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REMARKS :

Be sure to read the following sections of the LR-400
Instruction Manual.

1. Page 300-1 paragraph 3 (overload light).

2. Page 300-1 paragraph 4 (external DVM).

3. Page 300~1 paragraph 6, 7, & 8 (DPM)}.

4, Page 300-1 paragraph 9 (loading of the 2 VDC output).

5. Page 300-3A {(set R/MI polarity switch & caution about

missetting).

6. Page 600-1 (SQUID Readout description}.

7. Page 700-1A preamp damage caution when working in the
mutual inductance mode.
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LR-400

4-WIRE RESISTANCE / MUTUAL INDUCTANCE

BRIDGE SYSTEM

LR-400 BRIDGE UNIT AND OPTIONS

LR-HCA HIGH CURRENT ACCESSORY UNIT
- FOR NANC-OHM RESOLUTION

LR-4PC PERSONAL COMPUTER INTERFACE UNIT

SUPERCONDUCTING SAMPLE MUTUAL INDUCTANCE
MEASURING TECHNIQUES
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LR-400 4-WIRE RESISTANCE/MUTUAL INDUCTANCE BRIDGE SYSTEM

MODEL LR-400
AUTO-BALANCE

FOUR-WIRE AC RESISTANCE BRIDGE

*¥ AC excitation for high sensitivity and elimination of thermal EMF
errors.

* Wide dynamic range: 0.02 ohms full scale to 200K ohms £full scale.

* 4 1/2 digit automatic resistance readout with RX, /\R, and 10/\R
modes.

* 4 1/2 digit set resistance control (can be veltage programmed) for
temperature control or resistance deviation measurements.

* Sensor excitation power/éensitivity trade-off selection for all
ranges.

* Four wire platinum resistance thermometry with cryogenic
temperature capability.

* Four wire carbon and germanium resistor thermometry at cryogenic
temperatures.

* Four wire thermistor thermometry.

* Low resistance measurements with low excitation currents.,

* Auto-balance mutual inductance bridge mode.

RESISTANCE RANGE

20 milliohms to 200,000 ohms £full scale in 8 ranges. See LR-HCA Unit
description for two additional lower ranges of 2 milliohms and 200
micro-ohms full scale, at 100 milliamps and 1 amp RMS.

EXCITATION VOLTAGE RANGE

Selectable from 60 microvolts to 20 millivolts full scale in 2-6-20
steps. Actual excitation voltage is proporticnal to sensor resistor

(RX}.

SENSOR EXCITATION CURRENT

Sensor excitation is supplied by & constant amplitude AC sinewave
current generator. Frequency 1is 15.9 hertz. For any particular
range control and excitation wvoltage control selected the actual
value of excitation voltage {VX) appearing across the sensor resistor
is directly proportional to the magnitude of the ohmic value o©¢f the

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGC, CA 92110 USA
PHONE: 619-299-071% TELEX: 6503322534 MCI UW
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LR-400 4-WIRE RESISTANCE/MUTUAL INDUCTANCE BRIDGE SYSTEM

sensor resistoxr. (VX = 0 wvolts for RX = 0 ohms, VX = 100% excitation
for RX = 100% of range).

Actual constant amplitude excitation current values are listed
below for the six settings of the full scale excitation control.
Voltage and current values shown are R.M.S. {(peak to peak wvalue =
2.83 Root Mean Sgquare value).

RANGE ;06 mv .2 nmv .6 mv 2 mv 6 mv 20 mv
02 ohm §3 mal 10 ma 10 ma 10 ma 10 ma 10ma
.2 ohm |300 uaj 1 ma 3 ma 10 ma 10 ma 10ma
2 ohm |30 ual 100 ua 300 ua 1 ma 3 ma 10ma
20 ohm |3 uaj 190 ua 30 ua 100 ua 300 ua 1 ma
200 ohm |.3 | ual 1 ua 3 ua 10 ua 30 ua 100ua
2K ohm {.03 uval .1 ua .3 na 1  ua 3 ua 10 ua
20K ohm }.003 ua{ .01 ua .03 ua .1 ua .3 ua 1 ua
200Kohm |.0003 ual .001 ua | .003 ua | .01 ua .03 ua .1 ua
mv = millivolts ma = milliamps uva = microamps

For the convenience of the wuser the front panel of the LR-400
contains a table showing all of the above information.

DIGITAL READOUT

4 1/2 digits (189999 counts). Seven segment LED display. One part in
19,999 resolution. Kilohms, ohms, & millichms LED annunciators.
5-1/2 digit resoluting can be obtained by monitoring the front panel
BNC +2 VDC anlog output with an external digital voltmeter.

ACCURACY

+ 0.03% typical, + 0.1% guaranteed for all range/excitaticn
combinations when measured at the front panel BNC output with an
external 5 1/2 digit digital voltmeter, ambient +25 degrees Celsius.

DRIFT (24 HOUR TEST}

Under typical laboratory ambient temperature conditions where Rset =
RX, /AR drift is typically better than 1 part in 20,000 full scale.

RESOLUTION

Digital Display: 1 digit (1 part in 19,999). Analog outputs see
strip-chart recordings, typically 1 part in 200,000 for 20 millivolt
excitation on most ranges. '

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 92110 Usa
PHONE: 619-299-0719 TELEX: 6503322534 MCI UW
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BRIDGE INPUT

Transformer coupled low noise input amplifier optimized for each
range setting.

MCODE
RX : Display reads value of RX.
IAR: Display reads difference between RX and Rset and

indicates polarity.
10 /\R: Same as /\R, but difference is amplified by a factor of 10.

ANALQOG QUTPUTS

A front panel BNC output (+2 VDC) gives a voltage equal to the
digital display with output = +1.999% VDC for a display of +13999F.

A rear panel BNC output gives a voltage (10 VDC span) equal to the
10/\R value at all times. This can be used to drive the model LR-130
temperature controller or a chart recorder.

A rear panel BNC uncalibrated output gives a voltage (+ 10 VDC span}
equal to the quadrature component of the sensor resistor impedance,
or when in mutual inductance mode proportional to the resistive
losses. .

SET RESISTANCE

4 1/2 dials, 1 part in 19,999 resolution on all ranges. A front
panel BNC (Rset input) allows set resistance to be voltage programmed
where "-10 VDC = full scale resistance" for all ranges. With the LR-
4PC unit set resistance resolution is 1 part in 65,535, computer
controlled.

LINEARITY
+.025% full scale for any range-excitation setting.

FILTER TIME CONSTANT

Selectable in steps of 0.3, 1, 3, & 10 seconds, allowing for "fast
output response/noise resolution" trade off's.

LEAD RESISTANCE ERRORS including the error introduced by 16 feet of
sensor cable capacitance:

.2 OHMS TO 20 OHMS RANGE
Lead resistance, any or all four leads, up to 10 ohms will
introduce less than 2 parts in 10,000 error £full scale.

200 OHM TO 20K OHM RANGE:
Lead reslstance any or all leads up to 50% of RX will Introduce
tess than 5 parts in 10,000 error full scale.

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 92110 USA
PHONE: 619-299-0713 TELEX: 6503322534 MCI UW
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LEAD RESISTANCE INDUCED ZERQ COFFSET ERROR

With RX = zero ohms on the 20 milliohm range the bridge will indicate

an offset error in RX due to lead resistance (RL) that is less than:

1 micro-ohm/ohm (RL = 0 ohms to 100 ohms), 2 micro~-ohm/ohm (RL = 100
ohm toc 330 ohm).

DIMENSIONS

7 inches (178 mm} high, 17 inches (432 mm) wide, 17 inches (432 wmm)}
deep. 19 inch rack mounting kit included.

NQISE RESQLUTICHN

Included herein are strip chart redordings showing the noise
resolution/sensor power self-heating trade-off performance of the

LR-400. Typical resolution is better than 10 parts per million for
the 20 MV excitation setting on many ranges. Sensor resistors shown
are at room temperature. Some improvement will occur when sensor

resistors are -at cryogenic temperatures due to their lower Johnson
Noise.

INSTRUCTION MANUAL/CALIBRATION

The detailed instruction manual supplied with each LR-400 allows the
user to adjust the span calibration of each of the 8 ranges as well
as the /\R span and zero offset. A detailed description of all
cirecuits is also included.

DETAILED DESCRIPTION/BLOCK DIAGRAM

Upon request Linear Research will supply a description of the block

- diagram of the LR-400.

PARALLEL DIGITAL INTERFACE COPTION

Rear panel digital interface connector for full external programming
of all front panel controls except set resistance and span trim. Set
resistance can be programmed at the LR~400's analog input driven from
your computer's digital to analog convertor or by our LR-4PC unit.

0/+45VDC Logiec 1Input Levels. This non-standard interface requires
some user design and hardware implementation to use. Not IEEE-488 or
RS5-232. See LR-4PC Personal Computer interface unit section for a

complete system ready-to-run requiring no user design.

BCD DISPLAY OUTPUT OPTION

Rear panel connector with BCD logic output. Four output 1lines per
digit. 0/+ 5VDC Logic OQutput Levels. Not IEEE~488 or RS-232.
Requires some user design and hardware implementation to wuse. See

LR-4PC Personal Computer interface unit section for complete system
requiring no user design. '

MUTUAL INDUCTANCE OPTION

Additional circuitry and front panel mode select switch allows the

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 92110 USA
PHONE: 619-2399-0719 TELEX: 6503322534 MCI UW
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unit to be operated as an auto-balance resistance bridge or as an
auto~balance mutual inductance bridge with full scale ranges of 200
microhenries to 2000 henries in 8 ranges. Ideal for measuring Cerium
Magnesium Nitrate samples for low temperature thermometry.
Resolution is typically at least or better than 1 part in 20,000 on
all mutual inductance ranges., With the LR-HCA unit two lower ranges
of 20 and 2 microhenries £ull scale are available. See also
superconducting sample mutual inductance measurements section.

SQUID READCUT OPTION (REMOTE FRONT-END BALANCING OPTION)

This option allows the LR-400 to self balance a squid system that is
measuring in-phase and gquadrature components of impedance. This
option typically replaces the squid system's manually balanced
precision low level AC impedance bridge and bi-phase null detector
units at an appreciable savings in cost.

Carrier frequency is 15.9 hertz. The ‘*“hands-o0ff" self balancing
feature allows measurements to be made continuously. In addition the
analog output of the LR-400 in this mode can be used to continuously
drive a data acquisition system.

This option allows the user to place a user designed and built front
end voltage balancing transformer in the c¢ryogenic environment near
the sensor resistor, mutual inductance sensor transformer, or SQUID
area allowing for virtual elimination of +the effect of the Johnson
Noise of the room temperature regular balancing transformer-preamp in
the LR-400. There is some minor interfacing design and hardware
building required of the user when implementing this option.

MODEL LR-HCA
HIGH CURRENT ACCESSORY UNIT

This AC line powered self contained rack mountable unit is driven by
the LR-400 unit and contains two high current excitation sources.
Sources are 0.1 and 1.0 amps RMS at 15.9 hertz sinewave.

The user selects via the LR-HCA's front panel controls either an LR-
400 generated excitation current (.0003 microamps to 10 milliamps) or
the LR-HCA generated current.

The following two lower ranges are thus added to system performance:
A, Two milliohms full scale range.
C.1 amp excitation current.
0.1 micro-ohm resolution.

B. 200 micro-ohm full scale range.
1.0 amp excitation current.
0.01 micro-ohm resolution.

All cables necessary for interfacing the LR-HCA to the LR-400 are
included with this unit.

DIMENSIONS: 3.5 inches (8% mm) high, 19 inches (483 mm) wide, 14

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 92110 Usa
PHONE: 619-283-0719 : TELEX: 6503322534 MCI uw
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inches (356 mm)} deep. Rack mountable.

MODEL LR-4PC
PERSONAL COMPUTER INTERFACE FOR THE LR-400

The Model LR-4PC Personal Computer Interface will directly drive the
LR—400's digital interface option, display output option, and analog
set resistance/set mutual inductance input (set temperature).

Complete interfacing and control of all of the LR-400's controls from
an IBM~PC Personal Computer or eqgquivalent is thus achieved.

You can control the LR-400's range, excitation power, mode, filter
time constant, and set resistance (set temperature} or mutual
inductance, and also read the value of the digital panel meter, such
as RX. /MR, and 10/\R, with your IBM-PC/XT/AT, or equivalent, using
standard computer languages such as Microsoft QUICK BASIC,

This is a complete working system and requires no user hardware
design. The user, of course, must write his own BASIC software
programs. The ‘user simply plugs in the plug-in board, supplied with
the LR-4PC, into his IBM Personal Computer (or equivalent) in one of
the vacant slots. Two digital signal carrying cables supplied are
connected from the LR-4PC to the LR-400 to control the digital
interface and display cutput options.

The analog voltage set resistance signal 1s generated in the LR-4PC
by a precision 16 binary bit digital to analog convertor under
contrel of the IBM-PC.

The analog Rset signal is connected from the LR-4PC to a 9 pin rear
panel connector on the LR-400 with a supplied shielded cable that
eliminates ground loop noise.

The analog voltage set resistance signal output has the following
characteristics:

A. Monotonic performance is +1 part in 65,535. Thus set temperature
can be set with this resolution. This performance is sometimes
referred to as differential linearity. It is the most important
specification feature in any digital driven feedback system. This
is especially true for set resistance temperature control systems
where temperature is being "ramped" over small or large spans with
staircase changes in set resistance. 1In a monotonic system such as
ours, each successive ascending staircase step will be higher than
the last step by a fixed one step size amount. In a non-monotonic
system successive ascending steps may randomly be more or less than
the last step by one or a few step sizes, even though the span
linearity specification is fully met. Monotonicity for the LR-4PC
is good over an ambient temperature range of 0/+70 degrees Celsius.

B. 8pan linearity is 1 part in 10,000 at 25 degrees Celsius. This
is sometimes referred to as integral linearity, which is the maximum
deviation from the best straight line through all output voltage

LINEAR RESEARCH INC., 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 92110 usa
PHONE: 619-299-0719 TELEX: 6503322534 MCI UW
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points.

C. 8Span end point drift over a 25C +15C temperature range is
typically less than +.03%

The LR-4PC is not an IEEE-488 or RS-232 Interface. The IEEE-488
interface is more noisy, with regard to radio frequency interference,
and requires an IEEE~-488 bus controller board in your computer.

DIMENSIONS: 3.5 inches (8% mm) high, 19 inches (483 rmm) wide, 14
inches (356 mm) deep. Rack mountable.

WARRANTY/REPAIR
For all wunits described above Linear Research Inc. will repair the
instrument for the first year, free of charge, parts and labor.

SUPERCONDUCTING SAMPLE MUTUAL INDUCTANCE MEASUREMENTS
WITH THE LR-400

The LR-400 is connected to the mutual inductance transformer as shown
in figure 5. This figure shows separated current excitation and
voltage sampling leads. Supplied for this measurement is our "split"
sensor cable where the current excitation 1leads are separated
slightly £xom the voltage balancing 1leads so therxe 1is no induced
voltage in the voltage sampling leads due to the magnetic field set
up by the current in the current excitation leads.-

Figure 5 shows polarity with regard to the primary and secondaries

cf the transformers. Shown 1is the case of two transformers with
individual primaries and the case o©0f a single transformer with a
single primary and dual secondaries. In both cases the ocutputs of

the secondaries are connected so that induced voltages subtract, or
buck each other, to give a null output voltage.

The sample is placed between the primary and one secondary. The
other secondary is simply a "reference" secondary. Any changes in
the flux exclusion or Meissner effect in the sample will then yield a
change in mutual inductance, giving a DC output at the LR-400. The
initial offset in mutual inductance when the sample is first placed
into the coil, and when it is non-superconducting, can be seit tu zero
by the LR-400's 4-1/2 digit set mutual inductance dials.

Users report good operation with a temperature controlled finger
thermally isclated from liquid hellilum, but heat sunk eventually into
ligquid helium, and with the mutual inductance transformer coils wound
directly outside of the finger area, such that the coils themselves

are immersed in liquid helium, The sample is placed on 'the fingerx
and the temperature is varied. Then the change in mutual inductance
is measured as a. £function of temperature. Alternatively, the

temperature can be held constant and a DC magnetic field, £rom a
superconducting magnet can be applied to the sample, and the thange

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 92110 USA
PHONE: 619-299-0719 : TELEX: 6503322534 MCI UW



LR-400 100-10
LR-400 4-WIRE RESISTANCE/MUTUAL |petruction Manual

in mutual inductance as a function of DC magnetic field can then be
measured.

In a typical example, shown in figure 1A & 1B, a non-magnetic, low
susceptibility, tubular structure holds or incorporates the bobbins
upon which the primary and secondary coils are wound. The usual
order of magnitude of dimensions are: A=B=C,

D=0 to 1.0A, E=2D to 4D.

A cryogenic £fluid, such as 1liquid helium or liquid nitrogen,
surrounds and immerses all coils. This affords a reduction in the
copper wire resistance of the coils compared to their room
temperature resistance. The electrical Johnson noise of the coils is
also reduced compared to the room temperature noise by the square
root of the ratio of the cryogenic temperature to room temperature.

A payload structure, not shown, is 1inserted inside the tubular
structure and is comprised of the following:

A non-magnetic low susceptibility outer shell holding inside a high
thermal conductivity, low eddie current 1loss, temperature controlled
mass which has attached & temperature sensor, an electrical
resistive- heater, and the superconducting sample. The temperature
controlled mass must have a heat leak to the cryogenic £luid either
by radiation or by conduction via a metallic tube, wire, or rod. The
temperature controlled mass must be thermally isclated, usually by a
vacuum, Exrom the pavlioad structure except £for the heat leak.
Provisions for electrical feed throughs must be included in the
payload structure for electrical connections to the heater and the
temperature sensor.

In figures 1 through 4: 81 = secondary number one, Pl = primary
number one, etc. All have electric pelarities as shown in figure 5,
X = superconducting sample to be measured.

LINEAR RESEARCH INC. 5231 CUSHMAN PLACE, X21 SAN DIEGO, CA 921190 USaA
PHONE: 619-299-0719 TELEX: 6503322534 MCI UW
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BLOCK DIAGRAM DESCRIPTION 200-1

Refer to Block Dilagram, LR-400

Notice, in the upper left-hand corner, that the 10 volt
reference is applied to the multiplier. Assume that the
unit is in the resistance operating mode (as opposed to the
mutual inductance mode). A digital sinewave is also applied
to multiplier #1 from the digital sine/cosine generator,
creating a f£ixed amplitude analog sinewave at the multiplier
#1 output.

This sinewave is now fed to attenuator #1. The required
value of attenuation is determined by the front panel
resistance range and excitation settings. The sinewave
output of attenuator #1 drives the current generator that
generates a sinewave of current, Iexc. This current is fed
via pins 1 & 2 of the sensor connector to the sensor
resistor Rx at points Ihigh and Ilow. The current, Iexc,
fed into Rx is a true AC constant current, and thus is
independent of the magnitude of line resistance between
sensor pins 1 & 2 and the Ihigh and Ilow points at Rx.

Across points Vhigh and Vliow at Rx a sinewave voltage will
be generated proportional to Iexc and Rx {and,
unfortunately, any capacitive impedence, as well, that
happens to be 1n the sensor cable). VRX will be the voltage
thus generated. It is sampled and sent back via pins 5 & 4
of the sensor connector to one side of the input of the
preamp and to one side of the balance transformer.

Assume for the moment that an almost equal and opposite
voltage (Vbalance) is present at the secondary side of the
voltage balancing transformer (i.e. VRX = Vbal). Then the
input to the preamp and, in this case the preamp
transformer, is essentially a very low level voltage null
signal. The input transformer at the preamp and the preamp
itself will amplify this null signal by a gain of
appriximately 100. This amplified null signal is then fed
to the tuned amplifier.

The tuned amplifier consists of five stages of tuned
amplification, each has a center frequency of 15.9 hertz
with an approximate gain per stage of 4, thus giving a total
voltage galn for the 5 stages of approximately 1000. This
tuned amplifier serves to reject undesireable 50 and 60
hertz power line pick-up and power line harmonics. The
front panel controls the attenuator gain, shown connected
between the first 2 stages and tne last 3 stages of the
tuned amplifier. This attenuator will attenuate the signal
to yield an optimum het gain through the tuned amplifier for
proper closed loop stability of the bridge. This
attenuator's gain is fixed for any front panel setting.

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAL



BLOCK DIAGRAM DESCRIPTION 200-2

The output of the tuned amplifier is fed, simultaneously, to
the in-phase phase detector and the gquadrature phase
detector. The in-phase phase detector in the resistance
mode is driven by a square wave in phase with the sinewave
present at the output of the #1 multiplier (in-phase with
the Iexc current). The quadrature phase detector is driven
by a square wave 30 degrees out of phase with the Iexc
current (a cosinewave). The DC components present at the
output of these phase sensitive detectors are fed to high
gain RC integrators.

The in-phase integrator generates a DC voltage essentially
proportional to the resistive amplitude of -/\R. It is then
fed to 3 op-amps. The first inverting op-amp with a gain of
-1 combines this -/\R with -Rset yielding an output of Rx
(the resistive component of Rx). Since /\R = Rx -Rset, by
definition, then Rx = Rset + /\R. Remember that we are
talking -about DC voltages now, not 15.9 hertz sinewave
voltages.

The second inverting op-amp with a gain of -1 yields an
output of +/\R. The third inverting op-amp has a gain of
~10 and yields an output proportional to +10/\R.

The -Rset input mentioned above consists of the sum of an
external -Rset input at the front panel BNC combined with
the -Rset DC voltage generator that is controlled by the 5
fingertip operated Rset dials on the front panel. These
three signals are sent to the solid state selector switch
which connects the buffer output amplifier either to Rx,
/\R, or 10/\R. It selects only one of the three and ignores
the other two. The buffer amplifier output is sent to a 5
to 1 resistive attenuation network which then drives the
display output BNC yielding a full scale span signal of #+ 2
volts.

Meanwhile Rx, also called the in-phase feedback signal, is
also sent to multiplier #2, the in-phase multiplier. The
in-phase multiplier generates an analog sinewave of variable
amplitude, proportional to the value of Rx {the in-phase
feedback signal). If the in-phase feedback signal is zero,
the sinewave output of multiplier #2 is zero. If the in-
phase feedback signal is 10 volts (maximum span) then the
sinewave output of multiplier #2 is a sinewave of large
amplitude. This analog sinewave proportional to the
resistive value of Rx is now fed to attenuator #2.

Let us now return to the quadrature phase detector. The
gquadrature phase detector drives the quadrature integrator.
The variable DC output of this integrator is fed to the rear
panel BNC as the quadrature output DC monitoring test point
signal. If there were no quadrature error associated with
the sensor resistor (that is, if there were no distributed
capacitance across the sensor cable) this value of

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAL



BLOCK DIAGRAM DESCRIPTION 200-3

quadrature output voltage would be zero. There i3 however,
always a small amount of capacitance or phase shift present.

