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SECTION |

SPECIFICATIONS

INTRODUCTION:

The PAR Model HR-8 Precision Lock-In Amplifier
is essentially a detection system capable of operating
with an extremely narrow equivalent noise bandwidth.
its function is to select a band of trequencies from
a signal spectrum applied to its input circuit and fo
convert the information therein to an equivalent
bandwidth at dc.
Amplifier is a phase-sensitive detector in which the
signal voltage is mixed with a reference voltage,
producing'sum and difference frequencies. A low-pass
filter at the output of the mixer rejects the high fre-
quency components corresponding  to  sum fre-
quencies, and passes the difference frequencies that
lie within its passband. In particular, the difference
trequency due to components of the signal at the
reference frequency is zero or dec. Difference fre-
quencies resulting from components of the signal
spectrum  at frequencies differing from the refer-
ence frequency by more than the cut-off frequency
of the low-pass filter will be attenuated. Consequently,
the output from the low-pass filter will be due to that
portion of the signal spectrum which lies about the
reference frequency within a passband determined
by the low-pass filter.

MAIN FRAME SPECIFICATIONS

FREQUENCY RANGE: Continuously tunable from 1.5
Hz to 150 kHz in 5 ranges. Calibration accuracy within
+5%.

NOISE REJECTION:
white noise in a 1
signal frequency can
noise ratio of 1.
EQUIVALENT NOISE BANDWIDTH: 0.00125 Hz min-
imum (100 seconds maximum internal RC integrating
time, 12 dB/oct.)

FILTER TIME CONSTANTS: O, 1, 3, 10, 30, 100, 300
milliseconds; 1, 3, 10, 30, 100 seconds and EXT.
position which allows capacitance to be added to
rear connector fo obtain any desired time constant.

A signal 59 dB below ambient
kHz bandwidth centered about
be recovered with a signal-to-

The basic element of a Lock-In -

- with internal resistance

SELECTIVE EXTERNAL: Externally generated refer-
ence signal filtered by tuned amplifier with a Q of
10, phase shifted and applied directly to demod-
ulator. Minimum of 25 mV rms signal required.
AUTOMATIC: Any waveform which crosses ifs mean
value only twice each cycle, and for which the
smaller of the two mean-to-peak excursions is af
least 500 mV. The instanfaneous value of the
waveform must not exceed +100 volts.
PHASE ADJUSTMENT: Calibrated 360° phase shifter,
accurate to =£5°. Differences in phase shift between
signal and reference channels may be in excess of 5°
on the X1 and X10* frequency ranges.
DC OUTPUT STABILITY: 0.1% of full scale in 24 hours
with constanf ambient temperature..
OUTPUT (located on rear): Single-ended with respect
to ground. Panel meter (2% mirror scale with either
center or optional left-hand zero) full scale corresponds
to =10 volts at output terminal. Adjustment allows
output source impedance to be varied from 7K-22K
ohms which permits driving either =% ma recorders
less than 10 K or =1 ma re-
corders with internal resistance less than 3 K as well
as servo-type recorders.
MONITOR: A five position switch allows the panel

 meter and monitor output terminals to be switched

6 or 12 dB/octave roll-off selectable by front panel .

switch.

ZERO SUPPRESS: Calibrated control permits off-setting
zero by £1000% of full scale on any range.
LINEARITY: +0.1% of full scale.

SIGNAL CHANNEL CHARACTERISTICS:  Active notch
filter in negative feedback loop with nominal Q of 10.
Calibrated front panel adjustment allows Q to be
varied from 5 to 25 with no change in gain.
REFERENCE CHANNEL CHARACTERISTICS: The refer-
ence signal, by which the signal to be measured ‘is
demodulated, is obtained by four modes of operation.
INTERNAL: Internal oscillator drives the demod-
ulator and presents a continuously variable 0-1 V
‘rms (open circuit) signal at the REF. IN/OUT Con-
nector. The source impedance is a constant 600
ohms. .

EXTERNAL: Phase control not operable. Requires
externally generated signal of 1 V peak-to-peak
minimum level which crosses its mean value only
twice each cycle with cqual time hetween crossings.
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to SIGNAL, REFERENCE, OFF, MIXER (OUTPUT) and
OUTPUT to allow monitoring and adjustment of critical
points.
INTERNAL CALIBRATOR: Provides 21 square wave
output levels extending from 20 nanovolts to 100
millivolts, accurate to within 1%.
NOTE: At frequencies above 50 kHz, calibrator out-
puts below 1 pV may be in error by more than 1%.
The use of external decade attenuators is recommenc.u
for applications where this might present difficulty.
POWER REQUIREMENTS: 105-125 volts or 210-250
volts; 50-60 Hz; 25 watts.
SIZE: 19” wide x 7" high x 1
WEIGHT: 41 lb.
WARRANTY: 1 year.
PREAMPLIFIER SPECIFICATIONS:
GENERAL: These preamplifiers are intended for use
with the Mode! HR-8 Lock-In Amplifier. They can be
plugged directly into the Model HR-8 main frame or
operated remotely (with the purchase of a remote
adapter kit.) In either case, the preamplifier is powered
from and controlled by the Model HR-8. The follow-
ing specifications refer to the performance of the
individual preamplifier when used with the Model
HR-8.
TYPE A PREAMPLIFIER: The Type A Preamplifier is a
high input impedance low noise front end for the
Model HR-8 used to obtain optimum signal-to-noise
ratios for source impedances above 3 K _
SENSITIVITY: 21 ranges, from 100 nanovolts rms
full scale to 500 millivolts rms full scale, in a 1-2-5
sequence.
FREQUENCY RANGE: 1.5 Hz to 150 kHz.
INPUTS: Differential or single-ended. Common mode
rejection is in excess of 60 dB at 1 kHz.
INPUT IMPEDANCE: Each input 10 ground, 10 meg-
ohms shunted by 20 pf.

5%" deep.
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NOISE: High sensitivity settings (100 nV to 50 aV),
noise figure for either (single-ended) input shall be
better than 0.5 dB for a 100 k source at 1 kHz. For
low sensitivity settings (100 nV to 500 mV), the in-
ternally generated noise shall result in a meter de-
flection of less than 1% (RMS) of full scale with a
time constant setting of 1 sec 6 dB/oct., at any op-
erating frequency above 15 Hz. Refer to Fig. 1-1
for noise figure contours.

TYPE B PREAMPLIFIER:

The Type B Preamplifier is a transformer type front
end for the Model HR-8. The standard Type B is sup-
plied with a 100:1 voltage transformation ratio to
obtain best signal-to-noise ratios for source impedances
as low as several ohms. Other ratios (ranging from
50:1 to 350:1) are achieved by changing tap connec-
tions and other transformers are available which pro-
vide an even wider selection of ratios. The following
specifications refer to the standard 100:1 ratio con-
nection.

SENSITIVITY: 21 ranges, from 1 nanovolt rms full
scale to 5 millivolts rms full scale in a 1-2-5 se-
vence.
FREQUENCY RANGE: Depends on source impedance.
With a 10 ohm source the frequency range will be
approximately 10 Hz to 10 kHz. Lower source im-
pedances will extend the low frequency response.
INPUT: Differential or single-ended. The transformer
primary is brought to a pair of input connector ter-
minals which are isolated from chassis ground.
INPUT IMPEDANCE: The input impedance is com-
plex, but at the lower frequencies it is the reactance
of the transformer primary self inductance of ap-
proximately 0.25 Henry.
NOISE: The noise figure at 1 kHz with a 10 ohm
source shall be less than 3 dB. Refer to Fig. 1-2 for
noise figure contours.

TYPE B1 PREAMPLIFIER:

The Type Bl Preamplifier is cimilar in performance
ad specifications to the Type B, except that the Bl
covers the frequency range from 1 kHz to 150 kHz.
It is normally supplied with a fixed 100:1 voltage
transformation ratio. Taps are not provided, but other
ratios can be supplied on special order. The follow-
ing specifications refer to the standard 100:1 ratio
connection.

SENSITIVITY: 21 ranges, from 1 nanovolt rms full
scale to 5 millivolts rms full scale in a 1-2-5 se-
quence.

FREQUENCY RANGE: Depends on source impedance.
With a 1 ohm source the frequency range will be 1
kHz to 150 kHz. Lower source impedances will ex-
tend the low frequency response somewhat, and
higher source impedances will sacrifice response at
both low- and high-frequency ends.

INPUT: Differential or single-ended. The transformer
primary is brought to a pair of input connector ter-
minals which are isolated from chassis ground.
INPUT IMPEDANCE: The input impedance is com-
plex, but at the lower frequencies is the reactance of

the transformer primary self-inductance of approx- -

imately 250 microhenrys. . .
~NOISE: The noise figure at 40 kHz with a 5 ohm
source shall be less than 3 dB.

TYPE C PREAMPLIFIER:

The Type C Preamplifier has an input impedance(3
of approximately 25 K ohms, and best noise perform-¢
ance is obtained for source impedances within the
range 50 ohms to 10 K. Circuitry is completely solid-
state. Voltage gain is ten times that of the Type A
Preamplifier.

SENSITIVITY: 21 ranges, from 10 nanovolts rms full
scale to 50 millivolts rms full scale in a 1-2-5 se-

quence.

FREQUENCY RANGE: 1.5 Hz to 150 kHz.

INPUTS: Differential or single-ended. Common-mode
rejection is in excess of 80 dB at 1 kHz.

INPUT IMPEDANCE: Each input 1o ground, 50 K. Be-
tween inputs, 50 K. When using the preamplifier
single-ended, the effective input impedance is the
parallel combination of these two impedances, of
25 K. In addition, there is 20 pf from each input to
ground.

NOISE: At 1 kHz, noise figure for a 2 K resistive
source shall be less than 2 db. Also, at 1 kHz the
equivalent short-circuit noise resistance shall be less
than 500 ohms. Refer to Fig. 1-3 for noise figure
contours.

“EXPLANATION OF NOISE FIGURE AND NOISE FIGURE
CONTOURS

NOISE FIGURE is a common method of specifying
amplier noise and is defined as follows:

NOISE FIGURE (db) = 10 LOGu—F—

where:
y = Total Noise Power Per Unit Bandwidth Available At Amplifier Output
z

— That Portion Of Numerator Attributable To Source Thermal Noise

The noise figure contours are essentially the loci
of points of constant noise figure as a function of
source impedance and operating frequency. They
allow the user to determine the optimum points of
operation as well as indicate regions of source im-
pedance and operating frequency where it is not de-
sirable to operate.

The noise figure contours are measured as follows™:

HR-8
SIGNAL TUNED
AMPLIFIER
Q=25

NOISE
GENERATOR

HR-8 RMS
PREAMPLIFIER VOLTMETER
N

A noise generator is used to provide a calibrated
white noise source (equal power per Hz of bandwidth.)
The source impedance is determined by resistor R

*For more detailed information, refer to “IRE
Standards on Methods of Measuring Noise in Linear
Twoports, 1959, 59 IRE 20 S1, PROC. LR.E., vol. 48,
pp. 60-68; Jan. 1960.
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The overall noise output with the output of the
noise generator reduced to zero is first measured on
the RMS voltmeter. The white noise signal from the
generator is then applied to the amplifier under fest,
with the output signal of this unit being applied to
a tuned amplifier which determines the noise band-
width of the system. Since noise POWER adds di-
rectly and noise VOLTAGE adds vectorially {i.e., 1 mV
of noise plus 1 mV of noise equals 1.414 mV of noise),
the output of the noise generator is increased until
the output as measured on the voltmeter is 1.4 fimes
the value previously measured. The output of the
noise generator is read from its front panel meter
in microvolts—Hz'*2 and, in this measurement tech-
nique, equals the total noise referred to the amplifier
input.

The magnitude of the Johnson noise, which would
be present in the case of a noiseless amplifier, is
given by

e.2=4KTB.R
where:

e,=rms naise voltage within bandwidth of
measurements,

T=absolute temperature in degrees Kelvin. «

k=Boltzmann’s constant=1.38 x 102 joules/
degree Kelvin.

B,=bandwidth over which the noise voltage is
measured.

R=resistive component of impedance across
which voltage is measured.
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By substituting these quantities in the noise figure
equation, the noise figure at a particular source im-
pedance and center frequency is determined. By vary-
ing R, while maintaining a fixed center frequency
of the tuned amplifier, noise figure as a function of
source impedance is determined. By changing the
center frequency of the tuned amplifier and maintain-
ing a given source resistance, noise figure as a func-
tion of frequency is determined.

The contours shown represent the resuits of per-
forming these measurements for a typical production
Model HR-8 with various preamplifiers.

The HR-8 noise figure specifications refer to the
more sensitive settings of the unit; namely, the ranges
from 100 nV to 50pV. For ranges above 50 puV,
the following specification shall be applicable:

“internally generated noise shall result in a meter
deflection of less than 1% rms with a filter time con-
stant of 1 sec, 6 db/octave, at any frequency of opera-
tion above 15 Hz.”

To maintain wide dynamic range for interfering
signals, it is necessary to attenuate signal-plus-noise
within or ahead of the preamplifier for sensitivity
settings above 50 uV. The most pronounced effect of
this aspect of the design is an increase in the output
noise level of the instrument at the sensitivity setting
of 1 mV, which results from the introduction of a
100:1 voltaga attenuation ahead of the preamplifier.
Less sensitive ranges still (2 mV, 5 mV, etc.) will show
less noise because of the progressively lower source
impedance presented by the attenuator to the pre-
amplifier.
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Contours of constant noise figure for a typical PAR Type A Preamplifier as a function of frequency and
source resistance at 290°K. Amplifier operated single-ended.
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ce assumed to be at 290°K.

For other than standard transformer

be scaled by the factor N,2/N;? where
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Contours of constant noise figure for a typical PAR Type C preamplifier as a function of frequency and
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SECTION I

PRELIMINARY OPERATING lNSTRUCTlONS

TEMPERATURE LIMITS:

This instrument should be located where the am-
bient temperature will not be above 45°C (113°F)
nor below 10°C (50°F). Since the power consump-
tion is small (25 watts), the irsirument temperature
will not rise more than 5°C above the ambient tem-
perature.

