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SECTION |
General Description
I-1 GENERAL magnetic fields. It is useful for observing and measur-

The Model 660 Digital Gaussmeter is a precision Hall
effect magnetic field measuring instrument with a
measurement range of (.1 gauss to 100 k gauss. It has
capabilities for (a) direct scale reading Aux density
measurements, (b) digital lux density measurements,
and (c) measurements of small changes in field den-
sity on an expanded meter scale, It has been designed
especially for use with recently developed Hall effect
magnetic fleld probes manufactured by F. W. Bell,
Inec. including the new high-linearity temperature
compensated Hall-Pak generators by Bell, Transverse
and axial probe configurations are available, and
probes can be calibrated in the Model 660 using a
simple built-in calibration procedure. Measurement
resolution extends from 2 mG (miiligauss) per scale
division (100 mG, full-scale) to 2 gauss per scale di-
vision at 100,000 gauss full-scale, Standard probes are
available for use to 30 kG.

The two basic operating modes are (1) ANALOG mode
in which a linear meter scale is used for readout and
a proportional cutput voltage is available at the out-
put jacks, and (2) DIGITAL mode using the three
manually operated digit dials for readout, plus a linear
error proportional output voltage.

The ANALOG mode uses a linear scale, direct read-
ing panel meter calibrated in gauss for flux density
readout. It is useful for quickly determining the value
of an unknown field or one that is varying too widely
for digital readout. Also, it is valuable where a flux-
proporticnal output voltage is needed for scanning or
plotting, or for field monitoring or control.

The DIGITAL mode of operation provides maximum
accuracy as well as the higher readout resolution of
three digits plus the meter scale for third digit inter-
polation. This mode provides precise readout of steady

ing small changes in large fields, for gradient measure-
ments, and for accurate comparisens of field strengths.
Incremental or interpolation sensitivity is sufficient
to provide full-scale meter deflection for a change of
1 part in 1000 of the full-scale range, and a maximum
resolution of 2 parts in 105 per minor scale division.

Digital operation of the Model 660 utilizes the poten-
tiometric null-balance technique in which an intern-
ally generated signal is adjusted to match the input
signa! to be measured. The amplified difference signal
appears on the panel meter as an indication of b=z
ance, or as the error between the unknown and th:
digitally set value. The digital mode tends to eliminat
measurement errors due to amplifier non-linearity
drift, meter scale errors and variations in Hall input
excitation.

Two DIGITAL operating modes are available:

(a) DIGITAL NULL. In which the panel meter oper-
ates as a null indicator in a compression circuit to
assure that large unbalance signals remain on scale.

(b) DIGITAL READ. Operation in digital READ mode
is the same except for linear scale readout of the dif-
ference between the digital setting and the true value.
Full scale meter deflection corresponds to one digit on
the third digit dial and interpolation of the 3rd digit
is obtained on a linear meter scale.

Factory calibration of all probes for the 660 Gauss-
meter is carried cut with reference to a laboratory
standard magnet of high long-term stability. This
standard is measured by Nuclear Magnetic Resonance
(NMR) technique and provides traceability of cali-
bration to the National Bureau of Standards. A built-
in calibration reference enahles the user to recalibrate
the probe without the need for a calibration magnet
or standard magnetic field.



SECTION It

Specifications
Il ELECTRICAL AND PERFORMANCE SPECIFICATIONS Mooe PROBE RANGE LIMiITS OF ERROR
{0) Cperating Modes: Deviation accuracy, 10 kG =*15% of FS deviation
1. Analog mode with linear meter scale readout and digital READ mode range?
analog flux-proportional output voltage. direct panel meter 30 kG  *3% of FS deviation
2. Digital NULL mode using 3 manually operated readout of field range?

digit dials and null meter.

3. Digital READ mode using 3 manually operated
digit dials plus linear-scale meter interpolation of the
3rd digit.

(b} Measurement Ranges:

Measurement of static or wvarying magnetic field
strength in the range of 0.1 gauss full scale to 30,000
gauss (10 microtesla to 3 tesla) in decade ranges as
follows:

FULL SCALE RANGE FULL SCALE RANGE SENSITIVITY-FULL SCALE

Analog Mode Digital Mode Digital Read Mode
1 gauss  ........  _......
10 gauss  ........ ...
100 gauss 100 gauss 0.1 gauss
1000 gauss 1000 gauss 1 gauss
10 kgauss 10 kgauss 10 gauss
*100 kgauss *100 kgauss 100 gauss

* Separate probes are available for measurements up
to 10 kG and up to 30 kG. See specifications on
probes.

(e} Resolution of Readout:

1. Analog Mode:
50-0-50 division meter scale, 2% FS per scale
division.

2. Digital NULL Mode:
3 digits or 1 part in 1000 of full scale.

3. Digilal READ Mode:
3 digits plus linear meter scale interpolation to ob-
tain maximum 2 parts in 10% of F'S per scale division,

{d}) Calibration:

Individual factory probe calibration provides:

L. Probe CAL CONSTANT referenced to standard

NMR** magnet traceable to the National Bureau of

Standards.

2, Individual machine-plotted probe error curve show-

ing deviations from true linearity, usable for readout

correction,

3. Accuracy of calibration using built-in reference and

probe CAL CONSTANT is +0.2%.

** Note: NMR refers to Nuclear Magnetic Resonance
measurement method.

(e} Accuracy of Measurement:
Using the probe CAL CONSTANT and built-in cali-
bration featurel:

MODE PROBE RANGE LIMITS OF ERROR
10 kG =+0.5% of reading plus
meter scale

30 kG +1.0% of reading plus
meter scale

10 kG +0.6% of reading plus

Analog, direct read-
ing from panel meter?

Analog, accuracy of

analog voltage at out- 0.1% FS
put jacks 30 kG =+1.0% of reading plus
0.1% FS
Digital NULL, direct 10 kG *0.4% of reading =1
digit dial readout digit
30 kG =+0.85% of reading
+1 digit
Digital READ, maxi- 10 kG +0.3% of reading
mum capability using +0.1 gauss
3 digit dials plus 30 kG +05% of reading
meter. Probe data +1.0 gauss

corrected.

changes

'Improved accuracy is possible by calibration against
a magnetic field having higher known accuracy.
*Meter scale linearity +2.0% FS, calibrated at FS.
1Depends on slope of deviation error plot. Deviation
range is meter scale range in digital READ mode.
Maximum error shown, Sect. IV-4 describes correction,

{f) Temperature Influence:

1. Probet (Hall output) Non-Temp-Compensated Type:
—0.04% of reading per deg. C max.
—0.025% of reading per deg. C typical
(—20°C to 4+60°C)

2. Probe, Temp-Compensated Type (when used with
660 Gaussmeter):
+0.005% of reading per deg. C max.
(—20°C to 4-60°C). Mean value.

3. Probe’ zero field temperature influence:
+40 milligauss per deg. C (—20°C to 460°C)
4This error calibrated out by recalibration at new
temperature,
SThis error calibrated out by rezeroing at new tem-
perature.

{g} Output Jacks:

1. Qutput voltage:
1.0 volt dc FS adjustable to +0.1%

2, Source resistance:
110 ¢ approx.

3. Maximum ac field frequency:
10-30 Hz, depending on level

4, Response time for full scale step input:
40 msec approx.

5. Noise:
digital <25 mV rms
analog <1mV rms, <3mV rms on 1 G range

th} Stability:
1. Line voltage {Digital READ — 10 kG field):
+1 minor scale division, 105 to 125V line

2. Short-term measurement error after thermal
stability:
no measurable drift in 1 hour at 25°C

3. Long-term measurement error after thermal
stability:
<1 digit per 8 hours at 25°C

(i) Operating temperature range:
rated: 0°C to 440°C
maximum: —20°C to 460°C

{j) Standard Probe Type:

Range
STJI6-0402* Transverse ...........ocovevverennnans 10 kG
HTB6-0608 TransSverse ..........c.cveveveenennnn. 10 kG
STLB-0402" Transverse......oc.vvereeeinnnnnnn.. 30 kG
STGB-0402 TransSverse.........coevevivevvenn.nn. 30 kG
SAKB-1805* AXial.....oovviiniiiiiiiinainnennnnnn 10 kG
SAB6-18B08 Axial ........coviiiiiiiiiiiiii . 10 kG
SANB-1808* AxXial.....ooivviiiiiiiiiniiinnnnnn.. 30 kG
SAGE-1808 Axial......ooiviriiii i 30 kG

*10X Sensitivity is 1/10 Standard Probe (1X Sensitivity)
Many other standard probes are available.

(k) Input Power Requirements:

Voltage: 105-125V or 210-250 V

Current: 60 mA 30 mA
TW TW

Frequency: 50-80 Hz 50-60 Hz



11-2 PHYSICAL SPECIFICATIONS, CONTROLS AND
CONNECTORS

{a) Front Panel:

1. Power. This toggle switch turns on the primary
power to the unit.

2. Range Switch. This switch is marked GAUSS FULL
SCALE. Its purpose is to select the desired full scale
measurement range, It indicates the maximum value of
field strength that can be nulled with the digit dials
in digital operation, and the maximum scale reading
on the meter in analog cperation.

3. Function Switch. Selects either measurement or cal-
ibrate function. It includes input polarity reversal to
permit an upscale reading without physically revers-
ing the probe. In the CAL position, the input is con-
nected to an internal reference standard for calibration
of the probe to the instrument.

4. Mode Switch. Used for selection of the operating
mode. In the ANALOG position, the front panel meter
is used as a direct linear scale readout. In the NULL
position, the meter serves as a .null indicator while
searching for the correct field level with the digit dials.
In the READ position, the meter scale gives linear in-
terpolation between digits on the third digit dial.

5. Digit Dials. Used for nulling in DIGITAL mode.
Flux density is indicated directly on digit dials after
the nulling operation.

6. Decimal Point Lights. Red lights indicate the loca-
tion of the decimal point in digital operation. Readings
are in gauss or kilogauss as indicated by the range
switch setting,

7. Output Jacks. The BLACK-RED front panel jacks
will accept a standard double banana plug with 33~
spacing. They provide an output voltage, proportional
to the meter reading, for use with external instru-
mentation. Output polarity is positive for upscale (4)
meter readings and negative for downscale (—) meter
readings. The black output jack is grounded to the in-
strument case.

8. Zero Controls. Controls marked COARSE and FINE
ZERO are used to balance each probe for zero output
in the absence of a magnetic field. They will also sup-
press small residual fields up to approximately 50 G.
9. Calibrate Controls. The controls marked COARSE
and FINE CAL are used to adjust the calibration ac-
cording to the internal calibration standard or an ex-
ternal calibration magnet.

(b} Rear Panel:

1. Screwdriver Adjustment Marked 1. (R4). This con-
trol is used to adjust the regulated Hall generator ex-
citing current to 100 mA rms.

2, Screwdriver Adjustment Marked OUTPUT (RS).
This adjustment calibrates the output from the front
panel jacks to exactly 1.0 V dc for full scale input flux
field.

