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A precision, low-cost vibrating sample magnetometer

A. Niazi, P. Poddar and A. K. Rastogi*

A high quality, low-cost vibrating sample magnetometer (VSM) for the study of magnetic properties
of materials in high magnetic fields in the temperature range 80-350 K has been constructed. An
important feature of the VSM is a stable electrodynamic vibrator electronically controlled using
feedback and error minimization. The vibrator, associated electronics and lig-N, flow cryostat have
been made using locally available low-cost materials in a modest budget of a few thousand rupees.
The VSM incorporates ease of sample change, good sensitivity for magnetic moment measurements
and precise temperature control and its measurement. Test and calibration have been done using
standard samples and the performance compares very well with extremely costly imported systems.
The VSM is suitable for teaching laboratories as well as specialized research work involving

measurements of weak magnetic moments of small quantities of samples.

THE study of magnetic properties of materials is a basic
requirement for understanding electronic behaviour in
condensed matter. Many varieties of inorganic compounds
and alloys of transition metals have been synthesized
wherein the electrons show highly correlated behaviour;
i.e. the conduction electrons depend on the presence or
absence of neighbouring electrons. These electronic cor-
relations result in magnetism, superconductivity, metal—
insulator transitions or heavy-fermion behaviour of con-
duction electrons. These different types of behaviour
depend upon the strength of Coulomb and exchange inter-
actions among electrons. The study of these interactions
among electrons requires magnetic measurement at low
temperatures and high magnetic fields.

Many types of magnetometers have been developed and
are now commercially available. They have been exten-
sively reviewed by Foner'” and can be broadly classified
into two categories: (i) Those employing direct tech-
niques, such as measurement of the force experienced by
the specimen in a non-uniform field (Guoy, Faraday,
Kahn balances); (ii) Those based on indirect techniques
such as measurement of magnetic induction due to relative
motion between the sample and the detection coils system
(vibrating sample, vibrating coil, SQUIDs) or use of gal-
vanomagnetic effects such as the Hall effect. The vibra-
ting sample magnetometer (VSM) developed originally by
Foner’, has however, been the most successful for low
temperature and high magnetic field studies of correlated
electron systems due to its simplicity, ruggedness, ease of
measurement and reasonably high sensitivity.

Working principle of VSM

The VSM is based upon Faraday’s law according to which
an e.m.f. is induced in a conductor by a time-varying
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magnetic flux. In VSM, a sample magnetized by a
homogenous magnetic field is vibrated sinusoidally at a
small fixed amplitude with respect to stationary pick-up
coils (Figure 1). The resulting field change JB(¢) at a
point r inside the detection coils induces voltage and is
given by
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where A is the area vector of a single turn of the coil and
the summing is done over n turns of the coils. B(?) is
given by the dipolar approximation, assuming small dimen-
sions of the magnetized sample in comparison to its dis-
tance from the detection coils,

o (M 3(m-r)r
B(r):ﬂ_[T_¥]’ @)
4z \ r r
and
0B;(t) oa(t) -
it DA -V AB()},, 3
w 5 VB 3)
Magnet Magnet
Pole Pole
Piece Piece
/ \
Figure 1. Working principle of VSM.
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a(?) being the position of the dipole and {B(r)}; i =1, 2,
3, the ith component of B at r due to dipole m. V(¥) can be
detected to a high resolution and accuracy by means of
suitable associated electronics. For stationary pick-up coils
and a uniform and stable external field, the only effect
measured by the coils is that due to the motion of the
sample. The voltage V(¢) is thus a measure of the mag-
netic moment of the sample.

Design and construction details

Our VSM consists of the following subsystems: Electro-
magnet and power supply; sample vibrator with associated
electronic circuit; detection coils; signal recovery using
lock-in-amplifier; cryostat and sample holder.

In the following sections we shall discuss each subsys-
tem in detail.

Electromagnet and power supply

An extremely stable and homogenous magnetic field is
required in order to achieve maximum sensitivity of the
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Figure 2. Schematic of VSM showing the overall assembly.
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VSM. Any field instability or external vibrations of coils
placed in a non-homogenous field would be picked up by
the detection coils, thus reducing the sensitivity of mag-
netization measurement.