This quadrature integrator output signal, now called the
guadrature feedback signal is also sent to multiplier #3,
the quadrature multiplier. This is driven by a digital
cosinewave. The guadrature multiplier generates an analog
cosinewave output of variable amplitude depending upon the
value of the input quadrature feedback signal. This is

similar in amplitude operation to the in-phase multiplier
Just described. This analog cosinewave proportional to the

quadrature value of Rx is now fed to attenuator #3.
Attenuators 2 & 3 have gains determined by the setting of
the front panel resistance and excitation ranges. These
have been optimized for best closed loop response.

Attenuators 2 & 3 drive the summing amplifier. It then
drives the primary of the voltage balancing steip-down
transformer.

The step-down ration is 166 to 1. This transformer yields,
at its secondary, the voltage balancing signal Vbal
previously mentioned. Thus the Vbal voltage exactly
balances the VRX voltage across the sensor yielding the
previously mentioned null voltage at the pre-amplifier input
transformer.

Essentially the value of the null signal will be as close to
0 as the DC gains of the in-phase and quadrature integrators
will permit, ideally reaching 0 voltage for integrators with
DC gains of infinity. The gains of these two integrators at
close to DC are in fact greater than 100,000 and are
relatively stable with time and temperature. Therefore any
error that 1s present at the preamp will be a fairly stable
error and the changes in this error will probably be less
than a few parts per million.

Hence we have a theoretical stability of a few parts per
million on the basis of the block diagram if we assume that
all of the resistors, all of the attenuators, and all of the
multipliers are stable with time and temperature. The
voltage at the output of the integrators covers the span of
+10 volts. This value is used because multipliers #1, #2, &
#3 can handle a fairly large input voltage and the op-amps,
working from a + 15 volt power supply, can easily deliver
+10 volts.

Elsewhere in the system the attenuators are of the CMOS
integrated circuit type that can handle only a maximum
analog signal of +8 volts. Accordingly, in this area,
sinewaves and cosinewaves are restricted to less than +8
volts. Accordingly, in this area, sinewaves and cosinewaves
are restricted to less than +8 wvolts. The philosophy has
been to try to work with as high an amplitude of analog
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BLOCK DIAGRAM DESCRIPTION - 200-4

voltage as possible within the bridge. It is only after the
Rx, /\R, and 10/\R selector and buffer amplifier that this
signal is attenuated to a 2 volt level. The bridge delivers
an output signal that can be easily monitored by an external
digital voltmeter that reads 19,999 or 199,999 counts.

But inside the instrument, all DC feedback voltages are
based on 10 volts DC equalling full scale for Rx. Thus the
10 /\R BNC test point at the rear panel has a span of +10
volts, whereas the display output at the front panel, which
is designed to drive an external digital voltmeter, has a 12
volt span. Thus when driving a temperature controller, the
rear panel 10/\R, +10 volt output should be used.

This is also reflected in the fact that the Rset input at
the front BNC has a span of -10 volts, and the reference
voltage to multipliexr #1 is +10 volts. If you were
monitoring the DC feedback points to multiplier #2, the in-
phase multiplier or multiplier #3, the guadrature
multiplier, these signals would have spans of *+10 volts.

In the mutual inductance or "L" mode {(instead of the
resistance mode) multiplier #1 is driven by a digital
cosinewave. Hence its output is an analog cosinewave. The
primary of the unknown mutual inductance is now driven by a
fixed amplitude constant AC cosine current source. The
secondary of the mutual inductance will generate a sinewave
analog voltage proportional to the value of mutual
inductance, since Vx = (Iexc) (M}.

Now since Iexc is at 90 degrees (a cosinewave) and M is a
reactive impedance coupling at 90 degrees, we have two 30
degree phase shifts thus yielding a 180 degree phase shift
‘which now can be processed by pins 5 & 4 of the Vhigh and
the Vlow exactly as if this signal were generated by a
resistive sensor. The previous discussion holds true in all
respects for the operation of the instrument except now the
Rx and the /\R values become Mx and /\M values, and the
quadrature output is now an indication of the resistive
losses in the mutual inductance.

Return now to the +10 volt reference source that drives
multiplier #1. This +10 volt DC may be varied by the ten
turn front panel helipot control called span. Nominal
{factory calibration)} setting for this control is 500. This
can be varied from 000 to 999, thus yielding a change in
excitation currnt of approximately + 1%. Thus this acts as
a front panel calibration control. For example, the bridge
can be made to read exactly 1/2 full scale for a sensor
resistor that is over or under 1/2 full scale by 1%.

The 4-1/2 dial set resistance DC generator will not be

affected by the front panel span helipot and if it is set to
1/2 scale i.e: "10000", the /\R and 10 /\R should still read

LINEAR RESEARCH INC,. LR~400 INSTRUCTION MANUAL



BLOCK DIAGRAM DESCRIPTION 200-5

zero. This 18 8o because, although for simpliclty not shown
on the block diagram, the Rset DC generator is driven by the
output of the +10 volt reference supply. And as the 10 volt
reference supply is varied by the span control, so too is
the span of the Rset DC generator varied. However, the Rset
input from the front BNC will not yield a /\R or 10/\R
balance if the span is changed from 500, but will show a
span error proportional to the deviation of the span
setting.

For simplicity the block diagram shows the quadrature
correction signal driving the V-balancing transformer. This
is true for the mutual inductance mode and the resistance
mode lower ranges of .02 through 200 ohms. This is so
because sensor cable series inductance/resistance is the
main problem for these ranges.

However, when the bridge is operating in the three highest
ranges of 2K, 20K, and 200K ohms the quadrature correction
is fed to the current generator, since sensor cable parallel
distributed capacitance is the main problem for these
ranges.

LINEAR RESEARCH INC, LR-400 INSTRUCTION MANUAL



GENERAL INFORMATION 300-1

1. In temperature control applications the digital panel
meter plays no part other than a voltage monitor. The R-set
controls are very stable and offer excellent temperature
stability. Changing the "mode" from "Rx" to "/\R" or
"16/\R" will not upset the temperature controlled system and
is very helpful if one wants to know the actual value of Rx
when Rx is not equal to Rset (due to the the thermal system
having not yet settled). The rear panel 10/\R BNC has a
span of +10 volts. The front panel 10/\R output has a span
of +2 VDC. Use the rear panel BNC for temperature controel
applications.

2. The LR-400 will work directly with Linear Research Model
LR-130 Temperature Controllers that have variable DC gain
controls (eg: all LR-130 units made after April 1980).

3. The overload light will go on due to open current
excitation leads, high AC "IR" drop in the excitation leads,
or overload in the quadrature balance circuit. Quadrature
balance has the same span as does in-~phase balance (eg: the
bridge will balance a 20K ohm resistor in parallel with a
capacitor whose reactive impedance at 1l6hz is 20K ohms. For
more details see the 402 preamp board description.

4, For improved digital readout connect your stable 5-1/2
digit digital voltmeter to the front panel BNC "display
out". Source resistance for this output is 4K ohms. The
panel meter is also connected across this point. Your DVM
should have >>4K ohm input impedance. Most have 1,000Meg
ohms on the 2VDC range. See paragraph 9 also.

5. The front panel "span" 10 turn helipot will vary the span
of the bridge for all ranges. Thus the display & display
out BNC can be made %o read 1,0000 VDC on the 200 ohm range
for an Rx~<99.5 ohms or Rx100.5 ohms.

6. Digital Panel Meter.

A six page manufacturer's spec sheet of the LR-400's digital
panel meter is enclosed. ("Texmate Inc. RP-4500D 4-1/2
digit panel meter").

CAUTION - The digital panel meter (DPM) uses 120 VAC/60hz orx
240 VAC/50hz as input power at its rear 15 pin connector,

Do not plug this connector in backwards or into the "BCD out
option" as this will destroy the panel meter.

7. The bridge itself is quite stable but the built in front
panel digital panel meter might show some war-up drift (zero
& span) #1 count ncise,

8. To calibrate the span of the digital panel meter:
Disconnect A.C. power cord. Remove red bezel by inserting a
screwdriver into the slot under the meter bezel and gently
pry upward and outward until the bezel comes away. The span

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAL



GENERAL INFORMATION 300-2

adjustment is the trimpot in the lower right hand corner.
There is no zero adjustment for the DPM itself.

9, +2 VDC BNC output source impedance loading.
An external device such as a strip chart recorder, DVM, etc.
will load this output giving an apparent reduction in

"span". If Rload = lO0meg ohm the reduction in span is 0.04%.

10. A seperate Printed Circuit board extender card is
included foxr troubleshooting.

CAUTION: Plugging printed circuit boards into the wrong
slot may cause permanent damage to the boards. Each PC
board is labelled with a number (eg: 402 through 407) and
the mother board is also labelled with the corresponding
number along side the correct connector. Turn power off

when removing boards. Turn power on only when all boards
are in slots.

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAL



GENERAL INFORMATION 300-3 A

11. AUTC-BALANCE MUTUAL INDUCTANCE. READCQUT IS TN HENRYS.
MUTUAL INDUCTANCE IN HENRYS RESISTANCE RANGE
FULL SCALE FULL SCALE
200 micro henry .02 ohm
2 milli henry 2 ohm
20 wmilli henry 2 ohm
200 milli henry 20 ohm
2 henry 200 ohm
26 henry 2k ohm
200  henry ' 20k ohm
2000 henry 200k ohm

For high "Q" mutual inductors, when first setting up a new
system monitor sensor connector pin 2, the sensor excitation
lead, for possible high frequency oscillations. To kill
oscillations add a film capacitor across the excitation
leads.

Connect the primary of the mutual inductor to sensor pins 1
& 2. Connect the secondary of the mutual inductor to sensor
pins 4 & 5. If output polarity is "-" reverse 4 & 5 for a
"+"* output. Rset dials will work only with a "+" output.

12. The unit has 120 VAC (or 240 VAC) power present on the
power supply connectors and at the digital panel meter. It
is alsoc present at the rear panel. Be careful.

13. BCD OUTPUT OPTION FOR DIGITAL PANEL METER.

The pin out for the rear panel 25 pin connector for the BCD
output opticon is shown in the following digital panel meter
digits out table. :

A description of this option {"Texmate RP-4500 BCD parallel

BCD output option”) is in the DPM manufacturer's four page
spec sheet that is herewith included.

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAL



GENERAL INFORMATION : 300-3 B

SET RESISTANCE/SET MUTUAL INDUCTANCE POLARITY TOGGLE SWITCH

For LR-40C units that include the mutual inductance option a
front panel polarity switch associated with the R-set dials
is incorporated.

When operating in the resistance mode, this switch must
always be set to plus.

wWhen operating in the mutual inductance mode the switch may
be set either to plus or minus. The minus setting, in this
case, would be used to balance out a negative mutual
inductance.

Missetting the toggle switch fto minus in the resistance mede
might result in error readings on the digital panel meter
when Rx values are above midrange and the R-set dial setting
is above midrange,



GENERAL INFORMATION 300-4
14, DIGITAL PANEL METER - DIGITS QUT TABLE

DBR-25 25-PIN 15 PIN CARD EDGE NAME/FUNCTION.
REAR PANEL CONNECTOR AT THE

CONNECTOR DIGITAL PANEL METER

1 4 10,000's
2 H 8,000's .
3 F 4,000's

4 & 2.000's

5 7 1,000's

6 K 800°'s

7 J 400's

8 8 200's

9 9 100's
10 M 80's
11 L 40's
12 10 20's
13 11 10's
14 P 8's
15 N 4's
16 12 2's .
17 13 1's
18 E Rigital Ground

19 5 Over Range output

20 A not data Ready output

21 1 not Print command output
22 D Polarity output .
23 i5 not busy output

24 14 not hold output

25 R Output enable

LINEAR RESEARCH INC.

{internally
grounded) .
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GENERAL INFORMATION 300-5

15, LOGIC CONTROL INPUT OPTION

A category list and pin-out list for the rear panel 25 pin
connector for logic control inputs are shown in the
following tables.

Apply zero V.D.C. to select the various operating features.
Apply +5 V.D.C. to deselect all other lines. +5 V.D.C. must
be referenced to ground, pin 25.

Do not make an illegal selection {(eg: you cannot select both
"1l sec" and "3 sec" at the same time). Also you must make
one selection in each category but select only gne feature
from each category at any one time. Logic "low" (zero vdc)
selects the features. Never apply logic "low" to all input
lines continuously at once as this might overload the 016
CM0OS8 analog switches inside the LR-400 and cause a device
failure.

In the remote mode, when the rear panel DB-25 connector is
disconnected, all input logic lines go to "high" and all
features are deselected. This should cause no damage to the
LR-400. However, when not operating in the remote mode keep
the front panel toggle switch in the normal (not remote)
position,

To enable the rear panel logic input option the front panel
toggle switch must be in the "remote" position. A mating 25
line inside the LR-400 is an input to a 339 comparatox
device located on the 408 interface board. The loading is
thus less than one microamp for each logic line.

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAL



GENERAL INFORMATION 300-6

16. LOGIC CONTROL INPUT OPTION CATEGORY LIST

Select one line only from each of three following categories
of operating features. 0Ovdc = select, +5 vdc = non-select.
No lines may be left open. Apply either Ovde or +5 vdec to
every line.

CATEGORY FEATURE NAME REMARKS
A (one line) RES/MI zero vdc =
: resistance mode.
+5vde =
mutual inductance
mode . .
B (three lines) Rx with mutual
AR inductance mode
18/\R selected: Rx -> Lx,

AR =-> /AL and
10/\R -> 10/\L
{L=inductance)

¢ (four lines) . 3s
1ls
3s
10s
D (six lines) .06 mv
.2
.6
2 mv
6 mv
20  mv
E (eight lines) .02 ohms 200 uh }
.2 ohms 2 mh } with
2 ohms 20 mh } mutual
20 ohms 200 mh ? inductance
200 ohms 2 h } selected
2K ohms 20 h 1}
20K ohms 200 h 1}
200K ohms 2000 h 1}

LINEAR RESEARCH INC, LR-400 INSTRUCTION MANUAL



GENERAL INFORMATION 300-7

17. LOGIC CONTROL_ INPUTS CONNECTOR PIN-OUT TABLE

CATEGORY DB-25 25 PIN CONNECTOR DESCRIPTION
REAR PANEL .
A 1 Resistance/mutual
inductance
B 2 Rx
3 AR
4 10/\R
c 5 .3 sec
6 1 sec
7 3 sec
8 10 sec
D 9 .06 mv
190 .2 mv
11 .6 mv
12 Z mv
13 6 mv
14 20 mv
E 15 .02 ohms
16 .2 ohms
17 2 ohms
18 20 ohms
19 200 ohms
20 2K ohms
21 20K ohms
22 200K ohms
- 23 not used (spare)
- 24 not used (spare}
- 25 ground (must be

connected to user's
powelr supply ground.
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SECTION 400 PLUG-IN BOARD CIRCUIT DESCRIPTION.

BOARD 4902 PREAMP

BOARD 403 CURRENT GENERATOR

BOARD 404 PHASE DETECTOR AND I RANGE .
BOARD 405 ATTENUATOR

BOARD 406 MULTIPLIER

BOARD 407 R~SET AND LED DRIVE

BOARD 408 INTERFACE

BOARD 102A TUNED AMPLIFIER .
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Board 402 Preamp

As shown on the 401 Mother Board Schematic in the section
for the 402 preamp board, the input error signal /\V,
appearing between card edge pins 1 & 3 is derived from the
following: The voltage VX (v-x) generated across the sensor
registor due to the excitation current, Iexcitation, (I~
excitation) and an equal and, ideally, opposite polarity
voltage Vbalance (V-balance) from T2, the voltage balancing
step—-down transformer.

This /\V signal is fed to the 402 board, goes to £field
effect transistor pair Q3A/Q3B, for the 200 Kilohm range, or
through a series of reed relays to T1 the input transformer
for all other resistance ranges.

The relays connect the dual primaries of the lnput
transformer Tl to a parallel mode for the lowest ranges .02
through 2K ohms and to a series mode for the higher ranges.
This gives the lowest noise on the lowest ranges (input
resistances of the primary windings are in parallel,
minimizing Johnson voltage noise) and in the higher ranges
20K & 200K ohms it affords a larger input transformer
inductance by placing the windings in series mutually
coupled additive. This ladder case gives a high inductive
reactance, thus minimizing the loading of Rx.

The secondary of this input transformer Tl couples the
signal to £ield effect transistor pair, Q4A/Q4B, that act
as high input impedance buffers. These drive push-pull
differential amplifier, op-amp 21. Then op-amp 22 resolves
this push-pull signal to a single-ended signal referenced to
ground via 4 each 10K 1% resistors.

In the next stage, solid state switch 24, under control of
logic, accounts for the fact that on the lower ranges the
transformer voltage gain is twice as large as on the higher
ranges because the primary windings are in parallel. Thus,
in the lower ranges .02 through 2K, the signal is picked oft
at chip 24-11 (attenuated by 1/2). On the higher ranges,
20K & 200K, the signal is picked off at chip 24-8 (no
attenuation)}.

Op~amp 23 acts as a buffer amplifier, sending its output
signal via board pin 45 to the tuned amplifier board 102A.
The logic controlling the reed relays that connect the input
transformer primary windings in parallel or in series is via
buffer chip 18. Input logic signals drive that device from
board pins 37 & 38. :

Device 19 and 20 are used to monitor overload conditions and
turn on the front panel overload light emitting diode (LED).
This overload can be due to either:

1. An excessive voltage present at the current sample, which
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comes from the current generator board 403, caused by an
overange Rx or an open sensor lead, etc.
2. A guadrature overload signal from the phase detector
board 404,caused by the quadrature integrator locking up,
due to excessive resistance in mutual inductance mode, or
the reversal of the sensor connector leads in the higher
ranges of 2K, 20K, & 200K ohms, example:
correct: J1-1 to J1-4 at Rx top

J1-2 to J1-5 at Rx bottom
wrong: Ji-1 to J1-5 at Rx top

J1-2 to Jl1-4 at Rx bottom

This is because guadrature correction feedback is wvia the
Iexcitation channel and if in the "wrong" hook-up, as shown
above, the net feedback is positive thus causing the
quadrature integrator to eventually lock-up at the power
supply rail. Also, when in the "wrong" hook-up, the front
panel digital panel meter & B.C.D. output signal polarity
will read negative instead of positive when measuring
resistance.

3 .An overload condition on the dual input field effect
transistor Q3 when the unit is operating on 200,000 ohm
range. There are no trimpots or adjustable controls on this
board. When troubleshooting this board note that chlps 19 &
20 have their outputs in parallel so a fault in this area
could be caused by either chip. Replace both if one is bad.
Use an ohmmeter across the relay contacts K7 through K190
to check relay operation,

Take care if replacing the relays to be sure that new relays
are installed with regard to proper pin-out polarity.
(Labeling on relays when correctly installed will read
upside down).
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Board 403 Current Generator

As shown on the mother board schematic, the current
generator board 403 accepts input sinewave signals (at board
edge pins 24---38 from the I-range board 404, and logic
inputs from the logic bus at board edge pins 33---34. Board
403 generates the excitation current used to excite the
sensor resistor.

For the higher resistance ranges (200 chms through 200
kilohms) the input signals are fed through precision high
value current determining resistors (3.32 kilohms~-~33.2 meg
ohms) by reed relays to the summing junction of the current
generator op-amp chip 11 creating a precise and stable
excitation current Iexcitation.

The relays K3 through K6 are selected by reed relay driver
chip 17 depending upon the input range logic. The current
generator op-amp configuration includes amplifiers 11, 12,
13, 14 & 15. Op-amp 11 is a field effect transistor op-amp
buffer that is used to assure that the input to this
amplifier configuration has a very low excitation error
input current at the summing junction.

Op-amp 12 acts as the main voltage gain portion of the
configuration in that it has high voltage gain at 15.9
hertz, whereas op-amps 13, 14, & 15 act as parallel unity
voltage gain buffers that generate sufficient current for
the 10 milliamps RMS (+ 14.1 milliamps DC) current ranges.

Should the sensor connector lines from board pins 2 & 5 to
the sensor resistor Rx be open, or an excessive sensor
resistance or line resistance for that range be present,
board pin 6 will experience an excessively high voltage
signal. This signal is sent to the preamp at 402-40 as an
overload sample signal to light the front panel overload
LED.

For the four lower ranges ( .02 ohms through 20 ohms) a
slightly different set-up is used. Instead of a single
resistor to determine the excitation current to the summing
junction, the current is determined by a feed-back array.

In the case of the 20 ohm range, the current determining
resistor is 3.32 Kilohms, a resistance not large compared
to the on resistance of reed relay K2 that connects to the
main op-amp summing junction.

Thus we use op-amps 7, 8 & 9 to assure that the current is
based only upon the 3.32K resistor itself and none of the
external spurious resistances. Solid state switch 10 is
used to assure that this current will be sent to power
supply ground when the 20 ohm range is not selected (K1
open).
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Similarxly for the lowest three ranges of .02, .2, and 2 ohms
the input signal at pin 38 is processed by the circuit
composed of «c¢hips 1, 2, 3, 4, 5 & 6 and the 332 ohm
resistor. This assures that the current into the summing
junction of the main op-amp is determined solely by the 332
ohm resistor and not by any other spurious resistances such
as the K1 on resistance.

In the upper part of the schematic the eight diode array is
used as a voltage clamp. When the sensor resistor Rx is
open, or very large the voltage present at the summing
Junction of the main op-amp chip 11 is clamped by these
diodes and doesn't give large voltage swings that could
possibly damage solid state switch 10.

There are no alignment controls on this board.

When troubleshooting this board use an ohmmeter across the
relay contacts K1 through K6 to check relay operation.

Take care if replacing the relays to be sure that new relays
are installed with regard to proper pin-out polarity.
{labelling on relays when correctly installed will read
upside down}.

Check also that the op-amps used in parallel to generate
high excitation currents (op-amps 13, 14 & 15 and 2, 3, & 4)
are not locked up at one of the power supplies rails or that
their outputs have not shorted. 1If one is bad, or runs hot
to the touch, replace all three. We want to be sure that
the current is equally shared between the three op-amps that
are connected in parallel.
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Board 404 Phage Detector and I Range

There are two distinct portions or features on this board.
On the right hand side of the 404 board schematic is feature
1, the I range (current range)} section. Here the current
excitation signal, at board edge pin 20, from the 405
attenuator board, is used to drive the circuits for
calibrating all eight of the resistance ranges.

The 8 each ten turn mother board mounted potentiometers
that are used for this calibration are shown inside a
dashed line block. As shown on the mother board schematic,
the cutput of the 405 attenuator board on 405 beard pins 39
& 40 are used to drive the 8 range calibration ten turn
pots on the mother board.

These pots are driven in parallel and thelr wiper arms are
fed to 404 board pins 45, 44, 22, 21, 24, 25, 23 & 43.