{c) QOverall Dimensions:

613" High 161%"” Wide
(d) Weight:

1. Shipping 27 lbs.

2. Net 18 lbs.

121* Deep



SECTION il

Installation and Pre-Operational Adjustments

tI-1  POWER

The power cable supplied has three conductors and is
terminated in a three-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 protection of operating personnel. Only
when a ground is supplied by associated equipment
should this ground be unused to prevent common
ground currents,

The Model 660 is normally wired for operation from
a 117 V, 50-60 Hz power source, T'o connect it for 234V,
50-60 Hz operation, the dual primary of the power
transformer is changed from parallel to serfes con-
nection. Refer to the schematic diagram for details.
When converting from 117V to 234V operation, re-
place the 3 ampere slow-blow fuse with a 1/16 am-

pere slow-blow type.
Before turning the instrument on, make certain the
available power matches the voltage and frequency
rating of the gaussmeter. Connect a probe to the input
socket. It is important that the plug 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 bring the pointer to exactly zero
reading. Set the panel controls as follows:

RANGE switch to 100 kG

FUNCTION switch to NORMAL

MODE switch to NULL

DIGIT switches to 000

Determine whether the 3-prong to 2-prong line cord
adapter should be used (see paragraph above). Plug
in the power cord and turn the POWER switch ON.
Allow 5 minutes for preliminary warm up.

IlI-2 PROBE ZEROING ADJUSTMENTS

These adjustment knobs are used to bring the meter
reading to zero with zero field at the Hall probe. Ro-
tate the RANGE switch counter-clockwise until read-
ing is obtained on the meter. Adjust COARSE ZERO
control to reduce reading toward zero while reducing

the RANGE setting until near zero is obtained on the
100 G range. The probe must be shielded from the
earth’s field to obtain a true zero. The use of a zero
gauss chamber is recommended. Refer to Section IV-
2(b) for further details on zeroing.

111-3 CALIBRATION PROCEDURE

The calibration procedure should be carried out before
using the instrument for magnetic field measurements.
It must also be done whenever probes are changed.
Allow sufficient time for the instrument to reach sta-
bility hefore calibrating. The probe zeroing adjust-
ments described previously must first be carried out.
Calibration consists of adjusting the CAL controls in
accordance with the sensitivity of the particular probe
in use, using one of the following methods:

(a) Calibration against Probe CAL CONSTANT, or

{b) Calibration against a Reference Magnet

The CAL CONSTANT method is a simple, easy to ap-
ply calibration technigque which provides rated accu-
racy as shown in the specifications. It is recommended
because of its reliability, accuracy and ease of appli-
cation. Calibration against a known field can provide
improved accuracy only if this reference field meets
the requirements for accuracy and uniformity out-
iined in (b) below.

(a) Calibration Against The Probe CAL CONSTANT:

The CAL CONSTANT methced uses an internal calibra-
tion signal generated by high-stability resistors and
standardized by factory adjustment. Each probe has
been factory checked against calibration magnets under
standard test conditions and is assigned a sensitivity
constant, called the CAL CONSTANT. This constant
is a three {3) digit number stamped on the probe name
plate. To transfer this value into the instrument, turn
the FUNCTION switch to CAL and the MODE switch
to NULL. The RANGE switch may be in any position.
Set the digit switches to the value of the CAL CON-
STANT. Next adjust the COARSE and FINE CAL
controls to obtain a null indication on the panel meter.
This completes the calibration. Calibration by this
method adjusts gaussmeter response so that gaussmeter
readings duplicate the probe deviation response curve
as shown on the error plot supplied with the probe.
The CAIL CONSTANT should be regarded as a 25°C
(77°F) value. Non-compensated (NC) probes read
correctly at 25°C when calibrated by this method. The
actual temperature of the (NC) Hall probe during this
calibration is not important, but the probe is considered
calibrated at 25°C, its readings should be corrected for
other temperatures as described in Section IV-2(f).

In case it is not practical to bring the probe to 25°C dur-
ing calibration, the CAL CONSTANT can be corrected
for the actual probe temperature by the formula below,
CAL CONSTANT (corrected) =

TC
CAL CONST (25°C) (1 — (t, — 25) W)

where: t, is the probe temperature in deg. C during
calibration
TC is the temperature coefficient of the probe
excluding compensation (typical mean value
is —0.025% per deg. C)
For example, a TC probe having a CAL NUMBER of
850 is to be calibrated when the probe temperature is
30°C (86°F). The corrected CAL CONSTANT for 30°C
is found as follows:

CAL CONSTANT (30°C)
—0,025
50 (1 — (025 — 77

= 850 [1 4 5 x 0.00025]
= 850 4 1.0825
= 851 (4)
The digit dials would be set to 851 instead of 850. Note
that the correction is approximate, based on a typical
value of probe temperature coefficient, but it is of
small magnitude. After the TC probe is calibrated, no
further correction for temperature is needed during
readout. Notice that the negative value of TC is car-
ried into the formula, causing the corrected CAL NUM-
BER to be increased in the example given. If the probe
temperature was less than 25°C, the corrected CAL
CONSTANT would be decreased.
A temperature change in deg. F can be converted di-
rectly to a deg. C change by multiplying by 5/9.

(b} Calibration Against A Refarence Magnet:
The requirements for a calibration magnetic field are:

1. Flux density preferably not less than 1000 gauss,
10 kG preferred.

2. Field accuracy should be better than 0.1% absolute.
3. Field uniformity 1 part in 104 per cm? or better.

4, Magnet pole pieces within 1 or 2 deg. C of room
temperature.



SECTION IV

Operating Instructions

IV-1 MEASUREMENTYT PROCEDURE
(a) General:

After completing the pre-operational adjustments de-
scribed in Section III, the unit is ready for operation.
Allow sufficient time after turn-on for the unit and
probe to reach operating temperature. Due to the very
high resolution of readout in the DIGITAL mode, it
is advisable to position the probe securely in the meas-
urement position using a probe holding fixture or
clamp whenever possible. It may be difficult or im-
possible to get a good field measurement in digital
operation unless the probe position is stable and the
field itself is reasonably uniform and stable at the
point of measurement. A well regulated power supply
is essential for electromagnets because line voltage
fluxuations produce random field changes, which ap-
pear greatly magnified by the gaussmeter. The probe
can be hand-held only when using the analog mode
of operation.

The following paragraphs describe in detail the analog
and digital operating modes, the effects of probe tem-
perature variations and use of the output jacks. They
are recommended reading for those who expect maxi-
mum usefulness from the gaussmeter. As a general rule
the analeg mode should first he used during set-up to
determine the approximate value of the field, and other
preliminary tests. The digital mode should be used
only for the final measurement where accuracy is re-
quired. See Section IIT-1 for power requirements be-
fore turning the unit on.

(b) Zeroing:

Zero controls are provided on the gaussmeter to en-
able the meter reading to be adjusted to a zero reading.
This is necessary for two reasons; (1) Hall probes do
not produce exactly zero output when the magnetic
field is zero and; (2) small undesired residual or stray
fields at the probe during measurement have the effect
of a zero offset on the reading. The zero controls can
electrically cancel cut one or both of the above cffects.
The field at the probe can be reduced to essentially
zero by the use of a ‘“‘zero gauss chamber.” This is a
mu-metal shield can which serves to bypass external
fields around the probe, Slip the end of the Hall probe
down inside the zero chamber for a near-zero field
condition, and then adjust the zero controls to obtain
a zero meter reading on the lowest range to be used.

Maximum sensitivity for zero adjustment is obtained
in Digital mode on the 100 gauss range with digit dials
set to 000. Standard probes have a zero chamber pack-
aged with them.

Use care not to place the zero gauss chamber in a
strong magnetic field. Alseo, it must not be allowed to
come into direct contact with a magnet sihce it may
become slightly magnetized and will not provide a true
zero. It can be demagnetized by slowly passing the
chamber through the ac field of a demagnetizer coil
carrying ac line current.

The measurement of the absolute value of magnetic
field strength implies a true zero reference. Conse-
guently, a zero chamber must be used to obtain es-
sentially true zero adjusiment for all absolute field
measurements,

Readings taken in the presence of the earth’s ambient
field will generally have the earth’s field, or some com-
ponent of it, included in the reading of the unknown
ficld, Thus it may be necessary to subtract the ambient
field reading from the total to obtain the value of the
unknown field. A method of avoiding this subtraction
is to take a “relative measurement” in which the total
field is measured relative to the ambient field. To do
this, the ambient field is canceled in the gaussmeter
reading by adjustment of the zero controls in the
prescnce of the ambient field without using the zero
gauss chamber. The ambient fleld becomes the refer-
ence for the measurement, and the gaussmeter will
read any change in field frem this reference directly,
thus subtraction of the ambient is not necessary.

A word of caution about relative measurements — er-
rors may result unless the probe is carefully clamped
in position before zeroing. Also, the method is success-
ful only if the field to be measured can then be pre-
sented to the probe without changing the probe posi-
tion with relation to the ambient field, and without
altering the ambient field at the probe during measure-
ment. The change in field at the probe will then be
measured by the gaussmeter as an absolute value, and
the ambient field excluded from the reading. Since the
probe position must remain fixed during the measure-
ment, this method is not always practical. The zero
controls are capable of suppressing residual fields up
to about 50 gauss.

Since the ambient due to the earth’s field seldom ex-
ceeds 1 gauss, the precautions mentioned above apply
only when measuring fields less than 500 or 1000 gauss.
When in doubt, the ambient field should be measured,
both as to magnitude and direction. If a magnet being
measured should have an iron structure which will
modify the ambient field by its presence, it may be
necessary to take several measurements in different
orientations with respect to the earth’s field. Obtain
the two extreme values and use the mean value be-
tween these as the correct value.

The zero adjustments should be checked frequently,
if possible, during the course of a measurement, par-
ticularly when using low gaussmeter ranges. If a
change in temperature occcurs at the probe, rezeroing
may be necessary. Zero drift versus temperature is
very small and is not compensated. The zero econtrols
are never used to shift the calibration of the gauss-
meter,

{c) Calibration Check:

A calibration check can easily be made at any time
during a series of measurements without disturbing
the probe if the CAL CONSTANT method is used. Re-
fer to the instructions in Section III-3 on Calibration.

{d} Analeg Mode Operation:

The range switch should first be set o a value higher
than the expected value of the field to be measured.
The analog mode is useful to quickly determine the
approximate field value prier to a more accurate digital
measurement. Align the probe for maximum output
reading in the field whenever the absolute field mag-
nitude is to be measured. An upscale (4 or right hand)
meter deflection will be obtained when the field vector
enters a transverse probe at right angles to the flat
element surface and thru the circle-and-cross symbol
marked on the clement. If the reading is downscale
(negative) the probe may be turned over, or the func-
tion switch operated to the REVERSE position, so that
an upscale reading is obtained. If the reading is less
than 10 percent of scale, switch to the next lower
range.

The value of the magnetic field is read from the meter
scale with a full scale value as indicated by the range
switch setting, For example, a reading of .95 on the 1k
range is a reading of .95 x 1000 or 930 gauss.

