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SHOULD YOUR EQUIPMENT REQUIRE SERVICE

A Contact the factory (509/452.2111) or your local factory
representative to discuss the problem, In many cases it
will be possible to expedite servicing by localizing the
problem to a particular plug-in circuit board.

B. Il it is necessary to sand any equiprment back to the fac-
lory, we need the following information.

{1) Model number and =erial number.

{2y  Your name {instrument user),

{3} Your address,

(4)  Addrass io which instrumeant should be returned.
{8) Your telephone number and extonsian.

{6) Symptoms (in detail, ingluding cantrol settings).

{7)  Your purchasa arder number for repair charges (does
not apply to repairs in warranty).

(8) Shipping instructions (if you wish o authorize ship-
menl by any method other than normal surface
transportation).

C. U5 CUSTOMERS—Ship the cquipment being returned
100

EGAG PRINCETON APPLIED RESEARCH
7 Aaszel Road

{011 Alexander Road, East of Roule 1)
Frinceton, New Jersey

D. CUSTOMERS OQUTSIDE OF US.A —To avoid delay in
customs clearance of equipment being returned, pleagse
contact the lactory or the nearest faciory distributor for
complete shipping information.

WARRANTY

EGAG PRINCETON APPLIED RESEARCH warrants each in-
strument of its manufaciure te ba free {rom delects in material
and workmanship. Obligations under this Warranty shall be
limited to replacing, repairing or giving credit for the purchase
price, at our option, of any instrument returned, freight
prepaid, to our factory within ONE year of delivery to the
ariginal purchaser, provided prior authorization for such return
has been given by our authorized repregsantativa.

This Warranty shall not apply to any instrument which aur in-
spection shall disciose to our satisfaction, has become detec.
live or unworkable due to abuse, mishandling, misuse, acci-
dent, aleration, negligence, improper installation ar other
cauzes beyond our control. Instruments manufactured by
olhers, and included in or supplied with ouf equipment, are not
covered by this Warranty but cary the original manufacturer's
warranty which is extended to our customers and may be mora
restrictive, Certain subassemblies, accessories or com-
ponents may be specifically exciuded from this Warranty, in
which case such exciusions are listed in the instruction
Manual supplied with each instrument,

We raserve the right to make changes in daesign at any time
without incurring any abligation to install samg on units
previously purchased.

THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE
DESCRIFTION HEREIN. THIS WARRANTY 1S IN LIEU OF, AND
EXCLUDES ANY AND ALL QTHER WARRANTIES OR REPRE-
SENTATIONS, EXPRESSED, IMPLIED OR STATUTORY, IN-
CLUDING MERCHANTABILITY AND FITNESS, AS WELL AS
ANY AND ALL OTHER OBLIGATIONS QR LIABILITIES OF
EG&G PRINCETON APPLIED RESEARCH, INCLUDING, BUT
NOT LIMITED TO, SPECIAL OR CONSEQUENTIAL DAMAGES,.
NO PERSON, FIRM OR GORPQRATION 15 ALUTHORIZED TO
ASSUME FOR EGAG PRINCETCN APPLIED FESEARCH ANY
ADDITIONAL QBLIGATION QR LIABILITY NQT EXPRESSLY
PROVIDED FOR HEREIN EXCGEPT IN WRITING DULY EXE-
CUTED BY AN OFFICER OF EGEG PRINCETON APPLIED

RESEARCH.
E. Address correspondence (o
Cp Ko

FGAG PRINCETON APPLIED RESEARCH ,ﬁ;i,k’.'f
P. O Box 2565
Princeton, NJ 08540, v . :_

"!;"3 »'-IL\!? - ) j'.'-f-nrq.ﬂ-_—\- LAt
Phone: 60314522111 yy. J:_)L.LLL_LL} 2
TELEX: B4 3409 : ) :
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SECTION 1
CHARACTERISTICS

1.1 INTRODUCTION

The Model 124A Lock-In Amplifier aceurately measures
the rms ampiitude and phase of weak signals huried in
noise. Signals in the range of picavolts up to 500 millivolts
at frequencies from 0.2 Hz to 210 ¥Hz can be measured
quickly and precisely, Meter and voltage outputs are
provided for the amplitude, aned the phase of the signal may
be read from 3 dial, These measurements are with reference
ta a synchronizing signal supplied to, or supplied by, the
Macde! 124A. In either the External or External /2 mode of
aperation, the instrument will accept any teference wave-
form that crosses its mean twice each cyele, and will lock to
and track that signal over a 100:1 frequency range. In the
Internal mode, the frequency is determined by front-panel
dials ar by an externally derived vaoltage,