POWER REQUIREMENTS:

Certain HR-8 Models are equipped with a 115-230
Voltage switch on the rear panel. If the switch posi-
tion does not match the available line voltage, insert
a screwdriver blade into the slot in the switch and
snap the switch to the appropriate position. If the
unit does not have a rear-panel voltage switch, the
power transformer is normally wired for operation
at 105-125 volts AC, 50-60 Hz, as illustrated in Figure
2-1A. However, the transformer primary winding can
be reconnected as shown in Figure 2-1B for operation
on 210-250 volts. If the instrument is shipped with the
latter connection, a tag will be found attached to the
line cord at the plug end indicating the 210-250 volts
connection. « A change from one connection to the
other can be easily made at any time. To gain access

‘to the transformer terminals, proceed as follows:

1) Remove the bottom sheet metal cover by re-
moving 7 screws.

2) Locate the power transformer at the rear of
the chassis in the input fuse area.

3) Remove the two screws holding the diode
mounting board and swing the board such
that the bottom of the transformer is fully
exposed.

4) Change the primary connections to the proper
configuration as shown in Figures 2-1A and

2-18B.
5) Reassemble the case by reversing the above
procedure. :
1 |
3 3
118V 230V
2 2
4 a
FIGURE 2-1A FIGURE 2-1B
FUSING:

A sloblo 3AG 250 volt fuse is installed in the’
primary circuit of the power transformer. The fuse
rating is 0.4 A in 115 volt operation, or 0.3 A in 230

volt operation. The fuse holder is mounted on the
rear panel of the instrument case. Two slo-blo 3AG
fuses rated at 0.4 A are mounted on each of the
two power supply circuit boards, one in the +31 volt
line and the other in the —31 volt line. )
PREAMPLIFIERS:

A space is provided in the front panel for a plug-in
preamplifier. The Type A Preamplifier is the normal
complement of the Model HR-8, and its use will be
assumed in the following instructions. The Type A
Preamplifier has a low-noise high impedance differ-
ential input circuit, and its gain is coordinated with
that of the main unit of the Model HR-8 so that the
sensitivity values marked on the SENSITIVITY switch
are correct.

FRONT PANEL CONTROLS AND CONNECTIONS
(Type A Preamplifier)
(HR-8 Main Frame)
A, A-B, -B Switch:

This switch selects the mode of operation of the
preamplifier. The single-ended input positions, A or
-B, are preferred when the signal source permits. A
lower noise figure is obtained in single-ended
operation because the output then contains the noise
of only one input amplifier tube. Differential input
is available when its use is advantageous but the
output in this case contains the noise of two input
amplifier tubes, and the noise figure is consequently
higher. More precisely, if the signal source impedance
is under 3K, the noise figure may be up to 3 dB higher
in the differential connection. If the source impedance
is greater than 3K, the noise figure is approximately
the same in either connection.

AC BALANCE:

This screw-driver control adjusts the differential
amplifier for maximum common mode rejection.
INPUT A, INPUT B:

These BNC connectors are the input connection
points of the Type A Preamplifier.

POWER:

In the OFF position this switch opens one side of
the AC power line.
SENSITIVITY:

This switch adjusts the gain of the preamplifier
and the intermediate amplifier to give the sensitivity
values marked on the panel. There are 21 ranges,
oxtending from 100 nanovolts rms full scale 1o 500
millivolts rms full scale in a 1, 2, 5 sequence. When
the Type B or Bl preamplifiers are used, sensitivity
limits are 1 nanovolt and 5 millivolts; with the Type
C preamplifier, 10 nanovolts and 50 millivolts. T
GAIN ADJ.: (Screw driver adjustment): o

This control adjusts the gain of the signal tuned
amplifier. 1t is used for calibrating the instrument
including preamplifier and has an adjustment range
of 2:1.

FREQUENCY:

This control simultaneously tunes the signal chan-
nel and the reference channel. Tuning is continuous
over a 1.5-to-15 range.

,1’_,/._1




FREQUENCY RANGE:

This control selects the frequency decade within
which the FREQUENCY control operates. The actual
frequency in Hz is the product of the indicated values
on the FREQUENCY control and the FREQUENCY
RANGE switch. The accuracy of the frequency setting
is *£5%.

FREQ. TRIM:

This control varies the tuning of the signal chan-
nel tuned amplifier only. It is used to peak the signal
channel at any given frequency setting, thus com-
pensating for errors in tracking between the signal
and the reference tuned amplifiers. Total variation
depends on the setting of the FREQUENCY dial. The
lowest value, *£2.5% occurs at the low frequency
end of the FREQUENCY dial.

SIG. Q:

This control varies the Q of the signal channel tuned
amplifier between 5 and 25. The normal operating
value is 10. At higher Q values gain stability is
sacrificed, and conversely there is an improvement
in gain stability at lower Q values. When the instru-
ment is operated in its highest frequency range (15
1o 150 kHz) the gain may change by about 10 percent
when the Q is adjusted over its full range.

MODE:

This switch is used to select one of the four modes
in which the reference channel can be operated. (See
OPERATING INSTRUCTIONS for a description of the
four possible modes of operation).

. REF. IN/OUT CONNECTOR:

In the internal reference mode, the internally gen-
erated reference voltage is available at this connector.
in the other three reference modes it is the input
connector for the externally generated reference volt-
age.

REF. ATTEN.

In the INT. mode, this switch controls the level of

the sinusoidal output voltage appearing at the REF
IN/OUT connector. In the SEL EXT or EXT modes of
operation, this switch determines the fraction of the
voltage applied to the REF IN/OUT connector which
is actually applied to the amplifier. In the AUTO mode,
this attenuator is inoperative.
VERNIER:

The red knob concentric with the REF. ATTEN. allows
continuous variation of the reference level between
steps of the REF. ATTEN. switch.

PHASE:

The phase knob adjusts the phase of the reference
voltage. It provides & continuous phase adjustment
over the full 360° range with = 5° accuracy. The
outer ring surrounding the phase knob is attached to
a quadrant switch which advances the phase in 90°
increments.

TIME CONSTANT:

This switch determines the time constant of the
RC low-pass filter in the output circuit of the mixer.
In the OFF position the time constant is approximately
100 microseconds. In other switch positions the time
constant has its indicated value. In the EXTERNAL

position the time constant is determined by external -

capacitors connected fo an

octal socket on the rear
panel. )

FEoN
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6 DB — 12 DB PER OCTAVE:

This switch (concentric with the TIME CONSTANT
control) selects either a single RC filter stage, giving a
roll-off rate of 6 db/octave, or two RC filter stages,
giving a roll-off rate of 12 db/octave.

OVERLOAD:

This is a lamp which lights when the signal channel
amplifier is subjected to a combination of signal-plus-
noise whose peak amplitude is greater than the linear
range of the amplifier outpur.

MONITOR CONNECTOR:
This connector provides for the monitoring (usually

with an oscilloscope) of points selected by the METER/
MONITOR switch.

METER/MONITOR:

This switch connects the panel meter to selected
points in the instrument for monitoring signal voltages,
and simultaneously connects the MONITOR connector
for waveform monitoring. The five switch positions
(see Fig. 2-3) are:

1. SIGNAL: The MONITOR connector and a peak-re-
sponding circvit driving the panel meter are con-
nected to the output of the signal channel tuned
amplitier (Fig 2-3A.) Full scale deflection of the
meter corresponds to 4 volts peak-to-peak at the

MONITOR: connector. In the SIGNAL position of the -

METER/MONITOR switch the meter sensitivity is re-
duced by a factor of 100. For example in the
100 uV position of the SENSITIVITY switch an input
signal of 10mV rms is required for a full scale
meter reading.

NOTE: With no signal input the panel meter stands
at approximately 5% of full scale and it operates
linearly in the upper 4/5 of the scale.

2. REFERENCE: The circuit connections in this switch
position are affected by the Reference Mode switch.
In the EXT. reference mode, the MONITOR con-
nector and the AC voltmeter (panel meter) are con-
nected 1o the mixer at the reference input point.
in the other three reference modes, both are
connected to the output of the reference channel
tuned amplifier, ahead of the phase control po-
tentiometer. Figure 2-3B shows this connection. Full
scale deflection corresponds fo 2 volts rms applied
to the phase potentiometer. (The reference voltage
required to operate the mixer is in the range of 0.5
to 2 volts rms, or V4 scale to full scale on the panel
meter.)

NOTE: With no reference input the panel meter
stands at approximately 5% of full scale and it op-
erates linearly in the upper 4/5 of the scale.

3. OFF: Panel Meter and MONITOR connector are dis-
connected. In this switch position the mechanical
zero of the meter can be checked and adjusted.

4. MIXER: The panel meter is connected as a DC volt-
meter at the output of the DC amplifier that drives
the recorder terminals. Full scale is =10 volts. The
MONITOR terminal is connected to the output of

the mixer, ahead of the circuit in which the ﬂme.

constant is applied, to permit oscilloscope observa-
tion of the demodulated signal waveform before
it is affected by the time constart filter. Connections
are shown in Figure 2-3C. '

- ,,g_,/__‘_
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AMPLIFIER MIXER |
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Cy e
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A-METER/MONITOR SWITCH IN SIG. POSITION

Pane! Meter
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MONITOR terminal)

t

REFERENCE PHASE SCHMITT
TUNED AMPLIFIER CONTROL| B | TRIGGER
~ PEAK 274K

Q_: [MONTTOR] DETECTOR %6%

2

B-METER/MONITOR SWITCH IN REF. POSITION

NOTE:In Ext. Ref.Mode
Monitor and Peck De-
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Panel Meter
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MONITOR terminal)=
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— AMPLIFIER AMPLIFIER
100K
402"
Panel Meter
=L (FS.=+10V DC)

__I MONITOR

D-METER/MONITOR SWITCH IN OUT POSITION

FIG. 2-3 METER/MONITOR SWITCH CONNECTIONS
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5. OUT: The panel meter connection is the same as in
the MIXER switch setting. The MONITOR terminal
is connected to the same point at the output of the
buffer amplifier, through a 402 ohm resistor,
(Fig. 2-3D). '

ZERO OFFSET: _
This is a calibrated ten-turn precision potentiometer

which permits offsetting the zero of the panel meter

(in the OUT or MIXER positions of the METER MON-

ITOR) and that of the recorder circuit by any amount

up to 10 times full scale.

+/— SWITCH:

Either 4+ or — polarity of offset can be selected with
this switch.

CALIBRATE SWITCH and CONNECTOR;

This switch provides, from an internal square wave
generator, 21 square wave voltages which can be
impressed on the signal circuit for calibrating the signal
amplifier gain. The maximum voltage is 222 millivolts
peak-to-peak, which is then subdivided to the different
switch positions by precision resistors. However, be-
cause of the selectivity of the signal channel tuned
amplifier and the synchronous demodulator, only the
fundamental frequency component of the square wave
calibrating voltage is detected. Therefore, the switch
positions are marked with the RMS voltages of the
fundamental frequency sine wave component. The
relation between the square wave amplitude and the
fundamental frequency component is found by ex-
amining the Fourier series representing a symmetrical
square wave. This is: .

¥ =E cos@nfit — - cos 32t +—-cos 527t :|
= 3 5

where: y = instantaneous amplitude
V = peak-to-peak square wave
amplitude
f = fundamental frequency
The harmonics ot frequencies 3f, 5f, ctc. are filtored
out and have no effect. The peak amplitude of the

fundamental frequency component is y =2 =
T

636V, and the corresponding rms value is 0.45V =
V/2.22. In the Model HR-8, V is 222 millivolts, and
the rms value of the fundamental component is 100
millivolts, as marked at the top switch position. In
one switch position the square wave generator is
turned off, and 222 millivolts dc is presented at the
output terminal. This can be measured with an ac-
curate dc voltmeter, and if the correct value is ob-
tained, all the calibrating voltages are known to be
correct.

The calibrating circuit operates in all reference
modes except the EXT. mode. In the EXT SEL. and
AUTO reference modes the calibrator output is avail-

‘able only if required reference signal is supplied to

the REF IN/OUT connector,
OUTPUT:

The OUTPUT binding posts are located on the rear
panel. One binding post is grounded to the chassis.
The other is normally at ground potential when there
is no signal input and no zero offset. Full scale on the
panel meter when the Meter/Monitor switch is set in
the OUT position corresponds to =10 volts. This is the
open circuit voltage at the point P in Figure 4D, shead
of the 6.98K resistor and the OUTPUT ADJ. po-
tentiometer. The OUTPUT binding posts are perman-
ently connected, and are not changed when the panel
meter is switched. )
OUTPUT ADJ.

This potentiometer is located on the rear panel and
allows the output source impedance to be varied from
7K to 22K ohms for adjusting recorder deflection to
match the panel meter deflection. The range of ad-
justment is sufficient to accommodate either a 1 milli-
ampere recorder with less than 3K internal resistance
or a =% milliampere recorder with less than 10K ohms
internal resistance. Servo-type recorders with high in-

put impedance can also be accommodated but the OUT-,

PUT ADJ. potentiometer will be ineffective unless the
OUTPUT binding posts are shunted by a resistance.

¢
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OPERATING INSTRU

INTRODUCTION:

The PAR Mode! HR-8 Precision Lock-In Amplifier is
essentially a detection system capable of operating
with an extremely narrow equivalent noise bandwidth.
lts function is 1o select a bend of frequencies from a
signal spectrum applied to its input circuit and to con-
vert the informatjon therein to an equivalent band-
width at dc. The basic element of a Lock-In Amplifier
is a phase-sensitive detector in which the signal voltage
is mixed with a reference voltage, producing sum and
difference frequencies. A low-pass filter at the output
of the mixer rejects the high frequency components
corresponding to sum frequencies, and passes the dif-
ference frequencies that lie within its pass-band. In
particular, the difference frequency due to components
of the signal at the reference frequency is zero or dc.
Difference frequencies resulting from components of
the signal spectrum at frequencies differing from the
reference frequency by more than the cut-off fre-
quency of the low-pass filter will be attenuated. Con-
sequently, the output from the low-pass filter will be
due to that portion of the signal spectrum which lies
about the reference frequency within a passband
determined by the low-pass filter.