The entire meter scale may be used for analog read-
out to measure either a positive (4 ) or negative (—)
field direction. The upper right hand portion of the
scale (+) is marked ANALQOG to indicate that analog
readings must appear in this segment if a digital meas-
urement is to be taken of this value by switching from
ANALOG to DIGITAL mode. It is desirable, therefore,
to use the right hand (+4) analog portion in analog
mode to eliminate the necessity for reversal in the
event that a digital reading is to be taken of the field.

While in analog mode —
(1) Align the probe properly in the field.
{2) Read the field as indicated by the meter.
(3) Notice if the reading is consistent and stable,



The Hall probe must be carefully positicned in the
field to the correct location and oriented to respond to
the magnitude (maximum reading) without alignment
errors. The probe temperature should be known at
the time of measurement. It is important that the zero
procedure be carried out before calibrating by this
method. Set the RANGE switch for the flux density
rating of the reference magnet to be used. Insert the
probe into the magnet using the DIGITAL mode. Set
the digit dials to read the value of the known field
plus the deviation shown on the probe deviation curve.
Adjust next the CAL controls to read this value ex-
actly. Read the paragraphs below for a description of
the deviation curve and its use.

This calibration assures that the instrument readout
values have the same distribution of errors as shown
on the linearity deviation curve for the probe being
calibrated. This curve is machine plotted using a pre-
cision electromagnet and is the error plot for the par-
ticular probe measured. It shows how the actual probe
output deviates from the true linear value over the
measurement range.
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FIG. I1II-1 —TYPICAL PROBE DEVIATION PLOT
MIL-STD-793-1(WP)

The probe deviation curve Fig. III-1 is plotted with
actual flux density along the horizontal X-axis and

output deviations, in gauss, vertically along the Y-axis.
Thus, the locus of deviation errors of 0.25% of the
actual field for any field value will appear on the
sheet as a diagonal line passing through the 0.25%-of-
value points.

To duplicate the curve in the gaussmeter, adjust the
gaussmeter calibration CAL controls until the gauss-
meter reads the value of the calibration field plus the
deviation shown by the curve sheet for that field den-
sity. That is, if a 9.80 kG calibration magnet were
being used and the curve showed that the probe output
is low by 10 G at the 9.80 kG level, the gaussmeter
would be adjusted tc read 9800 —10 G or 9.79 kG, To
accomplish this, set the MODE switch to NULL and
the digit switches to 9.79 kG. The COARSE CAL con-
trol is then adjusted to obtain a meter null. The MODE
switch is then set to the READ position so that the
FINE CAL control may be used to adjust to the exact
desired value.

Use of the deviation curve in measurement is explained
in Sect. IV-3.

*Probes should be calibrated at 25°C. If the (NC} Hall

probe is not at 25°C during calibration, a correction
should be made for it and for the magnet temperature.
The Hall probe correction is based on the nominal
-0.025% per degree C coefficient using the formula:

TC
B (corrected) = B (actual) (1 + (t, — 25) ]00)

where: t, is the probe temperature in deg. C during
calibration in the magnet.
TC is the probe temperature cofficient (typical
mean value is —0.025°: per deg. C)

Thus if the probe temperature is above 25°C, B (cor-
rected) will be reduced because TC is a negative num-
ber. Adjust the gaussmeter to read the corrected value
of flux densitv.

*Correction factor does not apply to 10X prohes.

-4 CALIBRATION OF THE OUTPUT VOLTAGE AT
OUTPUT JACKS

The open circuit output voltage appearing at the out-
put jacks has been factory adjusted to agree with the
field reading within +=0.1%, however, this adjustment
{R5) can be altered if necessary to calibrate to ex-
ternal instrumentation such as a digital voltmeter.
Remove the rear access plate to reach R5. Obtain a

full scale digital reading of 99X and then switch to
ANALOG MODE. Adjust R5 for exactly 1.000 wvolt
reading on external DVM. The load on the output
jacks should not be less than about 5 k0. De not make
any other adjustments, see Sect. VI Maintenance.



In the analog mode a dc voltage at the output jacks,
which is proportional to meter reading, is available to
drive external measurement, display, or recording
equipment. The full scale voltage is one volt, no load.
It has positive polarity for upscale meter readings and
reverses to negative polarity for downscale readings.
An oscilloscope connected to the output terminals can
be used to observe field transients and wave forms
within approx. 30 Hz (cps) bandwidth. A digital volt-
meter on the output jacks can be used to monitor the
flux value directly in gauss or in kilogauss on a 1 volt
full scale range. The cutput will drive an X-Y plotter
or chart recorder on a linear flux scale*.

* See Section IV-2 (g), Use of Output Jacks.

The analog mode is also used to evaluate variations
in a magnetic field before determining the proper full
scale range for a digital measurement. This is described
in (e) 2 below. Refer to Section V-5 for information
on field direction measurement.

{e) Digital Mode Operation:
1. General Description

In digital operating mode the three digit dials are ro-
tated to produce a “null” or center scale reading on
the meter. The internal reference signal, controtled by
the digit dials, is thus adjusted to cancel the upscale
flux signal [rom the Hall probe. A negative probe
signal, (which appears in the left half of the meter
scale in analog), must be reversed before using digital
mode. In digital mode, meter deflection results from the
difference betwecn the actual field value and the setting
of the digital dials. In digital NULL operation, all dif-
ference readings are compressed to fall within the
meter scale range and large differences can be ac-
commaodated, The meter thus operates as a null meter
to indicate balance. The meter deflection is non-linear
and after null balance has been achieved, all readings
are taken from the three digit dials, Meter sensitivity
in digital mode is increased 1000 times that in analog
mode to provide the necessary 3rd digit resolution.

In digital READ mode, the meter compression circuit
is removed providing a linear meter scale to indicate
the actual difference, in gauss, between the Hall probe
output value and the 3 digit dial settings. In this mode,
the meter full scale sensitivity is 0.1 percent of full
scale range. This corresponds to 1 digit in the 3rd
place. Thus, a full scale meter reading occurs for a
change of 1 digit on the 3rd digit dial, and linear inter-
polation of the 3rd digit is available on the meter scale.
This provides for the increased readout resoclution
necessary to obtain 0L1% of reading or beiter over the
entire decade range. It requires, however, that the
digit dials nrust be correctly set to the nearest digit
before switching into the digital READ mode to avoid
“banging the meter.” It also means that the field value
must remain within this narrow range in order to re-
main “'on scale.”

The tirst and second digit dials are numbered 0 to 9
to oblain the first 2 significant digits. The 3rd digit
dial has an additional [0th position marked X. Thus,
a setting of 99X is equal to 990 +10 or 1000 and is a
full scale digital setting.

2. Selection of Range

The gaussmeter range selected for analog operation is
also correct for digital NULL operation in most cases.
A higher range may be required if the field is vary-
ing in time or if it contains rapid fluxations or noise
superimposed on the static value, Peak-to-peak noise
up to about 2007% of the static de value will not seri-
ously iniluence the measured value in the digital NULL
mode. This is not the case in digital READ where field
variations should not exceed full scale meter range,
peak-to-peak. For example, to measure a 2000 gauss
fiecld having +1% noise (+20 gauss fluxuations), it is
necessary to switch up to the 100 kG range. This is be-
cause the 10 kG range will accormmmodate only +10
gauss variations full scale in the READ mode.

To simplify the correct choice of range, the meter scale
is marked to show the meter scale range for digital
READ copcration. These meter ranges are simply

+0.1% or 1 part in 1000 of the gaussmeter full scale
range in use. These values are reprcoduced below:

(Gaussmeter)

RANGE (¥S) 100G 1000 G 10 kG 100 kG
(Meter)

SCALE (FS) +01G +x1G +10G 100G

A simple test to determine if readings are within range
and if there is no excessive flux noise heyond the re-
sponse range of the gaussmeter is to switch the 3rd
digit dial by one digit and observe that the meter read-
ing also changes by an amount equal to 1 digit, or a
full scale change. Full meter scale is defined as the
scale distance from zero center to end scale, a total of
50 minor scale divisions in either an upscale 4., or
downscale —, direction. A calibrated oscilloscope, con-
nected to the output terminals will indicate overscale
flux signals within the bandwidth of the gaussmeter,
digital READ mode.

3. Digital Measurement

In the digital mode a simple nulling technique is used in
which the digit dials are rotated so as to bring the meter
reading to center scale zero, or as near to zero as
possible. Always use the digital NULL mode to first
obtain ¢ null reading on the meter. This places the
digits to the correct settings before expanding into
digital READ mode. If this is not done, an offscale
meter reading will occur which indicates that the digi-
tal dials are not set to the nearest digit in the 3rd
place. Readings taken in digital NULL mode are lim-
ited in accuracy to the nearest whole digit in the 3rd
place. Digital READ mode will permit resolution of
the 3rd digit since each major meter scale division cor-
responds to a 4th digit reading. In general, the read-
out resolution thus obtained is greater than the abso-
lute accuracy capability of the gaussmeter. After tak-
ing a digital READ reading, switch back to the NULL
mode to take advantage of the meter protection af-
forded by the NULL mode compression circuit.

In the digital nulling operation, note that the meter
reads on the positive 4 (upscale) side when the un-
known field exceeds the digital setting. As the digital
knob settings are increased, the meter will approach
zero and if the setting exceeds the field signal from
the Hall probe, a negative — (downscale)} meter read-
ing then indicates that the field is less than the digital
setting. The location of the decimal point is shown by
the red light dot between digit knobs. Its positicn also
depends upon whether a gauss or kilogauss range is
being used. Readings up to 1000 gauss are indicated in
gauss. Higher ranges are in kilogauss.

For accurate digital readings, it may be necessary to
recheck the probe position after switching from analog
to digital mode because of the greater resolution of the
digital readout. Recheck the probe alignment and
angular position in the field; it should be adjusted for
a maximum {4 ) reading to read magnitude. Variations
observed as the probe is moved laterally across the
field are good indications of the field uniformity and
the chserved gradient will be a limiting factor in the
ability to make an accurate determination of field
value.

4. Example of Digital Measurement

The following is a hypothetical measurement situation
to illustrate digital operation.

a. Analog reading is 7400 gauss on 10 kG range,
right-hand -+ portion of analeg scale.
No instability or variations are indicated.

c. Switch to digital NULL and set digit dials to
7.40.

d. Meter now indicates upscale {+) by about 10%
of scale.

Switch 3rd digit dial from zevo to 1.
Meter still indicates 4, switch 3rd digit to 2.
Meter drops past zero to — side of scale.

Field reading is between 7.41 and 7.42 k@, set
to T.41

T



i. Set to digital READ mode.

j. Meter teading +.4, digit dials 7.41, final read-
ing is therefore, 7.414 k@G.

k. Switch to 7.42 on digit dials, meter now reads
—.6.

1. Reading is 7.42 minus .006 or .6 of one digit
below 7.42 which is 7.414 kG.

m. Since readings agree and meter change for 1
digit was from 4.4 to —.6, this equals 1 digit
and reading is correct and valid. This resolu-
tion, however, is in excess of the absolute ac-
curacy of the gaussmeter.

n. An oscilloscope connected to the output jacks
in digital mode indicates that noise and field
variations are less than +1 volt full scale.