A Laboratory Electromagnet model 3473-70 from M/S
GMW Associates, USA with the following specifications
is used for the magnetizing field:

e Pole diameter: 6”; pole gap: 0-3.8”; pole caps: 2”7
tapered.

e Maximum power to coils (water cooled): 70 A/5S9 V
(4.1 kW).

e Field at 2” pole face and 1 " pole gap: 1.7 Tesla at
70 A.

A high stability low noise constant current output power
supply Model 858 System 8000 from M/S Danfysik A/S,
Jyllinge, Denmark is used to generate the magnetizing
field. This power supply gives 5 ppm load regulation and
0.05 ppm/°C temperature coefficient for the magnetizing
current. It features an inbuilt IEEE-GPIB interface for
control using a PC. A locally procured Hall probe-based
Gaussmeter is used to measure the field.

Sample vibrator and associated electronic circuit

The hallmark of VSM (Figure 2) is an in-house designed
and constructed sample vibrator (Figure 3), built to fulfill
the following principal requirements: (i) Pure sinusoidal
vibrations of constant frequency; (ii) Stability of vibration
amplitude under load variation and friction; (iii) Stable
reference signal phase for lock-in detection of the signal.

Electrodynamic vibrator: We have used two Bolton™
mid-range audio speakers (30 W/8Q, 12 cm cone) avai-
lable from the local market. The ferrite ring magnets were
demagnetized and carefully detached from the speakers.

ELECTRODYNAMIC SAMPLE VIBRATOR

IRON HOOD—-
PLASTIC ROD TO COUPLE DRIVE AND PICKUP COILS
~

SPEAKER CONE

IRON MAGNETIC SHIELD SPEAKER SPRING

PICKUP COIL
FERRITE MAGNET

COMMON IRON CORE
DRIVER COIL

PLASTIC EXTENTION ROD
HYLAM MOUNTING PLATE

BRASS MOUNTING
SCREW

BRASS MOUNTING SCREW

LEVELLING SCRE
(3nos, <120 deg.} NEOPRENE GASKET

IRON BASE PLATE
EVACUATION COUPLING
S

CRYSTAT WOODEN SLIDING BASE

COUPLING
COUPLING FOR ELECTRICAL CONNECTIONS BRASS SCREW AND CHECK NUT
COPPER LEADS FROM —
PT-100

QUARTZ TUBE

Figure 3. Schematic of the electrodynamic sample vibrator.
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The individual central iron cores were replaced by a sin-
gle specially machined soft-iron core having a central
bore. The ferrite cores were then glued using epoxy on
either face of the common core, and remagnetized. The
speaker cone and coil sections were then glued to their
respective ferrite cores so that the two speakers were
mounted back-to-back (Figure 3). The vibrating coils of
the speakers were coupled to each other by a 5 mm dia-
meter plastic (Metalon™) rod passing through the central
bore within the iron core and glued to the speaker coils
taking care that the coils could move freely within the
small core gap. Both ends of the coupling rod were
threaded for attaching the sample rod. The back-to-back
coupled speakers were then mounted on an iron base-
plate. It is necessary that the vibrations of the coil during
its operation are not transferred to the base plate and
thence to the cryostat and detection coils. Hence anti-
vibration mountings were used. A suitable levelling
arrangement consisting of three levelling screws was also
incorporated on the iron base plate.

In this arrangement, one of the coils of the vibrator is
used as a drive coil for sample vibration while the other
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Figure 4. Block diagram for the electronic circuit used to control
the sample vibrator. The details of each block are presented in the
Appendix.
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acts as a velocity-sensing coil. The signal from the sensing
coil is used for negative feedback in order to achieve
better stability of sample vibrations.

Electronic circuit: An elaborate electronic circuit has
been designed for controlling the above vibrator. It was
constructed using locally available components. The block
diagram of the electronic circuit is shown in Figure 4. The
circuit incorporates the following features:

e A sine-wave generator with 20-170 Hz variable fre-
quency adjustment.

e Reference signal (2 V rms) for phase-sensitive detec-
tion.

e Maximum amplitude adjustment.
Gain and bandwidth adjustment of the feedback loop.
Facility for error minimization between required and
actual driver amplitude and frequency.

