis, or three axis field measurements
with a variety of field measurements ranges, field
sensitivities and physical configurations for each.
Calibrated extension cables and high sensitivity
magnaprobes are also available.

The third generation supercedes and replaces all

other Bell gaussmeter probes. The lower price,
improved quality, and increased model. selection
are the benefits of new technology and experience.
Indmdual probe linearity curves are available as
an option. CAUTION! Probes are fragile! Handle

THIRD

GENERATION

MODEL NUMBERING

Each probe model is classified with a three letter,
five numeral model number. The chart below shows
the significance of each letter and numeral. At
the factory the assembled probes are calibrated
to match the input characteristics of each gauss-

meter model. The model to which the probe is
calibrated is indicated by a numeral in the fourth
space of the model number. A model SAE1-0602
will operate properly with any model 610 gauss-
meter. The model SAE6-0602 will only work with a
model 660 gaussmeter although it is physically
identical to the SAE1-0602. With their proper re-
spective gaussmeters the probe model SAE1-0602
and model SAE6-0602 have the same characteris-
tics. Thus, to simplify the model listing the fourth
space has been omitted. Please insert the number
which corresponds to the gaussmeter that will be
used with the probe. The sensitivity number is the
constant by which the meter reading is multiplied

with care!
- . _ 1 to obtain the actual reading.
———_ 73 I
GAUSSMETER PROBE
- 1 -610/615 6 -660 0D OR LENGTH
- 4 -620/640 8 - 800 SERIES THICKNESS
0 - ALL TYPES (ext. cables only) 02 -2 IN.
PROBE TYPE : ( ! sex'/:)l;o?: 04 -4 IN.
T TRANSVERSE ELECTRICAL 08.- 080 IN. 55 IN.
- : , ' : 08 ~ 8 IN.
O - NOT APPLICABLE PERFORMANCE 09 - .090 IN. 15 =15 IN.
B-1.0% 10kG 1X , 13"128 :: 18- 18 IN.
PROBE STYLE E -2.0% 10kG 1X 25_'250 |N‘ 36 — 36 IN.
G -2.0% 30kG 1X - : 48 - 48 IN
C - CRYOGENIC | -30% 10kG  1X 32 - .320 IN. 60 - 60 IN.
F - FLEXIBLE J -0.1% 10kG 10X T
H - HEAVY DUTY K -0.25% 10kG 10X THICKNESS
S - STANDARD L -0.25% 30kG 10X 00 -~ .010 IN. EXTENSION
D - DIFFERENTIAL N -05%  30kG 10X 01-.015 IN. CABLE LENGTH
M - MAGNA . P -1.0% 30kG 10X 02 - .020 IN.
~ 2 AXIS £ R-1.0% 100kG 10X 03 -.030 IN. 0010 - 10 FT.
Z -3 AXIS 10X 04 - .040 IN. 0025 - 25 FT.
X - EXTENSION CABLE 01X 06 — .060 IN. 0050 - 50 FT.
Q- CALlBRATED 25-.250 IN. 0100 - 100 FT.
V - UNCALIBRATED

JRCE | wwwiartisantg.com: -




AXIAL PROBE

; o | A |
Includes 5 foot probe cable I J I_ D c *_1 }__
(L (6T W=
; .