() Corrections for Probe Temperature:

All Hall probes exhibit a small temperature coefficient
of Hall output. The approximate value of this coefficient
is given in the specifications for the particular probe
used. Low temperature-coefficient probes are recom-
mcended for accurate work where the temperature of the
probe is not known or where variations in temperature
may occur during measurement.

Probes vary in output readings at the rate of about
-0.025%, per degree C. That is, an increase in probe tem-
perature will reduce output readings by 0.025% of read-
ing for each 1°C rise in probe temperature. When using
1X type probes, compute temperature corrections with
reference to the calibration temperature of 25°C.

The following formula can be used to correct gauss-
meter readings for probe temperature when using 1X
type probes.

TC

B, == B, ( 1 — (tom — tpe) W)

where: B, — actual value of field being measured
B, = field value indicated by the gaussmeter

t,m = temperature of probe during measure-
ment in deg. C

t,. — probe calibraticn temperature — 25°C

TC = temperature coefficient of Hall element
in percent per deg. C. (nominal value
typical probe —0.025% per deg. C).

Inserting values given above for tycand TC, the for
is: (For %X Probegj. pe mula

B, = B, + B/ (t,m —23) x .00025
as an example, if probe temperature during measure-
ment was 33°C,

(33 — 25) x .00025 = .002
and the indicated field B, must be increased by an

002
amount equal to .002 B, or an increase of 160 =02
percent to obtain the corrected actual field.

{(9) Use Of Qutput Jacks:

In digital operation the signal voltage at the cutput is
proportional to meter reading as in analog mode, pro-
viding 1 volt de for a full scale signal. Since the meter
reading in digital mode is a difference reading bhe-
tween Hall signal and digital dial setting, it can be
advantageously used as a control signal in a field con-
trolling system. The output voltage is positive (+4)
for an upscale meter reading and changes polarity to
negative {—) for a downscale reading. Thus, the signal
indicates both the amount of error in the flux signal
relative to the digital setting and the direction of the
error,

A digital voltmeter may be connected to the output
jacks in the analog mode to read or monitor flux den-
sity directly in gauss or Kkilogauss. If the voltmeter
reading does not agree with the digital mode gauss-
meter reading, refer to Section III-4 -—- Calibration of
Voltage of Qutput Jacks. The voltmeter should be used
on the 1 volt full scale range.

External instruments connected to the output jacks
can also be used to record, measure or display small
variations in a large static field which fall within the
bandwidth of the gaussmeter. This reading will quickly
determine whether variations are within range. If an
oscilloscope shows a distorted or clipped waveform on
peaks, the next higher range must be used.

See Section II-1(g) and II-2(a)7 and Section III-1 for
further information concerning output specifications
and grounding.

IV-2 USE OF THE PROBE DEVIATION CURVES

Each probe is supplied with a deviation error plot
which shows the deviation or errvor in the probe out-
put from a irue straight line representing zero error.
The deviations are given on a gauss scale to simplify
their use in correcting readout data. Use of these data
can result in improved accuracy by eliminating probe
non-linear response from the readout data. Curves are
described in Section III-3(b). See Fig, III-1.

To use the curves for data correction, locate the indi-

cated field value on the horizontal scale using the
right half of the curve for 4 fields, the left half for —
fields. Read the deviaticn in gauss from the curve. If
the deviation 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 readings to obtain a corrected value.

Use of the probe deviation curves for incremental
measurements is described in Section IV-4 below.

iV-3 USE OF THE DIGITAL MODE FOR INCREMENTAL
MEASUREMENTS

The digital READ mode of operation is particularly
well suited for measurements of small changes in mag-
netic fields or for comparison of flield values which are
nearly the same. Changes in f{ield at the probe may be
due to changes in the excitation current in an electro-
magnet, to external influences, to the cffect of test
parameters in the field or to displacement of the probe
to a new position in the fleld. In any case, changes as
small as 2 parts in 10% of full scale or 2 parts in 104
at the low end of a range can be read out as one
minor division in the meter scale in digital READ
mode. Care must be used in attempting to interpret
this high resolution in terms of true gauss changes.

Use of the probe deviation curve to correct incremental
readings is similar to that deseribed for single readings,
Sect. 1V-3, Fig. {II-1, except that two readings are in-
volved and, therefore, two corrections are required.
Normally, for small changes the two error values fall
tco close together on the curve to distinguish betvween
them, It is the difference in the deviation or error val-

ues, however, that applies to a difference reading. The
errors may be increasing or decreasing as Hux in-
creases, for example, depending upon the slope of the
crror curve at the nominal field value, The best pro-
cedure is, therefore, to sketch in a straight line un
che deviation plot which is tangent to the error plot
curve at the nominal field value. This gives the slope
of the curve at that point. Compute the stope as devi-
ation gauss change from the vertical scale to absolute
gauss change on the horizontal scale. Multiply this
ratio by 100 to obtain percent rate error, positive if
increasing (upward slope), negative if decreasing
(downward slope). Apply this percentage as a cor-
rection to the incremental reading, adding the per-
centage to the reading if it is negative and subtracting
if it is positive. For example, a two gauss increase is
observed in an 8000 gauss field. The slope of the error
curve at 8000 gauss is found to be negative 0.8
percent, for example. The corrected reading is then
2 (14 .008) =2 4+ .016 = 2.016 gauss change.



IV-4 FIELD DIRECTION MEASUREMENT

The directional response of the Hall probe makes pos-
sible the determination of the direction of a magnetic
field or the measurement of the compeonent of the field
in a desired direction. As shown in Fig. IV-4 the Hall
element is responsive to the magnetic field vector
which is at right angles to the plane of the Hall plate
(the ceramic package). A magnetic field which passes
thru the Hall element at angle © to the normal will
produce an output proportional to B cos 9, since B
cos O is the component of B normal to the surface.

To measure the absclute magnitude of a field, the
probe must be rotated and aligned for a maximum
output field reading. This aligns the Hall element nor-
mal to the field vector where 6 = zero.

A more precise method for determination of field di-
rection makes use of the sharp null obtainable in the
6 — 90° plane (the plane of the Hall plate surface).
By alighment of the probe for a null in the output,
field direction in one plane is established. A second
null alignment at 96° {o the first will determine a sec-
ond plane. The field vector lies at the intersection of

Bcos @

Fig. IV-4 DIRECTION RESPONSE CF HALL
ELEMENT

these two planes. The sharpness of the null can be in-
creased by switching to a lower gaussmetler range
when close lo the null alignment. The resclution ob-
tainable by this method generally exceeds the accu-
racy because of minule variables in the encapsulation
of the Hall element.

IV-5 TOTAL FLUX DETERMINATION

The Hall-effect sensing device is inherently respon-
sive 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:

Number of GAUSS =
Number of WEBERS PER SQUARE METER « 104

Number of GAUSS —
Number of LINES PER SQUARE INCH x .1330

The Hall probe is equally useful in homogenous, uni-
form low-gradient fields and in high-gradient fields,
although the low-gradient fields are capable of more
accurate measurement. If the flux density is uniform
and unidirectional over a given area, the total fAux
through the area is found by multiplying by the area
in question.
(Flux) WEBERS GAUSS x 5Q. METERS x 10+
GAUSSx SQ. CM x 10t
GAUSS x 5Q. INCHES
{Flux) LINES 1550

When the Hall generator is moved in a plane, the com-

Il

I}

penent of flux normal to this plane will be indicated.
If the field varies in magnitude over the area, it is
necessiry 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-Pak devices have extremely small active areas.
The standard transverse probe active area is only
about .003 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 are
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 comparison to
a magnet selected as a standard of reference. The in-
cremental feature is most valuable for this type of
work,



SECTION V
Theory of Operation

V-1 GENERAL

The basic principle of magnetic flux measurement
used in the Model 660 Gaussmeter may be described
as a flux-modulated carrier-amplifier system. The out-~
put from the Hall generator is accurately proportional
to flux density. A locally generated } kHz ac carrier
signal, fed as an exciting current to the Hall element,
causes input chopping action. The result is an ac Hall
output when the probe is placed in a static (dc) mag-
netic fleld.

The ac flux modulated carrier signal is amplified and
then restored to dc in the synchronous demodulator
without loss of polarity — or field direction —— informa-
tion. The dc output drives the panel meter and after
amplification is available at the output jacks for ex-
ternal use.

Digital cperation is obtained by the method of zero
suppression and scale expansion. Zero suppression or

nulling results from cancellation of the flux signal by
a separate reference signal controlled by the digital
dial attenuators. This calibrated (digital) signal, by
careful phase control, can completely cancel the flux
signal. Cancellation occurs at an electrical summing
junction where the difference between the Hall and
digital signals appears. This difference is amplified
1000 times for scale expansion so that full scale meter
reading represents a difference of 1 part in 1000 of full
scale range. The amount of digital signal required to
cancel or null the flux signal is a measure of the field
strength and is indicated on the digital dials at null.
Small incremental changes in flux density are read
directly on the meter in the digital READ mode. The
high linearity of the Hall generator preserves the lin-
ear output-per-gauss relationship over the entire us-
able gauss range.

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 rectangular wafer of high-
purity indium arsenide with 4 leads attached. Fig. V-1.

MAGNETIC FLUX

DENSITY B

/ HALL PLATE

Vi MALL YOLTAGE

HALL CURRENT

Fig. V-1 THE HALL GENERATOR
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The application of control current I, to the Hall gen-
erator results in a flow of charge carriers through the
semiconductor material in the direction of its long di-
mension. When the Hall generator is placed in a mag-
netic field, the Lorenz force, acting on the moving
charges, deflects 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 connections made cn
each side of the element. Hall voltage Vg is directly
proportional to the flux density B and to the magnitude
of control current L.
Ve = K (Bx 1)

The three factors Vu, I. and B are mutually perpen-
dicular. If the magnetic flux vector B is not perpen-
dicular to the face of the Hall generator, the Hall out-
put will be proportional to the component of B that
is perpendicular to the element. The constant of pro-
portionality Ky is called the Hall sensitivity constant,
and is approximately 0.075 volt per kG-ampere,
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V-3 CIRCUIT OPERATION

This section briefly describes the overall gaussmeter
operation. See the Functional Block Diagram Fig: V-2,
Additional descriptions covering more detailed oper-
ating theory of the individual module boards (ampli-
fier, oscillator, etc.) are contained in Section VI,
MAINTENANCE.

(a) Hall Input Section:

This section includes an input balancing network con-
taining the probe zeroing controls. These operate by
injecting a cancellation signal into the primary of in-
put transformer T1. The controls have sufficient range
to compensate for the ohmic unbalance inherent in the
Hall generator and for steady ambient magnetic fields
up to approximately 50 gauss.

The 100 mA control current, supplied by the local 1
kHz oscillatar, is fed to the probe sensing element.
The balance network cancels the residual output of
the element to zero. Residual reactive signals are held
to extremely low levels by the non-inductive construe-
tion of the Hall generator, by special cable construction
and by inductive balancing in the probe connector and
gaussmeter.