These signals are combined with the main current excitation
signal from board pin 20 via the 1K and the 37K (36.5K)
resistor networks selected by the range logic. These
calibrated signals are then delivered through buffer op-
amps as output signals that will drive the current generator
board 403.

An interesting feature of this section of board 404 is that
for the three lowest ranges of .02, .2 & 2 ohms, pin 42
delivers the signal for all 3 ranges. Hence op-amp 25 is
configured for three different selectable voltage gains. The
gain selected is determined by the bridge's resistance
range and excitation range. The 11.7K, 1.17K, and 130 ohm
resistors give the reguired gain and are selected by chip 20
and 21.

There are no adjustable controls to align in the I range
section of the 404 board.Troubleshooting this section is
straight forward. Check the outputs of all the op-amps to
be sure that none of them are defective {locked-up at a
supply rail voltage).

On the mother board schematic the phase detector section
(which is feature 2 of board 4904) is shown in block
diagram outline separate from the I range section of board
404. The signal from the tuned amplifier coming in on board
pin 1 is buffered with op-amp 1. Another amplifier, op-amp
2, gives an inverting unity gain signal which is used to
drive both the in-phase (zero degree) and the quadrature
(90 degree) phase detectors both on chip 4.

These phase detectors are driven in the proper phase by

logic signals from the multipliier board coming in on pins 3
& 4. The quadrature, 90 degree, or co-sine, phase detector
is used to drive integrator op-amp 3 which has an integrator
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time constant of 0.33 seconds composed of a 330K resistor
and a 1 microfarad capacitor.

The output of op-amp 3, board pin 2, is the quadrature feed-
back signal which is sent to the multiplier board to drive
the quadrature multiplier. This signal is also sent to the
rear panel quadrature output BNC which is a + 10 volt
monitoring point. This signal is also sent to the preamp
board to be monitored as an overload LED drive signal.

The in-phase, zero degree, or sine, phase detector signal is
sent to integrator op—amp 7 which has a time constant
variable from 0.33 to 10 seconds. This time constant is
determined by the 10 microfarad capacitor shown and one of
the four resistors which have values ranging from 33K to 1
megohm. The two diodes shown force the time constant into
the 0.3 second mode for large signal charges.

The front panel filter time constant switch determines which
one of these resistors is selected. For clarity, the front
panel filter time constant switch and the polarity of the
signal from it are shown on the left hand side 6f£ the 404
schematic. O©Of course, what is not shown in this schematic
area is that when the digital interface board is a selected
option the filter time constant logic signals will pass
through the 407 board.

In—-phase integrator op—-amp 7 has a zero voltage off-set
trimpot control R7. The output of op-amp 7 is the (-/\R)
signal which drives op-amps 8, 9, and 10 to give signals for
(#RX), (+/\R) and{+10 /\R}), respectively.

Op-amp 8 has two other inputs. One is the internal Rset (R-
set) signal coming from the R-set board 407 which is derived
from the front panel finger-tip operated R-set rotary
switches. The other input is the external Rset signal coming
in on pin 12 from the front panel R-set input BNC. The
internal and the external Rset signals both have spans of O
to -10 volts.

The output of op-amp 8 is alsc sent as a voltage feedback
signal on board pin 10 to the Vbalance multiplier on the 406
multiplier board. These three signals are sent to device
12, which acts as a 1 pole 3 position solid state switch.
This switch selects either the RX, /\R, or 10/\R signal and
feeds it to unity gain buffer 13. Chip 13's output signal
span is 10 VvDC. This +10 VDC is then reduced by resistor
chip 16 to a #2 VDC signal. This + 2 VDC signal is sent
from board pin 13 to the front panel digital voltmeter.
This signal is also sent to the front panel BNC cutput
labelled "display out % 2 VDC",

Op-amp 9, with a gain of minus 1 simply inverts the (-/\R]
signal. Trimpot R9 between the two 15K resistors will
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aliow thls op-amp to have its gain trimmed to the nominal
value.

Op-amp 10 has a gain of 10 determined by resistoxr chip
network 14 and generates the (+10 /\R) signal from the (-
/\R) signal. The trimpot labelled R10 serves to trim this
gain to the nominal value of 10, this is described in the
alignment procedure. The 10 /\R signal is sent on board pin
9 to the rear panel 10 /\R BNC output. Since this is a + 10
volt signal it can be used to drive temperature controllers
or other external apparatus with a full + 10 veolt span.

The +8 VDC logic signals for RX, /\R, and 10/\R node
selection at board pins 14, 16, & 15, are coupled through
diode and resistor networks to give the required 0 to +5
VDC voltage swing for driving chip 12.

The alignment procedure includes a procedure for adjusting
the three trimpots R7, R9, & R10 mounted on the 404 board.
For de-bugging this section of the board check the outputs
of all op-amps to be sure they are not locked up at a power
supply rail.
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Board 405 Attenuator

As shown on the 401 mother board schematic, the 405
attenuator board accepts the three signal inputs from the
466 multiplier board, and under control of the logic bus,
attenuates these signals as required to yield correct values
of excitation current and balancing voltage.

Three attenuator circuits are present on the 405 board: the
Iexce current excitation attenuator, the Vbalance
attenuator, and the tuned amplifier attenuator. The tuned
amplifier attenuator is used to maintain proper system gain
under closed loop feedback stability.

The logic bus signals, shown in the upper left hand corner
of the 405 schematic, are fed to chips 1, 2, and 3 which
are tri-state hex buffers. Theilr function is to generate a
pseudo—-bus similar to the excitation logic bus. For logic
buss signal notation: 6a means that "6 millivolts" has been
selected on the front panel excitation rotary switch.

Note on the front panel chart of the LR-400 instrument that
when operating on the .02 and 2 ohm ranges, the excitation
current for certain excitation voltage selections reaches a
maximam limiting value of 10 milliamps.

Now, if the current increased as it did on the 2 ohm range
the chart for the .02 chm range should read 3K, 10K, 30K,
100K, 300K and 1000K milliiamps. But The LR-400 can not
do that because the output current generator on the 403
board is not capable of delivering more than 10 milliamps
RMS. Thus the function of the logic buss to pseudo-buss
converter circultry on this board must be to limit the
maximum excitation current to 10 milliamps as per the
excitation chart.

For instance, if we have selected 6 millivolts excitation
and are on the .02 ohm range the input logic at board edge
pin 7 and the range logic at pin 3 of the 405 board will
give logic one {+8VDC) signals labelled 6A and .02. The
logic one on the .02 signal, fed into pin 6 of chip 5, will
activate the tri-state buffer chip 3. On chip 3 notice
that output lines of 12 millivolts, 6 millivolts, 2
millivolts, and 600 millivolts will all be at logic zero,
meaning that they will all be inhibited, thus allowing only
the 200 microvolt {.2mv) logic line to be selected. This
will determine the correct balancing voltage range and
excitation attenuator setting.

In a similar fashion the other tri-state buffers, chips 1
& 2 make selections. Chip 2 makes the selection for the
.2 ohm range and chip 1 for the 2 ohm through 200,000 ohm

range. Note that when chip 1 is used the regular logic bus
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sends signals directly to the pseudo bus (logic buss=pseudo
buss} on this board.

The ten turn excitation alignment pots shown on the mother
board are shown again on the schematic for board 405 for
clarity. The 5 pots are driven in parallel £from op-amps 22 &
40. The required excitation pot's wiper arm is selected via
the solid state switches 6 & 7 by the pseudo logic bus
signals for excitation. The signal from the wiper arm
selected goes to buffer op—amp 20. These signals make a
small percentage correction on the main I excitation signal
input, at board pin 43. ’

On the lower ranges from 20 milliohms through 200 ohms the
quadrature compensation is implemented by adding a
compensating quadrature voltage in series with the in-phase
balancing voltage, While the excitation current is held
constant at its fixed in-phase value. Thus on the higher
ranges adding capaclitance across the sensor resistor will
not affect the bridge resistance reading.

*Iexc sig in", the I-excitation signal, is buffered through
op—-amp 40, and combined with the signal from op-amp 20 in
the summing op-amp 21, with the summing resistors in the R1
network and the 150K 1% resistor. Under conditions where
the guadrature signal must be summed with the current
attenuator and be used as a quadrature correction in the
excltation current, the guadrature signal, board pin 35 via
analog switch sections on chip 13, is channeled into the I
excitation attenuator,.

Analog switch 13 is under the logic control of the guad V/I
logic signal coming in on pins 31 & 34. Quad V/I logic
signal 1is fed through solid state switches 12 to drive
analog switch 13, If quadrature signal is channeled to the
I excitation attenuator it goes from analocg switch 13 to op-
amp 29 and then summed, through the R1 resistor network,
with the other inputs to op-amp 21.

The gquad signal is always under the control of the quad V/I
logic which was derived from board 407, the Rset and LED
drive board. The quadrature signal is sent to the I
excitation channel for the 2000 ohm, 20,000 ohm and
200,000 ohm ranges.

For all the lower resistance ranges from .02 to 200 ohms
and in the mutual inductance mode, the quadrature signal is
sent to the Vbalance channel, once again by operation of the
quad V/I logic on pins 31 & 34 and the solid state switches
12 & 13. The Vbalance attenuator receives its main signal
from pins 36 & 37 labelled Vbalance signal in, these come
from the 406 pin 37 multiplier board. Buffer op-amp 28 and
inverting op-amp 32 allows the guad signal to reach the V-
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balancing channel by combining in resistor network R2, with
the Vbalance signal in via op-amp 25.

The excitation attenuator is driven from op-amp 21 and the
magnitude of the signal is selected by solid state switches
7 & 8 and fed through buffer op-amp 24 out through pin 38 as
the I excitation signal out. Op-amp 41 acts as an inverting
buffer to drive the resistance range ten turn pots. 1In a
similar fashion, the Vbalance attenuation network, receives
its signal from op-amp 25 and is selected by solid state
switches 9 and 10, to drive buffer op-amp 31 which drives
inverting op-~amp 26. Op-amp 26 drives board pin 42 which
drives the Vbalance step down transformer. Buffer op-amp 27
isolates analog ground from high signal currents.

In a similar fashion, the tuned amplifier attenuator is
driven by so0lid state switches 11 & 12 to send the input
signal present on pin 24 through buffer 30 to output pin 26
once the signal is sent back to the output stages to the
tuned amplifier.

On the 405 beoard there are no trimpots or alignment
controls, of course the five ten-~turn pots on the mother
hoard show on the left hand side are used to set up the
excitation ranges and that is covered in the alignment
procedure. Note that there is not a 20MV ten turn
excitation calibration pot.

When troubleshooting this boaxd, check all the op-amps to be
sure that none of their outputs are at the power supply
rails. Some of the solid state switches are paralleled,
such as switches 7 & 8 and switches 9 & 10. If you find
trouble in that area, try replacing both switches at once.

The 503 buffers all have their outputs in parallel, one of
which is selected in the ‘on' condition and the other two
are in the tri state high impedance ‘off' state. If you
have, or suspect, trouble with these chips replace all
three at once.

Shorted attenuator switches might also give rise to clipping
of some of the signals out, consequently, an oscilloscope
can be used to monitor pins 38, 42, and 26 to be sure that
the signals look like good sinewaves and are not clipped.
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Board 406 Multipller

As shown on the 401 mother board schematic the 406
multiplier board accepts three input signals: from the
guadrature phase detector pin 29, from the in-phase phase
detector pin 26 and from the 10 volt buffer voltage pin
30,board 406 generates sinewave signals proportional to the
amplitude of these three variable DC analog input voltages.

Referring to the 406 board schematic in the upper left hand
corner, a crystal oscillator of 4.1722 megahexrtz chip 1 is
down counted by chips 2, 3, & 5 and then drives the
programmable read only memory (PROM} chip 8. Chip 8 is
programmed at Linear Research in an in-house proprietary
manner to generate the digital sine and cosine drive for the
3 multipliers.

The dual one-shot chip 7 assures that the output of the PROM
is properly held in octal registers 10, 20, & 30. A logic
signal entering in the left side of the schematic on pins
35 & 6, whose logic state is dependent upon whether the
instrument is in the resistance or the mutual inductance
mode, allows multiplier chip 31 to receive either the
digital sinewave signal or the digital cosine signal from
the PRONM.

Chip 31 originates the current excitation analeog signal, I
excltation, and in the resistance mode this chip will
generate a sinewave analog signal. In the mutual inductance
mode it will generate a cosine analog signal. This is
because the balancing voltage V balance being a sinewave
signal requires that the current excitation voltage be a
cosine so that the induced voltage at the secondary of the
unknown mutual inductance will be in phase with the
balancing voltage.

Chip 9 is a logic array that assures that device 30 receives
either the digital sinewave or the digltal cosinewave drive.
The diode resistor network, composed of the diede, the 39K
resistor, and the 56K resistor assures that the signal
present on pin 35, which nominally is #+8vdc, is converted to
¢/+5vdc to drive chip 9 properly.

All the chips from the left hand side of schematic 406 to
the center, work with a 0/+5vdc logic levels. These are
c¢hips 1, 2, 3, 5, 6, 7, 8, 9, 10, 20 and 30. The PROM chip
8, requires power supply voltages of +5vdc, and +12vdec. In
the bottom left hand corner of the 406 schenmatic, three
terminal requlators 7805, 7812, & 7905 furnish these
voltages from the +8vdc and +15vdc power supply busses.

In the center of the 406 schematic, portions of buffer 6

send square wave logic signals to board pins 7 & 8 for
driving the in-phase phase detector and the quadrature phase
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detector on the 404 board. These sgquare wave signals with
logic levels of 0/+5vdc are exactly in phase respectively
with the sinewave generator and the cosinewave generator.

The multiplying digital to analog converter chip 11,
labelled Vbalance multiplier, receives its input analog
signal from board pin 26. An analog sinewave is generated
by chip 11, the amplitude of which is dependent upon the
value of the DC analog signal at pin 26.

If this signal (pin 26} is +10 chip 11 will generate a
sinewave of +10/-10 volt peak to peak amplitude. 1If this
signal (pin 26) is 0 vdc, the sinewave will have 0 volt peak
to peak amplitude. If it is -10 volts the sinewave will
once again have a +10 /-10 volt peak to peak amplitude but
be inverted by 180 degrees. Op-amps 12 & 13, in conjunction
with the R12 network serve to generate this sinewave.

The sinewave at the output of device 13 has a number of
staircase steps on it as a result of the logic drive from
chip 8, the programmable read only memory device. These
staircase steps are filtered by low pass filter op-amps 14 &
15. At the output of op-amp 15, a sinewave of maximum
amplitude of #10/-10 volts peak to peak could be present.

R-13 attenuates the amplitude of this sinewave by about 50%.
It is then buffered through op-amp 16 and sent out at pin
37 to the attenuvater board 405, This signal at pin 37 was
attenuated so as not to over load subsequent solid state
switches of the 016 variety on the various other boeards.

The 016 CMOS solid state switch can only accept signal
levels of +8vdc maximum.

Op-amps 12 & 13 require zero coffset trimpot controls.

In a similar fashion the quadrature MDAC chip 21 generates a
cosinewave at the output of op-amp 23. Once again two
trimpots are used here to zero the offsets in op-amps 22 &
23. This signal is then fed through a similar low pass
filter (op-amps 24 & 25) as was done in the Vbalance
maltiplier to eliminate stalrcase steps. The signal is
available at pin 38 as a gquadrature signal output.

In the Iexcitation channel, the input signal at board pin 30
is fixed at approximately +10 vdc, derived from the Ref ¢1
10 vdc reference chip, chip 14, on the Rset and LED board
407, shown also on the mother board schematic. Since this
signal will always give a high level output of either
sinewave or cosinewave, depending only on resistive or
mutual indicative mode no trimpot off-set controls need be
used on op-amps 32 & 33. This signal is sent through
similar low pass filters and attenvating networks, as in the
other two channels, and thus it is available on pin 39 as
the current generator signal output.
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Setting The four trimpot controls for the quad multiplier
channel and Vbalancing multiplier channel is described in
the alignment procedure.

wWhen troubleshooting this board, check the outputs of the
three terminal requlators 7805, 7812, 7905 for proper
voltages. Check the output of op-amps 13, 23 & 33 for analog
sinewaves and cosinewaves and then check all other op-amps
at their outputs to be sure that none are locked up at the
power supply rails.
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Board 407 R—set and LED Drive

This board has two separate sections. The first section is
the DC analog circuitry that generates the R-set analog
voltage from the 4 1/2 dial (actually 5 dials) finger tip
front panel controls. This is shown in the upper half of the
schematic., The second section shown in the lower half of the
shecematic has logic circuitry that generates the light
emitting diode LED signals and the decimal point relay
closures for the front panel digital panel meter.

In the LED drive section, on the lower left hand side of the
schematic, the logic bus signals are entered through logic
control chips 26, 22, 23, & 21. Signals called A, B, C, D,
K, ohms, & M, are generated. These are a function of the
particular resistance range selected and they are sent to
hex buffer 25 to drive the six 1light emitting diodes on the
front panel.

These LED's indicate kilohms, ohms, or milliohms and the
decimal point location for the 4-1/2 R-set fron panel dials.
Two 1.8K resistors in parallel are used to generate the
correct LED drive current. Relays K1 through K4 are used as
switch closures to select the proper decimal point location
in the front panel DPM.

Hex buffer 26 determines which relay is closed based on
logic bus signals A, B, €, & D. These signals are also
dependent upon whether or not the unit is operating in the
Z\R or 10/AR mode. In the 10 /\R mode the decimal point on
the digital panel meter is shifted one place to the right.
Board pin 23 receives the inverted 10/\R signal. 10/\R
is fed to the logic control networks at chips 22 & 23 to
generate the correct relay closure to shift the decimal
point on the DPM.

Another feature of this board is the generation of the logic
quadrature control signal to be used to feed the guadrature
analog signal either to the current generatexr or to the
Vbhbalancing transformer on board 405 as shown on the mother
board schematic. The input at pin 26 is dependent upon
whether the LR-400 is in the resistance mode, or in the
matual lnductance/lower resistance mode ranges.

When the bridge is operating in the resistance mode and on
the three highest ranges of 2K, 20K, and 200K ohms the
quadrature correction is fed to the current generator, but
in all other modes the quadrature correction is fed to the
V-balancing transformer. Two sections of chip 23 and all of
chip 24 perform this lcogic “or" selection function. The
resulting logic output signal is fed to pin 25, labelled
%I Mode OQut®”. It is then sent to pin 34 on the 405
attenuator board.
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There are no trim controls in this loglc section of the
board and when trouble shooting this section, check for
relay c¢losures with an chmmeter. Use an oscilloscope for
checking logic levels on the logic chips.

Now describing the R-set section of this board, note that
the five front panel R~set switches are shown in an inset
on the 407 board schematic for clarity. These five dials
are alsc shown on the 401 mother board schematic inside the
407 R-set sub-block.

The most significant digit (MSD) can be set to 0 oxr 1 only.
This most MSD Rset dial is labelled Rset 104. The next 2nd
most significant digit is labelled Rset 103, etc., and the
least significant digit (LSD) is labelled Rset 100.

Two different techniques are used. For the three most
significant digit switches, since these require the highest
degree of precision, buffer op-amps are used in a pseudo
Kelvin-Varley circuit arrangement to pick off the three most
significant digits. FPor the least significant two digits a
simple summing amplifier with feed back around it is used.

These two DC signals are combined in op-amp 7 through a
welghted summing resistor network chip & to glive the
required output voltage on board pin 12. This internal R-
set signal has a span of 0/-10vdc and is sent to the phase
detector board 404.

In the upper left hand corner of the schematic chip 14,
generates a precision and stable +10 vdc. The front panel
10 turn span control can vary this voltage by a small
percentage. This control is shown for clarity in the upper
left portion of the 407 schematic connecting te board pins
2, 3 & 4. Pin 5 of the board sends this approximate 10 volt
DC signal to the 406 multiplier board as the DC analog input
for the I excitation multiplier.

This 10 volt signal is also sent to op-amps 1 & 2 to
generate +12 VDC and +8 VDC so that the ten turn R-set span
control pot shown on the inset between pins 6, 7 & 8,
{mounted on the mother board) can vary the approximate +10
vdc output of chip 14 to generate the Rset span control DC
reference voltage present at the output of op-amp 4. A 1K
and 20K ohm summing resistor network at op-amp 4 perform
this function.

This R-set DC voltage which is approximately +10 vdc is then
sent to the Rset 104 switch, then voltages are picked off
from this switch on its wiper arms and are sent to the Rset
103 switch through 2 buffers, op-amps 9 & 10, and in turn
picked off from the wiper arms and sent to 2 more buffers,
op-amps 11 & 12, to the Rset 102 power switch, the single
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PLUG-IN BOARD CIRCUIT DESCRIPTION 400--17

wiper arm of which is buffered through chip 13 and is fed
back to the summing op-amp 7.

Meanwhile the very same R-set DC voltage at the output of
op—-amp 4 is inverted to -10 volts through op~-amp 5 and sent
to op-amp 6 to generate at the two least significant digits
controlled by Rset 101 and Rset 100. R6 is the trimpot used
to trim the two least significant digits to conform to the
span of the three most significant digits. The R7 trimpot
is used to trim the zero offset of op-amp 7.

The two trimpots R6 & R7 are the only controls present on
this board. The method for adjusting these is described in
the alignment procedure. Of course the Rset span control is
on the mother beoard and it is alsc described in the
alignment procedure.

When troubleshooting The Rset section of this board, a good
place to start is with chip 14 the 10 volt reference , then
check op-amps 1 & 2 for +12 and +8 volts, respectively, then
op~amp 4 to be sure that you get approximately +10 vdc once
again. Check Op-amp 5 for approximately -10 vdc. Check the
output of op-amp 6 and vary the Rset 100, and Rset 101
controls for a voltage that steps between 0 and +10 vdc.

In a similar fashion the wiper arms of the 3 most
significant Rset switches can be monitored at the teflon
insulated stand-off terminal points and at the output of the
buffer op-amps 9, 10, 11, 12 & 13 to see that signals of
approximately 0 to +10 vdc are present as you change the
settings of the various rotary switches. The output of op-
amp 7 can be monitored to see that all the signals are
combined, in this case the output at board pin 12 will b a 0
to -10 vdc signal.
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Beard R408 interface

This board is present only when the digital excitation
option has been ordered with the LR-400. When this board is
not present , the logic bus pins on the bottom of this
board's 100 pin connector are paralleled from one side of
the connector to the other pin for pin. Wwhen this board is
installed at the factory the parallel shorts are removed
enabling the logic bus to feed into this board, and then the
board sends out a new logic bus.

The 408 board sends out 1logic bus signals that either
select the front panel or the rear panel as logic inputs.
The lower right hand side of the 408 schematic shows the
logic control input lines £from the front panel. The lower
left hand side shows the logic control input lines from the
rear panel connector.