The internal organization of the Model HR-8 Pre-
cision Lock-In Amplifier is shown in the block diagram,
Figure 3-1. The signal is amplified first in a broadband
amplifier in a plug-in sub-assembly, then again in a
broadband intermediate amplifier which amplifies the
entire signal spectrum from 1.5 Hz to 150 kHz. Fol-
lowing amplification in the two untuned amplifiers, a
portion of the signal spectrum centered about the de-
sired signal frequency is selected and amplified by the
signal channel tuned amplifier. This amplifier effects
an initial narrowing of the received frequency band,
thus increasing the ratio of the desired signal “to the
total peak voltage input. The output of the amplifier
is impressed on the phase-sensitive mixer {so named
because ifs output is proportional to the cosine of the
phase angle between signal and reference voltages).
The output of the mixer is passed through the time con-
stant circuit, which might be termed a Miller-Integrator-
Amplifier. In this circuit the upper sideband produced
in the mixing process is rejected and the lower side-
band (including the zero-frequency component corres-
ponding to the exact signal frequency) is amplified,
and the frequency bandwidth selected by the signal
channel tuned amplifier is further narrowed by the
low-pass filter. Following this circuit, a unity gain
isolating amplifier drives the panel meter and chart
recorder output.

The mixer requires as a reference voltage a sym-
metrical square wave of nominally one volt peak-to-
peak amplitude. This is provided by a Schmitt trigger
which is driven by the r@prence signal in one of the
four reference modes shgwn in Figure 3-2A through
D. The phase angle between signal and reference is

/™ adjustable in three of the reference modes by means

of a phase control.

REFERENCE CHANNEL: . .
The operation of the reference channel depends on

SECTION il
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the mode being used. Consequently the four available
modes will be treated separately. ,

EXTERNAL (Fig. 3-2A):

This reference mode is intended for use in situations
in which there is available a reference voltage which
has suitable amplitude (1 volt peak-to-peak) and wave-
form, and which is either inherently in phase with the
signal or can be phased by an adjustment in either of
the sources supplying the signal or reference inputs.
For example, if the signal source is a detector which
responds to radiation chopped by a rofating shutter,
and the reference is provided by a chopper on the
same shaft, the phase can be adjusted mechanically. A
chopper or commutafor which is used in this way 1o
generate a reference voltage should ordinarily be
constructed so that the open and closed circuit time
intervals, or the positive and negative voltage time
intervals, are equal.

Sine waves and symmetrical square and triangular
waves are suitable reference waveforms. In general,
any waveform can be used if the zero crossings are
equally spaced, if there are only two zero crossings
in each cycle, and if the voltage rises steeply at each
crossing.

In this reference mode the only adjustment provided
in the Lock-In Amplifier is that of amplitude. The
level required is one volt peak-to-peak and the pre-
ferred instrument for making the measurement is an
oscilloscope. With the instrument power turned on, the
following control settings are made:

REFERENCE MODE
METER/MONITOR switch
REF. ATTEN. .......... et OFF.

REF. ATTEN. VERNIE FULLY C.W.

Connect the reference source to the REF IN/OUT con-
nector and the oscilloscope to the monitor connector.
Adjust the REF. ATTEN and vernier until 1 fo 5 volts
peak-to-peak is seen on the scope. The waveform
should be observed to verify that it is satisfactory
according to the criteria above.

SELECTIVE EXTERNAL REFERENCE MODE (Fig. 3-2C):

This reference mode can be used when the reference
voltage is too small or too distorted for the EXT mode,
or when variable phase adjustment is needed. The
fundamental frequency component of the waveform
should have an amplitude of at least 25 millivolts rms.
Sinusoidal, square, triangular, and sawtooth waves
are suitable and exact symmetry is not essential.

With the instrument power turned on, set the in-
strument controls as follows:

REF MODE ... SEL. EXT
METER/MONITOR switch REF.

FREQ. RANGE .................. DESIRED REF. FREQ.
FREQUENCY dial .............. DESIRED REF. FREQ.
REF ATTEN. ... OFF

REF ATTEN. VERNIER FULLY C. W.

N G
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‘ ~ “onnect the reference source to the REF. IN/OUT con-

. actor and adjust the REF. ATTEN. for a small deflec-
tion on the panel meter. Adjust the FREQUENCY dial
to maximize the meter reading. Finally adjust the REF.
ATTEN. switch for 0.5 to 2.0 volts rms on the panel
meter (full scale corresponds fo 2 volts rms.) With an
oscilloscope connected to the MONITOR terminal, in-

.spect the reference waveform, which should be a
Easonable approximation of a sinusoid.

OMATIC REFERENCE MODE (Fig. 3-2B):

_4his reference mode is used when the reference
\‘raveform does not satisfy the requirements for oper-
ation in the EXT or the SEL EXT reference mode. Pulse
signals, sawtooth waves, and almost any irregular and
unsymmetrical waveform will operate the reference
circuit satisfactorily. The only limitations are that the
waveform cross ifs mean only twice each cycle, and
that the smaller of the two mean-to-peak excursions
must be at least 500 mV. In this reference mode the
REF ATTEN is omitted from the circuit and the only
adjustment required is to tune the reference channel
tuned amplifier.

v

With instrument power applied, set the instrument
controls as follows:

REF MODE ..o AUTO
METER/MONITOR switch ..o REF

/Connect the reference source to the REF IN/OUT con-

nector and adjust the FREQUENCY dial to tune the
reference channel tuned amplifier to the reference
input frequency. The metfer will read approximately
one volt rms for all reference voltage levels within
the specified range (full scale on the meter is two
volts rms).

INTERNAL REFERENCE MODE (Fig. 3-2D):

In this mode of operation a feedback circuit is con-
nected to the reference channel tuned amplifier,
causing it to oscillate at the frequency to which the
amplifier is tuned. The proper voltage for operating
the switching circuits in the mixer (approximately one
volt rms) is automatically provided by limiting action
in the feedback circuit. Proper operation of the in-
ternal oscillator is indicated if the panel meter deflects
to approximately half scale when the METER/MON-
ITOR switch is set at REF. The waveform can be ex-
amined on an oscilloscope connected to the MONITOR
connector.

The internal reference mode of operation is applic-
able when the signal source does not itself generate a
suitable reference signal, but can be synchronized or
driven by an injected voltage. A sinusoidal voltage
at the reference frequency whose maximum amplitude
is one volt rms is available for this purpose at the REF
IN/OUT connector. This amplitude of this signal can
be adjusted by the REF ATTEN. and REF ATTEN.

~VERNIER.

‘IGNAL CHANNEL INPUT CONNECTION:

The Type A and C Preamplifiers are equipped with
two BNC connectors for feeding a balanced signal volt-
age fo the differential input. Either input connector may
be used alone for single-ended input. The maximum

DC voltage that can be applied to either input is 100
volts. (Voltage steps in excess of 10 volts should not
be applied.)

When the Lock-In Amplifier and the signal source’
are both operated by the same AC power source,
which of course is the usual arrangement, spurious
signals can be injected into the signal circuit by
“ground loop” currents. When low-level signals are
being measured it is important to suppress the ground
loop currents, or fo divert them from the signal circuit.
A dircuit which is designed to accomplish this result
is shown in Figure 3-3A. in this diagram, the con-
ductors A and B are the signal wire and the shielding
braid respectively of the signal cable connecting signal
source and preamplifier. Conductor C represents the
common connection to the power line, including a small
voltage difference between the two power supplies.
Conductor D is a ground strap connecting the signal
source chassis to the amplificr chassis (or the pre-
amplifier chassis, if the latter is remote from the main
unit of the Model HR-8). This conductor, which should
be of substantial size, provides a low impedance path
(the lower the better) for ground currents, thereby
minimizing power frequency voltage between the
signal common and the Mode! HR-8 chassis. Conductor
D may be the braid of the reference cable, the power
line ground, a metallic rack in which the signal source
and the Lock-In Amplifier are mounted, or a combina-
tion of any of these. Otherwise, a conductor of sub-
stantial size should be connected between the amp-
lifier chassis and the signal common point at the signal
source. Aftention is directed to the fact that the shells
of the BNC input connectors are nof grounded directly
to the preamplifier chassis, but instead are grounded
through a 10 ohm resistor. This resistor discourages
the flow of ground loop currents through the A and
B conductors, and forces them to flow instead through

. D, where they are isolated from the signal input cir-

cuit.

When using the differential input feature of the
Type A or Type C Preamplifiers, best common-mode
rejection is achieved by adjusting the AC BAL screw-
driver adjustment at the same frequency and sensitivity
setting that will be used in the measurement. This
adjustment can be accomplished by feeding the same
signal to both A and B inputs (the calibrator is a con- -
venient signal source), then adjusting AC BAL for
minimum indicated signal in either MIXER or OUT
positions of the monitor switch.

In the Type B and Bl Preamplifiers the input circult
is the primary circuit of a transformer, neither end of
which is grounded at the amplifier chassis. Input con-
nections for these units are shown in Figure 3-3B.
One (either) end of the transformer is grounded at the
signal source common point through the braid of the
coaxial connecting cable, and the amplifier chassis is
connected to the same point by a separate low re-
sistance (and low inductance) ground strap.

“NOTE: NO DC CURRENT SHOULD BE ALLOWED 70

FLOW IN THE TRANSFORMER ~ PRIMARY.
COMMON MODE DC VOLTAGE APPLIED
SHOULD BE LIMITED TO * 50 VOLTS.
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SIGNAL CHANNEL TUNING:

It is assumed now that the reference channel is
set up and operating in the desired mode and at the
correct frequency, and that the connections have been
made to the signal input connectors. Set the METER/
MONITOR switch at SIG. and adjust the SENSITIVITY
control to obtain an on-scale reading of the panel
roater. If the reference channel is operating in the EXT
mode set FREQ TRIM to “0” and adjust the FREQUENCY
dial to maximize the meter reading. If the reference
channel is operating in th SEL. EXT, AUTO or INT mode,
the meter reading should be maximized by adjusting
the FREQ TRIM control only.

OPERATION ON X! FREQUENCY RANGE:

When the amplifier is operating in its lowest fre-
quency range, the time it takes fo reach steady state
after any change in signal level or frequency is long
enough to be perceptible. The behavior of the tuned
amplifier is similar to that of a parallel RLC circuit hav-
ing the same Q. The rise time (0 to 63%) of such a
circuit whose resonant frequency is f, is given by:

= TQ
o

Taking an extreme example, in the Model HR-8 the
normal value of Q is 10, and at a frequency of 1.5 Hz
the rise time is 2.12 seconds. The time required to
reach steady state is several times this figure, and is
;ong enough tfo interfere with the processes of tuning
and level setting. Furthermore, any noise impulse ac-
companying the signal will set up a ringing response
which will take a time of this order to decay. As a
result, adjustment of the amplifier at very low tre-
quencies becomes a test of patience. In the low fre-
quency range, some advantage may be gained by
adjusting Q to a lower value to shorten rise time or
increasing Q to enhance selectivity.

REMOTE OPERATION:

The preamplifier can be removed from the main
frame of the Model HR-8 and operated in close prox-
imity to the signal source. A remote preamplifier kit is
available as an accessory for connecting the preampli-
fier to the main frame. The length of the cable norm-
ally supplied with this kit is 10 feet, but longer cables
can be supplied on special order.

OUTPUT FILTERING:

The principle of operation of the time constant cir-
cuit is illustrated in Figure 3-4. There are two stages
of low-pass filtering. The first stage comprises the
push-pull amplifier A and the RC feedback elements
R and C;. The DC amplification (X 310) is determined
by the ratio Ry/R;.. The product R, determines the
cut-off frequency and hence the bandwidth of the
signal passed to the output circuit. Following the feed-
back amplifier, a simple low-pass circuit, R2Cs, provides
additional filtering. C, is varied simultaneously with

£ "¢ for adjustment of time constant, and R.C, is always

equal to R«C;. The roll-off rate in the attenuation reg-
jon is 12 dB/octave, however, C» can be disconnected
(by the 6 dB/OCT - 12 dB/OCT switch), and the roll-
off rate then is only 6 dB/octave. :

The equivalent noise bandwidth of the first RC
filter circuit is

_ 1
(AB); = aRC
and the rise time (10% to 90%) is

‘ (Th = 2.2RC
When both RC circuits are in use, the equations become:

: R -
(&B)2 BRC (M) = 3.4RC
Comparing the two sets of equations it is seen that:
1. For a given time constant (RC) the equivalent noise
bandwidth of the double-section filter is one half
that of the single-section. :

(AB), = Y2 (AB)

2. For a given noise bandwidth the rise time of the
double-section filter is about 23% less than that of
a single-section filter

(M. =22 x L x@y= 772 (),
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For most measurement applications of the Lock-In
Amplifier, it is advantageous to use the 12 dB/octave
filter so as to have the shortest response time for a
given noise bandwidth. However, if the Lock-in Ampli-
fier is being used as a component in a closed servo
loop, the 6 dB/octave roll-off may be preferred.
EXTERNAL TIME CONSTANT:

The EXT. position on the TIME CONSTANT switch
allows the operator to obtain any desired time constant
by connecting the appropriate capacitors to the octal
socket.on the rear of the Model HR-8 (Figure 3-5.)

USE OF EXTERNAL CAPACITORS:

o

>2Q

C,
FIGURE 3-5
Socket on rear panel
5 4 for connection of ex-
503 ternal time constant ca-
7 2 _pacitors (viewed from
g J‘_)a ! outside.)
o} NOTE: Capacitor rating
L = 50 volts.
&
1

The required capacitance may be calculated from the
following relationships:
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N pf
C1 = TP‘
© Npf
C = g"
where N = Required time constant in
seconds. _
NOTE: C. is required only when operating at 12 db/

octave.