The error minimization facility is a variable voltage
feed which can be applied directly to the power amplifier.
This has an in-phase (proportional) component and also a
phase-lagging (integral) component with respect to the
reference voltage (chosen velocity). In this way a substan-
tial reduction in the difference (error) between the re-
quired velocity and that obtained through the sensing coil
of the driver can be achieved. This feature is essential in
order to operate the driver coil very near to the reference
velocity irrespective of variations in load and frictional
changes in the vibrator and sample support. This allows
one to calibrate the magnetometer at a fixed reference
velocity using standard samples of known magnetization.
The same vibration conditions can then be used for the
magnetization measurements of unknown samples.
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Figure 5. Geometry for the vibration axis, sample position, detection

coils and applied magnetic field.
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Detailed circuit diagrams for each block in Figure 4 are
given in the Appendix.

Detection coils

In order to measure m by eq. (1), various geometries of
detection coils as well as the direction of vibration-axis of
the sample with respect to magnetizing field direction are
possible — single or a set of multi-detection coils arranged
with axes parallel or perpendicular to the field direction.
For example, when using the solenoidal magnetic fields of
a superconducting magnet, the axes of detection coils and
sample vibration are parallel to m. However, this geo-
metry is inconvenient for conventional iron-core electro-
magnets as it requires special modifications to the pole
faces. It is also extremely vulnerable to small magnetic
field inhomogeneities and sample position. The following
general considerations therefore determine the optimal
coil arrangements for any set-up:

® Proper compensation of pick-up coils to minimize eff-
ects of noise from external magnetic disturbance.

¢ A broad saddle point whereby the signal is immune to
small changes in the mean position of the sample.

¢ Optimization of dipole flux linkage with coils in order
to maximize signal-to-noise (Johnson noise) ratio.

e Sufficient space for cryostat tail in the smallest possi-
ble pole gap.

¢ Ease of sample change and alignment of the sample-rod.

We have chosen for our electromagnet (max. field of
1.7T in a 40 mm pole gap) the geometry for vibration
axis, detection coils and field as shown in Figure 5. The
sample is at the origin (centre of the pole gap) and vibrates
along the z-axis while the magnetic field and the associ-
ated sample moment are along the x-axis. We use a pair of
compensated Foner coils' placed equidistant from the
sample with axes parallel to the z-axis. The coils are arran-
ged so that any variation in the external magnetic flux
induces voltage in a series opposing sense at their termi-
nal. For this requirement, the coils are placed (Figure 1),
symmetrically about the x—y and x—z planes but anti-
symmetrically about the y—z plane, i.e. viewing along the
z-axis both have the same sense of winding. This geo-
metry makes the magnetization measurements insensitive
to small changes in the sample position and mechanical
vibrations in the magnet, as well as magnetic flux changes
from any source away from the coils.

Signal pick-up is as follows: The dipole oscillates along
the z-axis with amplitude a(?) = a sin(wf). As the dipole
moves upward (+ ve z direction), by Lenz’s law the net
axial component of B(r) through coil 1 increases in the
downward direction, while in coil 2 it increases in the
upward direction. Since the coil turns are in the same dir-
ection, the combined e.m.f.s of the two coils add up at the
terminal to give a net signal free of external noise. The
voltage induced in the pick-up coils is given by eq. (1)
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The symmetry of the coils about the x—z and x—y planes
results in the terms odd in y or z integrating to zero-
induced voltage. Only the kth component terms of the
induced voltage remain. This coil arrangement has been
referred to as the kth detection system by Bowden®.

Optimization of the detection coil system: Bowden® has
calculated equi-value contours of the function gu(r, 6, ¢
= 0) corresponding to the k&th component of eq. (4),
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It is found that there is a restriction on the coil height vs
position since the signal changes sign at 8= 63.43°, where
0 is the angular position of the coil w.r.t. the origin.