Since the logic levels for the rear panel connector are
standard TTL 0/+5 vdc levels, (0Ovdc = true), these have to
be fed to type 339 comparator devices. One comparator for
each line chips 7, 8, 9, 10, 11 & 12. The output of these
comparator gives the regular -8/+8 vdc logic signal that is
used for the logic bus throughout the LR-400. :

The rear panel logic signals labelled /\R, 10 /\R, RX and R
are inverted to allow these signals to confeorm to the front
panel logic, since Rx, 10 /\R and /\R are barred (inverted)
logic signals from the front panel.

An array of solid state switches 016 devices shown in the
center of the schematic are used to either select the rear
panel signals from either the 339 converters or from the
front panel logiv input signals. These 016 switches are
controlled by the lines labelled R & F shown at the top
central portion of the schematic. The R&F control line
logic signals are generated by the front panel
normal/remote switch shown for clarity on the 408 schematic
at the lower right hand section entering the 408 board on
pins 7 & 8.

The outputs of the interface board are shown just to the
right of center on the 408 schematic as a vertical array of
circles beginning with 9 bar at the bottom and ending with
37 bar at the top. These output signals are the 1logic bus
used the mother board to drive all other plug-in boards.

There are no alignment contrels on this board. Wwhen
troubleshooting this board the most likely problem will be a
shorted 016 switch section. Under this condition one bad
016 switch can short its control line to the power supply
rail of +8/-8 vdc, therby possibly damaging other 016
switches since half of the control lines are all connected
in parallel. Consequently, if problems develop on this
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board and one 016 switch fails, replace that, and if
another switch seems to fail as well, it might be best to
go through and replace all of the 016 devices on the board
at one time.
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Board 10G2a Tuned Amplifier

As show on the 401 mother board schematic the input to the
tuned amplifier board comes from the output of the 402
preamp board. The input enters the tuned amplifier board on
pins 2 & 1, the signal at pin 2, the signal ground at pin 1.
The input signal is buffered by unity gain amplifier Al and
fed to amplifier A2 which acts as a differential to single-
ended amplifier. A2 eliminates noise on the ground line
since the grounds may differ from the pre-amp board to the
tuned amp board.

The output of A2 is fed to a tuned amplifier stage
consisting of op-amp A3 and associated circuitry. This
amplifier stage array is tuned to a resonant frequency of
15.9 hertz. The frequency is determined by the two .27
microfarad capacitors and the 36.5K/30.1K plus 20K trimpot
resistors. This amplifier stage has a trimpot frequency
contrel R1 and a trimpot gain control R2. The tuned
amplifier serves to reject power line pick-up, allowing only
the 15.9 hertz carrier signal to pass through.

A second identical stage follows A3, stage A4, The signal
is sent out on board edge pin 12 to the tuned amplifier
attenuator located on the 405 attenuator board. After the
required attenuation the signal is once again fed back to
the 102A tuned amp board on pin 1l1. The signal then
undergoes amplification by an additional 3 tuned amplifier
stages, amplifiers AS5, A7 & A8. They all function similarly
to amplifier stage A3. The signal is fed out on board edge
pin 7 to the phase detector board 404.

When troubleshooting this board check the output of all the
op-amps to be sure that none are locked up at a power supply
rail.

The alignment procedure describes how to set the trimpots on
this board. Unlike many of the other contrels in the LR-
400, if the trimpots on this board are mis-set it could
cause gross malfunctioning of the LR-400.
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SECTION 500

500~ 1

LR-400 ALIGNMENT PROCEDURE

This procedure covers the alignment of ail cf the wvariable
controls in the LR-490.

These controls consist of multi-turn printed circuit board
mounted variable potentiometer trimpot types and mother
board plate mounted ten turn potentiometer helipot type

controls.

The controls are:

DESIGNATION NAME DESCRIPTION
406~R20 (Quadrature) These two trimpot
multiplier controls "zero" the
zero offset output of the
1st op-amp guadrature sinewave
multiplying digital
R406~21 {Quadrature) to analog converter
multiplier) and the two
zero offset associated op-amps
2nd op-amp such that when the
D.C. input signal
is Ovdc the analog
sinewave output has
a peak to peak
amplitude of zero
406-R10 {in phase) *in Phase" zero.
muitipllier Same technique as
1st op amp used in the
Yquadrature"
406-R11 (in phase) multiplier above.
multiplier
zero offset
2néd _op—amp .
* * The following ten
controls are
trimpots
102A-R1A Tuned amp #1 Stage #1 phase
phase adjusts band pass
center frequency to
exactly 15.9 hertz
by adjusting the
phase shift to zero
deqgrees
102A-R1B Tuned amp #1 Stage #1 amplitude
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500- 2

times larger than
input amplitude
hence gain=4

102A-R2A T.A. . Stage #2 phase
stage #2 {same as stage #1
phase above)
102A-R2B T.A. Sstage #2 amplitude
stage #2 {same as stage #1
amplitude above}
102A-R3A T.A. Stage #3 phase
stage #3 {same as stage #1
phase above)
102A-R3B T.A. Stage #3 amplitude
stage #3 (same as stage #1
ampl itude above)
102A-R4A T.A. Stage #4 phase
stage #4 {same as stage #1
phase above)
102A~R4B T.A. Stage #4 amplitude
stage #4 (same as stage #1
ampiitude above
102A-R5A T.A, Stage #5 phase
stage #5 {same as stage #1
phase above)
102A-R58 T.A, Stage #5 amplitude
Stage #5 {same as stage
amplitude #1 above)
407-R6 Zero/R~set Trimpot control
for setting R-set
Zero
407-R7 Span, R-set L.S5.D. Trimpot control.
Two least
significant
digits of R-set dial
span to match the
three most
significant
R-set digits
404~R7 Rx Zero Trimpot control.

LINEAR RESEARCH INC.
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amplifier.

Establishes zero
setting when Rx
equals zero ochms

404-R2 ZA\R Gain Trimpot control.
sets span of /\R
mode to match Rx
mode .,

404-R10 10 /\R Gain Trimpot control.
Sets span of 10/\R
mode to be 10
times /\R & RXx
modes ., .

.02 .02 ohm range These 10 turn

.2 .2 ohm range helipot type

2 2 ohm range controls set the

20 208 ohm range span for each

209 206 ohm range resistance range.

2K 2K ohm range Note that excitation

20K 20K ohm range range controls are

200K 200K ohm range set on 2K ohm
resistance range. .

.06 mv .06 mv excitation These 10 turn

.2 mv .2 mv excitation helipot type

.6 mv .6 mv excitation excitation controils

2 mv 2 mv excitation set the span of the

6 mv 6 mv excitation bridge on the 2K ohm

resistance range for
the various
excitation ranges.
All lesser
excitation settings
match the 20 mv
excitation reading.
There is no 20 mv
excitation control.
Once set while on
the 2K ohm range,
these settings are
good (by bridge
design} for all
other resistance
ranges, .

R-set span

R-set span

This 10 turn helipot
control sets the
span of the

S (4-1/2) R-set
front panel dials.

LINEAR RESEARCH INC.
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ALIGNMENT PROCEDURE 500~ 4

406-R20 MULTIPLIER ZERO OFFSET TRIMPQTS
406-R21
406-R10
406-R11

To adjust the trimpots on the 406 board first remove the
following plug-in boards: 402, 403, 404, 405,

An oscilloscope is needed for this procedure and the test
points will be monitored on the highest sensitivity setting.
Pirst adjust the R20 trimpot by monitoring the A22 op-arp
output at R22 at any pin from 9 through 16. &adjust R20 for
Ovdc. Next adjust RZ1. For R21 monitor the AZ3 op-—amp
output at the 6.8K ohm resistor at the end that 1s connected
to A23-6. Adjust R21 for Ovdce.

The test points for adjusting R10 and R11l are similar to
those for R20 and R21, respectively. For R10 it is any pin
9-16 of R12 and for R1ll it 13 the end of the 6.8K ohm
resistor at Al13-6. PFirst adjust R20 for Ovdc. Next adjust
R21 for OGvdc.

102A-R1A TUNED AMP PHASE & AMPLITUDE TRIMPOTS
102A-R1iB
102A—-R2A
102A-R2B
102A-R3A
102A-R3B
102A-R4A
102A-R4B
102A-R5A
102A-R5B

Po adjust the trimpots on the tuned amp board first remove
all the plug~ in boards except the 406 board. That is
remove the following: 402, 403, 404, 405, 407, and 408 if
present. An oscilloscope with an x-y mode 1s needed, as
well as a 10Kohm helipot {(test helipot).

On the tuned amp board, with a clip lead, connect the top of
the left-hand most .27 microfarad capacitor (labelled test
point A on fiqure 1) to pin 11 of the card edge connector of
the tuned amp board 102ZA.

On the 406 board, with a clip lead, connect the top of the
10 megohm resistor next to A3l (same as 406-26 edge pin) to
pin 15 of the +8VDC power supply board card edge connector.
The +8vdc power supply board is mounted on the left sigde
panel of the LR-400 housing. CAUTION! Take care not to
connect the +8vdc point to ground, etc.
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On the 406 board, connect R33-16 to the X input of the
oscilloscope and to the "999" or maximum clockwise terminal
of the test helipot. Connect the "“000" or maximum
counterclockwise terminal of the test helipot to the
aluminum frame of the plug~in board cage assembly which is
frame ground. Connect with a clip lead the wiper arm of the
test helipot to the tuned amp board card edge connector

Al02 pin 2. Connect Al102 pin 1 to frame ground. Test point
A connects to the Y input of the oscilloscope.

Note that there are five stages on the board. For each
stage there are two trimpots close together at the top of
the board and below them are two .27 microfarad capacitors
close together near the bottom of the board. This is shown
in figure 1. The top ends of these capacitors are the test
points. On the left is the "in" or "A" test point for the
stage and the "out" or "B" test point is on the right.

To tune a staqge, first monitor the "in® test point "A" and
adjust the external test helipot so the signal amplitude is
20 millivolts peak to peak. Then monitor the “out" test
point "B" and adjust the trimpots so the amplitude is 80
millivolts peak to peak and the oscilloscope trace is a
straight line. For the trimpots, the left one sets the
phase and the right on sets the amplitude.

Figure 2 shows the correct x-y oscilloscope waveforms. Note
that the external helipot must be reset for each stage
alignment. Stages 3, 4, & 5 are cascaded. Stages 1 & 2 are
cascaded. The helipot wiper arm drives the buffer amplifier
which drives stage 3. 1If test point B shows a continuous
oscillation, decrease (turn ccw) the amplitude trimpot until
the oscillation stops.

20mvpp input & 80mvpp output is arbitrarily chosen. The
idea here is to get a gain of (-4) per stage. If necessary
you could use a larger magnitude of voltage, {(eg. lvpp input
& 4vpp output) but keep in mind that the last stage on the
right hand side of the 102A board has back to back zener
diodes limiting its output voltage to approximately 5 volts

pp.

Set the front panel ‘span' 10 turn pot at '500' and leave it
there throughout this alignment procedure.

407-R6 Zero/R-set Trimpot
407-R7 Span/R-set Trimpot
R-set span_ helipot reliminarvy adijustment

when adjusting the two trimpots on the 407 Rset & LED drive
board, with a digital volt meter, monitor pin 14 of device
Al5 as a test point on the 404 phase detector board. An

adjustment of the mother board mounted "Rset" pot will also
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be done at this time. With the Rset dials at 00000, adjust
the R7 trimpot so the test point reads 0 volts +.05mv.

Next, with the Rset dials at 19900 and the adjust the
mother board mounted "Rset" pot so the test point reads
-9,9500 volts. This is a preliminary adjustment . The
final adjustment is described later in this procedure.

Next with the Rset dials at 00099, adjust the R6 trimpot on
the 407 board so the testpoint reads -49.5mv. Reset the
Rset dials to 00000.

404-R7 Rx _zero Trimpot
404-R2 /\R span Trimpot
404-R10 18/\R span _Trimpot

Wwhen adjusting the three trimpots on the 404 phase detector
board, with a digital voltmeter monitor pin 9 of device Alé6
as a test point on the 404 board. Also needed are the
sensor cable and the following precision resistors: 2 each
1K ohm, 2 each 100 ohms, 1 or 2 each 0 ohms(short).

For adjusting the R7 “zero" trimpot, set the range to 2K
ohnms, the excitation to 20mv, the mode to 10/\R, and Rx to C
ohms. Adjust R7 so the test point reads 0 +#0.2Znv.

Next, adjust the R2 "/\R op-amp galn" trimpot. With the 4
settings at range = 2K ohms, excitation = 20mv, mode = Rx,
and Rx = 2K ohms, take a reading, then change the mode to
/\R. Adjust R2 so the test point is again at the same
voltage as the initial reading.

Next, adjust the R10 "10/\R gain trim" trimpot. With the
settings at range = 2K ohms, excitation = 20mv, Rx =2Kohms,
and mode =Rx, adjust the mother board mounted "2K range" pot
so the test point is at 10.0000v., <Change Rx to Rx=200 ohms
and mode to mode=10/\R. 1If necessary, walt two minutes or
less for reading to steady. Adjust R10 so the test point
agaln reads 10.0000v +.00lv.

.06 mv Excitation Helipots
L2 _my
£ 6 _mv
2 myv

Alignment of the excitation pots is done on the 2K range.
Monitor the 10v test point, pin 9 of device Al6 on the 404
board, with a digital voltmeter. With the settings at range
= 2K ohms, excitation = 20 mv, mode = Rx, time constant (TC)
= .35, and@ Rx = 2K, adjust the mother board mounted 10 turn
pot for the 2K range so the test point is at 10.000v.

Change excitation to 6mv. Adjust the émv mother board
mounted 10 turn pot so the reading is again 10.000v. Repeat
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for the other excitation settings,‘resetting the time
constant as necessary to steady the reading.

.02 ohm Range Helipots
.2 _ohm

2 ohm
10 ohm
200 ohm
2K_ohm
20K ohm
200K ohm

Make the final adjustment of the 2K range 10 turn pot. With
exclitation = 20mv, time constant = .35, and Rx = 1K, monitor
the front panel “display out, *2vdc" test point and adjust
the pot so the test point is at 1,000v. Tighten the lock
nut.

Adjustments of the mother board mounted "“range"™ 10 turn pots
are made while monitoring the front panel "display out" test
point. On each range, with excitation = 20mv, time constant
= ,3s, and Rx = 12 full range, adjust the corresponding pot
s0 the test point is at 1.000v., Tighten the lock nut after
making £inal adjustments.

R-set Span Helipot {Final Adjustment)

To make the final adjustment of the mother board mounted
“Rset span" pot, with range = 2K, Rset = 10000, and Rx = 1K,
monitor the front panel "display out" test point and, first,
take a reading with mode = Rx. Then with mode = /\R, adjust
the "Rset span® pot so the test point is at 0.00mv. Tighten
the lock nut.

SENSOR JIG

The technigue that we use at Linear Research Inc. when
connecting precision resistors to the sensor cable for
alignment and/or testing of the LR-400 is as follows:
Attach the resistors to individual dual banana plugs. Then
use a jig consisting of an aluminum plate with 9 each
insulated female banana binding post jacks mounted thereto.
Five of the jacks are used to terminate the sensor cable
tinned wire ends. Use one of the 5 jacks as the "shield"
jack and connect it electrically to the aluminum plate.

The four remaining jacks are each in turn connected to the
first four jacks that accepted the cable {connected by
soldered leads underneath the plate). These second four
jacks are used for mounting the dual banana plugs holding
the sensor resistors in either the two wire or four wire
resistance mode. In the two wire mode use two "shorting®
dual banana plugs.
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To electrostatically shield the sensor resistor from power
line voltage pick~up, enclose the entire jig array inside an
aluminum chassis box. Use a loose cover plate to allow the
cable to enter the box. Be sure to electrically connect
{ground) the chassis box to the aluminum jlg plate.

RECOMMENDED COMPONENTS FOR THE SENSOR JIG:
l. 2-wize resistors (1K ohms through 200K ohms)

Vishay Resistive Systems
63 Lincoln Highway
Malvern, PA 19355
215-644-1300

Part # VR Series .01%

2. A-Wire Resistors (10 milliohms through 100 ohms)

Electro Scientific Industries
13900 N.W Sclence Park Drive
Portland, Oregon 97229
503-641-4141

Part # RF4R .01%

3. Dual Banana Plugs

ITT Pomona Eletronics
1500 Bast 9th Street
Pamona, CA 91769
714-623-6751

Part # MDP-2

4, Binding Post Jacks

B. F. Johnson Co.
Part #111-0102
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FIGURE 1. 102A TUNED AMP BOARD TRIMPOT LOCATIONS
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FIGURE 2. X-Y OSCILLOSCOPE WAVEFORMS FOR 102A BOARD.

CORRECT WAVEFORMS.

Two waveforms are shown since there i3 a 180 degree phase
shift per stage,
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FIGURE 3. 404, 406, & 407 BOARD TRIMPOT LOCATIONS.
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'SQUID READCUT OPTION : 600-1

SQUID READOUT OPTION DESCRIPTION

1. Figures 100A, 100B, and 100C, schematically show the
changes made to the LR-400 to implement this option.

2. Figures 10 and 11 show a typical hook-up of the
cryogenic probe and squid control unit to the LR-400. 1In
Figure 10 the balancing voltage is picked off at J5, the
high level output. 1In Figure 11 the balancing voltage is
picked off at pins 4 and 5 at J1, the low level output
(balancing voltage here 1s 166 times lower than the high
level output). We recommend using J5 the high level output.

3. The 16 herxtz sinewave excitation current is sent from
the LR-400 via pins 1 and 2 of rear panel connector J1 to
excite an inpedance 2 in the squid cryogenic prove. 2 can
have both resistive and reactive components. The balancing
voltage at JS 1s applied to the transformer in the squid
prove via resistor Rl. Thus the balancing voltage is turned
into a current by R1, and delivers a voltage at the
secondary of the cryogenic prove transformer, that almost
exactly balances, both in phase and in quadrature, the
voltage that was created across impedence % by the
excitation current. The resulting vanishingly small error
voltage is then amplified by the squid and the squid control
unit and outputs a 16 hertz amplified sinewave error signal
back to the LR-400 at connector J4.

4. The user must select resistor R1 to scale the current
into the cryogenic probe transformer to allow the system to
be in range for proper balancing. R1 must be
electrostatically shielded from power line pick-up and radio
frequency interference. A small tightly sealed aluminum box
(not supplied by Linear Research Inc.) should be used to
hold Rl. The value of Rl will depend upon the turns ratio
of the transformer in the cryogenic probe and the order of
magnitude of the voltage across inpedance 2 in the cryogenic
probe. It will also depend upon the magnitude of the
excitation current at pins 1 & 2 being delivered from the
LR-400. The balanceing voltage output at J5 is capable of
delivering a current of 3 milliamps RMS. The low level
output can deliver more current.

5. Remember that stability in the closed loop will alsc be
affected by the gain setting in the squid control unit and
the current excitation range and balancing voltage range
settings on the front panel of the LR-400.

LINEAR RESEARCH INC. LR-400 INSTRUCTION MANUAIL
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CAUTION! CAUTION! CAUTION!

When operating the LR-400 unit in the mutual inductance mode
follow this procedure.

Do not connect or disconnect the current excitation sensor
leads or voltage sampling sensor leads to a mutual
inductance sensor transformer while the LR-400 is turned on
(has its power connected). The danger is that if a current
excitation lead is mechanically opened or disconnected while
conducting current then a large transient voltage will be
generated at the point of disconnect. This instantaneous
current canm have an amplitude of up to 14 milliamps peak.
Current will try to continue to flow through an inductor.
Thus, depending upon the value of the primary inductance,
leakage resistance, distributing capacitance etc., this
current discontinuity might generate a high voltage
transient. This transient might couple into the preamp
section of the LR-400 via the mutual inductance secondary
and the voltage sampling leads. This might damage
permanently the dual field effect transistor on the 402
preamp board device O3A and (3B.

Thus be sure to turn the LR-400 power toggle switch to "off"®
before changing or opening leads to a mutual inductance

sensor transformer.

-t
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LR-400 FOUR WIRE AC RESISTANCE BRIDGE.

TECHNIQUE FOR MAKING MEASUREMENTS WITH MUTUAL INDUCTANCE
TRANSFORMERS :

1. The LR-400 should be connected to the sensor mututal
inductance transformer(s) as shown in figure 200,

2, Figure 200 shows separate shielded current excitation and
voltage sampling leads. The cable normally supplied for
resistance measurements has both the current excitation and
the voltage sampling lines cabled in one bundle and it will
work well enough for mututal inductance measurements. But
for highest performance we recommend our "split" cable where
the current excitation leads are separate from the balancing
voltage sctlon. These two should be separated by
approximately two or three inches so that there is no
induced voltage in the voltage sampling cable due to the
magnetic field set up by the current in the current
excitation leads. '

3. Note in figure 200 the polarity with regard to the
primary of the transformers and with regard to the secondary
of these transformers. Note the case of two transformers
with individual primarys and the case of a single
transformer with a single primary and dual secondarys. 1In
both cases the ocutputs of the secondarys are connected so
that the volatages subtract or buck each other to give a
null output voltage.

When working with a new mutual inductance transformer and
a new set-up use the following procedure:

Turn off the LR-400 and connect the sensor cable to the
sensor transformer.

Set the resistance/mutual inductance front panel

toggle switch to mutual inductance.

Turn off the LR-400 and connect the sensor cable to the
sensor transfocrmer.

Set the display mode to RX (Display actually reads

Mx).

Set the filter time constant to .3 seconds.

Set the excitation millivolts to 20 millivolts.

Set the range to 200K chms (2,000 Henrys).

Turn on the instrument and note whether you get an on-scale
reading of the front panel digital voltmeter.

The digital panel meter is in overlcad when it displays a +1
followed by all blanks. If DPM is in an overload condition,
then check to be sure that (1), you do not have any open or

short in the leads connecting the transformer to the sensor,
(2), that the sensor wires are hooked up exactly as shown in
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figure 200, and (3), that the secondaries are used in the
bucking mode and not in the additive mode.

Once you get an on-scale reading between (+19999 and all
zeros) then you should next reduce the range in ohms
{Henrys) from the 200K (2,000 Henrys) setting downward until
you get a mid-scale reading on the digital panel meter,
Select the highest range that does not give you an overload
indication and that will put you in to some reasonable span
of the panel meter, not close to "00000" but not real close
to "19%99", preferably midscale or above.

Note the reading on the panel meter. For example: If the
reading is ~-12.438 on the 20 ohm (200 millihenry) range then
set the LR-400 set resistance dials and polarity toggle
switch to the same value namely, "{minus) 12438", Set the
display mode front panel control to /AM (/\R). You should
now get an on-scale reading on the digital panel meter that
is reasonable close to zero. If it is a few digits off then
you may bring 1t as c¢lose to zZero as possible by making a
change in the least count of the set mutual inductance (set
resistance) dials.