A selection of plug-in preamplitiers is available for pro-
viding optimum low-naise perfarmance over a wid# range of
input frequencies and source resistances, After preampli-
fication, noise and harmonics accompanying the signal are
attenuated in the &ignal Channel by filtering out afl
frequencies except the band in which the signal lies, Flat,
band mpass. band reject, high pass, and low pass filtering
modes may be selected. The remaining band of frequencias
is converted to an egquivalent bandwidth about de by a
~ynchranous detectar, which is locked to the synchronizing

gnal. A low-pass filter efiminates frequency components

above de¢, so that the detector output is a dc voltage
proportionsl to the in-phase component of the fundarmental
signal, Froper selection of signal channel and owutput
channel filtering parameters can render the final noise
bandwidth extremely narrow. The rms value of the funda-
mantal signal is indicated on the panel meter when the
synchronous detection phase js adjusted for maximum
detector output.

A switch is provided that allows drift to be traded for
dynamic reserve. In addition, an output di offset feature is
provided to altow higher sensitivity settings for relatively
steady signafs. These features permit selection of the
optimum aperating mode for each experimental situation.

Other design features include selection of output filter rime
constants to 300 seconds, optional digital panel merer with
BCD output, a built-in calibrator, and independent use of
the phase-lockable oscillator and tuned amplifjer for
general-purpose laboratory work. The Model 124A may
also be used as a conventional wideband labaratory
valtmeter,

Accessories include an ac zero offset, several light choppers,
a computer interface system, and a wide assortment of
low-noise preamplifiers.

Specification Model 116

thput 2 Eelected by front panel switch:
Direct: 100 meg. SE/DE
Transformer?; Low Z SE/DE

Bandwidth Direct: 0.2 Hz — 210 kHz

Transtormerb: 1.5 Hz-10 kHz

Direct: 120 dB at 60 Hz
Transformer: 140dB at 60 Hz

Commaon Mode
Rejection Ratio

Full Scale Direct: 100 nV 100 nv
Sensitivity Transformer: 1 nWVa
Maximum Input Direct: 1200 V dc +200 V

Transformer: 10 mVY rms
5iNe wave

\Voltage

Model 117

100 megahms SE/DE

0.2 Hz -- 210 kHz

120 dB at 60 Hz

dc

ay be wired for 1:50 to 1:350 turps ratio. Standard is 1:100,

“Varies with source impedance.

Model 118 Model 119

10 kilohms SE/DE  Selected by front panel switch:
Dvirect; 100 meg. SE/DE
Transformer: Low Z SE/DE
0.2 Hz — 210 kHz Direct: 0.2 Hz — 210 kHz
Transformer?; 1 kHz-210 kHz

Direct: 120 dB at B0 Hz
Transformer, 120 dB at 60 Hz

110 dB at 60 H-

10NV Direct: 100 nV
Transfaormer! 1 nV
LV Direct: £200 V de

Transformer: 10 mV rms
sine wave

NOTE: A current-sensitive preamplifier, Madel 184, is also
available. See ACCESSQRIES list at end of specs,

Tahle 1.1, PREAMPLIFIE R SPECIFICATIONS
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1.2 SPECIFICATIONS
1.2A SIGNAL CHANNEL SPECIFICATIONS

Frequency Range
Model 124A: 2 Hz — 210 kH:z
Model 124AL: 0.2 Hz — 210 kHz"

Sensitivity: 21 full-scale ranges in 1-2-5 sequence. Full-scale
voltages are determined by the chofue af preamplifiar,
Sensitivity and all gther preamplifier-determined specfi-
cations are given in Takle 1.1.*"

Signal Channel Modes of Operation
{1} FLAT: Flat response within £1% from 10 Hz to 110
kHz, +2% from 110 kHz to 210 kHz, and 210% below
10 Hz.

{2} BANDPASS: Provides a tunable bandpass response
with the ¢enter frequency set by front-panel digital
dials over 3 range of 2 Hz to 110 kHz, Setting
accuracy -is within 2% or 0.058 Hz, whichaver is
greater. Bandwidth is adjustabl¢ over a range of 1% to
100% (at 3 dB points), corresponding to a range of Q
between 100 and 1. by means of the front-panel Q
control.