In accordance with the above dimensional restrictions,
our coils are layer wound using 0.112 mm copper wire
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on Hylam™ bobbins (length = 20 mm, i.d. = 5 mm, o.d =
10 mm). 2800 turns per coil gave a resistance of 97Q at
300 K. The coils are mounted in a non-magnetic Hylam™
frame with coil centre-to-centre distance of 28 mm and
central bore of 17.5 mm. The coil assembly is securely
jacked between the pole faces in a 40 mm pole gap.

Signal recovery using lock-in-amplifier

Weakly paramagnetic systems produce very small signals
in the detection coils. Special processing of the pick-up
signals is required to filter out random noise and achieve
high sensitivity of the magnetometer. We can estimate
the size of the pick-up signal for a typical paramagnet
having y~ 10° emu/cc and volume =~ 0.1 cc placed in a
10* Gauss magnetic field.

In CGS units: y=10"°, B = 10" G, magnetization density
M = yB = 107 emu/cc, magnetic moment m = 10 emu.

In SI units: y=4710° B=1T, Mg= (4710°u,) A/m,
magnetic moment m = 10° A m~.

An estimate of the amplitude of the signals expected in
our system can be obtained by considering a pair of flat
coils with 100 turns each placed at x =+ 14 x 10~ m and
v =z =0, connected in series addition. The sample with m
in the x direction is vibrated along the z-axis with fre-
quency f= 80 Hz and amplitude a =+ 1 x 10~ m. Using
the &th component from eq. (5), amplitude part of the sig-
nal is given by

14 =%mﬂowaZjA%.{x(ﬁ —522)k}. (6)

We obtain V,=250nV (peak), or V, (rms)=175nV.
Thus, for our chosen geometry and coil dimensions, sig-
nals of 100 nV—1 uV are expected. It is obvious that in
order to achieve a resolution < 1% of the signals, lock-in
(phase-sensitive) detection of the signals and a large rejec-
tion of common mode noise is necessary. However, for
experiments on magnetic specimen, a laboratory-made
phase sensitive detector such as a four-diode-bridge sam-
pling gate followed by a d.c. amplifier may be sufficient.

We have used a lock-in-amplifier (LIA) model no.
SR530 (Stanford Reseach Systems, USA) connected to
the detection coils in differential input mode. The LIA has
100 dB CMRR and when operated under low dynamic
reserve it has 5 ppm/°C stability. For operation at 80 Hz
reference frequency using bandwidth as well as line
(50 Hz) filters, a pre-filter time constant of 3 sec and post-
filter time constant of I sec gave the maximum noise
reduction.

In the course of testing of the magnetometer, it was
found that small coherent signals (~ 100 nV) from the
magnetic fields of the vibrator coils and from the current
leads of the driver can directly couple to the detection
coils. Proper positioning of the driver current leads and
shielding of the vibrator assembly by a mild-steel hood is
essential to eliminate this spurious coherent signal.

For correct measurements of magnetic moments, the
reference phase for the LIA can be properly adjusted
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using a large in-phase signal from a sample of paramag-
netic salt such as CuSO,5H,O or MnCl,'4H,O. The
detailed results of calibration of the magnetometer using
various standard samples are presented in a later section.

Cryostat and sample holder

The sample holder rod and cryostat have been
built keeping in mind the following general design re-
quirements:

e The sample holder rod should permit easy coup-
ling/decoupling from the vibrator to facilitate sample
change.

¢ The holder rod should be light, non-magnetic and
mechanically rigid throughout the temperature range.

¢ The detection coils are situated outside the cryostat.
Therefore there should be no signal attenuation, i.e. the
cryostat tail should be made of non-metallic and non-
magnetic materials.

¢ The sample holder rod should be perfectly aligned
along the cryostat axis so that it vibrates freely. Since
minor adjustments are required every time a sample is
replaced, the cryostat should permit inspection of the
sample rod alignment.

¢ The cryostat should be isolated from the sample vibra-
tions transmitted through the vibrator mounting plate.

e The temperature in the cryostat should be precisely
controlled. For a flow cryostat, that means efficient
regulation of pressure, i.e. flow and temperature of the
coolant gas.

e The sample temperature should be accurately moni-
tored using a non-magnetic sensor.