You are ready now to begin your experiment. Connect a strip
chart recording to the LR-400 using either the display out
BNC on the front panel or the dedicated 10/\R output on the
rear panel to drive the stripchart recording. Go to a
reasonable time period on the strip chart recorder of say
one inch per ten minutes. Your strip chart recorder should
have variable sensitivity, with at least a sensitivity of 10
milliveolts/full span. Make an experimental change to induce
a change in the mutual inductance. This is usually done by
placing the sample of interest ln the center of one of the
transformers for a few minutes and then removing ift. Watch
the strip chart recording and note the change. If you
anticipate a fairly small change a larger sample of known
large value can be used to "calibrate" the system and then
you can look for a smaller change. You also can make use of
either the display out front panel BNC or the 10 /\R output.
You can feed these to a 5-1/2 digit digital veoltmeter that
has data acquisition capability that can interface with a
computer or you can even use the digital voltmeter front
panel display. Keep in mind that the digital panel meter
supplied with the LR-400 might have a plus or minus one
least count jitter (noise) in its display that is usually
noisier than the display output front panel analog signal or
the 10/\R signal at the rear of the LR-400. That is why you
might want to go to a less noisy, more expensive digital
panel meter or strip chart recorder.

The technique of using the strip chart recording allows you
to see changes linduced by your target when it is inserted
into the transformer even though the entire system may be
drifting in a linear fashion. This drift, for example,
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might be because your temperature controlled system that
should be holding the transformers at an ideal constant
temperature is not stable, but has a long term drift, etc.
The transformers themselves may give a net drift in mutual
inductance because of mechanical stress in the windings
Yielding a small but constant motion. 1If this drift is a
constant change with time and not a random fluctuation the
strip chart recording will show a constant slope or ramp.
If this ramp is small enough to keep the trace on scale on
the strip chart recorder you can then insert and remove the
sample to yield a step function change in this ramp.

Change of interest on

A VA

A PN - Al
/ "'/ “//* ¥ v !I \ J Y
, EATA
v —

Thus the strip chart recording affords more useful
information in resolving small signals then does monitoring
the digital panel meter on the front panel of the LR-400 or
with an external digltal panel meter where you just have a
display. O0Of course if your external meter can interface
with a computer then you can average the base line line in
the computer using computer averaging software.

The LR~400 instruction manual, page 300-3, shows the full
scale range in Henrys for the corresponding full scale range
in resistance. We did not have space on the front panel of
the LR-400 to place the mutual inductance range values
alongside the ohm values. If you are going to be using this
often then you certainly could make a photocopy reduction of
this chart and tape it onto the front panel of the LR-400.
Note that in the example given above where the MX reading
was "12.438" on the 20 ohm (200 millihenry) range, this is
equivalent to 124.38 millihenrys.

when initially designing your transformer(s} it is helpfull
to make individual measurements on individual windings of
the transformer. For instance, with regard to figure 200
you could have connected the current excitation leads to
points A and B and the voltage sampling leads to points E
and F, and not connect anything to C, D, G, and H. This
will give you the mutual inductance across one transformer,
primary to secondary. Another interesting feature would be
to measure just the self inductance of the primary, or of
Just the secondary. So you can also measure the AC
resistance of the primary and of the secondary individually
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by changing the front panel mutual inductance _
resistance/mutual inductance toggle switch to resistance.

In this case you would connect current excitation leads to A
and B and voltage sampling leads to A and B to give you the
self inductance of the primary. To get the self inductance
of the secondary you would connect excitation current leads
to E and F and voltage sampling leads to B and F. An ideal
transformer would have a unity coupling coefficient so that
when you measure the self inductance of the primary,
assuming a one to one transformer turns ratio, compared to
the self inductance of the secondary you then compare that
to the mutual inductance, then the mutual inductance should
be equal to the self inductance of the primary or secondary.
Let the coefficient of coupling = K. Then K =

Where the coefficient of coupling will range from zero to
one.

When measuring mutual inductance transformers using this
technique the total resistance or inductance of the primary
in AC ohms must not be so large that the compliance voltage
of the output stage of the current generator in the LR-400
is in saturation. There is 20 millivolts of excitation
voltage across the unknown impedance at full scale of range
when the excitation control is set to 20 millivolts RMS. If
the bridge is on the 20 ohm range this wmeans that the AC
current excitation is 1 milliamp {see front panel chart}.
Now if the total resistance or inductance of the primaries
yields a voltage due to excitation current large enough to
saturate the output of the current generator (two to three
volts RMS) this requires a resistive or a total primary self
inductance of approximately two orders of magnitude larger
than the full scale range valve, which in this case be 2000
ohms resistive and/or 20 henrys. Usually if you are
approaching this limit the overload light, located under the
digital panel meter, will turn on. Of course the overload
light will turn on if you have an open lead to the primary,
because then the current source will drive an infinite
impedence.

SPLIT-LEAD CABLE "CABLE-MI-2"

The speclal mutual Inductance "split-lead" sensor cable
described in this section, and shown in figure 200, is
available from Linear Research Inc. as Part Number
“Cable-MI-2". This cable is nominally 10 feet long (3
meters long) but is avalilable in longer lengths as required.

Domestic USA price as of 7-87 is § 50.00 FOB San Dlego.
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Cable-MI-2 may be substituted for the regular LR-400 cable
on new orders of the LR-400 at no extra cost.
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SUPERCONDUCTING SAMPLE MUTUAL INDUCTANCE MEASUREMENTS
WITH THE LR-400

The LR-400 is connected to the mutual inductance transformer as
shown in figure 200, The figure shows separated current
excitation and voltage sampling 1leads. Supplied for this
measurement is our special "split" cable where the current
excitation leads are separated from the voltage balancing leads
by approximately 2 to 3 centimeters so there is no induced
voltage in the voltage sampling cable due to the magnetic field
set up by the current in the current excitation leads.

Figure 200 shows the polarity with regard to the primary of the
transformers and with regarxd to the secondary of these

transformers. Shown 1is the case of two transformers with
individual primaries and the case of a single transformer with a
single primary and dual secondaries. In both cases the outputs

of the secondaries are connected so that the voltages subtract,
or buck each other, to give a null output voltage.

The sample is placed between the primary and one secondary. The
other secondary is simply a "reference" secondary. Any changes
in the flux exclusion or Meissner effect in the sample will then
yield a change in mutual inductance, 4giving a DC output at the
LR-400. The initial offset in mutual inductance when the sanmple
is first placed into the coil, and when it 1is non-
superconducting, can be set to zero by the LR-400's 4-1/2 gigit
set mutual inductance dials.

Users report good operation with a temperature controlled finger
thermally isolated from liguid helium, but heat sunk eventually
inte 1liguid helium, and with the mutual inductance transformer
coils wound directly outside of the finger area, such that the
coils themselves are immerxsed in liquid helium. The sample is
placed on the finger and the temperature is varied.

Then the change in mutual inductance is measured as a function of
temperature. Alternatively, the temperature can be held constant
and a DC magnetic field, from say a superconducting magnet can be
applied to the sample, and the change in mutual inductance as a
function of DC magnetic field can then be measured.

At the present time we do not make the mutual inductance
transformers but we are thinking wvery seriocusly about making
these so if there is a difficult problem for you to do the coil
winding, ox make the bobbin, please contact us with the
appropriate inner and outer dimensions etc. and we can gquote the
cost for making the mutual inductance transformer.

LINEAR RESEARCH, INC. May 1988
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In a typical example, shown in figure 1A & 1B, a non-magnetic,
low susceptibility, tubular structure holds or incorporates the
bobbins wupon which the primary and secondary coils are wound.
The usual order of magnitude of dimensions are: A=B=C,

D=0 to 1.0A, E=2D to 4D.

A cryogenic fluid, such as 1liquid helium or  1liguid nitrogen,

surrounds and immerses all coils. This affords a reduction in
the copper wire resistance of the coils compared to their room
temperature resistance. The electrical Johnson noise of the

coils is also reduced compared to the room temperature noise by
the square root of the ratio of the cryogenic temperature to room
temperature,

A payload structure, not shown, is inserted inside the tubular
structure and is comprised of the following:

A non-magnetic low susceptibility outer shell holding inside a
high thermal conductivity temperature controlled mass which has
attached a temperature sensor, an electrical resistive heater,
and the superconducting sample. The temperature controlled mass
must have a heat leak to the cryogenic fluid either by radiation
or by conduction via a metallic tube, wire, or rod. The
temperature controlled mass must be thermally isolated, usually
by a vacuum, from the payload structure except for the heat leak.
Provisions for electrical feed throughs must be included in the
payload structure for electrical connections to the heater and
the temperature sensor.

In figures 1 through 4: S1 = secondary number one, Pl = primary
number_ one, etc. All have electric polarities as shown in figure
200. (:)= superconducting sample to be measured.
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SET RESISTANCE/SET MUTUAL INDUCTANCE POLARITY TOGGLE SWITCH
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For LR-400 units that include the mutual inductance option a
front panel polarity switch assoclated with the R-set dials

is incorporated.
when operating in the resistance mode, this switch must

always be set to plus.

when operating in the mutual lnductance mode the switch may
be set elther to plus or minus. The minus setting, in this
case, would be used to balancs out a negative mutuval
inductance.

Missetting the toggle switch to minus in the resistance mode
might result in error readings on the digital panel meter
when Rx values are above midrange and the R-set dial setting
is above mlidrange.
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DESCRIPTION

The Texmate Model RP-45000 is an ultra stable, super accurate 4%
digit panel meter featuring a 200KHz crystal clock. As a result of this
feature, the meter provides an excegtionally high normal mode and com-
men mode rejection. The meter measures bipolar true differential and
single-ended DC voltages over five user programmable ranges fram
+1.8999V to + 1200.0V full scale. Resolution is 100uV over 19939
counts, and errors due to zero drift are virtually eliminated by means
of autozerging. The meter has a multipiex BCD eutput capability and
as an option a paraliet BCD output can be provided. Other user
programmable modes of operation include an ofimmeter, current meter,
ratiometric voitmeter, and special scaling with offset capabiity.

The differential input capability of the RP-45000 has a wide common
mode voltage range of —3V to +7VDC and a high common mode De
valtage rejection ratio of 80dB. Common mode signals are those which
are present equally on both input terminals but do not develop a differen-
tial voltage between them. This capability is particularly useful for mak-
ing accurate measurements of very small signals in the presence of much
larger common mode signais. Because of its noise immunity, the RP-
45000 is ideal for measuring various halanced transducers and bridge in-
puts.

The 120dB normal mode rejection of the RP-4500D at multiples of
50/80Hz means that almost any AC mains noise present on the input
signal will be rejected.

in addition to standard runihold and dispiay blanking optiens, the RP-
45000 features specially prepared internal mounting holes and solder
pads to enable user designed input signal conditioning and control, These
auxiliary pads provide access to all the key operating and contrel cir-

RP-4500D
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42 DIGIT
PANEL METER

A HIGH ACCURACY DIFFERENTIAL INPUT AC POWERED METER WITH
CRYSTAL CONTROLLED 120dB NORMAL MGDE NOISE REJECTION

SPECIFICATIONS

Input Canfiguration:

Fult Seale Ranges:

tnput lmpedanca:
trput Protection:

Normal Mode Rejection:
Commen Mede Rejection;
Common Mcde Valtage:
Accurecy:

Maximum Resalution:
Temparatuse Coefficient:

Zera Stahility:
Conversion Rate:
Digital Output:

Display:
Polarity:

Decimal:
Ovarload Indication:

Powsr Reguiraments:

/

True differential and single-ended

+1.9999V0C (standard)
+19.9g9v0C
+199.99V0C
+1200.0v0C

Exceeds 1000MQ on 200mV and 2V ranges; 10MS2
an ali gther ranges

+60VDC or 40 VAC maximum on 200mV and 2V
ranges; = 1200V0C ar 850VAC on all other ranges
120dB at muitiples of 50160 Hz

8048 at DC; greater than 12068 at S0/50 Hz

-3 to+7V

+(0.01% of reading + 1 gigit}

180V, over £19999 counts

SPPM °C in ratiometric operation; SOPPMI °C using in-
ternal reference with 2G0mV and 2V ranges
Autozeroed; 1uvi°C Typ

2.5 readings—per-second, controlled by precision,
200KHz Sluartz Crystal Clock, or user controllable from
1 10 12 reatirg per second by external clock
Mitiplexed BCO (standard)

Tri-State paraliel BCD {opticnal)

0.56 " LED

Automatically displays both “+* and “—". Palarity
symbols may be hlanked

User programmable te 4 positions

When ingut exceeds full seale on any range being used,
most significant 1" digit and pelarity symbal is
displayed with ail other digits blank

110V or 220V, 5% at 50Hz 117V or 230V, £5%
at 60Hz and 400H:

. . h Warmup Yime: 3 minutes to specified accuracy
cuitry of the met'er including reguiated +5VDC and + 1 2VDC output (see Qpersting Temparature: —10°C 10 +50°C
page 3 for details),
ORDERING INFORMATION
Order Part No. Qrder Part No.

STANDARD 4% DIGH PANEL METER (2V Range) RP-45Q00 RANGE CHANGE KITS: (matchad resistors for user installation)
RP-45000 w(Tri-State Parallol BED Output RP-45000:BCH 29V Range VEA-0020V
Retrofit Paralial BCD Board for AP-45000 RP-45000BCOO 200V Rangs VKA-G200V
ACCESSORIES: Edge Gonnactor {30 pins solder tabsh CN-L15 1200V Range VKA-1200V
OPTIONS: Fectory instalted 20V Range VFA-0020V

factary Installed 200V Range VFA-0200V .

Factory Installed 1200V Range VFA-1200V EVALUATORS KIT: (sslected components 1o evaluate most

Factary installed Offsat Voitage Capability V0-506K circuit applications — includes 5GKS offset pot) RP—45000 KIT

Fastory Installod Special Scaling (Specify input

signal, the span, and digital reading required 8.9.

410 20mA input to display 0 to 19398, e.g. 0 ta 2V

ingut to display —20 to 15000} : ¥5-4.5

\. -

RP-4500D Page 1
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LR-400
CONNECTOR PINOUTS ~ Instruction Nanual

The Texmate Medei RP-4500D intarconnects by means of a standard PC baard edge con- The dia,

800-2

nector having two rows of 15 pins each, spaced on 0.156" centers. Connectars are peaent values indicated for this mode of operation. Yariations from the standard for use in
available from Texmate, or from almest any connector manufacturer, speciat applications will be found under the heading Tygical Application Circuits & Connection
@ @ instructions.
VOLTAGE #§ R
REAR VIEW OF METER CASE it o BRBET wegr  GHWF
SIGNAL
by
. @m EOC
1Ot 1Y 1210304415, SIGNAL
(IO | %clols_i ] | | |OE | Vota ( C;b .N'a?_.#@ ""I @ ThF LOGIC
? HoN-oLarizEn | CIRCUITRY

A—  Decimal Select {1XXX.X) T~ Decimal Select {1XXXK) AUTO ZERO ChR {0 adio
8- Decimal Select (1.00XXX} 2—  Decimal Select {1X.XXX! REFEREHCE (S ) TEVREF| G I35§4, 200kHZ — RUN

NPUT : sDiGHIT ¥
L~ Constant Voitage Cutput 3—  Offset Veltage Quiput GUThuT I cd:'& o rEa
D-  Anaiog Common 4— Signal Low Input QUARYZ - CLOCK.

. . . " . 2V -12V +3v C

E—  Signai High Input B—  Voltage Divider Signal High input C?,(’g‘,j_}:l'é‘ré T ‘MT:
F~  Reference Valtage Cuiput B~ Reference Input pid 3 + o
H—  Display Power Input T— +5VDC Power Output UTRRT RECTIFIEA & * 0|5pL At - ]amsnr:a
J—  Clock Output B— Clack Input REFERENCE (¥ SEREuIT °'5°‘°*"°“‘" weor
Ke  System Ground 9-  Polarity Enable oureuT B B B B '_ e
{—  AuwHold t0— Display Test ANALOG e = “ELEASE
M- Integratios Busy Out #1—  No Connection commonil i N7y A\ 7Y tl tl tl T-I
N— o Connection 12— AG Power input @ o @ e 2 DEC'”A"'
P~ 1371230V Sefect 13—  No Connection S\'STEM
R— %o Connection 14— 117/230V Sefect ALporER D’S‘“SLE POLARITY SIGN
S—  AC Power Input 15— No Connection ~

PIN DESCRIPTIONS

Pins A, B, 1 and 2 — Decimal Select: Decimat points may be displayed as re-
quired by eonnecting appropriate pin to System Ground Pin K,

Pin ¢ — Constant Voltage Qutput: Pin C may be used as a primary reference
Voltage Source of +6.9V referred to Analog Common Pin D. A temperature coeffi-
cient of SOPPMY °C s typical. The maximum usable load without component
change is fimited to 500uA.

Pin B — Analog Gommen: Signal return common for differential inputs,
ratiometric inputs, external reference inputs. For single-ended inputs, Pin O and
Pin 4 shoutd be joined at the grounded side of the input signal source. CAU-
TION: Analog Common Pin O is not isolated and is internally connected to
System Ground Pin K.

Pin E — Sigral High Input; Signal high input of A to D converter. Maximum over-
voitage protection is £60VOC or 40VAC.

Pin F — Reference Voltage Dutput: internal precision voltage reference.
Standard output is 1.0000V, adjustable by +5% with R15 potentiometer.
Usable valtages fram 0.05Y to 5.0V for special high impedance scaling ean be
obtained by changing the vatue of internal dividing resisters RS and R9.

Pin B — Display Power Input: Power input for LED display drive. For normal
operation, connect Pin B to +5VDC Power Output Pin 7. The display may be
dimmed or blanked by reducing or removing the voitage between Pin H and Pin 7.
The power supply to the A to D converter and logic circuits is independent to that
of the display. Thus, even with the display blanked, the remainder of the meter
continues {o function normally.

Pin J — Clock Output: A quartz crystal controfled oscillator provides a stable
clock signat output of 200KHz.

Pin K — System Ground: Al digital signals, decimal points, display test, and
runhald circuits should be returned to this ground poiat. Pin K is internally con-
nected to Analog Common Pin [,

Pin L — Run/Held: i Pin 1 is left open {or comnected to +5VBC Power Jutput Pin
7 far logic control purposes} the meter will operate in a free-running mode, Under
contrad of the internal 200KHz quartz erystal elock, readings will be updated every
400mS (2.5 per sec). If Pin L is connected to System Ground Pin £ {logic low), the
meter will latch up and continuously display the reading, I Pin L is released fram
Pin K {Pin L. then goes logic high) for more than 2G50 clock pulses £>10mS at
200KHz) amd returned 1o Pin K {logic fow}, the meter v+ complete one conversion,
update, and then haold the new reading. For all practical purposes, a manually ac-
tuated pushbutton switch will provide sufficient timing for “press-to-update”
operation.

Pin M — Integration Period Busy Qutput: CMOS fagic output {normally high)
goes low and remains low duzing the period of the conversion cycle when the input
signal is being integrated. Actual integration is performed for 20,000 clock
pulses. Dedntegration then ceoues for 0 to 40,000 clock puises (each count
display = 2 ciock pulses), depending on signal magritude. Pin M goes to fogic high
throughout Autozerc Phase and during Hold Status.

Pins N, R, 11, 13, and 15 — No Connection: The PCB pads which would nor-

RP-4500D Page 2

mally correspond to these pins do not exist on the PCB.

Pin P — 117230V Select: Conrect Pin P to AG Power Inpet Pin 12 for 117V
operation. Connect Pin P to 117/230V Select Pin T4 for 230V operation.

Pin § — AC Power Input: Connect one side of 117 or 230V AC power input to
Pin S.

Pin 3 — Dffset Voitage Output: Pin 3 is the center tap of R10 potenticmeter
which when instalied will provide an offset voltage outout which is variahle from
0 to +6.8V and may be used for signal offset or scaling purposes.

Pin 4 — Signal Low tnput: Signal low input of A to B converter. Maximum over-
voftage protection is +80VDL or 4QVAC.

Pin § -- Voltage Divider Signal High Input: Signal high input for voltages that
require attenuation or sealing. Dividing resistors R1 and RZ may he mounted inter-
nally for valtages up to 1200V max. Matched dividing resistors for 20V {1/10),
200V (1100} and 1200V {71000} ranges are available from Texmate. Shunt
resistors for current measurements up to 2G0mA may be internally mounted in the
R1 position, The current {oep is then applied to Pin 5 and returned through Signal
High Input Pin E.

Pin 6 — Refarence Input: Reference voitage input for A to D converter, Normalfy
supplied from fReference Voltage Outpt Pin F. An external reference source re-
ferred to Analog Common Pin O may be used instead. Fin 6 may be used as an in-
put for ratiometric measurements. Minimum usable voltage is 0,05VDC and the
maximum voltage is 5.0YDC. (Signal trput Voltage < Reference Input Voltage) ¥
10000 == Reading Displayed. Maximum signai voltage is 5V. Higher voltages must
he scaled down through voltage divider. Reference input voltage must remain
stable during measurement period.

Pin 7 — +5VBC Power Output: Reguiated +5VOC +3% power autput 1o
enable the display and logic circuitry. In addition, up to 25mA may be used to
power external circuitry.

Pin 8 — Clock Input: Normatly Pin 8 is connected to Clock Output Pin J which
provides a 200KHz clock input for optimum rejection from 50/6GHz noise. An ex-
ternai clock source may be used if desired (-+5V referred to power ground at 50%
duty cyele). The minimure recommended frequency is 10KHz, and the maximum is
1MHz (12.5 readings per secondl. For inputs hefow 100KHz or above 300KHz,
the integrator time constant and some component values have to be changad.
Pin 9 — Polarity Enable: Connect Pin 9 to System Ground Pin X to enable the
constant minus bar for rormal polarity indication. To hlank both positive and
negative polarity indication it is necessary, in addition to epening Pin 9, to cut
J40, which is located on the display board rearside. NOTE: To blank polarity
for most pesitive signai input unipolar applications, epen Pin 3 and reverse the
signat input Jeads.

Pin 10 — Dispiay Test; Al display segments will eperate when Pin1Jis con-
nected to System Ground Pin K.

Pin 12 — AC Power Input; Conrect one side of 117 ar 230V AC power input to
Pin 12,

Pin t4 — 117/230V Setect: Connect Pin 14 to AC Power Input Pin § for 1317V
cperation, Conaect Pin 14 to 117/230V Select Pin P for 239V operation.