; 35"
Dia.
o . Operating
. . - Stem Linearity Active Temperature Temperature Stability (max.)
Model Price | oA D C Material [P of Reading | Sensitivity Area Range Zero Calibrate
SAE— 0602 T 27+.083 060" 005"
SAE— -0608 8"+.125 | 4-.001 +.002 _
SAE— -0618 17+.125 | —003 - oe -020” +.20 Gauss
SAE— 0802 274 083 to0 10 kG :o':“_ r°c
SAE— -0808 8"+.125 .080” —08%
SAE— -0818 18"+ 125 | +.003 . /°c
SAE— -0836 36"+.25 1x
SAB— -1202 2%+ .063 - blue
SAB— -1208 81125 +::)§g" '
SAB— -1218 184125 | g05 10 10 kG
SAB— -1236 367+.25
SAK— -1802 27+.063
SAK— -1808 8”+.125 25%
SAK— -1818 18”+.125 1010 kG
SAK— -1836 367+.25 -
SAN—_ -1802 27,063 , i'";féa“ss
SAN— -1808 87:4:.125 5% 10x . =+.005%
SAN—_-1818 18"+.125 1030 kG red » /°c
SAN— -1836 36”+.25 :
SAR— -1802 2" +.063 )
SAR— -1808 8"+.125 +'2}gg~ 1%
SAR— -1818 1874125 | o4 10 100 kG
SAR— -1836 367 +.25 e )
SAB— -1802 27+ 063 2 '
SAB— 1808 87+ 125 5 1% o°c
SAB— -1818 18"+.125 < to 10 kG to
SAB—. 1836 367+ .25 : . ow +75°C +.00 Gauss | —04%
SAG— -1802 27+ .063 blue /°C /°C
SAG— -1808 874125 010" . 2%
SAG— -1818 18%4-.125 *.002 1030 kG - 030"
SAG— -1836 36"+.25 dia.
HAK—  -2502 2"+ .063 ’ : " ‘nom.
HAK— 2508 8"+.125 T 25%
HAK— -2518 18°+.125 10 10 kG
HAK—~ -2536 36"+.25 ’ :
HAN—  -2502 2"+.063 )
HAN-- -2508 8"+.125 5% 10x . T +.13 Gauss | +.005%
HAN— -2518 18¥+.125 . 10 30 kG red /°C /°C
HAN— -2536 367 +.25 :
HAR— -2502 . 274 .063
HAR— -2508 g 87+.25 . T
HAR— -2618 187+.125 : to 100 kG
HAR— 2536 | 38"+.25 250" ) :
HAB— -2502 : 24063 | +.005
HAB— -2508 8"+.125 1%
HAB— -2518 18%+.125 : to 10 kG ) .
HAB— -2536 36"+.25 . ' Tox - : +.09 Gauss | —.04%
HAG— -2502 274 .063 - blue 7°C /°C
HAG— -2508 8+.125 2% i i
HAG— -2518 18°+.125 10 30 kG
HAG— -2536 36"+.25 : ‘
CAP— -2548 487+ .25 1% i ‘
CAP— _-2560 60"+.5 o2sm | gz | 30K ‘ 10 —2°C | £.013 Gauss|  +.01%
CAU— -2548 » 487+.25 +.005 3 § 2% - red 475G /°C /°c
CAU— .2560 60" L5 to 100 kG :
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TRANSVERSE PROBE | 2 = A = ' Ej B
~ C 1]
i T —