Nz TO CRYOSTAT TUBE

55-TUBE
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Cryostat: Our flow-cryostat (Figure 6) is constructed
using 10 mm i.d. quartz tubing properly insulated by a
sheath of polystyrene foam. The foam can be shifted up so
that the transparent cryostat tail permits easy sample
alignment. The upper end of the quartz tube is coupled to
a non-magnetic s.s. tube which is in turn fixed with epoxy
to a Hylam™ sheet firmly clamped to the electromagnet
frame. A pressure regulator (Figure 7) using a rubber
sheet diaphragm valve and mercury manometer is connec-
ted to the lig-N, storage dewar and maintains constant
coolant flow. The coolant, under 5-7 cm Hg pressure,
passes through an evaporator (Figure 8) before reaching
the sample. The evaporator consists of a 3 mm Cu tubing
coiled around a 12 mm Cu rod and sunk using Pb—Sn sol-
der. A Cu-constantan thermocouple monitors the tempera-
ture of the gas while a 30 Q heater wrapped around the
coils provides 50 W of heater power. The evaporator is
encased in Hylam™ tubing with an insulating polystyrene
foam sheath. We use a PID-based temperature controller
model no. ITC-4 (Oxford Instruments Ltd, UK) to regu-
late the coolant temperature.

Sample holder: The sample holder rod (Figure 2, overall
view) is made of a quartz tubing (6 mm o.d.) as quartz
has the lowest coefficient of thermal contraction and can
be repeatedly cycled down to 80 K without fracturing. A
brass screw fixed with epoxy to one end couples it to the
vibrator rod. A calibrated miniature PT-100 temperature
sensor (2 ¥ 5 mm) glued to the other end stays in intimate
contact with the sample cup. Bi-filially wound 41 BSW
Cu leads from the PRT are drawn along the rod and taken
out from the top end. The PRT is an ideal sensor for use
in magnetic fields down to 30 K and sample temperature
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is accurately monitored by 4-wire measurements using a
Keithley 195 DMM.

The sample cup (Figure 5, detailed view) consists of a
piece of ordinary plastic drinking straw of 6 mm diameter
to fit snugly over the holder rod. A 5 mm length in the
centre contains the tightly packed sample powder with
paper plugs on either side. Cu wire is coiled outside and
glued using varnish (General Electric) to thermally sink
the sample. A 15 mm stub of quartz tube attached to the
bottom of the sample cup is also required to cancel the
small signal from the upper portion of the quartz sample
holder rod.

Magnetometer calibration

The voltage induced in the detection coils is a function of
many variables including the finite dimensions of the coils
and the sample, as well as the geometrical arrangement of
the coil assembly vs sample. Thus, it is not possible to
exactly calculate the integral of eq. (6) to obtain numeri-
cal values for the signal voltage. While the contour plots
of eq. (5) are useful in coil design and placement to obtain
a broad saddle point for the sample position®, the final
calibration of the set-up is done using standard samples
with known magnetic properties. During calibration it is
necessary to ensure that:

® Small changes in sample position and deviation from
ideal spherical symmetry do not affect the calibration
constant.

e The frequency and amplitude of vibrations stay con-
stant.

e The sample holder, etc. contribute only small constant
values to the signal which can be subtracted from the
total signal.

e The signal voltage is a linear function of the sample
magnetic moment.

A detailed study of the magnetometer sensitivity w.r.t.
the sample position using coil parameters similar to ours
has been carried out by Bowden®*. It was found that a dis-
placement of the mean position of sample by + 1 mm from
the centre along the x, y and z directions produced res-
pectively 0.05%, 1% and 1% changes. The effect of
deviation of sample geometry from the ideal spherical
shape has been studied by Zieba and Foner’ by consider-
ing the spherical harmonics expansion of a sensitivity
function analogous to eq. (5). For a sample in the form of
a right circular cylinder, of length-to-diameter ratio ~ «/3/2,
the first non-zero error term occurs only in the fourth-
order, thus ensuring a flat response around the mean
position.