(R-9) 584
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SOLDER PADS USED FOR SPECIAL APPLICATIONS

3V

AUXILIARY SOLDER PAD/PINOUTS

The RP-4500D has twe rows of auxiliary salder pads focated internally on the PC
Board that provide access to the multiplexed BCD outpat and the key operating
circuitry. They are laid out to facilitate the mounting of Texmate or user designed
signal conditioning and digital output medules,

1~ Voltage Divider Signal High Input
2— Reference Voltage Cutput

3— Reference Input

4— +5VDC Cutput

5— Clock Dutput

6— Constant Voltage Cutput

7— Signal Low Input

8- Offset Voltage Output

89— Analog Comman
10— System Ground
11— —12VDC Dutput
12— +12YDC Qutput
13— Signal High Input
14— Lantrol A
15~ Control B
16-- integration Jusy Qutput

NOTE: The RP-4900D is available with an optional fioard that converts the MUX
BCD to a buffered Tri-State parallel BCD output. Alternatively, the paraiiel BCD
cutput board may be separately purchased and retrofitted by the user. For details
see the RP-4500DBCD application sheet. To order, see order information, page 1.

{7 Control A 24— [5 Digit Drive (MSD)
18— RunjHeld 25— B1 BCD Output
19— Contral B 26— System Ground
20— D1 Digit Orive {LSD) 27— 88 BCD Output
21— D2 Digit Drive 28— B4 BCD Gutput
22—~ D3 Digit Drive 28— 82 BCD Output
23— D4 Digit Drive 30 +5VDC Qutput

AUXILIARY SOLDER PAD/PIN DESCRIPTIONS

Pad 1 — Valtage Divider Signal High Input: Same as pin description Pin 5.
Pad 2 — Reference Voltage Gutput: Same as pin description Pin F,

Pad 3 — Reference Input: Same as pin description Pin 6.

Pad 4 — +5VIC Output: Same as pin description Pin 7.

Pad § — Cleck CGutput: Same as pin description Pin J.

Pad § ~ Constant Veitage Output: Same as pin deseription Pin C.

Pad 7 — Signal Low Input: Same as pin description Pin 4,

Pad 8 — Dffset Voltage Output: Same as pin description Pin 3.

Pad 9 — Anrafog Common: Same as pin description Pin D,

Pad 10 — System Ground: Same as pin description Pin K.

Pad 11 — ~12VYDE Dutput: Auxiliary power output —12VOC at 20mA max. for
input signal processing module.

Pad 12 — +12VDC Dutput; Auxiliary power output -+12VDC at 20mA max. for
input signal processing morule.

Pad 13 ~ Signal High Input: Same as pin description Pin E.

Pin 14 — Control A: Pin 14 is normally logic low {zero volts); it goes to fagic high
1" at the beginning of the integration period. If the input signaf is negative Pin
14 will return to logic 0 at the end of the integration period; if the input signal is
positive, however, Pin 14 will net return to logic “0"until sither zero-crossover oc-
curs or the end of the deintegration period is reached, See Timing Diagrar.
Pin 15 — Cantrol B: Pin 15 is noremally logic low (zero vaits); it gues to logic high

RP-4580D Page 3

1" at the beginning of the integration period. I the input signal is positive Pin 15
will return to logic “0" at the end of the integration period; if the input signal is
negative, however, Pin 15 will rot return to logic “0" until either zero-crossover
cccurs or the end of the deintegration periad is reached, See Timing Diagram.
Pad 16 — Intagration Busy Output: Same as pin description Pin M.

Pad 17 — Control A: Same as Pin 14.

Pad 18 - RunfHeld: Same as pin description Pin L.

Pad 19 — Control #: Same as Pin 15.

Pad 20, 21, 22, 23 end 24 — Digit Drive D1 to D5: The digit drives are a
negative true logic that goes to logic fow for 40 clock pulses minus one clack
puise delay while waiting for validation of BCO data. The scan sequence is 03
{LSD}, D2, 03, D4 and D5 {MSD}. The scan is continuous unless an overrange con-
dition occurs which will teave only D5 scanning and alt other 4 digits blank. As 01
to 05 are open-collector output, pull-up resistors are required.

Pad 25, 27, 28 and 29 — BCD Qutput B1 to BB: The BCD output bits (B1, 82,
B84, BB) are positive true logic that occur one clock pulse eadier than the Digit
Drive. As B1 to BB are open-collector output, pull-up resistars are required. The
palarity signs and most significant digit “+1"” have a special BCD format.
S1XXXX = 0111 and =~ 1XXXX =1111; +0XXXX =0101 and —OXXXX =
1101,

Pad 26 — System Ground: Same as pin description Pin K.

Pad 30 — +5VDC Qutput: Same as pin description Pin 7.
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42 e J4b

NOTE: J4D IS5 MARKED J4
ON DISPLAY PCB

BISPLAY BOARD REAR/SOLDBER SIDE

O

RS 2000.

NNO]
:E aalzm
< +6. 9V | CONKECTFOR

CS ri2K NIV WPUT ONLY

210V

V3ig=<2Y e
’D i_cr ga

1ufF

CONHECY FOR
NEV INPUT ONLY

@_@

SINGLE-ENDED METER 2V, > 2V RANGE

2V Range: 1) Comnact up the circuit as shown; 2} Apply Signal Hi to Pin E
and Signal Lo to Pins 4, 0.> 2V Range: 1) Instali R1 and R2 as spacified under
section titlad Useful Tables; 2) Apply Sigral Hi to Pin 5 and Signal Lo to Pins 4, D.

Ry LOAD

FlgES

YT
oloJolCLal0

SIMGLE-ENDED CURRENT METER

17 Connect meter as shown; 2} nstal Rg. ROTE: Rg must be externally mounted
when curreat is greater than 200mA. Standard values for Ry are specified under
section titled Useful Tables. For ali other ranges, Ag may be internally mounted
in the R1 positien.

RP-45000 Page 4
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TYPICAL APPLICATION CIRCUITS &
CONNECTION INSTRUCTIONS

The RF-45000 may be used in a wide variety of tonfigurations. The following circuits illustrate some of the
possibilities and demonstrate the exceptional versatility of Texmate products. Cumponems called for in the
applications which are not part of the standard meter may be supplied by the user ar in some cases pur-
chased from Texmate. The circuit diagrams explain the basic pinout connections required for each applica-
tion. Unless otherwise specified, the diagrams will show the component values and soldar junctions that
wauid normaliy be installed on a standard 2V range meter. For those applications which have alternative
ranges andjor input configurations, the required companent values and any madifications are described in
the text. NOTE: Use of these applicaticn circuits is entirely at the risk and responsibility of the user and any
user modification of the meter may, at the discretion of Texmate, veid the warrcanty. (See rear page for
user's responsibility and warranty details.} The fallowing legend applies to ail appfication circuits: 1] op-
tional companent positions are shown in dotted lines; 2) intesnal solder junctions are shown by W for &
closed junction or & B for an open junction; 3) Calibration voltages as measured by an external user sup-
plied voltmeter are shown by

COMNECT FOR COMNECT FOR
——— EXTERNKLREFEREMCEONLY . p IRTERNAL REFERERCE DY
_______ o
[ ® OR0
une>2Y }m BB 2]k _ RIB{2CON RS
> . C NNECTFOR
= I a8 LS
vl —T® 1 1uF!
4+ VeVl A2 56K oot
F“L(" vi,‘ch e, 9
CHY+TY ' Ul
£75) i 3
A

DO 00 QO

DIFFERENTIAL METER 2¥, > 2V RANGE, OR EXT. REF.

2V Range: 13 Connest up the circuit as shows: 2) Apply Signal Hi to Pin £
and Signal Lo 1 Pin 4.

®
ﬁ_{jj:t>4

()
+:l()*“_ﬁ

E2
s
PORYQY

Reading =={V1 + ¥2) = 10,000 wheze ~2¥ <V1<{+2.8Y and +100my<yo<
+5Y. If SBmV<Y2<5GImV, changa £6 from fuF to 0.1pF.

Js@

MFFERENTIAL RATIOMETRIC OHM METER

1) Remove {opan circuitl R8; 2) (RS + AT) %2 = Full Scale Value; 3} Resding =
Ry < (Rg + AT) x 10,000; 4) Change G5 fram $uF to 9.1,F for 200Q range; 51
Remove (5 for 20MS2 range.
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TYPICAL APPLICATION CIRCUITS & COUNNECTIUN INSTRUCTIONS

u"z"r“&a

Al

o

Re
o (EF
R2%

Ja

—;—“—T—;
b LIO)
B[O WS

OFFSET CAPABILITY FOR THERMOMETER OPERATION

*R
T
1} Install R10 Potentiomater of SOKS; 2} Far —55°C 1o +150 °C adjust €1 = 3 "4%%'5 oa
1.000V and C¥2 = 2.732V: 3) For ~58 °F te +200 °F change RO to $3.7K52 l ‘O"*
and adjest CV1 = {.555V and CY2 = 2.5D4V. @
J4 5 :3

(o)

o~

olollelelo

BRIGHT
? DIM SIMULTANEOUS VOLTAGE AND CURRENT MEASUREMENT
DIMMER 11 instali R, B2 and Rg as specified uader section hiled Useldl Tables. NOTE:
Rg must be located i fow side of the current loop and Signal Low Iaput Pin
beM 4 of Voltmeter must not Be grounded.