Only non-electrolytic capacitors should be used in
the time constant circuits. Mylar, polystyrene, or poly-
carbonate film types are preferred.

Pins No. 1 and No. 8 on the external capacitor sock-
et, marked N and P respectively, are connected to the
mixer output just before the time constant circuit, as
indicated in Figure 3-4, and as shown in detail in the
mixer circuit board diagram. The N-P connection is
used if it is desired for any reason to apply the mixer
output unaffected by the internal filter to an external
measuring circuit.

DETECTION OF SIGNALS AT A MULTIPLE OF THE
REFERENCE FREQUENCY:

in some Lock-In Amplifier applications, the available
reference frequency is a subharmonic of the signal
frequency. In such cases, a reference frequency equal
to the signal frequency must be produced in a har-
monic generator. The Model HR-8 Lock-In Amplifier is
ideally suited to this mode of operation because of its
continuously tunable reference channel amplifier. In
general, the reference signal (assumed to be sinusoidal,
though this is not to be considered a restriction) is
fed into a simple harmonic generator, the desired
harmonic being selected by means of the tuned
amplifier.

If even (2nd and higher) harmonics are of interest
the following harmonic generator is useful:

The amplitude of the reference sine wave should
be several volts peak to obtain efficient rectification.

The Fourier Series of an ideal waveform of this

type is
£ = Eo L sin ot — 2 5

. k=2
where E (1) is the output waveform of the half wave
rectifier and E, is the peak value of the input voltage.
Apart from the fundamental, the output contains only
even harmonics.

For operation in the SEL. EXT. mode a minimum level
(of the desired harmonic) of 70 millivolts peak-to-peak
is required at the reference input terminals, i.e., we
must have

2.2

ie. AEaZ70mv.
37

9°—%‘§_,—_“_’+(k even)

70mV. (A, = peak amplitude of second harmonic)

Eo = _7°_§_§z = 165mV

Since this is below the minimum value for efficien..
rectification by a silicon diode it is clear that any refer-
ence voltage large enough to produce the output wave-
form of Figure 3-6 will be adequate to drive the Lock-
In Amplifier.

For second harmonic operation, simply feed the
reference signal to the Lock-In via a diode as shown
in Figure 3-6. Set the FREQUENCY dial and FREQUEN-

CY RANGE switch to the second harmonic of the refer-

ence frequency and proceed according to the instruc-
tions given above for operation in the SELECTIVE EX-
TERNAL reference mode.

Operation on even harmonics higher than the second
is possible. The following considerations should be
understood before such operation is attempted.

The reference channel tuned amplifier at full gain
17 can withstand an input of 1 v peak-to-peak without
overloading. In order to assure proper operation, the
maximum instantaneous peak input voltage must be
kept below this tevel. (Of course for settings of the
REFERENCE LEVEL control other than “1” this limiting
value is proportionately higher). 1f a high order har-
monic is used the level of the harmonic of interest will
be considerably lower than the maximum instantan-
eous peak input level (E,). If we assign a maximum
value of 1 to E,, the component paris of the rectified
wave are:

fundamental

2nd harmonic
4th harmonic
6th harmonic

1.0V peak-to-peak

424V peak-to-peak

085V peak-to-peak

036V peak-to-peak

Thus, operation at the fourth harmonic should be
possible, but at the sixth and higher harmonics there

is not enough voltage for operation of the reference
circuit.

For the sixth and higher even harmonics, the circuit
of Figure 3-7 can be used. .
R. and C constitute a high-pass filter whose effect is
to reduce the level of the lower order harmonics. A
good choice of R.C is a value such that

0y = =

’ n R._)C
where w . is the angular frequency of the desired har-
monic. Of course more elaborate preselection methods
may be used.
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TO REFERENCE
SOURCE M

14
4

_E‘QW

47 TO REFERENCE
> K

FIGURE 3-6
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SILICON DIODE c
-— —11 .
R
TO REFERENCE f\J Ry Rz TO REFERENCE
SOURCE INPUT
FIGURE 3-7
In any case the Lock-In is set to the frequency of the quency e, will be approximately 0.7. At frequencies
desired harmonic and set up as outlined in the SELEC- w, below o, the gain is roughly proportional fo ®-
TIVE EXTERNAL section of OPERATING INSTRUCTIONS The amplitude of the harmonics in the input waveform
in this manual. is proportional to
If odd (3rd and higher) harmonic operation is de- Therefore up to w, the various odd harmonics appear-
sired the following circuit can be used (Figure 3-8). ing at B are all abour the sample amplitude. If o,
. . . is chosen fo be the highest harmonic of interest, then
The resulting waveform has a harmonic structure operation at all odd harmonics below this will- be
/~ given closely by: possible.
== In any case the Lock-in is tuned to the harmonic of
1) = _";_EE E g (—1) cos 2k+1) ot interest and set v according to the rocedure in the
E(t) P P
T K=o cos(2k+1) SELECTIVE EXTERNAL section of OPERATING INSTRUC-
where E, is about V2 volt for silicon diodes without TIONS in this manval.
bias voltage. Using an argument similar to that of the OPERATION WITHOUT REFERENCE VOLTAGE:
preceding section it turns out that this arrangement will If no reference voltage is applied, the Model HR-8
permit operation up to the 5th harmonic. can be used as a simple tuned voltmeter, with lower
. . o . itivi d greater bandwidth than when used in
If operation at higher odd harmonics Is desired the sensitivity an . . -
following circuit may be used. (Figure 3-9) the lock-in mpdg. The bandwidth is that of 1!'1e signal
n ; tuned amplifier, normally one tenth of the signal fre-
If R,C= o » the voltage gain from A tfo B at a fre- quency but adjustable between the limits of 1/5th
R = I0K
3V
PEAK SILICON PEAK
TO REFERENCE = 10 DIODES =y TO TO REFERENCE
SOURCE ™  PEAK PEAK INPUT
FIGURE 3-8
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and 1/25th of the signal frequency. The scnsitivity is
reduced by a factor of 100. Thus, the voltage required
for full scale deflection is 100 times the value in-
dicated on the SENSITIVITY switch. A precise calibra-
fion can be made using the gain adjustment and the
square-wave calibrating circuit. To operate the Model
HR-8 in this manner, connect the signal source to the
input connector on the preamplifier and place the
METER/MONITOR switch in the SIG position. The in-
strument is then a selective peak-responding voltmeter
calibrated in rms sine wave volts in the upper 4/5 of
the meter scale. In this part of the meter range its
deflection is a linear function of the applied voltage.
This characteristic is obtained by applying a small for-
ward bias to the rectifier which results in a meter
deflection of about 5% of full scale with no signal
applied. However, the spacing of steps on the SEN-
SITIVITY switch is such that it is possible to make all
measurements on the upper 60% of the meter scale.
OVERLOAD:

An overload condition can exist in
the Model HR-8 Lock-In Amplifier.

1. TUNED AMPLIFIER INPUT OVERLOAD

The tuned amplifier input can be overloaded
by interfering signals, significantly removed from
the tuned frequency (factor of 10) with an ampli-
tude of 1000 times the sensitivity setting in use.
To test for this condition, set the MONITOR switch
in the SIG position and observe the MONITOR
connector output with an oscilloscope. Any modu-
lation of the signal by the interfering signal in-
dicates that an overload condition exists. 1 this
condition exists, the interfering signal should be
attenuated by pre-filtering prior 10 the Model
HR-8 Lock-In Amplifier.

2. MIXER OVERLOAD:

When the signal-plus-noise at the mixer input
is so large that a significant change in Lock-In
indication results, the OVERLOAD indicator will
light. Adjustment of the SENSITIVITY switch to a
point where the lamp is extinguished will provide
maximum sensitivity without overload.

3. OUTPUT DC AMPLIFIER OVERLOAD

three areas of

FIGURE 3-9

The output DC Amplifier will become over- °

loaded if the demodulated and filtered signal ap-
plied to it has peak amplitudes greater than =12

3-8

volts relative to ground. To check for this condi-
tion, set the monitor switch in the OUT position
and observe the waveform appearing at the
MONITOR connector. If voltage peaks exceeding
19 volts relative to ground appear, the overload
condition exists. To overcome this condition either
or both the TIME CONSTANT and the input SEN-
SITIVITY controls should be adjusted.
GALVANOMETER TYPE RECORDERS:

Two binding posts for connection fo a recorder are
located on the rear panel together with a 15K potenti-
ometer whose purpose is to adjust full-scale deflection
of the recorder to track that of the panel meter. Any
galvanometer type recorder requiring one milliampere
for full scale deflection can be driven if its resistance
does not exceed 3000 ohms.

Circuit conncctione are shown in Figure 3-10. Open
circuit output voltage at the recorder terminals is 10
volts when the panel meter (in the OUT position of the
METER/MONITOR switch) indicates full scale. Short
circuit current is limited to 1.43 milliamperes by the
6.98 K fixed resistor in series with the output circuit
of the fransistor emitter follower. The red recorder
binding post 'is at chassis potential when the panel
meter is at zero (i.e., when there is no signal and the
ZERO OFFSET is at zero). The black binding post is
connected to the instrument chassis. The range of re-
corder current and resistance within which the 15 K
RECORDER ADJUST can match the recorder full scale
to the panel meter full scale is given by

10V —__lov
TR %K £ R

SERVO TYPE RECORDERS:

This category includes recorders in which the im-
pressed voltage is amplified before being applied to
the pen-actuating mechanism. They have high input
resistance and are usually calibrated in volts. A suit-
able circuit for connecting such recorders to the Lock-
In Amplifier is shown in Figure 3-11. The shunt re-
sistance R, is chosen so that the voltage across it will
drive the recorder to full scale when the panel meter
is at full scale (=10 volts).

in general, if the particular servo recorder has an
input impedance greater than 100K ohms and reads *
full scale on £ V volts, the value of the shunt resistor

(on



' in K ohms which will

allow the potentiometer 1o provide reasonable adju

stment range is given by:

FIGURE 3-11
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RECORDER ADJUST:

A steady and noise-free signal should be used for
adjusting the recorder so its full scale matches that of
the panel meter. The ZERO OFFSET may be used for
this purpose. To make the adjustment, disconnect the
signal temporarily, set the METER/MONITOR switch
at OUT, and rotate the ZERO OFFSET knob until the
panel meter is at full scale. Then vary the RECORDER
ADJUST until the recorder is also at full scale. Having
made this adjustment, return the ZERO OFFSET to
zero and lock the adjustment. Reconnect the signal.
ZERO. OFFSET: :

The ZERO OFFSET provides means of introducing
an adjustable voltage of either polarity into the tran-
sistor amplifier which drives the recorder and the
panel meter. The algebraic sum of the signal and the
offset are amplified and appear at the output and
drive the panel meter, the MONITOR output, and the
recorder. lts purpose is best explained by an example.
if the output signal never falls below a value V; and
varies between that value and V., and furthermorg
if the significant range Vo-V1 is very small compared
with the steady component V., it is advantageous to
suppress the steady component and expand the var-
iable component Vi-V; so it fills the whole scale of
the récorder. This is done by introducing an offset of
megnitude V,. The offset voltage is accuratfely in-
dicated by a ten turn dial as a multiple of the panel
meter full scale, so there is no loss of accuracy in using
this facility. Maximum available offset amounts to
ten times full scale.

The following procedure may be employed to de-
termine suitable adjustments of SENSITIVITY and ZERO
OFESET. First, with no offset and with the signal at
its maximum level, Vg, adjust the SENSITIVITY control
for maximum on-scale deflection of the panel meter.
Determine the minimum signal level, V,, at the same
SENSITIVITY setting. These values are shown graphically
in Figure 3-12 where the horizontal ber represents the
meter scale and the shaded section represents the use-
ful signal range. The remainder of the procedure is
most easily explained by using numerical values and,
accordingly, a set of hypothetical figures has been
added 1o Figure 3-12A. Making the calculation shown
beside the diagram, it is found that the useful range
of signal spans only 7% of the meter scale. By adjust-
ing the SENSITIVITY control from its initial setting of
1000 microvolts (1.0 millivolts) to different values, the
useful signal range can be expanded to 14%, 35%,
or 70% of full scale. The next step would be 140%,
which obviously is impractical, so 70% is chosen. The
new full scale sensitivity V, is 100 microvolts. Now
the ZERO OFFSET must be adjusted to place the min-
imum signal, V,, at the zero position on the meter.
This is shown graphically in Figure 3-12. The required
offset is found to be 8 turns of the 10-turn control.
The measured voltage is the sum of the zero offset
and the panel meter reading.

“TIME CONSTANT ADJUSTMENT:

Noise accompanying the signal and appearing at
the output can be reduced by increasing the time con-
stant, but obviously the time constant should not be
made so long that significant variations in signal level
are not observed. The adjustment is made by observ-
ing the panel meter and/or the recorder, and grad-

vally increasing the time constant until a satisfactory .
compromise between suppression of noise and speed

of response is reached.

CALIBRATION:

To establish and maintain the specified accuracy of
the instrument, it should be tested periodically with _
accurate calibrating signals derived from the internal
calibration signal generator. For best accuracy, cal--
ibration should be performed at the same frequency,
sensitivity, and signal Q as will actually be used for
measurement. In the example that follows, these are
400 Hz, 500 pV, and 10 respectively. To perform
this operation proceed as follows:

(1) Turn power ON.

(2) Connect a BNC cable from the CALIBRATE
connector 10 INPUT A.

- (3) ~ Set preamp mode switch in “A" position.

(4) SENSITIVITY switch at 500 pV.

(5) FREQUENCY dial at 4.0.

(6) FREQ RANGE switch 1o X102

(7) FREQ. TRIM to O.

(8) SIG. Q to 10.

(9) Phase Quadrant switch to 0.

(10) PHASE control to 0.

(11) MODE switch to INT.