{3) NOTCH: Essentially the same as the Flat mode, but
with the addition of a tunable notch that provides up
to BO dB of attenuation gt any specific frequency, The
noteh is tuned with the same controls as set the
bandpass frequency.

{4) LOW PASS; Essentially the same as the Flat mode,
but with the addition of a low pass filter that provides
a 12 dB per octave rolloff ghove the set fregquency.

HIGH PASS: Essentially the same as the Low Pass
mode, but with the substitution of a high pass filter in
place of the low pass filter.

(5

1.28 REFERENCE CHANMEL SPECIFICATIONS

Modes

{1} INTERNAL: Frequency of the internal reference
oscillator is set by means of front-panel digital dialg
and/for rear-panel VOO cantrol voltage. Setting accu-
racy is within 2% or 0.05 Hz, whichever is greater.
VCO control voltage of O to 210 V corrgsponds 1o the
full frequency range on all bands. YCO input imped-
ance is 10 kilohms. The armplitude stability is typically

*Model 124AL has significantly longer severd-overload recovary
time (HO 3 va 30 5 with 2000 times full scal@ overlpad for ona
minuge},

**Two additional praamplifiers, the Madel 1824 and rhe Modael 185,
ara availabla, For informauon, gontact the factary or the factory
caGrasdriiative in yaur area.

0.01%. The frequency stability is typically 0.05% of
the s¢t frequency,

EXTERMNAL: The imternal reference oscillator will
lock in both frequency and phase to virtually any
externally generated signal crossing its mean only
twice each cycle. Maximum input voltage is 220 V de.
Minimum time required on either side of the mean s
100 ns, Amplitude excursion must be at least 50 mV
above and below the mean, Input impedance i 1
magohm,

{2

—

When locked an, the reference oscillator will track the
external signal over a frequency range of 100: 1 within
the range of tha ser band of frequencies. Maximum
frequency actuisition (lack-on} times for each fre-
quency band are aiven in the following table.

FREQUENCY RANGE MAXIMUM TIME*

15 minutes
2 minutes
10 seconds
2 seconds
2 seconds

Q2ZHzte2tHz ..........
2Hzto210Hz . ..........

Once the frequency has locked, the phase will track at the
rate shown in the diagram on the following page.

Phase Adjustment: Calibrated 10 turn potentiometer pro-
vides D-100° phase shift. Linearity of phase setting is within
+2° from 2 Hz to 21 kHz, and within +5° from 21 kHz to
210 kHe Resolution is 0.1°. A four-position gquadrant
switch provides 90° phase shift increments.

1.2C DEMODULATOR CHARACTERISTICS

ACVM: An ACVM position on the function switch permits
the Maodel 124A to be used as a conventional or frequency-
salective ac voltmeter, Accuraey is within £1% from 2 Hz to
20 kHz, increasing to £10% at 210 kHz.

Dc Qutput Stability and Naise: Dependent on the operating
mode selected by the front-pane! Function switch, as
shown in the Stability & Noice Table (next page).

*Time can bhe shoraned apgpreciably by momentarily switching to
intérnal Mada and manually satting the oscillator to the propér
fragquancy.
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Figura |- 2. SYNC, SIGNAL SLEWING RATE

Function Output Stability Output Noise*
LOW DRIFT =160 uV/°C <100 pV rms
NORMAL <1 mv/oC <1 mV rms
HIGH DYN RANGE <10mv/"C <10 mV rms

Demodulater Overlosd Limits: Dependent on Function
switch setting as follows [see Subsection 3.21 for over-ride
considerations).

LOWDRIFT ... 10 x full scale
NOBMAL .. ... . . . . e 100 x full scale
HIGH DYN RANGE ............. .- 1000 x full scale

This limit is defined as the ratio, at the input, of the
maximum pk-pk voltage of a non-coherent signal, befare
overload, to the pk-pk voltage of a tull-scale coberent
sinewave. Note that, in terms of pk-pk neise to rms signal,
the instrument will acoept, without overload, interfering
signals having an amplitude up to 3000 times the sensitivity
setting, {See disgussion in Subsection 3.21.)