52 POLARITY
1GN

$1G
®.° ENABLE

DISPLAY BRIGHTNESS CONTROL

TIME PROPORTIONAL YO REAGING
fr—ti——d

R S—— ’ _|———-——i_
“BTONTROL
T-£F Ja C1Rve b2y
S
—d PULSES OUTPUT ¥
INTERFACE FOR PRESET COUNTER/CONTROLLER AUXILIARY POWER OUTPUT
Displaved reading is egual to the number of pulses during tima 1. (See Compon. +12V output for extrna} OPAMP circuitry 20mA mas. (See Component Layout
ent Layout Bottom Side illustration for location of “A” and "B Contrals.) Battom Side fustration ahove for correct solder pads)
HEGATIVE SIGHAL
INTEGRATOR QUTPUT —EOIITWE SIGhAL
BUSE -/ .. I
CONTROL A B o T s S sy T sy BN
CONTROL. B [P e S i ! ey
200ms—+ o] |emicoms FoR 200KKZ CLOCK l @
:,_-__--.--__-__--_____.' e mmmm i 4zomal oy LRl
|4—------—!0,0°0 COUNTS 0 20,000 CLOEK FULSES—O‘E ':I’;ATNESR'
.50} ) 1 - - RN T o >
_____ ..i?..._____ e ‘r—° X
= H D e
N el U G
~~~~~ i
D4
L
(MsD) 05 L{ W] W 1]

4 T0 20mA RECEIVER
-------------- 1) Install $2552 resistor in 81 position. 2) Install R10 potentiometer using any
oaTA X}OOODODOOOC ..... e 00000 valup batween a misimum of ZOKS2 ard a maximen of 100K

11« 100 COUNTS PERIOD GR 200 CLOCK PULSES OR IS FOR 200KHE CLOCK.

TIMING DIAGRAM
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USEFUL TABLES

VDLTAGE RANGE CHANGE CURRENT RANGE CHANGE (%)
FS. In Rt R2 Resal £S.in Ag Resol
2y omit ot 100uV 20A 0.iQ 1mA
ail) GMQ MR Tmv 24 1% 1900pA
200v 10MQ 100KD 10my 200mA flife] 10pA
1200V 10MQ 10K 100mv 20mA 10082 1pA
2mA 1KQ 160nA
200uA j11].4w] i0nA
20uh 100K TnA

1"} Far fuii scale current inputs graater than 200mA, Rg must be focated external to the meter, and a 4-wire type connection shoutd

LR=~400

) 800-6
Instruction Manual

CALIB. PROCEDURE

Apply power to the meter. Then with a

RESISTANCE RANGE CHANGE precision DC reference source, apply

£5.1n Rg -+ RT Resol +1.9000 VDC between the Signal High
200% 100Q 10me Input Pin £ and the Signal Low Input Pin
bise] Tk 100ms2 4. Adjest R15 potentiometer {hehind
20K 10KQ 19 front pane filter on right side as viewed
200K 190KR 1082 from front) until the display reads
M 1MQ 106 +1.9000V. Note; The voltage applied
20MQ oMo K

in this case is for a +1.9999V F.S.
meter. For ather ranges, the voltage ap-
plied shouid be similarly proportionate
to the particular full scale voitage.

be used. For tull seale currents of Z2G0mA or less, Rg may be located on the meter’s PCB in the R1 position.

The Texmats RP Series of panef
meters hsve been desigand to fit
most axisting panel cutouts. By
using the mounting plate supplied
with the mater, the AP Series maters
ezn he meounted in existing panef
cutouts where the measuraments
&rg no larger or smakler than those

shown below,
~ %
350 ¥
}iesn | 1650
e {41.91)
! i
l'_(szsﬁﬂ__'l

3 . 3.800
! 126,52
t
I
L7850
(44 a5)
i

Ta remove the frent panel filtar,
carefuily insert screwdriver blade at
bettom skot to refesse catch and
gently pry outwards to refeass the
filter.

L0
(15.24) H

DIMENSIONS AND CUTOUTS

PAREL
CuTOuT

To enable removal of the panel meter
fram a mouating panel without requiring
teaf actess, make the panel cutout as
shown helow, using the mounting plata
supplisd with the meter as a template.
Tha mounting holes sheuld then de tap-
ped or fitted with threaded studs.

WARRANTY

Temate warrants that its products are free from defects in mateml and workmanship under nermal usa and
sarvice for a period of ane year from date of Texmate's abligstions under this warranty ate fimited
to raplacement or repairing, at its option, at its factory, any of the products which shall within the applicable
period after shipment &e retumed to Texmate's facility, teansportation charges prepaid, and which are after
exdamination disclosed to the satisfaction of Texmate to be thus defective. The warranty shail not appiy to any
equipment which shall hava baen ropsired or sitered excapt by Texmate, or witich shall ave been subjected to
misuss, negligence, or accident. In no_case shall Texmate's liability exceed the original purchase price. The
afpremgntioned provitions do not extend the arigingt warraney peried of any praduct which has aither been
repaired or reptaced by Texmats, Inc.

USER'S RESPONSIBILITY

Wa are plaased to offer supgestions on tha use of our vannus produgts eithz by way of printed matter or
threugh direct contact with our sales/ since we have no contral over the
use of aur praducts ance thay sra shipped, NU WAHHANTY WHETR‘:’R OF MERCHANTABILITY, FITNESS FOR

PURPDSE (R OTHERWISE is mada beyond the repair, reglacement or refund of purchase price at the sofe

of T . Users shall d ing the sultablhtv of tha product for the intended spplication befora
using and tha users assume all risk and Hiability wh in ion therewith of any of our
suppestions or statemsnts as \e application or constructian. ¥r no event sha¥l Texmate's fiability in law or
otharwise be in excess of the purchase price of the product.

SERVICE POLICY
Either during or atier the warranty periad, and as a rezult of noncatastrophic faitures resuhing from misuse, negiigenca, accidant,
or improper epplication or installation. Teamate will repair any of their instruments for a (lat charge.

Product Price Aenge Aepair Charge
$ 01w0s M $26.00
§ 710 150 $35.00
$151 10 $300 $45.00

For 1epeis that do not mest thass conditions an individuat quotation can be provided.

EXMATE INC 348 SQUTH CEDROS AVE. SOLANA BEACH. GA 92075 TEL. {619) 481-7177 TWX 810-3221738

Toxmate, Inc. cannrot azsume rasponeibility for usa af any ciccuitry dascrided. No circuil patent fiensas are impliad. Texmets, Inc. reserves the right ta change circuitry, specifications and prices without netite at any time.
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RP-4500DBCD
PARALLEL BCD
OUTPUT OPTION

4% DIGIT TRI-STATE BUFFERED PARALLEL BCD
OUTPUT OPTION FOR THE RP-4500D PANEL METER.
ALSO AVAILABLE AS A FIELD RETROFIT MODULE.

DESCRIPTION SPECIFICATIONS

Tha Parallel BCH Output Module for use with Texmate's Model RP-45000 Digitat System Voltage: 5YDC +2%

Panel Meter is designed to further increase the versatility of the meter. It consists Data Output: Parallel Binary-Coded-Decimal {BCD) +19899
of an additionsl PC board mounted in the case with the meter and connected to it Counts Max.

with a multicanductor ribbon cable. BCD Logic Lavel: Buffered CMOS Tri-State Qutput

Logic 1: 4.6V at 1mA
Logic 0; 0.4V at 1mA

The Parallel BCD module incorporates CMOS circuitry with Tri-State output,
Lagic X: High impedance 309nA max,

capable of two low power TTL loads.

Polarity Gutput: Logic 1 for positive.
. . . . . . Logic O for negative,
The unit may be used to drive remote displays, digital printers, digital compara- : . . .
fors, or provide data for digital pracessor applicatians. Spars Data Latch: 2 bits spare fatch available for decimal paints and
overrange outpist,
- . Lo . Data input: Itipl input.
NOTE: This instruction shest only provides information on the parafiel BCI} output e . Multplered BC[_J EMOS input
dule. For inf i the RP-4500D Digital Panel Met the RP-4500D Cantroi Datput: Data ready, print command, overrange, control A,
madutle. For ';1' Grmation on the Hr. gHal Faned ieter see tha contral B, runihold, clezs, busy, and output select.
instruction sheet. Operating Tomp: —10°C to 50 °C.
Power Censumption: 2mA typical at no output load.

ORDERING INFORMATION

Order Part Ne. Drdar Part No,
STANDARD RP.4500D 4% DIGIT PANEL METER WITH PARALLEL RANGE CHANGE KITS: {match resistors for user installation}
BED QYTPUT OPTION (2V Rangel RP-450008CO 200mY Range VD-200MV
PARALLEL BCD OUTPUT MODULE WITH CONNECTING CABLE 20V Ranga VKA-0020V
For user Retrofit to RP-4500D AP-450C0BCOY 200V Range VKA-0200V
ACCESSORIES: Edge Connsctor (30 pins sofder tabs) CN-L15 1200V Range VKA-1200V
OPTIBNS: Factary Instatied 200mVY Rangs VO-200MVF
Factory installad 20V Rangs VFA-QDZ20V EVALUATORS KiT:(Sefected components to evaiuate most circuit
Factory installad 200V Ranga VEA-D200V applications) AP-4500DKIT
Factory installad 1200V Range VFA-1200V
Factory installod Spacial Scaling (Specify input signal, the
span, the digital reading required, e.g. 4 ¢ 20m4A input to display 0 to
\_ 19989, e.g. 0 to 2V input to display ~20 to 15000) : V545 J

RP-4500DBCD Page 1 {B-41 7184



CONNECTOR PINOUTS

The Texmate Madet RP-45000BGE interconnects by means of a standard PE board edge
connector having two rows of 15 pins each, on 0.156 ~ centers, Connectars are available
from Texmate, or from almost any cornector menufacturer.

BCD DUTPUT CONNECTOR
I RN MR R )
REAR VIEW OF METER CASE

fo LRI o)
RP-4500D CONNECTOR
1]

BCD CUTPUT CONNECTOR PINOUTS

A— Data Ready Qutput 1 Print Command Output

B~ Spare Quiput 9 2— Spare Input 1

. 6= Spare Qutput 2 3 Spare Input 2
B~ Polarity Sign Qutput 4— 10000 Data Qutput
E—~  System Ground 5~ Overrange OQutput
F— 4000 Data Output - G~ 2000 Data Qutput
H- 8000 Data Output 7— 1000 Data Qutput
J— 400 Data Duiput 8- 200 Data Output
K— 880 Bata Qutput 8-~ 100 Data Qutput
L— 40 Data Output 10— 20 Data Qutput
M- 80 Data Qutput 11~ 10 Data Qutput
N— 4 Data Qutput T2 2 Data Qutput
P— 8 Data Qutput 13— 1 Data tput
A—  Output Enable 14— Hold{Clear Input
§— Control B 15— Lontral A

NOTE: For AP-4500D0  connector pinouts see the RP-45000 instrection sheet,

_ LR-400
Instruction Kanual

Thu urayiuer usronr LU e WL g WU WPl e or Jeoisearg

torm. Gormponents RS arnd €1 can be changed to obtain different pulse-width on the print
command owtpit. The function of the Analeg to Digital Converter znd the general yses of
the (IPM ara shown or RP-45000 instruction sheet,

——
B @ [13) + DATA QUTPUT
B2eo ax (i2) 2
B4o P '55
ngo —l e (N) +
Dle GATES HE (F) &
E Do
08 f43 i bt + 1B ) 20
Wi 1g L) s0
L& %) 80
STV ONE-SHOT 100
Bus Az40ms §§ 8 200
INPUT 0'05""“ d §< [J) 400
CABLE % I E
TERMINATIONS ﬂﬁ% M. X) 800
ONE-SHOY ] [7) 1000
A4a0ms 1 Tg) = () 2000
DOATaF bE
HE [ sons
L gt m] 4) 10000  DATA OUTPUT
. 55 [0} POLARITY SIGH
+avo—wveo it SPARE OUTPUT
Ea...' 02 : oo E” 8 SPARE DUTPUT 2
HOLD "_j'" I:--—— SPARE INPUT 2
2 ) SPARE tNPUT §
\ [ J
EXIS
AR
DATA READY QUTPUT INT COMMAND OUTSUT
HOLD/CLEAR

RP-4500DBCDC INTERNAL INPUT CABLE TERMINATION

16— Integration Busy'fnput 21— 32 Digit Drive 28— System Ground

17— Control A 22— D3 Digit Drive 27—~ B8 BED Input
18— Run{Hold 23— D4 Digit Drive 28— B4 BCD Input
19—~ Control B 24~ 05 Digit Drive (MSD) 29~ B2 BCO Input

20~ DT Digit Orive (LSB) 25— 81 BCO Input 30— +5VDC Input

300-8

PIN DESCRIPTIONS

Pin A — Data Ready Dutput: Pin A remains at fngie "0" during the period that
vafid data is available. Pin A goes high {lagic **1") for approximately 20mS§ after
the integrator output crosses zero. During this period of change the output data is
cansidered invalid.

Pin B and C — Spare Qutputs: Pin B and Pin € are spara Tri-state latched out-
puts that can he addressed by the spare inputs provided on Pin 2 and Pin 3.

Pin D — Polarity Sign Qutput: Pin D is a latched Tri-statg output, Its output
data is updated after every conversion cycle, Pin D goes to a Tri-state condition if
Output Enable Pin R is either laft open or applied to fagic 17,

Pin E — System Ground: Pin E is the common for all digital signals.

PinsFH JKLMNPA67,89 10, 11,12 and 13 — Data Qutputs:
These pins arg latched Tri-state outputs. Data is updated after every conversion
cycle, They go to a Tri-state condition if Qutput Enable Pin R is either eft open or
applied to logic “1".

Pin R — Output Enabla; For single meter appications, apply logic “0” (or con-
nect to System Ground Pin E} to enable alf data cutputs. For multiple meter appli-
cations using a single data retriever such as a printer, apply logic “1”" to Pin R in
ordsr o produce a floating output (Tri-state) at the Data Output Pins F. H, J, K, L,
M. N.P4.6 78910, 11,12, and 13.

#in § - Control B: Pin § is narmally Iogic 0" (zero volts); it goes to logic 1" at
the beginning of the integration period. If the input signal is positive Pin § will
return 1o legic “0” at the end of the integration period; if the input signal is

AP-4500DBED Page 2

negative, however, Pin S wil nat return to logic 0 until either zero-crossover oc-
curs or the end of the deintegration period is reached. See Timing Diegram,

Pin 1 — Print Command Output: Pin 1 is normally at logic *1* and goes te logic
"0 for approximately 20mS to activate a printer, and then returns to logic 1.

Ping 2 and 3 — Spara Inputs: Any required digital information {2 bits), such as
decimal peint positions, overrange/underrange can ba transmitted to the data bus
through Pin B and Pin C by using these two latches.

Pin 5 — Overrange Output: This pin can only be used with a CMBS input load,
due to the high cutput impedance. However, if required, it can be buffered by join.
ing Pin 5 to Spare Input Pin 1 and utilizing the eutput from Spare Gutput Pin B. Pin
5 is normally fogic “0” and goes o logic “1" when overrange.

Pin 14 — HoldiClear Input: Pin 14 normafly serves as a RunfHold Input which
has identical functions as Pin | of RP-45000 digital panel meter. By opening J2
and closing J3, Pin 14 becores a Clear lnput to all the BCD Data Latchss; then
applying logic “1" to this pin will clear all data outputs to zero, and appiying logic
"0 or an open circuit wilt enable normal operation.

Pin 15 — Control A: Pin 15 is normally fagic “0" (zaro voits}; it goes to lagic 1"~
at the heginning of the integration periad. If the input sigaal is negative Pin 15 wil
refurn to fogic "0” at the end of the integration periad; if the input signal is
positive, however, Pin 15 will not return to logic 0" until sither zero-crossover
occurs or the end of the deintegration period is reached. See Timing Diagram.

8-4) 7184
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TYPICAL APPLICATION CIRCUITS & CONNECTION INSTRUCTIONS

The RP-4500DBCD mey be used in a wide varsty of configurations, The following circuits illustrate some of the possilities and demanstrate the exceptional versatility of Texmate
pradusts. Components callad for in the applications which are not part of the standard meter may be supplisd by the user or abtained from Texmate. Far some applications, standard
components and solder junction modes may have to ba changed as specified in the application. The following legend applies to #H application circuits: 1) optional components 1o be user
installed are shown in dotted fines; 2} internal solder junctions are shown by e for a closed junction or«@ o 2n open junction.

+5Y POWER QUTPUT,

{FROM MAIN- BOARD)
~=¥K G x
E PULL-UP RESISTOR
1O LsD}
x10'
? 2102
3
(&)
7 S
(F) M Ll o4 1o
(5 =Ll L
x10msD)
POLARITY
4 — " OPEN «=-
5 = fesr”em. § CLOSE=+
MATACES

THUMBWHEEL SWITCH DIGITAL COMPARATOR

:i +5Y

WITH HIGH, LOW, EQUAL OUTPUT

RP-450008BCD Page 3

"\

METER1 IN THE

1OKOL +86Y
Bpes

[ {Domerer® - serpainr

METERF1 > SETPOINT

METER 1< SET POINT

“_'D—oumn F2eSET POMT
T roueren #2ser eomr

sy L -omeTer #2.cseT pomT

[

CMOS-GATES ARE USED

MORE THAN ONE METER COMPARED
TO ONE SETPOINT

(B-4) 7184
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NEGATIVE SIGNAL
INTEGRATOR QUTPUT _POSITIVE Siotat

DM 3
oPw 2 il GVERRANGE |
TYPICAL TYPICAL TYPICAL BATA READY —T—20ms il M 1 mn
PRINT COMMAND I =iEms 1 “Y 1
R 1)(R R CUTPUT ENABLE H
TO OTHER
e B80S Tt =11 ﬂs.l:l%nls HOLD INPUT QATA CHANGE B !'éo 1 I |
1 l a,rl, Tﬂ%ﬁm DATA OUTPUT
=
N v, CIRCUITRY CLEAR LATCH I Y4mQUTPUTS AT OFF=5TATE—|
ac00 DATA BUS m DISPLAY CONTROL A
PRINT LED
COMMAND I CONTROL 8 | ™ 1 I
S — [rasar [ oo ] TIVING DIAGRAM 1
= ;
PRINT & |
aopance : |
it _..._...........2..........{"" n MAIN B8CARD |
£ % v wodn 1 G 6 |
22K s2
| pse, s
¥ +5Y  LOAD SELFCTED BCO OPTION

CHANNEL. NUMBER

SUPER LOW OFFSET (<10uV) ANALOG COMPARATOR

BUS SYSTEM FOR MORE THAN ONE METER
USING ONE PRINTER

The Texmats AP Ssriss of pansi
maters have hesn designed to fit
maost axisting paael cutouts, By
vsing the mounting plate supplied
with the metar, the AP Series meters
can he mounted in exizting pansl
cutouts whers the measuramants
#78 no larger or smailer than those

DIMENSIONS AND CUTOUTS

shown below, j\ ;
100
"‘i 1"(2.541 %E,:;EENG
350 ] f f
RICE | 1650 "\ (3_,"5.?3
T 1aran . CUToUT
l < 4.060 To snable remaoval of the panel meter
:Si.‘ﬁon J| 1.8%0 (163.12) from a mounting panel withoul reduiring
40,51 rear accass, make the panet cutgul as
| 3800 K shown balow, using the mounting piate
f 198,531 |

supplied with the metar as a template.
The mounting hofes shoufd than be
tapped or litted with lhreaded studs,

To remove the lront panei fitter.
carefully insert scrawdtiver blade at
bottom slot 1o release calch and
gently pry outwards to release lhe
littar.

2 _
V. / “1.91)
600
(15.24]

FOR PURPOSE, OR OTHERWISE is made beyond the repair, replacement or refund of purchase price al the
sole discretion of Texmate. Users shall determine the sutability of the preduct for the intended application

WARRANTY
Texmate warrants hat its products are ras from defects in materia and workimanship under cormal use and
service for a period of one year from date of shipment. Texmate's obligations under this warranty are limited

to replacement o repairing, at s option, at its factory, any of the pradusts which shafl within he applicable
period after shioment ba raturned to Texmale's facility, transportation charges prepaid, and which are atler
examination disclosed to the satistaction of Texmate to bs thus defective. The warranty shali not apply 1o any
gquipmant which shalf kave been repaired or atered except by Texmate, or which shall hava been subjected
to misuse, negligense, or accidant. In no case shall Texmata's liability excesd the originat purchase price.
The aforementionsd provisions do not extend the original warrantv pariod of any preduct which has either begn
repaired or replaced by Texmate, Inc.

USER"S RESPONSIBILITY

Wa are pleased to offer suggestions on the use of our various praducts either by way of printed matter o
through direct contact with our sales/applications enginesring staff. Howsver since we have no control ovar
the use of our preducts once they are shipped, NO WARRANTY WHETHER OF MERCHANTABILITY, FITNESS

balore using and the users assume all risk and lizbility whatsoever in connection thesewith regardless of any
of our suggestions or staternents as 1o application or construction. In Ao event shall Texmate's liability in law
of otherwise be in excess of the purchase price of the product.

SERVICE POLICY
Either durieg or atler the warranty period, and as & result of nontatasirophic failures esuing from misuse, negligence, accident,
of improper application of instaifalion. Texmale will repair any of Iheir mstruments for 3 llat charge.

Preduct frics Rangs Reasir Charge
S0 $20.00
§ Tto $i50 $35.00
$151 to $300 $45.00

For fepairs thal do not meet these conditions an individuat quotatien ¢ar be provided.

RP-45000BCD Page 4

YXMATE IINC 348 s0uTH CEDROS AVE., SOLANA BEACH, CA 92075 TEL. (619) 481-7177 TWX 910-3221738

Texmate, e, cannot assume rasponsibility for usa of any circuttry described, No circuit patent licenses are impiled. Texmate, int.. resarves the right to changn circuitry, specifications and prices without notica at any time.

{B-8} Printed in U.S.A. © Texmate, lac. 7/84



300-1

Instruction Manual

LR-400

M 13R PECZZESRSTINITIL AZIB-86T S19:XY4 S1/B-667 S1F:INOHS "WSH @124 YD 09310 NUS T1Z¢# *1d NYRHEND 1£25 “ONI HOHU3SIH MUIANIT)

SAMNBOINHIAL FINVYILISIS3IYW IV WHO-OHI3IW d"HN0S
JILIONYLISNGOD HIAWMNMOLASNUYMIL JONSUVYLIOINANI "1vALinu

INDINHI3L NOISMNTIIaX3 XNd 3ONVLOAANI YN ALNOW

ONILS3L XOoO—=sMO-—-avd—-TA =

SLNIWIHUNSVIN ALIAILONANODHAANS

°] HOIH 00¥-H1



1Inu v aaeb got-¥1 9yl 1T13Un ‘jusssid sidues ou
wooi 3¢ ‘wmioyg 1102 Xyewyad oYy SpIisul SIX® §, I2WICISUBRIG
syy buore umop pue dn wmio3y Tiod KAzxepuonss ayy buiaow A{reoysiud
Aq auvop sea abejloa 3ndino Axepuonas jau ayy BuyTThu 10 Bufoueieg

yyta sanjezzdua]

*d-d am gg sem adossoyriose

ue Y3lIm  paInSEsIw cf  Alepuudsg yoea ut abejtoa pazupuy
E1TRA TIUITIND UOIFEITORD SHY W 0T SYI YITA JUSISISUOD SEA YDTUA
(d-3) ¥ead o3 yead €310A ('t sem odoDSOT({O50 UP YA pRIncEaln
se abejjon 2z3iay 91 Azewjad osy3 uoyaeITIoso ayy BUITTIY I1233I¥

*S213IVpUCDAE
8yl ©31 pdoyoeile os1sm saojzijoedes opN +IPWIOISUEI] ayy jJo

aouewzo3xad 337Ys aseyd 3UL1IND UOTILJTIXD Z3A9Y 9T SYY} UC IDPFFe