In our case the space and limitation of the cryostat do
not allow more than + 1 mm displacement in the x and y
directions. The z-axis positioning is done by the screw on
the sample holder rod. The use of a quartz sample holder
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rod minimizes effects of thermal contraction with tem-
perature variation. In Figure 9 we present the voltage sig-
nal from a magnetized Ni cylinder (4 mm diameter, 4 mm
height) as its position is shifted along the z direction. We
note that within + 3.5 mm of displacement of sample posi-
tion along the z-axis the observed voltage stays within
~ 5%. Our normal sample size is a cylinder of 6 mm dia-
meter and 5 mm length. Therefore, using a standard para-
magnetic salt sample for calibration, the inaccuracy of the
estimated magnetization will be within 1-2%.

Measurement procedure

Samples of known mass are taken in powder form and
tightly packed into the sample holder cup as described
earlier. The vibrator frequency is kept around 79 Hz to
minimize interference from 50 Hz a.c.-line noise. The
amplitude adjust is 205 mV. The room-temperature mag-
netization is measured while varying the field from
0-1.5 T. For the M(T) measurements, at a constant app-
lied field the temperature is swept between 80 and 350 K
in approximately 3 h under a maintaining pressure of
~5-7 mm Hg. The pick-up voltage induced in the detec-
tion coils is fed to the LIA in differential mode. The sam-
ple temperature is monitored by a PT-100 sensor mounted
next to the sample as described earlier. The data acqui-
sition for the LIA as well as the sample temperature
is done through IEEE-GPIB using in-house developed
programmes.

The magnetic susceptibilty is calculated using the
above calibration constant, C.C. as follows:

F la wt. .C.
Z (emu/mole) = Vg x —mAWL CC g
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Figure 9. Remnant magnetization vs displacement along z-axis for Ni

cylinder. Large flat region around zero shows that magnetization errors
are less than 5%.

105



TECHNICAL NOTE

Tests performed
The following tests were done using standard samples:

¢ Linearity of signal w.r.t magnetic moment, for CuSO, 5H,O
(Figure 10).

¢ Determination of C.C. using room-temperature satura-
tion magnetization of ferromagnetic Ni (Figure 11)
and Curie law obeying transition metal salt CuSO,5H,0
(Figure 12).

e Accuracy of temperature measurement from 80-350 K
using the paramagnetic salt CuSO45H,0 (Figure 12).

The C.C. was determined in two ways: (i) At room tem-
perature using the saturation magnetization signal of Ni
(Figure 11); (ii) From the slope of the (signal/mass) ' vs T
curve of CuSO45H,0 (Figure 12). We find that the C.C.
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Figure 10. M(H) curve at room temperature for CuSO4.5H,O show-

ing linearity of signal with applied field.
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Figure 11. M(H) curve at room temperature for nickel showing satu-

ration magnetization.
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Figure 12. Magnetization™' vs temperature plot of CuSO4.5H,0.

determined through two different ways is nearly the same.
An average value of the two gives C.C. =2 x 10* emu/V,
which compares quite favourably with commercial set-

6
ups-.

Potential use in teaching laboratories

In our VSM the costly electromagnet and LIA for signal
recovery are used because of the special nature of our
research work involving weakly magnetic materials. A
large variety of materials showing magnetic, spin-glass
or superconducting transitions as well as the study of
Meissner effect or hysteresis in magnetic materials give
order-of-magnitude larger signals’. The study of these
interesting phenomena can be introduced in post-graduate
teaching laboratories using an in-house available low-cost
electromagnet and a.c.-amplifier. In view of their techno-
logical importance, study of these materials in teaching
programmes is highly desirable. This low-cost VSM may
provide a versatile tool for the above need.

Appendix
VSM circuit diagrams

Detailed circuit diagrams for the individual parts shown
in the block diagram of the vibrator electronic circuit
(Figure 4) are presented in the following order:

(1) Power supply (12-0-12 V, 2 A).

(2) Sine wave generator (20-170 Hz, 3 V,,,,).

(3) Sine wave filter, attenuator, reference monitor.

(4) Error monitor, amplitude monitor and buffer (IC
TLO74(1)).

(5) Error minimization circuit (IC TL074(2)).