(12) REF. ATTEN. to OFF

(13) REF. VERNIER to max CCW.

(14) TIME CONSTANT to 100 mS.

(15) 6/12 dB switch to 6dB.

(16) Put METER/MONITOR switch in REF. posi-
tion. Meter will read approximately 1V
(full scale is 2V).

(17) METER/MONITOR to SIG.

(18) ZERO OFFSET to 0. (max. CCW and lock
knob).

(19) CALIBRATE switch fo 50 mV, (i.e., 100 x
SENSITIVITY setting).

(20) A reading on the meter should be present
at this point. The reference frequency is
400 Hz, and it is now necessary 1o trim the
signal channel for a peak at this frequency.
Adjust FREQ. TRIM. for a maximum read-
ing. This reading should be approximately
full scale.

(21) Put CALIBRATE switch to 500 uV position.

(22) Put METER/MONITOR in OUT position.
Adijust PHASE control for maximum meter
reading to the right. PHASE control should
be approximately at 0°. The meter reau-
ing should e full scale. If it is not, adjust
GAIN ADJ (screw driver adj.) for a full
scale reading. This completes calibration
of the Model HR-8 at 400 Hz.

(23) If the preamp is going to be used in the
A-B mode, the AC BAL should be adjusted.
This is done by feeding the same signal
into the A and B simultaneously. To ob-
tain the highest degree of common mode
rejection, this adjustment should be made
with the same frequency and SENSITIVITY
switch settings that will be vsed in
the experimental measurements. Put the
METER/MONITOR switch in the OUT posi-
tion. Adjust the AC BAL (screw driver adj.)
for zero on the meter. Increase the input
signal by a factor of 10 to determine if the

 zero was properly adjusted. (Note: The
above adjustment should be made only
after all the preceding steps (1 through
22) have been made.

NOTE: This completes the calibration procedure.
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SFCTION IV

CIRCUIT DESCRIPTION

INTRODUCTION:

The various circuit elements that go together to
make up this instrument are assembled on seven plug-
in printed circuit boards, one printed circuit board
mounted on the front panel and one board mounted
underneath the main chassis. The different boards are
identified as follows: (the identification numbers listed
below appear on the printed wiring side of the boards.)

CIRCUIT IDENTIFICATION NO.
INTERMEDIATE AMPLIFIER IN 1395
SIGNAL CHANNEL TUNED AMPLIFIER Sl 1400
REFERENCE CHANNEL TUNED AMPLIFIER RE 1393

AUXILIARY REFERENCE AMPLIFIER AU 1394
POWER SUPPLY | PO 1396
POWER SUPPLY |I PO 1396
MIXER DC AMPLIFIER Ml 1397

Access to the plug-in boards may be had by re-
moving the top cover of the instrument. They are lo-
cated as shown in Figure 4-1.

The circuitry will be discussed board by board in
order to simplify the task of trouble shooting and to
acquaint the interested user with the principles of
operation.

The plug-in preamplifiers will be discussed as in-
dividual items and their relationship with the main
frame circuitry will be detailed.

TYPE A PREAMPLIFIER (Circuit Boards PS 1398, PR
1399) ‘

This is a differential input amplifier with low-noise
input circuits provided by two nuvistor triodes operat-
ing as cathode followers. Each triode is followed by
a fransistor amplifier and a transistor emitter follower.
Input may be either single-ended or differential, as
selected by the A, A-B, -B switch. In the single-ended
mode, either input connector may be used. In the dif-

ferential mode, common mode output can be min-
imized by means of the A.C. BAL adjustment.
The optimum adjustment varies slightly with frequency
and sensitivity settings.

Amplifier gain (defined as the ratio of single-ended
output to single-ended input) is either 10 or 1, as de-
termined by the switch K-4. Additional gain variation
is provided by input attenuators preceding the two
cathode followers. By suitable combinations of the
ewitches K-1, K-2, and K-3, the voltage at the triode
grids may be reduced to 1/100 or 1/1000 of the
voltage at the input connectors. The switches are relay
operated, with the relays being controlled by contacts
on the SENSITIVITY switch. The relays are programmed
so that gain or loss ratios of 10.0, 1.0, 0.10, 0.010,
and 0.0010 are selected in sequence and coordinated
with gain changes in the intermediate amplifier.

Operating voltage for the amplifier passes through a
voltage regulator, Q01 to Q04, whose main function
is to prevent signal or reference leakage from high-
level circuits into the preamplifier through the power
supply circuit.

TYPE B PREAMPLIFIER (Circuit Boards PS 1398, PR
1574). .

The Type B Preamiplifier is characterized by low in-
put impedance and high voltage gain. Input is dif-
ferential through a transformer, and the output to the
intermediate amplifier is balanced. The circuits in other
respects are similiar to those of the Type A Preampli-
fier and gain variation is switch and relay controlled
in the same manner.

In the normal input transformer connection, the
voltage gain is approximately 100 times that of the
Type A Preamplifier. Input impedance is low (depend-
ent on frequency). The frequency range is approximate-

Ref.T.A.RE 1393

Aux. Ref. AU 1394
_n?.AmQ.IN|395 PSIPOI396
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ly 10 Hz to 10 kHz, but the limits are affected some-

INTERMEDIATE AMPLIFIER (Circuit Board IN1395)

7" what by th imped
w al hy : s':)urce impedance. lifier i " The intermediate amplifier comprises three amplify-
Although the Type B Preamplifier is normally sup- ing stages, each with a voltage gain of 10. (Gain is de-
phgd with 3 100:1 voltage 1ransformanon.ra1|o, _other fined as the ratio of single-ended voltage output to
ratios (rar.mgmg from 50:1 to 350:1) are easily achieved single-ended voltage input). The first stage accepts
by changing transformer tap connections. Other trans- balanced inputs from the preamplifier, and its output is
formers are a\{a||able which provide an even wider single-ended. Its voltage gain can be reduced to 5
selection of ratios. . or 2 by switching in different emitter-coupling resistor
TYPE B1 PREAMPLIFIER (Circuit Boards PS 1398, PR values. The third stage, or both the second and the
1574) e e, . third, can be switched out of the circuit to reduce the
o The Type B1 Preamplifier is similar in design fo the gain by factors of 0.1 or 0.01, respectively. Both of
e Type B Preamplifier. The Type B1, however, uses a these switching functions as well as those provided in
. higher frequency response transformer to provide cov- the preamplifier are controlled by a six-wafer switch
erage from 1 kHz to 150 kHz. These numbers apply (the SENSITIVITY control) in such a way that the in-
for a source impedance of 1 ohm. Higher source im- strument sensitivity advances in a 1-2-5 sequence from
pedances will restrict the passband. T:e Type Bl is 100 nanovolts rms to 500 millivolts rms for full scale
"°Ir'm;”);r:z§ffgr'ed t‘_’;“hr :, frans;c;rmer ar:g;gpraov]'g(e):d] deflection of the panel meter. The manner in which this
voliage mation ratio, and iaps are laed. is done is shown in Table 4-2. It is pointed out again
TYPE C PREAMPLIFIER (Circuit Boards PR 1965, PS that gain is defined and measured on the basis of
1966) . . . single-ended input to the preamplifier, as illustrated
The Type C Preamplifier uses a pair of low-noise in Figure 4-2.
silicon PNP junction transistors in a differential cascode
circuit. Voltage gain is controlled by reed relays in the
same manner as in the Type A Preamplifier, but the
voltage gain of the Type C is always ten times greater
. than that of the Type A. Actual sensitivity of the HR-8/
4 Type C combination ranges from 10 nV to 50 mV rms
i full scale. Frequency response is 1.5 Hz 10 150 kHz,
/'\
ATTENUATION FACTOR =k
Az As W
G MAX
=10
__— /100
= IOKE | 102E, 103kE 10%E 1.5x10%KE
/100 L 1 L
INPUT ATTENUATOR |  PREAMP INTERMEDIATE AMPLIFIER |$'GNAL TUNED
AMPLIFIER

FIGURE 4-2 INPUT ATTENUATORS AND AMPLIFIERS
4.2
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TABLE 1

INPUT ATTENUATOR AND AMPLIFIERS SETTINGS FOR
VARIOUS SENSITIVITY SETTINGS

Type A
Sensitivity . Preamplifier V. Gain Intermediate Amp. Net Gan
Input Atten. Voltage Gain

100 Nanovolts 1 10 10x10x10 10,000
200 Nanovolts i 10 5x10x10 5,000
500 Nanovolts 1 10 2x10x10 2,000
1 Microvolt 1 10 10x10 1,000
2 Microvolts 1 10 5x10 500
5 Microvolis 1 10 2x10 200
10 Microvolts 1 10 10 100
20 Microvolts 1 10 5 50
50 Microvolts 1 10 2 20
100 Microvolts 1 1 10 10
200 Microvolts 1 1 5 5
500 Microvolts 1 1 2 2
1 Millivolt 1/100 10 10 1.
2 Millivolts 1/100 10 5 .5
5 Millivolts 17100 10 2 2
10 Millivolts 17100 1 10 A
20 Millivolts 1,100 1 5 .05
50 Millivolts 1/100 1 2 .02
100 Millivolts 1/1000 1} 10 .01
200 Millivolts 1/1000 1 5 .005
500 Millivolts 1/1000 1 2 .002

SIGNAL CHANNEL TUNED AMPLIFIER (Circuit Board
$11400)

The tuned amplifier following the intermediate
amplifier operates normally with a voltage gain of ap-
proximately 15 and a Q of 10. It is tunable over the
frequency range of 1.5 Hz to 150 kHz by means of two
RC low-pass circuits. Decade frequency steps are ef-

fected by switching the capacitors, and continuous

tuning over an 11-to-1 range is by means of two
potentiometers. Maximum amplification is obtained at
the frequency at which the phase shift in each RC
circuit is 45°, and the amplification falls to zero for
signals of zero or infinite frequency. The selectivity
characteristic is identical to that of a parallel RLC cir-
cuit. The Q of the RC tuned circuit is only 0.5 and to
get.a more useful value, negative feedback is utilized.
The feedback factor can be varied (without affecting
the gain) to give Q values from 5 to 25.

Gain may be adjusted between the limits of 10
and 20 by means of a front panel screw driver adjust-
ment. This wide range of adjustment is provided in
order that the instrument can be standardized to read
either in volts as indicated by the SENSITIVITY switch,
or in any units that may be appropriate to the measure-
ment being made.

The input circuit is singvle-ended, and the odtput is
balanced. The amplifier output circuit operates within
its linear range up to 5 volts peak-to-peak output. A
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signal exceeding this value actuates an overload in-
dicator which comprises the AC amplifier Q229 and
Q230, the diodes D201-D204, the DC amplifier Q231,
and a lamp in the collector circuit of Q231. The lamp
is mounted behind a red jewel lens above the panel
meter.

REFERENCE CHANNEL TUNED AMPLIFIER (Circuit Board
RE 1393)

The frequency selective circuits in the reference
channel tuned amplifier are similar in principle to those
in the signal channel tuned amplifier, though
slightly different in detail. In the output circuit,
however, the arrangement is entirely different. In both
amplifiers, one of the RC circuits produces a voltage
with a phase lead of 45° from the input voltage, and
the other RC circuit produces 2 phase lag of 45°. In
the signal amplifier these two voltages are added,
the result being an output voltage in-phase with the
input. In the reference amplifier the two phase shifted
voltages are manipulated to produce output voltages
at 0°, 90°, 180°, and 270° respectively relative o the
input voltage. The circuit by which this is accomplished
is shown in simplified form in Figure 4-3. The sum of
the two voltages at + and — 45° is passed through a
phase splitter to produce voltages at 0° and 180°. In
another part of the circuit one of the voltages is re-
versed and added to the other phase, the result after
operation of a phase splitter being voltages at 90°
and 270°. The four phases thus derived are applied to
four equidistant points on a linear potentiometer, as
shown in the diagram. By rotation of the contact point,
any phase angle can be obtained with continuous
adjustment from 0° to 360°. At odd multiples of 45°
the output drops to 0.707 of the voltage at the input
points, but this does not affect the operation of the
mixer because the Schmitt trigger which drives the
mixer responds only to zero-crossings of the waveform
applied to ifs input.

In addition to the continuous variation of phase,
phase changes in steps of 90° can be made by means
of a 4-pole 4-position switch which connects the four
output wires A, B, C and D to the four connection
points. 3, b, ¢ and d on the potentiometer. By rotafing
this switch, the 90° wire (B) may be connected in turn
to points b, ¢, d, and a; the other three wires are

- switched in the same way. Thus the phase of the volt-

age at the potentiometer rotor is changed in 90 degree
steps.

AUXILIARY REFERENCE CIRCUITS (Circuit Board AU
1394):

This board includes a Schmitt trigger, a monostable
multivibrator, a peak-responding ac voltmeter, 3
limiter, a square-wave generator, and an emitter fol-
lower. These circuits are used in different combinations
in two of the reference modes, in the monitor volt-
meter, and in the calibrator.

Automatic Reference Mode: This mode utilizes the
Schmitt trigger and the monostable multivibrator. The
reference voltage is applied to the Schmitt trigger.
A reversed pair of diodes at the trigger input limits the
peak voltage in each direction to about 0.6 volts. The
output of the trigger is a rectangular wave of fixed

-
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amplitude which may be unsymmetrical depending
. #upon the waveform of the input voltage. To make it
{  symmefrical, it is passed through the multivibrator
circuit. This circuit is switched into its quasi-stable state
by the rectangular wave from the trigger, and it re-
A mains in this state for a time which depends only on
the values of R and C in the timing circuit. The R and
C are ganged with the corresponding elements in the
signal and reference channel tuned amplifiers, and are
in fact identical with those elements. The monostable
returns to the stable state af the midpoint of the
reference voltage cycle, thus generating a square wave
i that is relatively symmetrical. This square wave is amp-
lified and filtered by the reference tuned amplifier,
producing a8 relatively pure sine wave. The output
amplitude of the multivibrator is 111 millivolts peak-
to-peak. The fundamental frequency component is 50
millivolts rms. This is amplified to 1.0 volt rms by the

tuned amplifier.