arqeineadde ou sBY SNY3 pue swyo 000’007 ST 2313y 91 3' acjroeden

dn I°0 9Yyz 3JOo 8doueldeax aarlioedes syl *ZNT Uy posivwuy
KAzemtad sy3z y3ym PpPai3zTIan uUsy3l SEM SUOIJETIIOS0 IO adussqe
EIFRA “("03@ ‘Furge- e uzyl ‘ydooe B usayy ‘putzrl sem xo37oeded

3doeT ° 3s113 3e) Ieasp ZNT sy3) jo doiy ayj 3 sanjersdusl woox je
Azemyad =y3z yita yasirexed ut Iojyoeden 3IoA 0T 21IoeTeIp reidu
perejoidtw (-g Areujpic ue Hujoerd Xq psleuUimII® Sem uvojjIEI[]DS0

ayy, ‘Buipuim Azewizd suiny ybiy e Buisn usym ‘ases ayy Ayrensn
s1 puw ‘pa3oadxs gRPA UCTIRTITOSO EBIYl '(pear Aocl-1 9y3z o3 punoib
adons 32%UU0D 30U Op} SISSEUD  (0%k-¥T  2Y3 03 peIoIUUCD puncib
sqoid ay3z y3ta agezd uwyobsm @7 £,3300807111050 UBR  Y3fm Dpaiojjuom

sPA UOTIETTTOS0 (2497 UYBTY  SIYL *EPEIY UOTIEITOXE JUIIIND QO
-¥7 2yl 02 paYosULoD A[[ETITUT SEA IJMICISURIF JYJ USYM Z3I9YOTTH
0¥T 3o KAousnbaxry e 3e pajerrioso sanjzexadusy woor 3w Azemjxd oyg

*IVAIP WRNOEA IDYIT 7 DOTTEM
-1993s seoaqureas 5453 pof  r93owetD AISUUT YDUT b ' AQ DPISY SEBA
ZNT 3ul, “ZNT ul Li3se1ip pesiswmy 2IIA YITYym Swiog aqny atiserd
D1I3UBJUCD DAd TPhPIATPUT UC PUNOM SIS5A safIvpucdss  pue Axewiag

“ZHIT © Suyo LT KA1epuonss yoes 3O 22UEBIDBAT BATIONPUT
“ZH 9T ® swyo §°7 Aiemtad jo souejznear aaTionpul
tpopT1at& sinjexsdway woox P S3USWIAINSEIW gOb-HYT
‘SEYo G9Ef SIFABRPUOIIS YJO0G I0F [e30l suyo
KAzepuooas yoes 3Jo ainjexadws) wool 3 sduelsissl oq
‘uoyngiILeIp ncu:u
ienba 103 pe3 puey axim jaubew 23ddoo DAY FL# 1o sSuIny 0QO’E
‘sayout ¢ = S97irpucaas ussalsg bujoedg
*SIYDUY GR*Q = IIJIWELP ISUUY ‘yout T = yabuan
:K1epuooasg *g

b8t =

‘RTSILITIYE LZ°0 €BA 1100
Kzewmrad 2y3z apysuy yibuazjs praty orisubew yeed Uorzelioxe
pajeinNaTES B3y} JUSIIND  UOTIRITOXK?  sSHE  sAWeTTIIO | 0T UITM

‘suyo zf1 = sanjexadwal wool je BOUEBGETISSI Dd

*ysferil(ne  €em pue UOTINQIAISIP Suany tenba roj pag puey

sem Butpuia 2yL -arim jaubew zoddod oMy ZEK IO sUINY 006°T

YIim SOYDUT £1°'T = I933We]p (102 IdUUI ‘Saysuy g9 = yzbusn
t1ewmiag ' ¥

S00-2

LR-400

Manual

Instruction

1ty axnbiy I} SOTITIISIDEIVYD
teatsAyd  HButmoTIcI 9yl Yiia ISWICISUREG Arepuosss signop
-Azeurzd asuejlonpui [enjotl, DIAJUIDUCD B  PISN pup pIFONIISUCT AN

TINCITOANT "IN -2

cgdue-0I5TW  QUT @ SAYOTTIIM
069 pue ‘eu T § SWYOTTIIHM FYL “E® QT @ SUYOTITIW 998 s€ ‘pob
-¥17 dYyl Jo abuer wyo 7 SY3 uUo pornseaw sem ‘ayed peELT UOTIBITOXS
Jua1IND JY3 IoJ IduelsTes: pesl diI3 puUnoI YoIut Qf Sy3 burpnisur
JDUBISIEIA DY IDEIUCD *sathue Jybtz 3e @a291d pieoqg ITNDALO
pajuiad adfy tresisatun apim yosuy ¢+ Aq Buey youwy [-g Tiews © o3
pueysxogaq parapros a1sm {9x1a dn-yooy DAY FZ§ pPIPUEIIS pIIBRTRSUTY
JAd) Speay siqeD Iosuss Ino3 auyy puer suid deim e211a psjerd
~-preb 3yl °(zN7) uaboxjju pinbi{ ul pasizsmuy sem Liqmaessw LITIUD
ayy, -sdwero .2, 1993t IIPUE OA3 Y3[A Iayjzsbos padwern wusyl 2194
ITY  -eAde1gq (DAd) apraoyuotAusadyod yojyay youyr 6z 0 ‘srenbs youy
§°0 OAM] UIBATDG pAYDTmpues aiam sutd ayj pue stdues ayl *ardues
ay3 30 aoe3 suo jsutebe piel ‘32%008 JTnoIton pojesbaqur desm-siata
autt-ui-tenp uid 91 prepuels e woiy paaow3i ‘suid 39yoos paddeaa
-3x(m pajzefd-prok piepueis Ino3y paIsn arduwes Bbujyonpuesiadns
aouUeISISERTI DY Y butansesw uy pasn  poyjaun 30e3U00 3YY

*poylaw ‘uwotloRuued 3oejuon testsdAyd ayyx smoys £ sanbigd 18
yo3ims butrsorn KAgq souelsissa oiaz {espl ue burjeinwis Jo poyjoew
e smoys gz 2ainbig -Huipioos: ayz moye g1 % ¥I s3Inbig -juealsvon
|y ra3y¥f3  pucdaE T ST 03 198 QO0F-¥T 2YF YITA JTIpIodIR 3IRYD
dixys © pasn 2y ‘MA-WYO f-07 X S0°EZF0 ¥4 03 ‘epeay buirdues
abejtoa 2y3x 3o Jjusuwaserd pue ‘Aiyswoab ‘suntoa Yy DulzEpISULD
‘pajetndteo uay3z sem Ajratastses  jong ‘Smyo-oIDTW QI QFQ
2q 03 punoj pue painSEalw Sem IDUeISTEIxX DY sijdurs sajaonpuoniwvdng
yIng ay3 ‘sHy sdueiiliw Q1 3I© Iusazann wojlexijoxs  abpiig pue
‘o auo UBY3] SS3T JO SJOUBRISISSI SOBRIINE IDLJUOD DPEAT INOT YIIM
) TORAYISTISHY 0¥ ‘%
*oTYD ‘sngunyon IO *oul giusucdwo)d IATIsnpuUosiadng
apem  gayouj GI'Q = SSIUNDIIYY ‘gaydur GO = Asjsueyip
Fo YSTP XO-£No-ZVE-TX wexb g 7 e sea sisag [{e uy pasn ardues
Butaonpucoiadns syl ‘posn  osTe sem  A3iayzisuss ueds [Iing "D°Q
SITOATTITIW 7 YITm x3paodex jarys diazs awyy-X [suveyns a3jburs ¥
*103RITITO60 TE3SAID 2[QPIS B WOXJ PIATIID SAPAIULE ZAASH £°¢1 SEA
KXouanbazy ebpyrq prepuels c°perieisuy uoyjde souejonpuj  teninm
ay3 y3Tm 2bprag Qov-¥T piepuURIS B YJTA ODEM IIAIN SIUIWIINEEIW TV

&q

‘6861 RY¥NNYC EDAI¥Y
00F-21 SHL ONISN SINARIUNSYIH ZLIAILDONANCO¥IANS JAUNLYHHIWIL HOIH

6ZT0-66Z~6T% :XVd 6TL0-662-619 :IANOHA
"¥Sn 0TIZ& YO ‘0DIId NYS

1z 31InSs ‘ADYIE NYHHSND T£IS *ONI HOWVASHEY HYINIT



uoyjelrToxa gHY dwe 1 s31 buisn Agq ajyqissed sq pinoys uolini{osaz
JouUBYSTIESY Q¥ Sy3 ul juawmsaoxdwy y:00Y ' 3vun AIACSSIIDHY JUSIInD
UBtH ¥OH-¥T [PPON IBC  Y3TA  uoT3duUnfuos oy  QOp-NT  HY3 buysp

*uratay L4 ' ueyl sanjeradwsd] wooI B STQIXI[IT
Teadde swioy T109 HAd  CSWI0F TI0D DA 943 butzaanbs
At3ue3suod sbujputa sxim jaubew aaddod wmy3 3o ,sseujbujads,
P43 03 oOp SS83138 TEIJUERYDIW widj-HBuol 10 sWIGF TI0I BY3 Uy
sjustperb ainjexadusy ioyjys o3 8Np ag 03 paadrtaq teubrs andino
s,31 ur duez I0 3FITIP IJUBISUOD e  polIqIYX® ainjeradwa) meox je
Idwro3sSuell ANC FO JJTIAP BYL C[IOUED PIROYS £3333F9 IIpI0 3EITI
85aYj] uUaA® WIOY (10D $0f B UD PUNOM SO]IEPUCDAE Y3oq YI[M ‘1993F
ssayutess pog 103 sbuypes: w pue M Aol A[qeuosesl sajeESTPU]
¢ ainbiyg rasiou  33IVAP  uy (Juswssordui) wojjzanpar srqerosidde
ue pra1k pinoys s3syoelq buyjunow (sajs SSa[UIels FOE  YITA 1ayje
yoea o3 ATIESTIJUSOUCD  payIel3z®  TAe3s  Esafuiels  ppf Araissoed
30 swioy {roo adA3 pibix sI0M "swiol T102 Alepuosas pue Aiewyad
3Y3 Uyl SI73T1Iqe3sul  Teajueydssw o3 anp Arjuszedde g1 painseeu
Fsyiou 3Fvap 8yl - {juelsuod 3wT3 Q0F-¥7 puodas HT e yjzts d-d sHy
s3foacuru ) ¢ 31nBi4 UY  umoys esjou syj ueyy zsbiet jou sy pue
Spouw SJUB3ISISAIT IYJ UT €O SWESs BYJ ST SPOW JIJUBIINPU] AU IYJ
ul astou 3nduy S6pPYAE  pIINSESW ISTou JITIP AJIEPUODIE E£3T0AOURY
0Z S4y3 ueyy 1amo] Liqeiraptsuon s7 ssjou nduy 36BPYIq QOF-¥T YL

alou 29 03

rbuiTeos suntoa Ieaull Butmnsse oj3Ra asyou

o3 1eubrs auo 03 BUC e Yjia uorinjossz srdwes Huijonpuosiadns
werbointm £y ' 03 jusareatnbs ¢1 sIyl -1 03 oF6’6s SE pajetrnsyes
uay) sea OI3BRI  asyou  3I7ip o3 Ieubts sy3y atdues s1Y3x 104

‘jussexd sem aydwes ou usya teubys Huirdwes sbejioa souesonpuy
ienaou QQ¥-¥1 94l Fo  ,3Ivip, JFo esyou  ,wiay Huof, SY3y o3
paredwod se sSil0a L1epuodas Syl JO SUC JO IIJUND ay3z ojuy apdues
Bujjzonpuoszedns e jJo uOT3IDNPEIIU] 9Y3 O3 anp [eubis aoueldNpUl
tenznm gndano 3o Oo73EI  3Y] SB  pIUTIIP S OI3RI IsTOoU 03 TPUBYS

‘9 arnbrd Buiprooaz 3aeyo dja3F UO UMOUS BIED 0I3Z SATITUIIA] «
papiosai jou Aljusjlrespeui ejep Jo s31Bip om3 @sayl = xx

(oudz)

——— . paAcway

AuQZ /Wgoz0 " Q WYOIITIW DEO0° QO WYoTIIIWw £00°00 a1duesg

110D

I19M07]

SWUOTTITY £F°ZE+ WYoTTTIW $/E6TT~ apIsul

1100

29ddn

Amz/ayo Z-Q SWYOTTI W XX'Z€~ wyoryitw g8 6TT+ spysul
SONILLES HAOH HA0H

HONVY FONYLEISHY IH $TIHYS
00b-¥7 SONTCYIY 00F-¥11

toxaa Kixewyad Sy¥ ew 0T ay3j YiTAa S3[NE€31 38571 (Ing

300-3

LR-400

Manual

Instruction

*3nduy 9bpyIq 3o SHM E3ITOATILIW BEET T+

03 juareainbs (AW 7 /suyo gz ¢ = sbuygjas 00F~¥7) @1e08 SwWyoITiwm
00Z 2u3 uo swyoITTiEw gg-§Ti+ 3Io bBuipeez |oupjonpul  [eEnjny
jnd3ano ue aaeb 1102 Azepuonas zaaddn asy3 ojur UOT3IISUY  “po1L
voTAu ‘Buoy ysuy gt ‘I938WETpP \DUY GLE" B JO pus ayy o3 bButizs
uof{Au y3zia psyaeyge A1aybiy sea ordues oYy ‘KAzepucass zaddn
8y3 ojuy Arieixe psjxasui sem ardues ¥s1p Buyjzonpuooisdas

UL

*g aanby3y 998 ‘sagnutm gy jo poyasd
w183 buoy, ® 13Ap *yead o3  yead sHE s3toaouey 0Z §% paingesu
Sem (2[eas T{h3 o3 juateainbs S SWy £310A0IDIW #02 9I3YA) aTeos
WYoTITIW 0z ay3 wue jnduy bpjiq oz paduaiajex 33tip wisy buoq

*TInU 8SIe0n BY) VAIIYDE 03 SITILPUOHIE

-3U3 Yia sayi3s uy (burjoceajqns 1o HBulppe} pajsouucs Aitesiijoers

sy bBurpuis Kzeyyaoy STYL ‘peainbei se suangy Bujsowa:x
1o buyppe Aitses 103 smolle 1102 @=rqisssaoe Lyiesysdyd sayyy
*Raeurad ay3 3o juyod-prm ayjy I3A0 A1aoea1p (100 Kiepjae; e Jo
SUIn3 JUao{IINS SPUTA UG BEED SYY} UL CYlom jou 1Tim anbiuyosy
sYyy Arewixad ,yjzbusy IFIUTIUY, ur 104 *Kzemyad bBuey youy

§°9 3U3 3O Spua Yy 3@ 3jo-Iiey PI21F Ooyjeubew Ayl o s30833s

-PU® 243 3Jo IsnEIaq  payzom [inu  AILpPUoDSS pasnpuj 1eaysduyd ayy

*andjino 1W Iaued juoIl =y3 burinseow
aT1Ym sassor JATIEISSL ainzeipend sinsesm Kienosuestnuys
03 pasn  aq pino> jndano esxnjexpenb yaued zesz syl fAIBATIRUIAYTY
reieubys ainjeipend BATISTER1 ayy pesx Kttenpyagpuy
03 (21q1b611bau  siemre 3somre oxe €35F07 2IATIBIESI  Huyidnon
isWiogsuel] BdUTE Juasdid atdues ou YA 0IIT = Jus-y pajou

15113 ButA®y) epow ainjerpend 1o BJURYSIES2 Byl uy pajexado osie
Sem Q00F-Y7 Ayl ‘8pow (asuejonpuy [en3inm e3rap A{ienioe) yy7 sy
Ul SprU 83I3A S3USWAINSERAIW ISFILIXISYL °¥YN7 uoc Buypesz oxo9z e aaeb
YOoTUS TInd 3Ujy © S LiTT'G0-,4 01 398 siam {asuejonpuy fengynw jas
se Buiine) syelp 39s5-8 a2y3 128330 £7Yl ,3no0-o0x9zZ, 03 A(bujprosay
‘(sbuex afeas [In3 30 40¢ inogej swyoyTriiw wiLT1°S0-4 cEnm
buipesx (x sdueisnpui Tenjnum Ar1en3yoe) xy 8yl ‘ENT uy Ismiogsuexy
34l Y3ITN ‘31eds uo  pautewax jng  pzizsadxs e A1aubiis paistys
ITHU 343 ZNT U] PIsIaum] ses  JswIoJsuery  ayj uayy -sayjdues
JWNTOA [TEWS I0F UOTINLOSAX JSo38azb Buiprstd ssbuerx safjrsuss
jsow Iy uUo Spew Bq 03 TINU  SUTY 3ISE-¥ S,00F-¥1 Yy safqeus
11 3udTs juejiodwy Lxea s1 TInu ssaeos poob ¥ "(SWYo z2o*/AR
£°0 = sbuijaas Qop-¥1) "9TROE  SHY d[cAczaje  opZ 2yl uo jeubis
abuez vo ue prajd o3 ybnous sso(s sea IInu asieod 7Teoysdyd siul

‘1IN S85XE0D STYJ Ui-yoor
03 saqnj DAg Wwoia3 3Ind  axam jeyy sbad paddip Axods Shd ujyy Buogy
Uouy €70 43jja spus zas0f pue 1addn ayeyy je I9Ylo yaea 03 pepuoq
Usy3 219m suwaoy 100 eyl caygissod se jndyno oisz o3 250{D se 10



960~4

SHELOANIK €9

— 7
RN N 3
: "1} s3atoa oueu g1 = myc oaow {
& ! i { . : : : -
W . : <,
—_— 8]
e d (1
|
d-2 suy ,_.%
SL70A oNYN . PN
=0
\#J,
—
[t+] ) .“ﬂ.”v.%x
i |
o |
s o
= x
o 4o
o] 1.
= K
n |-
@] !
o3 .
O M
=
1 wm
(L4 =
P .

‘WY S310A 121w ooz = Ibearea 3ndul sbpraq abuea atesns [Ind
*SHY Pu g = JUSIINI uUoTjeITony
rsuyot LY gz = obuey

tbuilyes goF-y1
*jead o3 yesd gHY saToAoOUBU 7 uwYy} BEI] S] EIOU

{sajnuje g.f£) WI9) Jr0YSs FO BnTEA 9bvisae 3o sdoybaus

3ey3 930K

*asUaBIaFIa3UT TeD[IIDR19 Axojeloqel [BUILIXA = §
‘uorieIqIIED 103

STe1p 392-3 3Fo sbueys ALzejuswmou {(wyo-oIDTW T) JUNOI 3SLAY f = ¥
*INT Uy A1quosse stduesg
‘ardwes  buyijonpuoszadns Jo juaUsINSEIW  IDURISISIL DY FATM-§

¥l qunoi1a

‘DU YoIPISIY IEIULT wWoly LrgEljEAR
Alieiozouwod aq Goes [{im SISUICISUBRIY IOUBIORPUT jenink Jo $IZ1S
«I9PIC 03 317Ing, puUe pIiEpUE}E Ssnojlea 3E4Y3l pezediovaue sy 3T’

“uoIJInIosax asiou 03 (eubis ybiy Arqeuvcseax
aanth o3 wuoyjextoxs ®W 97 SUl Yiia yibusaxs DTS  oraaubeuw
OV JuBTOHTIINE SABTYOE 03 pazxinbax sem HPurpurm zafeyii(no v Jyesii
Aq 00F~-¥1 2U3 UYITA SBIIBYM ‘pasn g prnos psoeds Arwiocjfun
Buyputa x3key =27buts ® JUSIIND UOTILFTOXS due [ SYI YITM ‘g
81nH{3¥ Uf SUOP Sem Se IIWIDISUEI] IJuezsnpuy tenyng e yo Axewyad
3yl 2JTIXD ©3 pasn 3aq osye pinoo ndinoe dwe T 5,YDH-¥1 Syl

‘UOTINTOSIT FO sUYo-ouru QT ‘YITA (eI TN}
SWYO~-0IDTW Q07 S 3ho-pedi pihom 4oiym oHuUeI WYOITIIW 0T S.00¥
~Y¥7 Y3 UO JOUEISTISIA YTNY [ENIDE SYJ] JO IPEW I UBRD SIUDWIAINSEIW
3110A0URBRY SnYyl *poroefel aq ued gy dme 1 § ated joejzuod
zad teje3 suyo pr1) ¥ead o3 yead €370A PT ©¢31 dn 3o soueisysel
3023002 UOTIR]TIKI JULIANS 20BJISIUT 943 o3 enp ‘spesy bujijdwes
abejoa o4yl 3e sbrijoa aIpom uowmwod ® JIBYY UOhE Hpew Iq OF I(QE aq
PINOYS SIUSBLIINSEIY ‘pezImMIUlW 3q UBD 3DPFIFIJU Ioevyint sydwes
pE3] Ino3 9Yy3 3k IDUERISTSAT Foejuod ybiy Jo 108339 Iylx  Jeys O
31un A10sE820% qus1InD YBTH VYOH-HT 2Y3 Jo ubissp oy3 uj pied ussq
sey uoyjuajle [nIsae) Xojexsusbh jusrIns  &,pob-¥7 PY3 IO Sniea
whtixen gHY ew Q7 243 weyy 39bie] SIMY] OO ST 3T IDUTE JUSIIOD



YOLSISHIY %G SHHO 07

Jv ) Mmqmzcm Xy
o Ha — \
o K :
o . 2 muv Aw_ AHV
4 :
m &
= s1dwesy
Lo} N
=
ot
[}
i
EE]
o 5 . 00F-u1 M lo-
[ € ) —
<t 4 ﬁ\\Q ©
i m s} ~NQ+.- -
m
1 . :
“PRsOID I8 I03 SJT0A = atduesp !
rernjeradwas) woovl 3@ IS pue £rolsicsa
wyo pY ‘ZN1 e 2rdwes cyeubis eydues mOTA-YBTUA BY3 o039z 03 . :
Buyyzes Aq Xy 3e 3ji0Yys peap ® ejeTnuTs o3 subtuyney jo oyjzewayos . — :
87 3UnNoId Pt N ISR _

ADINNLSISEY DY ¥Ing

8
HONYLSISEN LOVINOD

BLONIK 0T i i
D e ——— d ‘

m * AN Az.
— I mOT i . ....\\
! :
| : w3
MOT A
| [ausrnon1n !
A
duyiye boys

_ mu : aETa A ATIHYS XY
“ 1 AP . *ucy3eaqIIed
e — — ubiy 3 103 SIRIp 3a5-y¥ Ui abueyo Lrejuswowd WHO-OAITW T = D

00%-¥91 *(z amnbyy ases) uado 1§ = 4

*{z 9anbi3 298) pP93IOYE IS = ¥
7Nl ul Xiqusese
syduesg a7dwes IO JUIVGINEEIW IOUEIH{SII I¥ IITH-¥

HTJHYS ONILONANODY¥HEANS
‘jusuaznseaw 21dues IDUBRISTSIA Y IATA-F IO DITjewayss

g1 2inb1g3
¥z HunoId




900-8

MW@ & ——
\ I
o 7 N> . :
= SO -
- =
5 =l )
H“ Awptroaas HHNMMW = .
u [k — E * .n.wm
o T ) N
E a B
o ~ ¥ ED
==| . ~
~ it ..l.l 5
Preaes | R Bt ey N
wadd T (T i
/i 2 _ e
H U ! nﬂmwﬁil
_ — =~
¥
1tY
T R}
83 N N
A E -
| J
" ﬁ ; S
& ;
ﬁ 1]

*st103 (700 Axepuonas ¥ Xiemiad
¥ J¥NOI4

werd wﬂ,\ﬁ\uﬂa\\% u.u}_._

g7 g7art Cgub NS gD
CUY 1St fO- T
retiars T FeK

qrreg (110710 aaiidd

STIved JF T TPt
UG QIO § e
Mo

od af wrd )
“a*ubﬁﬁ\3¥¢\\&“luw

-5V ELES GFL-ET
2OULISISAX oY I08X{p 10B3jUOD-p 203 Alqumasse Iapioy @(dues

£ JunNOIg



900-~7

LR—-400

Manual

Instruction

“u0000a ©3 Bujob yjoq sbujpeen
3 pue IH Yila paalasqe 3q pInod 33e3s [BUlou SY3 0} UOTI[SURIY
O5 3Yy3 pue pewles syduwes OF Y} SpPUOISS pf InOqE U] *I9wIOySURIF
3ouUe3OnpUT Ien3jnw ainjeradwa) WOOI -3Y] OJUY PSIAIEUT DUE poAOWaI
Atxotnb uayy zN7 up  pafoon 38113 sea 21dwes buyjzonpuonzadng -g

‘atdues D3 ay3 203 3dsoxs arnjersdus] woox je arem cardues 1T¥Y %
TSBysuy = , ‘z03onpucsiadns = 3§ ‘I9ySUEIP IINO = QO ‘g

‘1103 Kiepuosss 13m0l ayy o3 zaddn Y3 wox) paAou

usya saydues t(re 103 sbueyo A312e10d @ Sf @1ayy pajzoadxe Y *¢
*a1dues Dy ayy Aq pepnioxa Xniy sazeaipui ubis -
B pue T7BqQ 13835 Byl 3 PaleIJuasUCd XN[F S23EITpUl ubts L4, ¥
*Aaepuoses 1addn ayj ojuy pPa3zasuy uays afdues D5 SY3 E£OEISA TTeq
I8a3s ayy r03 1eubts IW =y3 uy Ljitrered jJo sbueys ayjy rapisuon 1
!SHLON

*(p9nuiluos) § AUNDIL

1100

SWYO EFG°00- ABMOT SUWYO PIC FO+  HITUI 45T°0 X

‘WEIP LG°0

suyo gz I1oa ystp buy

AQgz swyo g1g-00+ Iadadn swyo gz Fp- -3onpuoniadng

Teubys

Unuixem x03y yjoo

——— ——— iaddn uy Kea

1xed psjiasul

buoy youy z°9

‘11N L0£6°'0

T1c2 ‘a0 yauy g9

sayo stiyo g904° 0+ Iaddn swyo Q9FQ°0+ aqna 18als

Amg sEo{uUjels pof

1102 |aqny

sHYo QO&T T~ IIAODY BWYO ST O+ zaddoo Buog

smyc g 1700 youy 1*1 Aq

Auz swyo Q06T T+ 22ddn swyo ¥gI0°0- 4’0 «L°0
1103

SWYO 0PZH°0- J2ROT SUYO GZTO° 0+ xeq wouy

-unie buoy

sayo 7 . 1102 yauy L°f

Al 2 swyo 0pzg 0+ 2addon smyo gZyo°0- Aq w§°0XG° 0

1102

BUYO EHNO0+ TOMO[ SWYO @000°0- Hbuol soyouy

5°1 buiqgny

swyo ¢ 1103 aaddoea go
Aug soyo T§04°0- Iaddn smyo Q0G0°O+ youyg z°g
1109 13351

SWYC FFQ 00+ ISMOY SUYO 008 E0- -e1p sayauy

5z°0 btijieaq

suyo g 1102 1ieq (833§
AugQz SUYG ¥§0°00- I3ddn smyo peB-Eo+ piepuess
K [e[E TAOH ASHTIONGHT
FINVLS 1SN TenINH H14HYS
L1 A £

FONYY 00F-¥T ORIJYIEY 00v-41

“ZH 91 8 SuyoIriw 6°pZ = X

‘EWYOTITTW ZEL = OpY

*gHY dwe T = JUSIIND UCTIEITINT

*8xta  jaubeu x3ddos 9av (z# I2Lef aTbuyE YouT/SUINT BT YITIA
*Kiewjad buoy YOuy G 9 YITM

* 2In3eI13dwas WooOI 1€ IDWIOISUEIY saueldnpuf Tenjouw
Azeuyazd due suo 13tyies ue yija saidues snojiean Jo Buijlsay

S dJunoia



LR-400

Manual 95608

Instruction

sa3nUTE pegp

el

{ SHHO omuMﬂﬂm_
41 s1704 ONYN 0T -

(SHHO ONDIW 0T)
SH¥ SITOADNYN 007
i

I

ZH 91 8 FEONYLIOVAY FONVIONARI T¥NLAW

"uoIIRIgIIED
Iey 3ss.y 3o abueys {erp KLxejusuwow wyo.orotw 01T © fem ,X,
THOUSIIZIVIUY TEDTIIDBLS Azojmloqey fRUIIXE 4 v -m'g ‘EMIAOY

T1o2 ay3 U]  SS{3TTITQEISUT  [EITUBYDSAW 2q 03 PIASITHG 5 § ‘gly

: *(2bpraq 3yl jo 3ndui ay3y x0) SOjiepuODIT Y3 jo
3ndino 2Ul 03 PIXAIIST YHY S3ICAOUEU 0Z 3nogqe . gem asyou  yead o3
yead sojnutw gF 1037 JEY3 SMOUE STUL  czNT Ut Iamroysuri] ‘stdwes
OR °S31IepuUcOas ISWIACISUEI] IIUEIONPUT (BnInw 3o jndino oIay

¢ Hunoiyg



LR-400
Instruction Manual

COPYRIGHT 1889 LINERR RESEARCH INC.

T

&
1028 TUNED AMPLIFIER

1000-1

LR-102A TUNED AMP

PARTS LIST
Device| Generic Part #
Al opP-07
AZ or-07
A3 oP~07
A4 op-07
AL opP~07
A6 op-07
RIA 20K 374" TRIMPOT
R1B 20K 3/4" TRIMPOQT
R2A 20K 3/4" TRIMPOT
RrR2B 20K 3/4" TRIMPOT
R3A 20K 3/4"™ TRIMPOT
R3B 20K 3/4% TRIMPOT
R4A 20K 3/74% TRIMPOT
R4B 20K 3/4" TRIMPOT
R5A 20K 3/4" TRIMPOT
RSB 20K 3/4" TRIMPOT

102a

TUNED AMP
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Instruction Manual

7880
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492 PREAMP
LINERR RESEARCH INC.

COPYRIGHT 1988
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1000-2

LR~402 PREAMP

PARTS LIST

Device| Generic Part #
Al8 4049

Al9 LM339

AZC LM339

A21 opP-227

A22 op-07

A23 orP~-07

A24 4016

Q3 2N6 485

Q4 2N6485

Q5 2NZ2222

Q6 2N2222

K7 REED RELAY 1A
K8 REED RELAY 1A
K9 REED RELAY 1A
Kl¢ REED RELAY 1A
K11l REED RELAY 1A
K12 REED RELAY 1A
K13 REED RELAY 1A

402

PREAMP




Instruction Manual

1000-3

LR-403 CURRENT GENERATOR

PARTS LIST

Device |Generic Part #

493 CURRENT GEN .
LINEAR RESEARCH IMC.

COPYRIGHT 1983

Al
A2
A3
A4
AS
A6
a7
A8
A%
alo0
all
aiz
Al3
Al4
AlS
Alb
AL7
Kl
K2
K3
K4
K5
K6
Rl

748
T4l
741
741
741
741
741
741
748
4018
LF 441
748
741
741
T41
741
4049

10K R~NETWORK

REED RELAY TYPE
REED RELAY TYPE
REED RELAY TYPE
REED RELAY TYPE
REED RELAY TYPE
REED RELAY TYPE

1A
1a
1a
1a
1A
ia

LIl

niz] [A1s )

x
=
&l > Fay at < 4 7=
U 78] -5 [51] [1)]
| j o1

403
CURRENT GENERATOR
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Ll
@ LR~404 PHASE DETECTOR
— PARTS LIST
tj |Device| Generic Part #
— a1 oP-07
Lo A2 oP-07
A3 LF-441
- O A4 40163
=z A5 LM 339
L= A6 4016
W= A7 AD 542
TER Ag oP-07
L g A9 op-~07
% ﬁ :_" A10 0P-07
i Al2 DG 201
vl Al3 oP-07
T Fa Al4 10K R-NETWORK
<HT als 10K R-NETWORK
o Als 10K R-NETWORK
oo A20 4016
A2l 4016
AZ2 4016
AZ3 4016
A24 4016
A25 Qp~07
A26 741
A27 T41
A28 741
229 741
430 741
A3l 4011
A32 4049
R2 20K 3/4" TRIMPOT
R7 20K 3/4" TRIMPQT
R10 20K 3/4% TRIMPOT
NOTES:
Al2 plug in sub-assembly
comprises:
A. DG201 Device.
B. 1 each 4.7K,1/4W,5%
resistor soldered in
series to pins 2,6,&11.
C. Al% pin plug-in connector
holding A&B.

404
PHASE DETECTOR
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LR-405 ATTENUATOR

495 ATTENUATOR
LINEAR RESEARCH INC.

COPYRIGHT 1989

PARTS LIST

Device} Generlc Part #
Al 4503

A2 4503

A3 4503

A4 4075

AS 4016

A6 4016

A7 4016

A8 4016

A9 4016

Al0 4016

All 4016

Al2 4016

Al3 4016

A20 741

Azl T41

A22 741

A23 741

AZ4 op~-07

AZ5 741

A26 741

A27 741

A28 741

AZ9 741

A30 741

A3l 741

A32 741

A40 141

A4l 741

Rl 10K R~NETWORK
R2 10K R~NETWORK
R3 10K R-NETWORK

C O e

e A

405

ATTENUATOR
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- LR~406 MULTIPLIER
lud PARTS LIST
—
A Dewvice |Generic Part #
9: g Al LS04
- a S - A2 L§-93
E} SE |F&a, a3 L8§-93
e | & & as 4040
T Ea A6 4049
o a7 4528
= % as 27C32 PROM
= 29 4011
0 E & A0 HCT 374
™z a1l BM 7541
T 98 a1z oP-07
Al3 opP-07
Al4 741
Al5 741
al6 741
A20 HCT 374
A2: PM 7541
A22 741
223 741
A24 741
a25 741
A28 741
A30 HCT 374
a3l PM 7541
A32 741
A33 741
234 741
A35 741
A36 741
R10 20K 3/4" TRIMPOT
R11 20K 3/4" TRIMPOT
R20 20K 3/4" TRIMPOT
R21 20K 3/4" TRIMPOT
R30 20K 3/4" TRIMPOT
R31 20K 3/4" TRIMPOT
R12 10K R NETWORK
R13 10K R NETWORK
R22 10K R NETWORK
R23 10K R NETWORK
R32 10K R NETWORK
R33 10K R NETWORK
406
MULTIPLIER
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3 LR-407 R SET
- o L PARTS LIST
rﬁ g ~ Device |Generic Part #
4 o g al 741
— — - Az 741
b x A4 741
= — LIES a5 741
: T O a6 743
A A ) e AT oP-07
o b AB 10K R-NETWORK
f | & A9 0P~07
- 0
SEE p
§9 =5 312 oP-07
o Al3 op-07
Al4 REF-01
A20 4075
A21 4075
A22 4016
223 4016
24 4016
a25 4049
A26 4049
a27 OP-07
K1 REED RELAY 1A
K2 REED RELAY 1A
K3 REED RELAY 1A
coas K4 REED RELAY 1A
R$§ 20K 3/4" TRIMPOT
e R7 20K 3/4" TRIMPOT
4
Ria |

VoAl

IPEERE |

R-SET & LED
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LR~408 INTERFACE
L PARTS LIST
()
T Device |Generic Part #
BE g Al 4016
= az 4016
Lol E o A3 4016
f— & o A4 4015
0 A5 4016
EE o~ 26 1016
w T A7 LM 339
5] A8 LM 339
D&z as LM 339
S Y g Al0 LM 339
= a1l LM 339
Fdo Al2 LM 339
Al3 4016
Al4 4016
Al5 4016
Alé 4016
AL7 4016
al8 4016
408
INTERFACE