(6) Pre-amplifier and power-amplifier.
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TECHNICAL NOTE

Power Supply

(12-0-12V,2A)

Rectifier

S4VB 1N4(::)()4
e | Sskura 362,39 —_ o]
220V ac. - .. - IC 7812 ®.12V
50Hz @ (Fuse: 500 mA, 1 2 ] +
slow blow) 1 pF | T~ A4TmE 3 10mFN r 1N4004
----------------------------------------- - - - - @ Common
= (2AB;1;R05?5V) N TRE 1.0 mF, | \ T 10
’ A 1con2 2 ®-12V
Ll
"
1N4004
Circuit diagram 1.
Sine Wave Generator
(20-170 Hz, 3 V)
+12V
1 kQ
<
3.3kQ 3.3kQ L
= 1000F Sioke
4 S 6 —
Ra Rs Ve,
i
S 1kO _|_47 pF
weep 3
ot 1C 8038 /N B—
2
J o
Sine  Sine
C V. adjust adjust |_
l 10 1 12 |1 50kQ¢ 47kQ
470 nF 2 50 kQ
100 nF
| Lo .
12V

CURRENT SCIENCE, VOL. 79, NO. 1, 10 JULY 2000

Circuit diagram 2.

107



TECHNICAL NOTE

Sine Wave Filter, Attenuator, Reference Monitor

10 kQ
470 pF LIA reference
470 pF L6 2kQ  (Front Panel)
—‘“I I'_ I 10kQ
| | VVY +
AR 10k0
vy 10 kﬂ
oxo —WW Amplitude (1/.1)
From ‘S’ 1 LE356 (Front Panel) +V
o—vWWA—1—. 10 kQ —1—‘ +12V
. YW L 10052 o-12v
K op»
[ P,
56kQ 0ke | 10k 10wmj ——0~——% Pickup coil
5.6 kQ Amplitde Adjust (Front Panel)
(Front pancl) -j’ ‘P’
DC offset
Circuit diagram 3.
Error Monitor, Amplitude Monitor and Buffer
IC TLO74 (1)
Error x 10 Monitor ¢ ) Error x 10 Monitor
(Front Panel) MA 1 14
= pF_L Sime
<b
IH 100 k.(:r—1
1uF | 2 13
4.7 pF
From ‘P’ O ! v '}‘(5‘2 3 12
100 nF 100 oF
12V 4 ICTLO4 1l -12v
10kQ 1
From Py’ O- VWA 3 10 AW OFrom ‘P,
IMQ 75kQ
+12VO ¢ s 2 A=A +12V
-12VO———b—
12V + - < 10KQ 100 kQ
0kS B [47 pF 210kQ (d.c. offset null)
Amplitude Monitor S :,—47 123 T = -12V
(Front Panel) VA~ 1 8 -0
I 1 Amplitude Monitor Buffer °E’

Circuit diagram 4.
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TECHNICAL NOTE

Error Minimization Circuit
IC TLO74 (2)

N
ska s -
1 Integrator Attenuator 1 10 kQ,
_L j_ 10 turn Integral Control
d b (Front Panel)
470 sF == 31MQ 10k0S ==470F
10 4F [] 100kO l 2 13 —|_19..
e 10 k.(;" (
1%1‘99‘59 3 12 AN
From °E’ 100 nE 100 nF
|| Hp [Error Minimization
+12V 4 IC TLO74 iy —12v o Frmped
1058 5 10
dme ! Lo
VVV ] [__
P -+ + -
Proportional Control 47 pl ::10 kQ
(Front Panel) >
10 k€2, 10 m;[_ b 8
ne Proportional Gain
>
210kQ
Circuit diagram 5.
Pre-Amplifier and Power-Amplifier
Across speaker terminals
470 pF || T
47 pF H H
Acrosshugsof: | 1 MQ. : 100 oF
TDA2030 - YV :
2k ICLEF356 47 pF I ( Il
From ‘Pl, C 'AVAVA + 220 IJ.F
i 1 MO, Aa
O +12V
L/
5%1{‘0 10 uF] TDA2030| le
vVY L
l__ A P; P,
15 n_gi } 9
Gain adjust Driver coil
—w (ot Fan) g (Fron Pl
) /100kQ == From ‘T’ —O0-12V
10O Bandwidth adjust
(Front panet) 1MQ 100 nF
-
1 220 uF
== 100 nF:

1

Circuit diagram 6.
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