Internal Reference Mode: The limiter and the emitter

i follower are utilized in this reference mode. The refer-
ence channel tuned amplifier is made to operate as an
oscillator by feeding back from output to input through
the limiter. The voltage at the input of the limiter is

i‘ a 1 volt rms sine wave, and its output isa 111 mv
peak-to-peak square wave.

A fraction of the reference tuned amplifier output,

- as determined by the setting of the REF ATTENUATOR,
[ is impressed on the emitter follower, and the output
of this circuit is connected to the REF IN/OUT con-
nector. The output impedance at this terminal is fixed

/—at approximately 600 ohms by a 590 ohm resistor in
! series with the impedance of the transistor.

Monitor Voltmeter: In the SIG and REF positions of
the METER/MONITOR switch, the signal and reference
_voltages are measured by the peak responding AC

i ‘ voltmefer. The voltage to be measured is impressed
on a two-stage emitter follower, the purpose of which
is fo present a high impedance to the signal or refer-
ence circuit. The rectified ouipul current, smoothed hy
% the 50 microfarad capacitor C410, is fed to the panel
meter. On the lowest frequency range, 1.5 to 15 Hz,
the filter capacitance is increased to 150 microfarads.

Calibrator Circuit: A sine wave of approximately
1 1 volt rms amplitude taken from an isolating transistor
Q317 in the reference channel tuned amplifier is im-
pressed on the limiter (the same limiter that is used
in the INT reference mode) where it is clipped to an
amplitude of 1 volt peak-to-peak. The clipped sine
wave is impressed on the calibrator square wave
generator, a limiting amplifier whose output is a
square wave of 222 millivolts peak-to-peak amplitude.
This is subdivided by a ladder attenuator having in-
put and output impedances of 50 ohms, in steps pro-
gressing in a 1-2-5 ratio from a minimum of 20 nano-
volts to a maximum of 100 millivolts. These figures
represent the rms amplitude of the fundamental fre-
quency component of the square wave.

The attenuator switch also has two positions in
which the base of the transistor Q414 can be connected
through R445 to 424 or —24 volts. Either bias voltage
,—~.is so much larger than the amplitude of the clipped

sine wave that no square voltage appears in the out-
put across the attenuator. When the bias is negative,
the voltage across the attenuator is 222 millivolts,
negative with respect to chassis. When the bias is
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positive, the voltage is zero. These voltages correspond
exactly to the limits of the square wave swing when the
circuit is generating calibrating voltage. In the nega-
tive bias position, the output terminal is connected to
the highest point on the attenuator so that the DC
jevel can be checked with an accurate DC voltmeter.
if the specified value is obtained, it is then known
that all the AC calibrating voltages are correct. If the
DC voltage has any other value, it can be adjusted to
222 millivolts with the CAL. ADJ. potentiometer, R453.

MIXER (Circuit Board MI 1397)

The mixer is a switching circuit in which the output
of a balanced amplifier is reversed in polarity at each
half cycle of the reference waveform so that the ap-
plied ac signal is converted into a unidirectional cur-
rent. The two pairs of transistors, Q701 and Q702, are
operated as a double-pole double-throw switch by the
square wave reference voltage applied at the point
O(and B. At any instant, one transistor of each pair is
conducting, feeding current to the resistors R701 and
R702; the other two transistors are cut-oft. While Q701
and Q702 control the polarity of the current in the load
resistors, the linear transistors Q703 control the mag-
nitude of the currents in proportion to the balanced
signai voltags cpplied to their bases.- Leakags Of the
reference voltage into the signal output circuit is sup-
pressed by the two AC BALANCE adjustments R704
and R712. Q704 acts as a current sOUrce, permitting a
precisely fixed amount of current to flow to the load
resistors. This helps to maintain a condition of exact
balance in the mixer output, since whatever increment
of current is added to one load resistor must be sub-
tracted from the other.
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FIGURE 4-4

The DC ZERO screw driver adjustment fixes the
average DC voltage level at one of the two mixer

_output points. With this adjustment properly made,

and ZERO-OFFSET at zero, the panel meter reading (and
recorder current, if a recorder is connected) will be
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zero when there is no signal applied. The DC voltage
level at the other mixer output point is determined

5y the ZERO OFFSET (front panel control). The offset

soltage inserted at this point works through the fol-
lowing DC amplifier circvits and offsets the zero on the
panel meter (when measuring output) and the recorder
circuit. A switch selects either positive or negative off-
set voltage. i

The output voltage of the mixer, when the refer-
ence is exactly in phase with the signal, has the wave-
form of a series of half sine waves as shown in Figure
4-4A. When the reference is 90° out-of-phase, the
output waveform changes to that shown in Figure
4-4B and the effective output, after passing through
the time constant filter, is zero.

The single-ended reference voltage output from the
phase potentiometer is converted to balanced voltages
in a phase inverter which includes the transistors Q720
and Q721. The balanced voltage is further amplified by
the transisiors Q722 and Q723, and applied to the
Schmitt trigger Q724 and Q725. The output of the
trigger is a square wave of 2 volts peak-to-peak amp-
litude, which is applied to the mixer circuit at points
O and B.

TIME CONSTANT CIRCUIT (Circuit Board Ml 1397)

A three-stage high gain amplifier follows the mixer
circuit. (This is the amplifier A in Figure 3-4). The first
stage includes the pair of transistors Q705. A screw-
driver adjustment of DC BALANCE is provided in the

llector circuit. The second stage includes the two

ansistors Q707. Q708 and Q709 are connected as
emitter followers in the third stage. Two 47.5K re-
sistors, R738 and R739, are connected in series be-
tween the two emillers. Any unbalance in output
voltage at this point causes. a voltage to appear at
the midpoint of the two resisfors, and this is amplified
by Q711 and Q706. The amplified voltage is applied as
negative feedback to the emitters of Q705 to remove
the common mode component of the output voltage.

The voltage amplification ratio is controlled by nega-
tive feedback through two resistors, R745 and R746.
Since the feedback resistance is 4 megohms and the
amplifier input resistance is 13K ohms, the closed loop
gain is approximately 310 at frequencies from zero to
the cut-off frequency determined by the time constant
capacitors. The roll-off rate resulting from the RC feed-
back circuit is 6 dB/octave. Additional filtering, in-
creasing the roll-off rate to 12 dB/octave, is provided
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by the 8.2 megohm resistor, R747, and the capacitor
C2 associated with it.

Up to the point where the second RC circuit is con-
nected, the circuit is completely balanced. Starting at
that point, however, the circuit is essentially single-
ended (though balanced circuits are used at some
points to reduce drift caused by temperature changes).
The output voltage across the second RC filter is im-
pressed on one of the two transistors Q712. These
transisiors are followed by the two-stage balanced
amplifier Q713-Q714 and Q717-Q718. Q718 drives the
single-ended emitter follower Q719. A feedback con-
nection from Q719 to the other transistor of the pair
Q712 reduces the closed loop gain to unity. The tfran-

. sistors Q715 and Q716 are current sources, whose

function is to maintain push-pull operation in the
balanced portion of the circuit. Current for the recorder
circuit, the monitor terminal, and the panel meter is
supplied by the emitter circuit of Q719. Protection
against damage due to inadvertent connection of a
voltage source to any of these circuits is provided by
the diodes D704 and D705. Each diode Is reverse
biased at 24 volts, and has no effect on signals of
normal amplitude.

POWER SUPPLIES | AND i (Circuit Boards PO 1396)

The power transformer and two sets of rectifiers are
shown in the wiring diagram. These parts are mounted
on the main chassls. There are two regulators on each
of the two identical circuit boards. One receives —31
volts from the rectifier and regulates it to —24 volts.
The reference voltage is supplied by the zener diode
D505. The output voltage is adjusted by the poten-
tiometer R510.

The second regulator takes +31 volts from the rec-
tifier and regulates it to +24 volts. The reference
voltage is —24 volts from the first regulator. The +24
volt output is adjusted by the potentiometer R533.

The two regulators are similar, with only slight dif-
ferences resulting from the difference in polarity, and
are conventional in design.

Protection of the transistors from damage due to
excessive current flow is afforded by the two fuses
F501 and F502 in the 31 volt supply lines. These fuses
may be reached for inspection or replacement by re-
moving the top panel of the instrument case. The
power ftransformer is protected by one fuse in ifs
primary circuit. This fuse is in a fuse holder on the
rear panel.

el weaed e
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POWER SUPPLY ADJUSTMENT: (Board
PO1396) '

Insert onc of the PO1396 boards into the 23
pin extender board and insert into the Power
Supply I connector (closest fo the trans-
former.)

Monitor TP 501 with the DC voltmeter.
Adjust the —24 ADJ potentiometer until the
meter reads —24 volts.

Short the bases of Q505.

Adjust BAL-potentiometer until the meter
reads —24 volts or until the adjustment be-
comes such that the meter varies critically
petween —32 volts and —3 volts.

Remove the short and asceriain that the volt-
age is —24 volts. i

Monitor TP 502 with the DC voltmeter.

Adjust the +24 ADJ potentiometer until
meter reads +24 volts.

Short the bases of Q510.

Adjust BAL + potentiometer until the meter
reads 24 volts or the adjustment becomes
such that the meter varies critically between
43 volts and 4-32 volts.

Remove the jumper and ascertain that the
voltage remains at +24 volts.

After removing the extender board place
Power Supply Il in its connector.

Repeat steps | through 12 above for Power

Supply I

SIGNAL CHANNEL TUNED AMPLIFIER (Board
$11400).

Set the front panel controls as follows:

FREQUENCY ... e 4.0
FREQ. RANGE .. ... ... x10?
SIG. Q o 5

METER/MONITOR switch ... SIG

Using the 20-pin extender board insert board
#511400 into its connector.
Connect the signal generator, set for 400 Hz
and minimum amplitude to pin 14 of board
$11400.
Connect the oscilliscope to the MONITOR
connector.
Increase the magnitude of the signal genera-
tor until a 400 Hz signal is seen on the scope
Slowly adjust the signal generator frequency
control to peak the signal appearing on the
oscilloscope.
Increase the signal generator amplitude until
a signal of 5 volts ptp appears on the oscillo-
scope.
Readjust the Model HR-8 controls as follows:
FREQUENCY . . ... .. 4.0
FREQ. RANGE . 104
Set the signal generator fo 40 Hz.
change amplitude.
The signal appearing on the oscilloscope
should be less than 5 mV ptp. If necessary
R240 should be tailored until the signal is
less. than 5 mV pip.
Adjust the Model HR-8 controls as follows:
FREQUENCY ... 4
FREQ. RANGE . ... x10?
Adjust the signal generator around 400 Hz
until a peak is seen on the oscilloscope.
Adjust the NULL ADJ. potentiometer until
the front panel meter varies less than *=2%

Do not

when the SIG Q on the front panel is varied -

from 5 to 25.

#S11400.

14. Connect the scope fo pin 18 of Board

16.

17.

18.

v 2,

Ju.

13.
14.

15.
16.

17.
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until clipping is observed on the oscilloscope.
If clipping is significantly asymmetrical, se-
ject R284 such that the clipping levels are
approximately the same.

Increase the amplitude of the signal generator
until the OVERLOAD lamp lights. This should
occur when the output at the MONITOR con-
nector is between 4.0 and 4.5 volts ptp.
Remove the extender board and plug board
S11400 into its connector.

INTERMEDIATE AMPLIFIER {Board IN1395)

Using the 23 pin extender board plug board
IN1395 into its connector.

Locate the two 10 ohm resistors, R105 and
R106. * _

Check the DC voltage on these resistors to
ground fo ascertain that one reads +15 volts
and the other —15 volts.

Remove the extender board and plug board
IN1395 into its socket.

REFERENCE TUNED AMPLIFIER {Board

IN1393)

Using the 23-pin extender board insert board
#IN 1393 into its connector.

Set the front panel controls as follows:

FREQUENCY .. 4.0
FREQ. RANGE ... x102
MODE switch ... SEL. EXT.
REF. ATTEN. .. . 1.0

REF. VERNIER ... MAX CW
METER/MONITOR switch ... REF.

Connect the oscilloscope to the MONITOR

connector.
Connect the signal generator, adjusted to 400

“Hz and minimum amplitude to the REF IN/

OUT connector.

increase the magnitude of the signal genera-
tor until a 400 Hz signal is seen on the
oscilloscope.

Slowly adjust the signal generator frequency
control to peak the signal appearing on the
oscilloscope.

increase the signal generator amplitude until
a signal of 5 volts ptp appears on the oscillo-
scope.

Reset the front panel controls of the Model
HR-8 as follows:

FREQUENCY ... ... 4.0
FREQ. RANGE .. ... x10*
Set the signal generator to 40 Hz.

change amplitude.
The signal now appearing on the oscilloscope
should be less than 5 mV ptp.
If necessary select a resistor (R322) for a
signal less than 5 mV ptp.
Reset the front panel controls of the Model
HR-8 as follows:

FREQUENCY .. .. ... . 4.0

FREQ. RANGE ... ... x10?
Return the signal generator to 400 Hz.
Slowly adjust the signal generator frequency
control to provide a peak reading on the
Mode! HR-8 panel meter.
Monitor TP 301 with the oscilloscope.
The signal appearing on the oscilloscope
should be less than 10 mV ptp.
if necessary, alternately adjust the frequency
control on signal generator and the NULL
ADJ. POTENTIOMETER for a signal of less
than 10 mV ptp on the oscilloscope.

Do not

I
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14.

i

17.

19.

20.

22.

23.

'24.

11.

15.

Connect the oscilloscope to pin 4 of board

#IN1393. A signal of approximately § volts -

ptp should be present at this point.

Check pins 2, 5 and 3 to ascertain that all
voltages at these points are within £3% of
one another anhd pin 4.