In the presence of a static (de) magnetic field, the
Hall generator produces a 1 kHz ac output signal. The
multiplying property of the Hall generator provides
that if the direction of the dec field is reversed, the ac
Hall output voltage will shift in phase by exactly 180°.
The amplitude of the 1 kHz Hall voltage is a measure
of lux density B. When the magnetic field is alternat-
ing, and the frequency of the ac field is low compared
with the 1 kHz carrier frequency, the Hall output is
a double sideband suppressed-carried signal. Sidebands
are equaily spaced on each side of 1 kHz by the fre-
quency of the ac field.

(b} Attenuator Section:

The field-proportional Hall output signal passes
through transformer T! which isolates against unde-
sired probe noise pickup. As shown, the signal is next
attenuated by the input range attenuator according to
the setting of the RANGE switch. In the ANALOG
setting of the MODE switch, the RANGE switch in-
serts additional attenuation between the preamplifier
and first isolation amplifier. In the NULL and READ
settings of the MODE switch, the preamplifier output
is connected directly to the isolation amplifier input,
thus providing the increased sensitivity necessary for
digital operation. Both attenuator networks are pre-
cision voltage dividers capable of handling the wide
range of levels encountered with relative simplicity
and extreme accuracy.

(¢) Amplifier-Demodulator Section:

The Hall signal amplifier consists of circuit boards
1461, one half of 1462, 1463, and the driver section
of 1464, The driver cutput is coupled to the synchro-
nous demodulator through transformer T3.

The synchronous demodulator is used to convert the
1 kHz amplified Hall signal to a linear proportional de¢
cutput suitable for operating the meter and for ex-
ternal readout. The demodulator is a full-wave tran-
sistor switching type circuit operating in phase syn-
chronism with the 1 kHz carrier. A reference square
wave switching signal is generated by the squaring
amplifier section of the 1464 module board. The tran-
sistor switches alternately close the circuit to ground
on opposite ends of the center-tapped secondary of
transformer T3. Thus, full-wave rectification occurs
at the 1 kHz rate and a de output voliage appears at
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the transformer center-tap. If the magnetic field po-
larity reverses, the carrier appears 180° to the switch-

ing signal, and rectification produces a de¢ output of

the opposite polarity. The use of a synchronous de-
modulator has the advantages of extremely good line-
arity and of recovering the dc polarity information in
the output. Also, random noise and quadrature signals
cancel; onty the desired fux signal produces an output.

(d) DC Amplifier Section:

An L-C filter removes the 1 kHz carrier as well as
high frequency noise components so that the dc ampli-
fier input ecentains only the dc level plus very low
frequency sidebands of the carrier. The dc amplifier is
primarily a current amplifier used to provide a rela-
tively low impedance at the QUTPUT jacks and to
prevent external loading of the jacks from affecting
the accuracy of measurements made using the internal
panel meter. A large amount of overall negative feed-
back provides excellent linearity and stability.

(e} Digital Attenuator Section and Summing Circuit:

A portion of the 1 kHz oscillator output feeds the digi-
tal attenuator system. This signal is fed through iso-
lation transformer T4 to the step attenuator switches.
The attenuator output is adjustable in 10%, 1% and
0.1% steps by means of the 3 digit dials. This signal
is then fed to one half of the dual isolation amplifier
(Model 1462). The two sections of this module thus
handle the amplified Hall signal and the attenuated
comparison signal. The outputs from these two ampli-
fier channels are adjusted by a phasing capacitor fo
be exactly 180° out of phase. They are then combined
in a resistance summing network. Thus, when the
amplitude of the digital attenuator section is exactly
equal to the amplified Hall signal, the signals cancel
at the Model 1462 output and no signal is seen by the
compression amplifier. This would give a null reading
on the panel meter in the digital operating mode indi-
cating that the digital setting matched the Hall output.
In the digital NULL mode, compression in the 1463
amplifier will prevent meter overload while searching
for a null indication with the digital attenuator
switches. In the digital READ mode, compression is re-
meved so that deviations in the third digit can be read
off directly on the linear meter scale.

(f} Oscillator-Current Driver Section:

A Wein bridge oscillator is used to generate a low
distortion sine wave output and is provided with am-
plitude regulating civeuitry. The current amplifier sup-
plies a 100 mA 1 kHz output current that is essentially
independent of load resistance up to a maximum 3
volts output. This circuitry is contained in the Model
1465 module board.

{g) Pawer Supply:

The power transformer T2 has a center-tapped 12V
secondary winding for operation of the knob and deci-
mal point indicator lamps. The transformer also pro-
vides a center-tapped winding used with a full-wave
bridge rectifier and input filter capacitors to provide
the nominal 419V and —19V input for the Model
1466 power supply regulator. This regulator provides
a constant low ripple 412V and —12 V output for op-
eration of the circuit module boards.

The power transformer is well shielded and has dual
primaries for parallel and series connection for 117/
234 V ac primary pbwer. It is designed for operation
on either 50 or 60 cycle current.



SECTION Wi

Maintenance

VI-1 INTRODUCTION

This section contains the necessary instructions and
diagrams for maintaining the Model 660 Gaussmeter.
In addition to the schematic diagrams, a block dia-
gram giving typical signal-voltage levels is provided
to aid in troubleshooting. See Figure VI-1.

Repair and adjustment of the instrument should be at-
tempted in the field only where adequate test equip-
ment and qualified personnel are available. Refer to
the warranty page for the procedure to be iollowed
should factory repair service be required,

Vi-2 TEST EQUIPMENT

The following test eguipment is required to test and
adjust the Model 680 (Gaussmeter:

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

(b) A high-impedance ac veltmeter having 2% or betier
accuracy.
{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 the cover, it is only necessary to remove
the three screws on the rear of the unit and slide the
cover off,

VI-4 PRELIMINARY PERFORMANCE TESTS

This paragraph describes a rapid overall test for proper
operation. If difficulty is encountered, proceed to para-
graph VI-5.

{a) Preliminary:
1. See that all circuit module boards are firmly seated
in their correct sockets. Refer to the layout diagram
located between the screwdriver adjustments on the
rear control bracket showing correct circuit module
board positions.
2, Check fuse for burnout. Correct fuse is:

14 A 3AG slow-blow for 117V operation.
1/16 A 3AG slow-blow for 234 V cperation.

3. Inspect for overheated, burned, or blackened parts
or wires,

4. Carefully inspect the probe for damaged element
or cable, or poor plug contacts.

5. 'Check meter mechanical zero before turning unit on.
8. Set controls as follows before turn on:

RANGE switch to 100 k

FUNCTION switch to NORMAL

MODE switch to NULL

DIGIT switches to 000
7. Plug probe securely into front panel PROBE socket.

{b) Line Current Check;

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

at 117V line, 0.060 A nominal
at 234V line, 0.030 A nominal

{c) Amplifier (CAL) Test:

1. Turn FUNCTION switch to CAL position. Meter
should read upscale.

2. Rotate COARSE CAL control R82 over its full range.
Meter reading should vary smoothly over about 25%
of the right half of the meter scale.

.
(d} Digital Attenuator Check — CAL Position:
1. With the COARSE CAL control turned maximum
counterclockwise, adjust digit dials for a null reading
on the panel meter. Digit dials should read approxi-
mately 300,
2. Adjust digit dials to 1000 (99X). Turn COARSE
CAL control clockwise to obtain a null reading on
panel meter. COARSE CAL control should then be
about two turns from maximum clockwise position.

(e) DC Amplifier Test — CAL Position:

1. With digits set to 1000 (99X) and COARSE CAL
control set for a null as in (d) above, turn MODE
switeh to ANALOG position.

2. Connect a de DVM to OUTPUT jacks. Voltmeter read-
ing should be +1.0 V. Panel meter will remain at null
reading.

3. Turn FUNCTION switch to NORMAL with MODE
switch in ANALOG, With probe removed from mag-
netic field, turn RANGE switch to 1 G and adjust
ZERO controls for a zero-center null reading on meter.
’robe should be shielded from a magnetic field for
proper zeroing. Return RANGE switch to the 100 kG
range.

4, Voltage at output iacks should be zero within a few
millivolts.

VI-5 ADJUSTMENTS AND PERFORMANCE TESTS

IMPORTANT — None of the adjustments described in
this section should be disturbed unless the unit is mal-
functioning and the tests indicate that adjustment is
necessary. These tests and adjustments are designad
to assure correct overall performance. Before making
any adjustments, the Model 660 should be turned on
for at least one hour with cover in place. Line voltage
should be rated value (117 V or 234 V).

(a) Meter Mechanical Zero:

For this test, the meter terminals may be short-cir-
cuited with a jumper wire, or the instrument turned
off, allowing a few seconds for complete discharge of
all capacitors. The unit must be in the normal heri-
zontal 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.
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{b} Power Supply Voltage Adjustment:

IRhepstat R12 on the 1466 module board is used to ad-
115t the regulated power supply voltage. R12 should
e adjusted for 12.0V on the lower of the 4+ and —
supply lines. The other polarity line should then be
between 12.0 and 13.0 V de.

(c) Oscillator Frequency and Feedback Adjustments:

The oscillator in the 1465 module beoard is factory ad-
justed to operate at a frequency of 990 +20 Hz. If
necessary, RX or CX may be selected to bring fre-
quency to the correct value. This adjustment should be
made only if accurate frequency measuring equipment
is available. The feedback control R28 should be ad-
justed for 175 mV dc across CR4.

(d} Contrel Current Adjustment (1.):

Temporarily disconnect the Hall probe from the
PROBE socket and connect a 1 g % % resistor between



the two vertical pins of the socket (pins A and D).
Using an ac DVM. adjust R4 on the rear control
panel to obtain exactly 100 mV across the 1 ( resistor.
Reconnect probe to PROBE socket. With correct con-
trol current, the voltage drop across R9 should meas-
ure 94.3 mV

(e} Detecror Switching Symmetry Adjustment:

The oscilloscope should be connected to the test out-
put terminal of the 1464 module board. By expanding
the horizontal sweep and using the horizontal position
control, it should be possible to make the upper square
wave plateau fill the screen horizontally, then by mov-
ing the trace horizontally, compare it quite accurately
with the length of the bottom plateau. R20 should be
adjusted for exact symmetry.

{f) DC Amplifier Zero Adjustment:

Set RANGE switch to the 1 G range. Probe should be
removed from magnetic fields. FUNCTION switch
should be in NORMAL position and MODE switch in
ANALOG. Set ZERO controls for a null indication on
panel meter. Turn RANGE switch to 100 kG. Connect
de DVM to OUTPUT jacks. If necessary, adjust R3
on 1464 module board for zero output voltage.