( @ L7 =2
Includes 5 foot probe cable 35 > F '
Dla. .3 £ H
$& Linearity - Operating
ha % 0 < Temperature, Temperature Stability (max.)
Model Price A H -C D E F G = | Reading & | Active Area Range 2er0 Calibrate
TH_ -0402] 2"-_t.063| 1% " -
STB—_-0404 4"+ 063 » | _t010kG x 070 *.09 —.04
1 dia. Gauss .
5TG—_-0402 2"+ 063 g 2% blue nom. P %/*C
STG— -0404 47 +,063 1507 040" w | to30kG
STJ— 0402 2°4.063] ' : 4 1%
+.004 | 4-.000 3
STJ— 0404 2063 hipset G jtoJoke 040" 13
STL—_-0402 2"% 063 : 25% 10x : +.005
h] dia. Gauss PN
STL— -0404 47%.063 @ | 1030kG red nom. 1°C %/°C
STR— -0402 27% 063 [ 1% 0°C
STR— -D404] 4"+ 063 o o o to 100 kG 1o
HYB— -0608 8"+ 126 F 3 3 1% 070" +75°C <09
HTB— 0618 187+ 195 S S 3 to 10 kG 1x - —.04
ST = = = dia. Gauss o
HTG— -0608 8"+ .125 s a a 2% biue . %I°C
Tpremry T o Q a 10 30 kG nom. /°C
HTG— 0618 18"+ ,125 . ] < < < €
=4 .180" | .080"| .145 -
HTJ— 0608 8"E 125 | 003 | +.000 |03 | 3 B ] 2 1%
HTJ— -0618 1871281 T | z z z € | 1010kG
HTL— -0608] 1 8°*.125 : 2 25% +.005
HTL— -0618] 187 125] to 30 kG " - %/°C
.040 +.13
HTR— -0608 87,125 1% 10x
. dia. Gauss
HTR— 0618 187125 t0100KG | red nom /°c
CTP— 3248 30 E 25 2 1% ) —269°C
CTP— 3260 s A2 f ol | a0 23| vwia o £.01
CTU— -3248 <05 ] T o X £E3 % i %1/°C
CTU 3260 80°% 5 dia. | ca %_| to100ka +75°C
STB— -0204 1% to 10 kG| 1% 0707 +.00 ;7
STG— -0204 130" 020" 2% to 30 kG| blue | dia. nom. 0°c Gauss/°C %/°C
STJ— _-0204 | ser) arstf o .1% 10 10 k + .
T " gssr | 09" 008 | 063 £.003 | +.008 2 [55% 10 30 kG ::; 040 to Gaie:;?“c ;,‘,"?é
STR— -0204 +.063 | | nos +.002 < 0100 k dia. +75°C
*- —.009 z g o E
STE~ -0104| 560 008 Jg =005 |+.000 000] & [2%to10kG] iy rom *.15 Gauss/*C| —.08%/°C
STi— -0004f 850 008 | a75] 1008 +.008—°.003 3% to 10 k| Plue | O e 00 |%.20Gauss/°C| _10%/°C
#+.0683 +50°C
TRANSVERSE FLEXIBLE PROBE = 2’ 15"
includes 5 foot probe cable {
- ([ «
13 4+ 020”7 or .040" P
* Dia. ”
Dia. max. . 150
. . Operating
Linearity ) Active Temperature Stem Temperature Stability (max.)
Mode! Price % of Reading Sensitivity Area Aange Material 2ero Calibrate
F1B— -0415 1% to 10 kG 1x 070" .09 Gauss —.04%
g?— z:g f::f :o sg k? biue dia. nom. ,E,exib,e IS,'e,S /°C /°C
- .1% 10 K| 0 ncapsutate:
FTL_ 0415 -25% to 30 kG 10x e, 0°c Device i-ﬂ}o%auss i;}%%
FTR— 0415 1% fo 100 kG red nom. o
FTB— -021 1% 1o 10 kG 1% 070" +75°C =+.09 Gauss —.04%
FTG— -0215 % 10 30 kG blue dia. nom. Flexible Stem /°C /°C
FTJ—_-0215 1% to 10 kG 040" Exposed
FTL— 0215 25% o 30 kG 10x “dia. Device x:13 Qauss +.005%
FTR— 0215 1% to 100 kG red nom. /
- MAGNAPROBE - A
Includes 5 foot probe cable ‘ D
!
Operating ;
Linearity Temperature Temperature Stability (max.)
|  Model | Price{ A { E ] C | D ] % of Reading | Sensitivity | Active Area | Range Zero { _Calibrate
[[Mow- 2506 | {97=.010 | .5°%.016|.25"=.010 | 6" | 25% 102G | 01x___|6" x 25" nom. ] 0°Cto +76°C | *+001G/°C | —.05%/°C ]
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H 2" 1!/
Includes 5 foot probe cable
‘ |
35" Dia. ' Operating 180"
. Linearily Active Temperature Stem Temperature Stabilily (max } .
Model Price % ol Reading Sensitivity Area Range _ Matenal Calibrate
FAB-- -0915 o Flexible Stem [ .13 Gauss/°C| —.08%/°C
FAB— -1815 1% to 10 kG b::e 0°C +.09 Gauss ——04%
FAG_ .1815 2% 10 30 KG .-dogo 1o Flexble Siem /°C /°C
FAK.- -1815 .25% 10 10 kG nom. 75°G Aluminum Tip P
FAN - 1815 5% 10 30 kG 10x + 1807t R e
FAR— -1815 1% to 100 kG
2’/ ‘ A |
35" l : |
Dia. ‘ 1 [ -C B x1 i
TWO AXIS PROBE ( ( C 20 ) By
B 111 ——
Lo
>
* Operating )
Stem Linearity Active . Temperature = Temperalure Stabilily {(max.)
Modet Price A C Material 1% of Reading | Sensitiwity { Area Range Zero Calibrate
YOB-. -1802 2"+ 063 180" 020 0°C
YOB— -1808 87+ 125 - x . \ +.1 Gauss —.04%
VOB -1618 5 5725] T'992 | Atuminum| 1% 10 10KG [ e | Jio 790G /°C /°C
YOB— -1836 36"+ .25
; 2" ’ A ‘
THREE AXIS PROBE ~L { Bz
( ol i =
35§ By ' Bx
Dia.
Operating
Stem Linearity Active  Temperature Temperalure Stability (max.)
Modei Price A C Material | % of Reading} Sensitivity | Area Range Zero Calibrate
208 -3202 274063 . 0°C
Z0B_ 3208 874125 312" 1% to 10 KG 1x o0 to +£.10 Gauss | —.04%
Z08— 3218 187+ .125] +.005 | Ajuminum blue nom. +75°C /°C /°C
Z0B— -3236 367+ .25
@ The calibrated extension cables are trimmed at the
tactory to achieve zero error with a specific probe. The cable
will be in calibration with that probe only. Other probes, even
of the same modei number, will not necessarily be in calibration
with the cable,
Model Price A Error
XOVQ -0010 10'4-27 1%
X000~ -0010 10°4-2" 0.0
XOVO -0025 25' 42" 2%
X0Q—  -0025 25'+2" 0.0
XOVO -0050 50'+2" 3%
X0Q—  -0050 50’ 2" 0.0
XOVO ~ -0100 100" +2" 5% .
X0Q— -0100 100’ +2” 0.0 6120 Hanging Moss Rd.

Specifications subject to change without notice.
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