Remove the reference tuned amplifier board
from the extender and plug it info its con-
nector. ‘

AUXILIARY REFERENCE BOARD (#AU1394)
Plug in board #AU1394 into- its connector.
Disconnect the signal generator from the REF
IN/OUT connector.

Connect the oscilloscope to the REF IN/OUT
connector.

Place the MODE switch in the INT position.
A signal of approximately 2.8 volts ptp
should appear on the scope.

The front panel meter should read close to 1
volt (Note: FS = 2 volts RMS)

If necessary adjust the NULL potentiometer
on board #1393 for a panel meter reading
of 1 volt.

Remove the oscilloscope frum the REF IN/
OUT connector and connect it to the CALI-
BRATE OUT connector.

Put the CALIBRATE switch in the 100 mV
position.

A 222 mV ptp square wave should be present
on the scope.

Check the symmetry of this signal by trigger-
ing the scope on the leading edge of the
signal.

Set the oscilloscope time base to 200 us/cm
When the oscilloscope frigger is switched
from + to — the duty cycle shall be 50%
*20 ps.

If necessary the duty cycle can be adjusted
by selecting either R465 or R466 to bring
the duty cycle within the above tolerance.
Remove the oscilloscope from the CALIBRATE
connector. 100 A
Set the CALIBRATF switch to the 222 mV
position.

Connect the DC volimeter to the CALIBRATE
connector.

Adjust the CAL ADJ. potentiometer on Board
AU1394 until the DC voltage reads 222 mv
*+0.1%.

Remove the DC voltmeter and set the front
panel controls as follows:

REF MODE ... . AUTO
METER/MONITOR . . REF
FREQUENCY . ......... ... 4.0
FREQ. RANGCE ....... ... ... x10?

Connect the signal generator set to 400 Hz
and maximum output to the REF IN/OUT
connector.

Connect a scope to TP 401 on the Auxiliary
Reference Board #AU1394.

Adjust the frequency of the signal generator
around 400 Hz to peak the reading on the
Mode! HR-8 front panel meter.

A square type waveform of approximately
110 mV ptp should appear on the scope.
Adiust the SYMMETRY potentiometer (R420)

until the square wave is symmetrical (duration -

of positive and negative half-cycles equal).

S 15,
¢S Shd

25.

26.

11.

12.
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Lower the amplitude of the signal generator
and note the input level at which the signal
on the scope disappears.
This level of signal should be in the order of
0.2V ptp. a8 ey
MIXER BOARD (#MI1397)
Using the 23 pin extender board plug the
mixer board info its connector.
Connect the signal generator to the REF IN/
OUT connector.
Set the front panel controls of the Model HR-8
as follows:
TIME CONSTANT ... ... OFF
METER/MONITOR switch ... ouTt

ZERO OFFSET ... e 0 (locked)
6/12 dB/OCT switch ... 6 dB/OCT
REF MODE ... EXT

Adjust the amplitude of the signal generator
to about 3 volts ptp at a frequency of 400 Hz.
Connect the oscilloscope to TP 701.

If necessary adjust the SYMMETRY potenti-
ometer (R766) on board MI1397 for the best
symmetry of the square wave appearing at
TP 701.

Reduce the amplitude of the signal generator
to approximately 0.1 volts.

Readjust the SYMMETRY potentiometer for a
50% duty cycle.

Remove the signal generator from the REF
IN/OUT connector.

Set the front panel controls of the Mode! HR-8
as follows:

REF MODE: ... INT
FREQUENCY: ... 4.0
FREQ RANGE: ... X10?

Remove the SIGNAL TUNED AMPLIFIER board
from its connector.

Connect the oscilloscope to the MONITOR
connector.

Short the bases of Q703 (coded with green
dot.)

Adijust the AC BAL V potentiometer for a3
minimum square wave on the scope. Remove
the short.

Adjust the AC BAL | potentiometer for a
minimum square wave on the scope.

bf #Y.8)% Y16, Short the bases of Q705 (coded with a yel-
e low dot.)
‘ V17. Adjust the DC BAL potentiometer for zero on
the front panel meter. Remove the short.

v 18. Adijust the DC ZERO potentiometer 1o ascer-
tain that it provides a minimum of £10%
of full scale on the meter.

v 19. Adjust the DC ZERO potentiometer to zero on
the panel meter.

20. Remove the board from the extender and
plug it directly into its connector.
21. Place the time constant switch to 100 mS,
6 db/oct.
22. Plug in the Signal Tuned Amplifier Board.
INTERNAL OSCILLATOR FREQUENCY CHECK
1. Set the front panel controls as follows:
REF MODE: ... ... TR INT
REFATTEN: .. 1
REF VERNIER: ... ..o MAX CW
2. Connect a frequency counter to the REF IN/OUT
connector.
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3. Check the lowest and highest frequency on each
setting of the frequency range switch, At each of
these settings the indicated frequency should be
accurate to within *5%,

At this point the individual plug-in boards have been

NOTE: Steps 2 thru 8 above must be done
several 1imes during the remainder of the pro-
cedure. The procedure referred to hereafter as
“}I:Aodel HR-8 Tune Up” shall consist of steps 2
thru 8. :

/7~ Taligned and located in their proper connectors in the >\ 10. Set the front panel controls as follows:
main frame of the Model HR-8. The remainder of the ‘ .
alignment consists of checking out and trimming the +/— switch: +
overall Model HR-8 system including the particular CALIBRATE switch: ... . 5 mV
preamplifier as described on the following pages. 11. Unlock the ZERO OFFSET potentiometer on the
TYPE A PREAMPLIFIER fronf panel and adjust to read 10.
. N 12. Adjust the PHASE control on the front panel.
1. Plug in the Type A Preamplifier. This adjustment must be done carefully since
2. Set the Model HR-8 front panei controls as it is very sensitive.
follows: 13. When the front panel meter is peaked with the
PREAMP MODE switch: A PfHASE CONTROL it should read zero %£10%
SENSITIVITY: . 500 pV of meter scale.
FREQUENCY: ... ... 4 14. ieTUEERgeOgQLEITERAIE ts.wifcf: to 580 ,L; Iani
FREQ. RANGE: . .. x10? in posifion. potentiometer fo B and foc
SIGQ: ... 25 . .
; 15. Adjust the PHASE control for a peak reading
A/éoiE-rs;anh:' ..................... lc;\ﬂ;- on the panel meter.
REF TEN: . r . . .
16. Feed the same signal into inputs A and B of
REF VERNIER: ... . . . MAX CCW the Type A Preamplifier.
TIME CONSTAN,T: """""""" ]?0 mS. 6 db/oct 17. Set the preamplifier mode switch to A-B. The
SUASERANT 5|W”Ch= : 0 meter reading should drop 10 0.
HASE control: ................. 0° . .
‘ 18. Set the calibrat tch to 5 mV.
METER/MONITOR: .............. SIG o f\‘;, Tet;a' e :C BAL oorentiomet
. Adjust the preamplifier potentiometer
ZERO OFFSET e 0 and lock such that the meter reads 0.
CALIBRATE switch: ... . 50 mV ,
20. Adjust the front panel controls as follows:
3. Connect a cable from the CALIBRATE connector
~ to the input A connector on the preamplifier. CALIBRATE: ..................50 mV
: 4. Note the reading on the front panel meter. METER/MONITOR: ... SIG
5. Carefully adjust the FREQ TRIM for a maximum SENSITIVITY: 500 uV
reading.
6. Adjust the GAIN ADJUST potentiometer on the 21. Adjust the FREQ. TRIM potentiometer for a
front of the instrument for a full scale panel peak reading on the front panel meter.
meter reading. . h h : ENSI-
7. Adjust the front panel controls on the Model 22. 'Trliw\/el;?llo:v“:/??%htab;ends OC\:IV:L[?B;AYSB%S iw'\iltch
HR-8 as follows: positions. At cach sct of positions the panel
CALIBRATE switch: ... 500 uV meter ;houlg reacé iQ%tOf full Ecale}.1 If ne;efs-
IR sary, the indicated resistor can be changed to
- METER/MONITOR switch: ....... our provide the required *2% of full scale read-
8. The reading on the meter should be to the ing. These adjustments if required should be
right ‘and within +2% of full scale. Adjust made in the order shown in the table. Check
phase to maximize meter indication. to ascertain that the output is peaked with the
9. If necessary select a value of resistance for FREQ. TRIM control. The GAIN ADJ potenti-
R796 (board MI1397) which will bring the ometer should be adjusted only on the 500 uV
meter within 2% of full scale. SENSITIVITY setting.
SENSITIVITY CALIBRATE ADJUSTMENT LOCATION OF ADJ. RESISTOR
Position Position
200 wpVv 20 mVv R605 Sensitivity Switch
100 pV 10 mV R606 Sensitivity Switch
50 pVv 5 mVv Determined by Pre Amp
20 pv 2 mV NO ADJUSTMENT
10 pVv 1 mV NO ADJUSTMENT
. 5 uVv 500 uVv R131 Board IN1395
2 WV 200 pV NO ADJUSTMENT
1wV 100 uVv NO ADJUSTMENT
/ 500 nVv 50 puVv R142 Board IN1395
i 200 nV 20 uV NO ADJUSTMENT
100 nV 10 uV NO ADJUSTMENT
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23. To check the calibration of the 500 uV to 500
mV ranges, adjust the front panel controls as

follows:
SENSITIVITY: ... 500 pV
CALIBRATE: ... ... 50 mV
METER/MONITOR: ................... SIG

24. The front panel meter should again read full
scale £2%.

25. Change the front panel controls as follows:

CALIBRATE: ..o 500 nV
METER/MONITOR: .................. out

26. Adjust the PHASE control for a peak panel
meter reading to the right. This adjustment
should be made carefully since it is difficult to
detect this peak.

27. If the peak does not occur within £2% of full
scale repeat “Mode! HR-8 Tune Up” referred
o previously.

28. If the peak occurs within the specified 2%
of full scale but not exactly on full scale, ad-
just the GAIN ADJ. potentiometer for exactly
full scale.

29. Step the CALIBRATE and SENSITIVITY switches
through all positions from 1 mV to 100 mV.

30. The panel meter should be within =2% of full
scale for all the above sensitivities.

31. This calibration should also be performed using
the B input of the preamplifier.

32. Refer to Page 5-8 for power supply ripple, reg-

ulation, and noise checks for Model HR-8 with
Type A Preamplifier. :

TYPE B AND B-1 PREAMPLIFIERS

1. Plug in the Type B or B-1 Preamplifier.

2. Set the Model HR-8 front panel controls as follows:

SENSITIVITY: ... .. 500 pV

FREQUENCY: ... ... 4

FREQ. RANGE: ... (Type B x10%)
...................... (Type B-1 x10%)

SIG. Q: . .25

MODE: . ... INT

TIME CONSTANT: ................. 100mS

QUADRANT: ... 0°

PHASE Control: ...................... 0°

METER/MONITOR: .................. SIG

ZERO OFFSET: .............oooooei 0 and lock

CALIBRATE: ... . 50mV

3. Connect the 100:1 attenuator cable supplied with

the Type B or Type B-1 Preamplifiers from the.
CALIBRATE connector to the input connector on the
Preamplifier.

5-5

10.

12.

13.

14,

15.

NOTE: THE CABLES SUPPLIED WITH TYPE B AND
B-1 PREAMPLIFIERS ARE NOT [INTER-
CHANGEABLE SINCE THE SOURCE IM-
PEDANCES OF THE TWO CABLES ARE
DIFFERENT. THE TYPE B CABLE HAS A
SOURCE [IMPEDANCE OF 10 OHMS,
WHILE THE TYPE B-1 CABLE PROVIDES A
2 OHM SOURCE IMPEDANCE. MAKE
CERTAIN THAT THE PROPER CABLE IS
USED.

. Carefully adjust the FREQ TRIM control for a max-

imum reading on the meter.

. Adiusf( the GAIN ADJ. potentiometer on the front

of the instrument for a full scale panel meter
reading.

. Adjust the front panel controls on the Model HR-8
as follows:
CALIBRATE: ... 500 pV
METER/MONITOR: ... OUT

. Remove the input cable from the CALIBRATE con-

nector only and adjust the ZERO OFFSET, if nec-
essary, such that the meter reads zero. (Type B-1
only).

. Replace the input cable. (Type B-1 only).

. The reading on the meter should be to the right

and within £2% of full scale after adjusting the

PHASE control for a peak.

NOTE: STEPS 2 THROUGH 9 MUST BE DONE SEV-
ERAL TIMES DURING THE REMAINDER OF
THE PROCEDURE AND HEREAFTER SHALL
BE REFERRED TO AS "MODEL HR-8 TUNE-
UP".

If necessary, select a value of resistance for R796
(BOARD MI1397) which will bring the meter read-
ing within =2% of full scale.

. Adjust GAIN ADJ. potentiometer such that the

meter reads exactly full scale.

Set the front panel controls as follows:
CALIBRATE: e 5MV

Unlock the ZERO OFFSET potentiometer on the
front panel and adjust to read 10.

Adjust the PHASE control on the front panel for a
peak. This adjustment must be done carefully,
since it is very sensitive.

When the front panel meter is peaked with the
FHASE control, it should read zero =10% of meter
scale.

. Return the CALIBRATE switch to 500 puV and the

ZERO OFFSET potentiometer to zero and lock in
position.

. Set the front panel controls as follows:




28.