{g) Isolation Amplifier Phase Adjustment:

For this adjustment, it is necessary to place the probe
in a stable d¢ magnetic field of about 1000 G, with po-
larity to give an upscale reading. The RANGE switch
is set to 1000 G, the FUNCTION switch to NORMAL,
and the MODE switch to NULL. Set digit switches to
1000 (99X). Adjust the COARSE CAL control to ob-
tain a null reading on the panel meter. Then set the
MODE switch to the READ position. Connect the os-
cilloscope across the primary (red-blue) of T3 and
adjust C5 on the 1462 module board for minimum sig-
nal indication on the oscilloscope.

If necessary, adjust the FINE CAYL control to main-
tain a null indication on the panel meter while adjust-
ing C5. When properly adjusted, the signal should be
predominantly second harmonic of the 1 kHz Hall sig-
nal and have a peak-to-peak amplitude of not greater
than 9 V. If the null is out of range of C3, it may be
necessary to change the value of CX which parallels
it to make adjustment possible.

(h} Compression Amplifier Phase Adjusiment:
Set up same as (g) above, except set MODE switch

Correct Incorrect Incorrect

FIG. VI-1 DETECTOR OUTPUT WAVEFORM.

to ANALOG and connect oscilloscope to yellow (sec.
center-tap) lead of T3. CX on 1463 module board is
selected for proper detector output waveform, See
Fig. VI-1,

(i) Quadrature Adjustments:

Set the RANGE switch to 1 G, FUNCTION to NOR-
MAL, and MODE switch to ANALOG. Place the probe
in a zero gauss chamber or shield can and carefully
adjust the COARSE and FINE ZERO controls to ob-
tain a null reading on the panel meter. Connect the
oscilloscope across the primary (red-blue) of T3. Sig-
nal at this point should be less than 0.5V peak-to-
peak. If the quadrature signal exceeds this, it means
that:

1. The probe quadrature adjustment (in probe con-
nector) has been disturbed, or

2. The probe cable has been overstressed or cable
wires shifted at probe or connector end due to loosen-
ing of strain relief.

3. The probe input socket J1 wiring adjustment has
been altered or has loosened due to hard usage.

The quadrature {(90° phase shifted) signals generated
in the gaussmeter input are the result of mutual induc-
tive coupling between the probe control current pair
and the Hall output pair. These pairs are tightly
twisted except at interconnecting tie points, and where
wires are positioned and cemented to minimize guadra-
ture. These lead placement adjustments are made at
the input socket J1 rear, and inside the probe con-
nector. Socket J1 adjustment should be changed only
if a probe is used that is known to be good and cor-
rectly adjusted. Perhaps the most likely point to
change would be in the probe due to handling. If sev-
eral probes are used, all should be checked to insure
interchangeability. Extremely small changes in the po-
sition of one of the current leads with respect to one
of the Hall leads will make a noticeable change in the
quadrature cutput. Loosen the cable clamp set screw on
the probe cable plug housing and carefully unscrew the
housing. The approx. 1” long piece of solid wire (with
tubing) may be shifted from its central position to
adjust quadrature, then resealed with cement.

(i) Meter and Output Cal Adjustments:

For these adjustments it is necessary to place the probe
in a stable de. magnetic field of about 1000 G, with po-
larity to give an upseale reading. The BANGE switch
is set to 1000 G, the FUNCTION switch to NORMAL,
and the MODE switch to NULL, Set digit switches to
1009 (99X). Adjust the COARSE CAL control to ob-
tain a null reading on panel meter, then turn MOCDE
switch to READ and make FINE CAL adjustment.
Turn MODE switch to ANALOG. Adjust METER CAL
Rl on the rear control panel for exactly full scale
meter indication. Adjust OUTPUT CAL R5, also on the
rear control panel, for exactly 1V de from the OUT-
PUT jacks,

(k) Reference Cal Adjustment:

This adjustmment is factory-adjusted to provide an

internal calibration reference. Do not readjust this
control.

VI-6 TROUBLE SHOOTING

The following suggestions and procedures are recom-
mended when difficulty is encountered in operating or
using the instrument:

(a) The probe should be checked whenever erratic op-
eration is obtained, particularly at low levels. A frac-
tured probe element will produce unstable and erratic
operation, and the zero adjustment on low ranges will
become particularly unstable. Check the cable also for
poor contact or wire breakage, Light finger pressure
against the probe element should produce only small
temporary effect.

(b) Make the preliminary performance tests, most of
which can be made without auxiliary test equipment.
The source of trouble should be localized, in general,
with these tests.

(c) Refer to the circuit diagrams and to the parts lists,

by using schematic reference symbols, to obtain de-
tailed information on parts used. Signal levels and
waveform information is given on the Signal Level
Block Diagram.

(d} It is important to replace parts with the same type
and electrical value as originally used. Parts having
F. W. Bell, Inc. part numbers are parts designed espe-
cially for the Model 660 and should be obtained di-
rectly from the factory.

(e) Use care in replacing dicdes and transistors; do
not apply excessive heat to the leads. A heat sink is
recommended, such as gripping with pliers on the
lead between the body of the component and the
soldering iron.

(f) If necessary to return this instrument to the fac-
tory for repair, refer to WARRANTY Section.

VI-7 MODEL 1461 AMPLIFIER

(a) General Description:
The Model 1461 Amplifier includes a low level, low
noise preamplifier and a high input impedance, low
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voltage gain amplifier. It is divided into two sections
for insertion of an attenuator pad.



{b) Specifications (Nominal):

VOLTAGE GAIN:
Preamplifier 750 -
Amplifier 1.2

INPUT IMPEDANCE:
Preamplifier 500
Amplifier > 2 Mg

MAXIMUM INPUT VOLTAGE:
Preamplifier 3 mV rms
Amplifier 25V rms

POWER REQUIREMENTS:
+12V @ 18 mA dc
SIZE:
6% % 3-9/16” printed circuit module card

{c} Circuit Description:
The input signal is applied through transformer TI,

giving a voltage step-up ratio of 22 to the base of Q3.
The output of Q3 is direct coupled to Q4 with de bias
stabilization being obtained by negative feedback from
the junction of Ri2 and R14. Q4 is direct coupled to
the emitter follower Q5 which provides a low imped-
ance output through C7. Signal feedback for gain sta-
bilization, as well as additional de feedback, is applied
to the emitter of Q3 by the voltage divider formed by
R15 and R13. Power supply decoupling for the pre-
amplifier is provided by R8 and C8.

The amplifier input is coupled through C1 to the base
of Ql, which is biased through R3 from the voltage
divider formed by R1 and R4. Direct coupling is used
between Q1 and Q2 with signal and dc feedback being
applied to the emitter of Q1 by the R6-R5 voltage di-
vider. C2 bootstraps the Q1 bias network to obtain a
high input impedance. The output is taken from the
collector of Q2 through C3.

VI-8 MODEL 1462 AMPLIFIER

(a}) General Description:

The Model 1462 Amplifier contains two similar high
input impedance amplifier sections with provision for
externally controlling the gain of one channel. The
phase of one channel may also be adjusted to establish
the proper phase relationship between channels.

{b} Specifications (Nominal):
VOLTAGE GAIN:
2 (with no lead on output)
INPUT IMPEDANCE:
> 2 Mg
MAXIMUM INPUT VOLTAGE:
1V rms

POWER REQUIREMENTS:
+12V @ 11 mA de

SIZE: _
612" % 3-9/16" printed circuit module card

{c) Circuit Description:

The “A” channel input is coupled through C1 te the
base of @1, which is biased through R4 from the volt-
age divider formed by R1 and R5. Direct coupling is
used between Q1 and Q2 with signal and dc feedback
applied to the emitter of Q1 by the R7-R6 voltage di-
vider. An external resistor between R6 and ground
controls the gain of this channel. C2 bootstraps the Q1
bias network to obtain a high input impedance. The
output is taken from the collector of Q2 through C3
and R9.

The “B" channel operates in a similar manner except
for the lack of provisions for gain control. C5 and CX
are used io adjust the phase shift of either channel
if required.

V-9 MOCDEL 1463 AMPLIFIER

(e} General Description:

The Model 1463 Amplifier is a high gain, feedback
stabilized amplifier with restricted bandwidth centered
at approximately 1 kHz to reduce noise output. Signal
compression by optional output limiting is provided to
prevent overload in nulling applications.

(b) Specifications (Neminal):
VOLTAGE GAIN;

3,300
INPUT IMPEDANCE:

80 kg

MAXIMUM INPUT VOLTAGE:
without compression, 1.8 mV rms; with compression,
0.5 rms
POWER REQUIREMENTS:
+12V @ 12 mA and —12V @ 5 mA dec
S51ZE:
615" x 3-9/16" printed circuit module card

{¢) Circuit Description:
The Model 1463 Amplifier consists of two cascaded
amplifier sections, each enclosed in a frequency selec-

tive feedback loop. The optional signal amplitude limit-
ing circuitry is also part of the feedback network.
The input is coupled through C1 to the base of QI,
which is biased by the R2-R16 divider. CR5 prevents
excessive input voltages from being applied to Q1.
Direct coupling is used to Q2, Q3, and Q4 which are
conventional common emitter amplifier stages. The
feedback network is connected between the collector
of Q4 and emitter of Q1. CX is selected to provide cor-
rect high frequency rolloff, while C10 causes increased
negative feedback and thus lower output at low fre-
quencies. C2, C4, and CI17 are used to further control
high frequency response. R11, R13, and R15 give dc
feedback to maintain preoper operating poinis. For ac
signals with compression connected, CR1 through CR4
are in parallel with feedback resistors R11 and R13.
This provides unity feedback for signal voltages in
excess of the diode forward voltage drops, thus limit-
ing gain to near unity for large signals. C8 and C11
prevent dc voltage drops across R11 and R13 from
placing a bias on the diodes.

The second amplifier section consisting of Q6 and Q5
operates in a similar manner, with C15 and C16 giving
the required bandwidth reduction. With compression,
CR6 Himits the output of Q5 to a maximum of 2 volts.

VI-10 MODEL 1464 AMPLIFIER-DETECTOR

{a) General Description:

The Model 1464 contains a full wave synchronous de~
tector, a complementary emitter follower driver, and
a dc amplifier, Circuitry is included to provide square
wave switching drive for the detector transistors from
an external synchronizing signal.

{b) Specifications (Neminal):
MAXIMUM VOLTAGE BETWEEN DETECTOR
INPUT TERMINALS:
12 V peak
REQUIRED SYNCHRONIZING SIGNAL:
0.1 to 3V rms
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DRIVER VOLTAGE GAIN:
Unity

DRIVER INPUT IMPEDANCE:
15 ko

MAXIMUM DRIVER INPUT VOLTAGE:
6V rms

DC AMPLIFIER VOLTAGE GAIN:
Unity (output unloaded)

MAXIMUM DC AMPLIFIER INPUT VOLTAGE:
5V peak

POWER REQUIREMENTS:
+12V @ 45 mA and —12V @ 30 mA de



SIZE:
6%~ % 3-9/16” printed circuit module card

{c) Circuit Description:

The synchronizing signal is applied to Q% through
isolating resistor R17. The high gain direct coupled
amplifier formed by Q%, Q10, and Ql1 provides a
square wave output which is further amplified by the
complementary stage containing Q12 and Q13 to a
peak-to-peak amplitude of approximately 24 V. This
signal drives the bases of the complementary detector
transistors QI4 and Q15 through current limiting re-
sistors R34 and R35. The detector will then alternately
connect one side and then the other of the signal ap-
plied between detector input terminals to the detector
return line. R20 is adjusted for equal “on” time for
Q14 and Q15.

Q7 and Q8 form a complementary emitter follower
driver stage having unity voltage gain and providing
a low output impedance with a relatively high input
impedance,

Q1 through Q6 are direct coupled to make up the dec
amplifier section. Q1 and Q2 form a difference ampli-
fier with the input being fed to Q1 and the amplifier
output to Q2. Q3 is an emitter follower which feeds
voltage amplifier Q4, which is then direct coupled to
complementary emitter followers Q5 and Q6. Diodes
in series with the collector load of Q4 provide a small
amount of forward bias for the dual emitter followers.
R3 is adjusted for zero output in the absence of input,
and C1, C2, and C3 are used to control high frequency
response,

VI-i11 MODEL 1465 AC CURRENT SUPPLY

{a) General Description:

The Model 1465 Current Supply contains a stabilized
oscillater with amplitude regulation and a high out-
put impedance current amplifier intended to maintain
constant current in changing resistive or reactive load
impedances.

(b} $pecifications (Nominal):
OUTPUT CURRENT:
100 mA

FREQUENCY:
990 Hz

MAXIMUM OUTPUT VOLTAGE:
3V rms

OUTPUT IMPEDANCE:
5 ku

POWER REQUIREMENTS:
—12V @ 60 mA dc

SIZE:
615" w 3-9/18" printed circuit module card

{¢) Circuit Description:
Q1, Q2, and Q1 form a two stage amplifier giving a

positive gain necessary for the Wein bridge oscillator.
The positive feedback frequency determining neiwork
consists of R2, C3, CT7, Rll, and selected components
RX and CX which are adjusted for correct oscillator
frequency. Negative feedback for amplitude stability
is achieved through the voltage divider action of R3,
R17, R28, and diodes CR4 and CR5. C10, CR2, Q4, and
zener diode CR3 make up a peak waveform detector.
If the oscillation amplitude increases, the negative sig-
nal peaks will cause Q4 to conduct thus shunting dc
current away from CR4 and CRS.

A reduction in dicde current increases their dynamic
impedance which increases negative feedback, thus
tending to reduce the oscillation amplitude. R28 ad-
justs the normal range of impedance variation required
of the diodes, which is obtained with 175 mV dc across
CR4.

The output of the oscillator is fed through an attenu-
ator consisting of R14, R15, and an external adjust-
ment rheostat to the current amplifier containing Q5
through Q0. The output current is sampled by R26
and fed back to the emitter of Q5 through C2, This
current feedback gives the amplifier a high output im-
pedance, making the output current nearly indepen-
dent of load impedance.

VIi-12 MODEL 1466 DUAL DC REGULATOR

{a) General Description:

The Model 1466 is a dual power supply regulator giv-
ing 412V and —12 V outputs with respect to ground
with a current capability of 600 mA from each output.
It will maintain regulated low ripple outputs with a
wide range oi input voltages,

{b) Specifications (Nominal):
INPUT:
+15 to 425V de
—15 to —-25V dc
REGULATED QUTPUT:
+12V @ 600 mA max
—12V g 600 mA max
RIPPLE:
5 mV peak 7 600 mA load current (each ocutput)
REGULATION AGAINST LOAD:
< —1% change in voltage for 0 to 600 mA change in
output current
REGULATION AGAINST INPUT VOLTAGE:
<=+1% for +10%% change in input voltage
SIZE:
62"  3-9/16” printed circuit module card
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{¢) Circvit Description:

The 412 V output is regulated by the control transistor
Q1 which is driven by Q2. The action of these two
transistors together is that of an emitter follower in
series with the output load. This effective emitter fol-
lower is driven by amplifier Q3, the input for which
is obtained from the 412 V output through the refer-
ence diode CR1 and voltage dividers R6 and R12. If
the output voltage tends to increase, an increase in
voltage appears on the base of Q3. This decreases its
collector voltage thus decreasing conduction of Ql
and Q2, tending to reduce output voltage.

The —12V supply operates with Q5 and Q6 forming
a double emitter follower in series with the load and
driven by amplifier Q4. The input to Q4 is in effect
the difference between the 412 and —12 V outputs to
the voltage divider formed by R5 and RI10. If there
is a decrease in the —12 V output, it is reflected into
the base of Q4 thus increasing its collector voltage.
This will increase conduction in 35 and Q6 tending to
restore cutput voltage. The two amplifying transistors
Q3 and Q4 are fed from decoupled supplies by the
R3-C3 and R7-C4 combinations to reduce the output
ripple. C1 and C5 also help to reduce ripple by pro-
viding a direct path for ac signals to Q3 and Q4.



ABBREVIATIONS

Cer Ceramic MLF Metal film

Comp  Gomposition MT Mylar tubular

EC Electrolytic can pF Picofarad or 1072 F
T Electrolytic tubular PT Polycarbonate tubular
F Farad M Micro or 10-¢

For Factery adjusted for optimum performance Var Variable

HM Hot molded W Watt

k Kilo or 103 Wy Working volts

m Milli or 10-2 Wi Wire wound

M Mega or 10¢

MODEL 660 CHASSIS PARTS LIST

Schematie Schematic
Ref. R

Value Spee. Type Bell Part Ns. ef. Value Spec. Type Bell Part Ne.
Capacitors 259 thru R36 10 +=0.1% { W W“ EHgiU
1 B8 uf =10%  T5WY MT 7 thru Rd la+05% AW W -19-
2 e W MT Re7, Ri3 9kr=01% AW WN  RLISOK
€3 R F+10%  200WY MT R19, RS0 Lillke +01% .IW  ww RL-18-1X111K
o4 100 pF +10% 1 kWY Cer R31 Lk =01% .IW WW RL-18-1K
€5 1000 uF 75 Wy EC R52 9k +01% LW WW RL-18-9K
6 1000 uf 25 Wy EC R53, R54, R5S Moax00l% AW W RL-18-450
R56, RS7, RS8 55550 =01% 1W WY RL-18-55X53
R5% 0k +5% %W  Comp
Fuse RED 12kQ 5% W m EAOL[FD
R6L 15kt +1%
Fi Y& A JAG slow-blow for 117V operation R62, RE3 10 Qs}t-?'ty? Vﬁw Ww
1/16 A 3AG slow-blow far 234V operation RE4, RE5 27k +5% YW Comp
RG66 IMe +=5% YW  Comp
RE7 6.19kn 1% LW  MLF
Bulbs RG68 180 ¢ +5% IW wWw
[1 threugh 16 12V 3545 mA Sylvania type 12ES R69 2Bu+1% W MLF
17 Neon 117 ¥ ac R70 BS2*1% AW WW RL-20-36X5
R71 43290 +05% IW WW RL-19 4X32
R72 thru RED Wa+d1% 1W WK¥ RL-18-10G
Chokes and Transformers RES 4340 3% Y2 W Comp
L1 Choke LA-1620A RK Fop oW Comp
T Inoet Transf-mer LA-12898
T2 Power Trarst ~mer LB-1383
3 Cutzut Transi, mer LA-1370 MODEL 1461 PARTS LISY
T4 Isz'st'on Tra~ " rner LA-1361B See Master Parts List for Key to Abbreviations
5 Car-znt Gutput Transformer LA-1364
Capacitors
Cl LF 25 Wy £
Meter -
- Y4 10.F 15 Wy 3]
Ml 10001 A Mg-1372 3 SODUiF 10wy i
4 I00uF I WY fr
Diodes Eg %g’u}; bWy g
d h WY
3 100uF 15 Wy Er
Switches 0
S1  First Digit Switch SA-1502A .
§2  Second Digit Switch SA-15024 R1 . oy Resistors
3 Third Digit Switch SA-1501A Tk e5% W Comp
S4  Range Switch $B-1850 R e W Comp
S5 Function Switch SA-15004 3 7ha£5% W Comp
S5 Mode Switch SA-1498A Btk ww camp
S7  Power Switch, Toggle P o1 v W MLE
7 52 +5% B Comp
Potentiometers ;5]‘ égg Q= T;’/E % w aomp
Rl 5kq WW RB-477-014 » 2xl1% LF
R? 500 Ww RB-477-013 R Mk +1%  BW MLF
) 5k WW RB-477-014 RI1 392k x1% %W MLF
5 504 Ww RB-477.013 R12 ¥k =5% W Comp
R31 0a WwW RB-477-012 RIZ 1800 -5% 2w ww
782 500 G WW 10-Torn  RB-1503-003 Rlid  82kp 5% 1o W Comp
R83 00 WW 10-Turn  RB-1503-001 RIS G9kaxl% loW MLF
R84 5 ka2 HM RB-505-021 R FOP W Comp
Resistors Transistors
R Uo+5%  2IW  WW 01 2N3710 03 2N4384 05 2N3767
Ré 10 +05% dW Ww RL-19-1 02  2N50BA Q4 2N3707
R7 178a +1% AW WW RL-20-17X8
R3 1009 +1% JW O ww RL-20-100
R9 10 +05% IW  ww RL-19-1 Transfermer
R10 thru R18 g 0% .1W WW RL-18-100 Tl Input Transformer LA-13124
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S:n;:':tl: Schematic