Refer to Page 5-8 for power supply ripple, reg-

’ METER/MONITOR: ..o SIG ulation, and noise checks for Model HR-8 with
CALIBRATE: ... 50mVv Type B or B-1 Preamp“fier_
SENSITIVITY: ... ... 500pV
TYPE C PREAMPLIFIER
8. Adjust the FREQ. TRIM control for a peak reading . .
on the front panel meter, and, if necessary, adjust 1. Plug in the Type C Preamplifier.
the GAIN ADJ. potentiometer so that the meter 2. Set the Model HR-8 front panel controls as follows:
reads exactly full scale. h
; PREAMPLIFIER MODE Switch: ... A

19. The following table shows the various SENSITIV- SENSITIVITY: oo ch _________ 500V
ITY and CALIBRATE switch position. At each set of FREQUENCY: oo 4
positions the panel meter should read within 2% FREQ RANGE: .. ..........x10*
of full scale. If necessary, the indicated resistor SIG Qi o oo 25
can be changed to provide the required reading. MODE Switch: . INT
These adjustments, if required, should be made in REF ATTEN: o OFF
the order shown in the table. REF VERNIER: ... .. ... MAX CCW

20. The check the calibration of the 500 uV to 500 mV g’&gé&'ﬁ;@’“n e S é(D)OmS
ranges, adjust the front panel control follows: WITCR:

g ust The P controls as toflows PHASE Confrol: ..., 0°
SENSITIVITY: ... 500 pV METER/MONITOR: ... .SIG
CALIBRATE: . ... 50mV ZERO OFFSET: . ... ... 0 and lock
METER/MONITOR: ................. SIG CALIBRATE Switch: ... 5mV

21. The front panel meter should again read full scale. 3. Connect a cable from the CALIBRATE connector to

22. Change the front panel controls as follows: the A input connecfor on the Preamplifier.

' CALIBRATE: ... ... 500V 4. Carefully adjust the FREQ TRIM control for a max-
METER/MONITOR: ... ... ... OUT imum panel meler reading.
NOTE: TYPE B-1 ONLY: REPEAT STEPS 7 & 8. 5. Adjust the GAIN ADJ. potentiometer on the front

23. Adjust the PHASE control for a peak panel meter of the instrument for a meter reading of exactly
reading to the right. This adjustment should be full scele.
r;::ke carefully, since it is difficult to detect this 6. Adjust the front panel controls as follows:

4. If the peak does not occur within =2% of full CAUBRATE: i OSS{,"V
scale, Repeat “MODEL HR-8 TUNE-UP” referred to METER/MONITOR: . '
previously. 7. The reading on the meter should be to the right

25. if the peak occurs within the specified 2% of full and withjn *2% of full sca!e after adws{ment of
scale, but not exactly on full scale, adjust the GAIN the PHASE control for maximum Up scale meter
ADJ. potentiometer for exactly full scale. indication.

26. Step the CALIBRATE and SENSITIVITY switches 8. If necessary, select a value of resistance for R796
through all posiﬁons from ImV to 100mV. Also, (BOARD MI1397) which will bring the meter within
check for proper meter indication on the 200mV 2% of full sgale.
igﬁbfgr%:n:/igs:ar\lj e the oot with the 100mV NOTE: STEPS 2 THROUGH 7 MUST BE DONE SEV-

Ut ERAL TIMES DURING THE REMAINDER OF

27. The panel meter reading should be within *£2% THE PROCEDURE AND HEREAFTER SHALL
of full scale for all the above sensitivities, if not, BE REFERRED TO AS “MODEL HR-8 TUNE-
the preamplifier is defective. up.

SENSITIVITY CALIBRATE ADJUSTMENT ADJUSTMENT
POSITION POSITION RESISTOR LOCATION
200uV 20mV R-605 Sensitivity Switch
100pV 10mV R-606 Sensitivity Switch
50uV 5mV Determined by Preamp.
20uV 2mV No Adjustment
10nV imV No Adjustment
SuV 5004V R-131 BOARD IN1395
2uV 200uV No Adjustment
L pV 100V No Adjustment
500nV " 50pV R-142 BOARD IN1395
200nV 20pV No Adjustment '
100nV 10pV No Adjustment
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10.

11.

12

13.

. Adjust GAIN ADJ. potentiometer for a meter in-

dication of exactly full scale, and set the front
panel controls as follows:

+-/— Switch: ... ...+
CALIBRATE: ... 500uV

Unlock the ZERO OFFSET potentiometer on the
front panel and adjust to read 10.

Adijust the PHASE control on the front panel. This
adjustment must be done carefully, since it is very
sensitive.

When the front panel meter is peaked with the
PHASE control, it should be read zero £10% of
meter scale.

Return the CALIBRATE switch to 50xV and the
ZERO OFFSET switch to 0 and lock in position.

15.

16.

17.
18.

20.

Feed the same signal into inputs A and B of the
Preamplifier.

Set the Preamplifier mode switch to A-B. The meter
reading should drop to zero.

Set the CALIBRATE switch to 500uV.

Adjust the AC BAL potentiometer such that the
meter reads zero.

Adjust the front panel controls as follows:
CALIBRATE: ... . .. 500uV

" METER/MONITOR: ............. SIG
SENSITIVITY: ... .50V

Adjust the FREQ TRIM potentiometer for a peak
reading on the front panel meter, and adjust the

14. Adjust the PHASE control to ascertain that the GAIN ADJ. potentiometer such that the meter
pane! meter is peaked. reads exactly full scale.

SENSITIVITY CALIBRATE ADJUSTMENT LOCATION OF
POSITION POSITION RESISTOR ADJ. RESISTOR
5001V 5mV Determined by Preamp.
200pV 2mV R-605 Sensitivity Switch
100V 1mV R-606 Sensitivity Switch

50V 500uV Gain Adj. Pot.
20V 200pV No Adjustment
10pV 100uV No Adjustment
5uV 50uV R-131 BOARD IN1395
2uV 20pV No Adjustment
1uV 10V No Adjustment
500nV Y R-142 BOARD IN1395
200nV 2uV No Adjustment
100nV 1V No Adjustment

21.

22.

23.

24,

The above table shows the various SENSITIVITY
switch and CALIBRATE switch positions. At each
set of positions the panel meter should read with-
in =2% of full scale. If necessary, the indicated
resistor can be changed to provide the required
reading.

These adjustments, if required, should be made
in the order shown in the table. Check to ascertain
that the output is peaked with the FREQ. TRIM
control. The GAIN ADJ. potentiometer should be
adjusted only on the 50xV SENSITIVITY setting.

To check the calibration of the 500.V to 500mV
ranges, adjust the front panel controls as follows:

SENSITIVITY: ... ... 500uV
CALIBRATE: ........................... 5mV
METER/MONITOR: ............... SIG

The front panel meter should again read full scale
within £2%.

Change the front panel settings as follows:

CALIBRATE: ... 50uV -’
METER/MONITOR: ................... OUT

25.
26.
27.
28.

29.

30.

31.

Adijust the PHASE control for a peak reading to the
right. This adjustment should be made carefully,
since it is difficult to detect this peak.

If the peak does not occur with £2% of full
scale, repeat “MODEL HR-8 TUNE-UP" referred to
earlier.

If the peak occurs within the specified =2% of full
scale, but not exactly on full scale, adjust the GAIN
ADJ. potentiometer for exactly full scale.

Simultaneously sequence the SENSITIVITY and
CALIBRATE switches through all positions from
TmV to 500mV and 100pV to 50mV respectively.

The meter should be within 2% of full scale for
all the above sensitivities.

NOTE: IF THE METER READING 1S NOT WITHIN
THIS TOLERANCE, THE PREAMPLIFIER 1S
DEFECTIVE.

The calibration should also be performed using
the B input of the Preamplifier.

Refer to Page 5-8 for power supply ripple, reg-
ulation, and noise checks for Model HR-8 with
Type C Preamplifier.
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POWER SUPPLY RIPPLE AND LINE when the line voltage is changed from 105 |
REGULATION TEST

volts to 125 volts,

3. With the oscilloscope, check the four test
points to ascertain that the ripple is less than
2 mV ptp.

NOISE CHECK
1. Set the front panel controls as follows:

1. Piug the Model HR-8 into the Variac.

2. Monitor the four test points on each Power
Supply board and ascertain that the DC voltage
does not vary by more than 100 millivolts

P

Preamplifier
A B* B-1* C
REF MODE 500 pVv 500 pV 500 pV 500 pV
SENSITIVITY INT INT INT INT
SIG Q 10 10 10 10
TIME CONSTANT 100 mSec 100 mSec 100 mSec - 100 mSec
6db/12db OCTAVE 6db/octave 6db/octave 6db/octave 6db/octave
METER/MONITOR ouTt ouTt out ouT
FREQUENCY 4 4 4 4
FREQ RANGE x10? x102 x10* x102
CALIBRATE 500 pV 500 pV 500 pV 50 pV
*Use 100:1 Attenuator Cable
2. Adijust FREQ TRIM and PHASE for peak meter reading.
3. Adjust GAIN ADJ potentiometer, if necessary, for full scale reading.
4. Remove the input signal and short inputs to ground.
5. Adjust front panel controls as follows:
Preamplifier
A B B-1 C
SENSITIVITY 100 nV 100 nV 100 nV 100 nV
PREAMP_MODE A - - A
TIME CONSTANT 1 Sec. 1 Sec. 1 Sec. 1 _Sec.
6. Peak-to-peak meter fluctuations about zero over a 10-second period should be as follows:
Preamplifier
TYPE A TYPE B TYPE B-1 TYPE C
(F.5.=100 nV) (F.5.=1 nV) (F.5.=1 nV) (F.S.=10 nV)
15 nV 0.5 nv 0.15 nVv 4 nV

7. For Type A & C Preamplifiers set the PREAMPLIFIER MODE SWITCH to —B and repeat the measurement
described in Step. 6.

8. Set the front panel controls as follows:

Preamplifier
A B B-1 C
SENSITIVITY 1 uV 1 oV 100 nV 1 .V
PREAMP MODE A - - A

9. Open the inputs to the preamplifier.

10. Peak-to-peak fluctuations over a 10-second period should be as follows:
&

Preamplifier
TYPE A TYPEB - TYPE B-1 TYPE C
(F.S.=1 uV (F.5.=10 nV) (F.5.=1 nV) (F.5.=100 nV)
800 nV 4 nV 0.1 nV 40 nV

11. For Type A and C Preamplifiers set the PREAMPLIFIER MODE SWITCH to —B and repeat the measure-
ment described in Step 6. . :

—g———m————————-ﬁn——“@
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Princeton Applied Research Corporation warrants
ach instrument of its own manufacture to be free
sm defects in material and workmanship. Obligations

under this Warranty are limited to replacing, repairing
or giving credit for the purchase price, at our option,
of any instrument returned prepaid to our factory for
that purpose within ONE YEAR of delivery to the
original purchaser. Instruments returned fo the factory
are accepted only when prior authorization has been
given by an authorized representative of Princeton
Applied Research Corporation.

This Warranty shall not apply to any instrument,
which our inspection shall disclose to our satisfaction,
to have become defective or unworkable due to abuse,

SECTION VI
WARRANTY

6-1

mishandling, misuse, accident, alteration, negligence,
improper installation, or other causes beyond our
control.

Frinceton Applied Research Corporation reserves the
right to make changes in design at any time without
incurring any obligation to install same on units prev-
jously purchased.

This Warranty is in lieu of, and excludes all other
warranties or representations, expressed, implied or
statutory, and ‘all other obligations or liabilities of
Princeton Applied Research Corporation including spe-
cial or consequential damages, and no other source is
authorized to assume for Princeton Applied Research
Corporation any other liability.
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GENERAL:

HR-8 INSTRUCTION MANUAL SUPPLEMENT

With the exception of those cases specified below under II-1 (a), 1I1-2 (a),
and II-3 (a), transistor type 2N3711 is to be considered interchangeable with

schematics.

transistor type 2N3391A, although the latter type is indicated on the

1. Signal Tuned Amplifier Board Schematic (1390-C-SD)

(a)

n
.

30

SPECIFIC:

(v)

()
(d)

(e)

Transistors Q202, and Q203, indicated as being transistor type
2N3391A, are type 2N390k.

Transistors Q201, Q20L, Q206, 207, G210, @211, Q213, QP15, and
QQlJ;9,6 indicated as being transistor type 2N3702, are instead type
2Nu062. . :

i
R229, indicated as being W70 ohms, is instead 100 ohms.

An RC network, consisting of a 100 ohm resistor in series with a
220 pf capacitor, has been connected from the collector of Q212 to
ground.

An RC network, consisting of a 100 ohm resistor in series with a

220 pf capacitor, has been connected from the collector of QR19 to
ground.

Auxiliary Reference Board Schematic (1385-C-SD)

(a)

(b)
(c)

Transistors Q402, QL03, QU41l, and QU16, indicated as being
transistor type 2N3391A, are instead type 2N390L.

Capacitor C413, 0.1 microfarads, has been deleted.

Capaéitor Cylh, 200 microfarads, has been deleted.

Mixer Board Schematic (1388-D-SD)

(a)

Transistors Q719, Q724, and Q725, indicated as being transis?or
type 2N3391A, are instead type 2N390k.

Reference Tuned Amplifier Board Schematic (1384-C-SD)

(a)

(v)
()
(d)

Transistors:Q302, Q303, Q306, Q308, Q310, and Q313, indicated as
being transistor type 2N3702, are instead type 2NL062.

R370, 330 ohms, has been deleted.
C311, 22 pf, has been deleted.
An RC network, consisting of a 100 ohm resistor in geries with a

220 pf capacitor, has been connected from the collector of Q307
to ground. ) -




Pt Lo

“wasarminis o

A

(e) An RC network, consisting of a 100 olm resistor in series with a 220

pf capacitor, has been connected from the collector of Q313 to
ground.

Chassis Wiring Schematic (1391-D-SD)
(a) €612, indicated as being 22 pf, is instead 12 pf.
(b) ©61L, indicated as being 22 pf, is instead 12 pf.

(e¢) A 470 ohm resistor has been inserted in series with the wiper
of the phase pot. .

Power Supply Board Schematic (1387-C-8D)

(a) TFuses F501 and F502, indicated as being 3AG L/10 A, slo-blo
fuses, are instead 3AG 3/8 A, fast-blo fuses.

Page 2-1, right column, lines two and three, should read "Two fast-
blo 3AG fuses rated at 3/8 A ---"

Type A Preamplifier Schematic (1389-C-SD)

(a) Transistor Q02, indicated as being transistor type 2N3702,
is instead type 2NL062.
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