Yaim Spec. Typa Bell Part Na. Ref. Valse Spec. Type Balt Part Na.
MODEL 1462 PARTS LIST BR% lZg ? :55’;’?% gg !C}omp
Master Parts List for K iati -d K+ omp
See ster P ey to Abbreviations RS 18k +5% oW Comp
HCE I
. LD 1%
Capacitors RIZ 283k %1% %W MLF
Cl Luf Z5 WY £ RI3 162k =1% %W MLF
2 10aF 15wy £ R4 30lg+1% HW WLF
€3 50,f 12 WY a] RIS 16ka +5% %W Comp
C4 100uF Iw ET RIE  200Mx+5% 12W Comp
5 5-25 pF Var Cer R17 We+5% %W Comp
(6 100, 3 Wy ET RIS 22ka+5% HW Comp
% 10uF 15 W¥ 4] RIS 887kn=1% VLW MLF
c3 2X0uF 12 Wy E R20 5l 5% LW Comp
€8 1uF 25 WY 4] R21 TG 5% %W Comp
X FP Lkwv Cer R22 63k 5% W Comp
R23 16ka +5% W“W Comp
R24 121n*1% %W MLF
Resistors
B et HW G
1 3% 0m| H
B 400=5% %W Gam Semiconductors
DopEsoa i
0 +5% omp ar  2N37O7 03 2N3T10 05  2N50BA
R6 20a=x1% oW MLF 02  2NS08A Q4 2N508A 06 2N3710
gg S%g ? +l ;75? ],’:Eg (l\:*lF CR1 thru CR4 IN270
0 +5% om -
B 610k =% hW ML CRS. CRe ved JF-01-001
RIG  150ka=5% 14 W Comp
RI1 36 k2 =5% oW Comp
R12 470 Q +=5% i W Comp MODEL 14484 PARTS LIST
R13 k5% KW Comp See Master Parts List for Key to Abbreviations
Rid 47%a =% o W Comp
R15 010+1% LW MLF
R1G 690 +1% LW MLF
RI7 0ka 5% WBW Comp Capacitors
RI8 6.19ka 1% LW MLF Gl 220 pF =10% 1 kWY Cer
c2 0022 uF £10% 200 WY MT
gi .Dﬂgg ﬂ +=10% 20% m’ Pg
Yransistors 05 100 4F 6 WY £
a1 283710 Q3  2NaT10 E‘;‘ “}8 “ 12 w E}
a2 ZNS0BA Q4 2NS0BA c8 1 ﬁ 25 m ET
9 1 uf 5W Er
Clo D15 ufF = 10% 200 WV MT
MODEL 1463 PARTS LIST
See Master Parts List for Key to Abbreviations Reslistors
Rl N8k +x1% YW MLF
R2 18kn £5% YW Comp
Capaciters R3 500 @ Var MLF RQ-07-500
Ci 10 wf 15 Wy ) R4 L7k £5% W Comp
2 0022 uF =10%  200WV MT RS 67 xi% %W MLF
C3 35 uF 6 Wy ET 6 F6q+1% a W MLF
C4 0022 uF =10% 200 Wy MT R? 1000 +5% LW Comp
C3 100 xF 6 Wy ET R8 000 +5% Yo W Comp
Ch 200 uf 15 Wy ET R9 Rk =1% VW MLF
c7 10 uf 15wy ET RIO 100G 5% W Comp
c8 10 uf 15 Wy 3 R11 Wk =5% KW Comp
(] 250 uf 12 Wy ET R12 6.2k =5% YW Comp
clo 2.0 uF £10% 200 WY PT R13 62k x5% YW Comp
cll 10 oF 15 Wy 1) R14 Wiox5% nW Comp
012 35 uF bWV ET R15 Ng+5% 173 Comp
Ci3 100 xF bWy T R16 740 +1% LW MLF
Ci4 10 &F 15 Wy ET R17 ke 5% ¥“BW Comp
C15 .0056 «F =10% 200 WV MT R18 51kp+5% 1AW Comp
Cl6 AT uF =10% 200 WY T R1% 0k 5% 12w Comp
C17 25 pF =10% 1 kwv Cer R20 5k Yar WW R$-01-5K
CX FoP 1 kWY Cer R21 W +5% WKW Comp
R22 15k =5% %W Comp
R23 20+5% 1W Comp
R24 kg 5% wBW Comp
Resistors R25 24k +5% %W Comp
Rl 2knx1% HBW MLF RZ26 SIkO 5% vW Comp
R2 180ka +5% 12 W Comp R2? 900 5% hw Comp
R3 75k 5% VW Comp R28 0k +5% %W Comp
R4 180ka +5% %W Comp R29 kex3% HBw Comp
5 39 £5% WKW Comp R30 k5% %W Comp
6 620 q +5% %LW Comp 31 10ka£5% K®BW Comp
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Schematic
Ref.

R32
R13
R34
R3S
R36

o
02
Q3
4
Q5

Yaiue

60 q +5%

600 +5%
10 ka +5%
10 kG =5%

56.2 kg =1%

2N3707
2N3767
283710
2N508A
2N3903

CR1 thru CR3

MODEL 1465 PARTS LIST
See Master Parts List for Key to Abbreviations

10 uf

100 wF

015 uF +10%
10 uF

250 uF
10 uf

015 uF +10%
10 uF
10 uF
10 uF
10 uf

100 uF

015 pF +10%
A pf +10%
10 uf
Fop

30 kg 5%
107k +=1%
5.1k0 +5%
10kq +=5%
5100 +5%
8200 +5%
6240 +5%
51k +5%
39k +=5%
00 +x5%
107 ke 1%
68 kQ +3%
180 ks 5%
85k +1%
432k0 +1%
20k +5%

FEEERE
EFEXEXE

Trpe

Comp
Comp
Comp
Comp
MLF

Semiconductors

2N3905
2N2430
2N2706
2N3T10
2N3710
1N461

Capacitors
15wy ET
6 Wy 3]
200 Wy MT
15 Wy ET
12wy 1)
15 Wy ET
200 wy MT
15wV 3
15 Wy ET
15 Wy T
15 WY ET
Iwy ET
200 Wv MT
200 Wy MT
15 Wy 3]
1 kW Cer
Resistors
W Comp
Yo W MLF
Ya W Comp
H W Comp
Yo W Comp
%H W Comp
Yo W Comp
LW Comp
W Comp
oW Comp
W MLF
LW Comp
15 W Comp
LW MLF
W MLF
W Comp

Bell Part Na.

an
a2
013
04
Q15

2N3905
2N1303
2N1302
2N1303
2N1302

18

Schematic

Ref. Value
R17 L8 ka +5%
R18 5.1kQ 5%
R19 510G +5%
R20 1600 +5%
R21 W +=5%
R22 24k +=5%
R23 160 0 +=5%
R24 Jke £5%
R25 510 @ +5%
R26 210 +5%
R27 6.2 k2 +5%
R23 1 ki2 Var WW
R29 210 x5%
R30 2710 5%
RX FOP
01 2N50BA
02  2N1302
03 2N1303
04 2N1305
CR1 1IN270
CR2 IN270

CR1

MODEL 1466 PARTS LIST

Spec. Type

W Comp

W Comp

aW Comp

W Comp

W Comp

W Comp

YW Comp

BW Comp

YW Comp
2W ww
W Comp
W ww
W ww

W Comp

Semiconductors
05  2N3710

06  2N508A

a7 2N1305

08  2N1304

CRI IN708

CR4 1IN270

Bell Part Ho.

RS-01-1K

a0

CR5
CR6

2N3611
2N3611

1N270
1N4003

See Master Parts List for Key to Abbreviations

10 uF
50 wF
25 uF
25 uf
10 «F
50 uF

1o 5%
W0 +5%
Ik 3%
Ikn 5%
6.2k +5%
12kt 5%
Tk +5%
3k 5%
2000 5%
6.2 k2 5%
Ik 5%
3 k2 Var WW
160 @ +5%

2N3611
2N1302
IN718

Capacitors
15 Wy 2)
15 Wy ET
25 Wv T
25 Wy £7
15 Wv 34
15 Wy ET

Resistors
2W ww

1o W Comp
Vo W Comp
15 W Comp
Yo W Comp
W Comp
15 W Comp
Y W Comp
oW Comp
o W Comp
LW Comp
v W Comp
Semiconductors
Q3 2N1302
04 2N508A

RS-01-5K
Q5  2NS08A
06 2Nl
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i ik N - 160
2V @ . A
. Lgo.oﬂ
GND @ T 3y
KEY O
INPUT @-
&
GO E o
OUTPUT @H
sno [ €
E.'" + C3
PREAMP OQUTPUT @ 5?5\?1“
GND. @ T
¢
®
GND. @
M
T <3 >
GND. @ R ™ 3 Taa 2 %2x 250
PREAMP INPUT @ L as Terav
® Zeos IR *
® e[ aco @3 o o
22 . g2
g3 *ce
Q1-2N3710 J_C-" ‘-—1, LSS sris O Toou
2 2N5084 SRS 6. b 619 K 15V,
03 —2N2384 sv.  Siwo b $ind 1
G4 2N3707 $82K
Q5-—32N3707
AX SELECTED FOR SO0 OHM 1SNPUT [MPEDANCE.
FIGURE VI-4
SCHEMATIC CIRCUIT DIAGRAM — MODE( 1461 PREAMP-AMPLIFIER
B isox
r
+2V @
® SR2 ers Ml 4
GND @ < 36K S470 :’\f“'
KEY O c1 o
INPUT A @ fuf-25Y
GND. (r—9 JIE* - b a2
GAIN CONT. A @ .I;a.g 25’-‘03 itz
OUTPUT A @~ S *ICZ R7-618 . “” A9 - 619K
GND :—1 l r i Ar
5 10 “cx
® b PEPRNLIZ. 3+ oxd 1
® Vi
® et W
® 5'455 £
GND[.-—d A1G 150K | S Anll. —
H ‘Y"‘-—
INPUT B @—
+| ¢&
GND. [._< $An shz _L'f\?“'
'L g— 8 16k 54
OUTPUT B @ (&9 ey
I+ I{: a4
ol I N ca
22 :: RI13 ¢t 250ul —i2V
> 47K +] RIE—619 1
II_‘ I 1
<rig  10uf <RIs RITS 4.10] W 1'
Sarx 15V i' 301 ok 3 3 5usk - %‘ - _’g?u,,-
|
o1 ZNFTI0 -
02— 2ZNSDBA
Q3 —2N3710
Q4—2NS08A

*CX SELECTED VALUE

€5 & CX MAY BE USED ACROSS EITHER R% OR Rig
AS REQUIRED FOR PHASE CORRECTION

FIGURE VI-5
SCHEMATIC CIRCUIT DIAGRAM — MODEL 1462
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FIGURE VI-.9
SCHEMATIC CIRCUIT DIAGRAM — MODEL 1466 DUAL POWER SUPPLY

WARRANTY

F.W. BELL, INC. warrants each instrument of
its manufacture to be free from defects in ma-
terial and workmanship. Our obligation under
this warranty is limited to servicing or adjusting
any instrument returned to our factory for that
purpose, and to replacing any defective parts
thereof. This warranty covers instruments which,
within one year after delivery to the original
purchaser, shall be returned with transportation
charges prepaid by the original purchaser, and
which upon examination shall disclose to our
satisfaction to be defective. If it is determined that
the defect has been caused by misuse or
abnormal conditions of operation, repairs will be
billed at cost after submitting an estimate to the
purchaser.

F.W. BELL, INC. reserves the right to make
changes in design at any time without incurring
any obligation to install same on units previously
purchased.

This warranty is expressly in lieu of all other
obligations or liabilities on the part of F.W. BELL,
INC., and FW. BELL, INC. neither assumes nor
authorizes any ¢ther person to assume for them
any other lability in connection with the sales of
F.W. BELL, INC. instruments,

DAMAGE IN SHIPMENT

The instrument should be examined and tested
as soon as it is received. If it does not operate
properly, or is damaged in any way, immediately
file a claim with the carrier. The claim agent will
provide repart forms. A copy of the completed
form should be forwarded to us. We will then
make the necessary arrangements for repair or
replacement. All correspondence concerning
this instrument should include model and serial
numbers. '

SHIPPING INSTRUCTIONS

Use the original shipping carton and inserts, if
possible, or pack the instrument in a sturdy con-
tainer and surround the entire instrument with
two or three inches of shock-absorbing material.

Ship to:
F.W. BELL, INC,

Repair Department
6120 Hanging Moss Rd.
Orlando FL 32807
Phone: 407-678-6900
TWX: 810-853-3115
Fax: 407-677-5765
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