Filter Time Constants: 1 ms to 300 s in 1-3-10 sequence,
and a minimum time constant position having a time
constant of less than 1 ms {determined by interngl stray
capacitance), The External poszition allows capacitance to
be added via a rear-panel connector to obtain special values
of time constani. Either 6 or 12 dB/octave rolloff as
selected by means of front-panel switeh is provided.

*PMeasured with 1imeg constant of 1 5 and 12 dB3Jactave roliadf,

Equivalent Noize Bandwidth: 416 pgHz minimuam {300 s
time constant with 12 ¢B/octave rolloff),

Zero Suppress: Calibrated control permits off-serting zero
by $1000% of full scale on Ngrmal and High Dynamic
Ranye only.

Eystermn Gain Stability: 100 ppm/ °C; 100 ppm/24 Hr in the
Flat mode and with Funection switch set to NORMAL,

1.20 OUTPUTS

Meter Reading: Choice of either center-zero or lefthand-
rero panel metar of taut-band construction, providing Q,5%
linearity.

QOptional Diyital Readout: The Madel 1244 may be ordered
with an optional digital readout in place of the standard
panel meter, The readout is a 3% digit display with a
linearity of 0.05% of the reading, £t count. In addition, 3
BCD output is provided at the rear panel. The output levels
are DTL/TTL compatible: Legic 0 = +3.2 V 0.2V, 5 mA
maximum sinking current; Logic 1 = +3.6V £1.0V, 100
LA maximum soufreing current.

Function Out: A dc signal corresponding to the panel-meter
reading. An putput of 10V corresponds 1o full-scale
deflection. The output impedance is 1 k{1,

Signal Monitor: Enables continuous monitaring of the
signal channel output ahead of the demodulator, In LO
DRIFT operation, a full scale rms input sinewave gives a
100 mV rms sinewave at the Signal Monitor jack. In
MORMAL operation, the signal monitor owtput with a
fullscale input is 10 mV, and in HI, it is 1 mV. Dynamic
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Qutput
Dynamic Range

Operating Dynamic
Range Tradeoff

Dynamic Reserve

LODRIFT 6.6 x 10°
NORMAL 10°

HI D¥N RNG 10°
{Reserve}

PSD PSD Total
Dynamic Range Dynamic Range

10 6.6 x 10° 6.6 x10°

102 108 107

10° 10° 10°

Table i-2. MODEL 123A DYNAMIC RANGE SPECIFICATIONS

Over-ridde considerations apply as explained in Subsectign
3.21. Output impedance is 600 §2.

Internal line frequency pickup is less than 20 nV rms
{refarred to the Direct inputs of a Type 116 Preamplifier}
in any Signal Channe|l mode except Bandpass and Notch,
where the level may rise to 500 nV at highest Q settings.

Refarence Channel: A sinewave output at the reference
oscillatar fréequensy, Amphitucle i continunusly adjustabfs
by means of the front-panel Level control over a range of
OV to 10V rms with less than 2% distortion. Qutput
impedance is 600 ohms.

1.2E DYNAMIC RANGE SPECIFICATIONS
Vary as a function of the operating Dynamic Range
Tradeoff as indicated in the table abave.

..2F OTHER CHARACTERISTICS
Overload: Front-panel light indicates overload at critical
circuits,

Reference Unlock: Front-pane| light indicates that the
reference oscillator has not completed frequency lock,

Intarnal Calibrator: Square-wave calibrator signal supplisd.
Rms amplitude of fundamental fregquency component
adjustable from 20 nV to 100 mV in 1-2-5 sequence,
Typical accuracy indicated in Figure {-3,

Ambient Temperature Range: Unit can b2 operated at
ambient temperatures ranging from 15°C to 46°C.

Auxiliary Power Qutput: Regulated 24 V atup to 100 mA
is available at rear-panel| connector,

Power Requirements; 105-215 or 210-250 V; b0-60 Hz;
unit can also be powered from batterics by supplying T37T W
to rear panel connecior. Batteries must be able to supply at
least 400 mA at +31 V and 360 mA at —31 V.

“ROTE:. Theta are maxdmum values and do not apoly foroali
positions ol the Sensitivity switch. For a ganeral diegusman of the
mueaning of these terms and 1har pignificance, see Appandix A at the
rpr ot thit manual, Also, ses Subsection 3.21.

1100
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Figure 1-2. TYPICAL CALIBRATOR ACCURALY

Size: 17-1/8" W x 7" Hx 18.1/4" D {436 cm W x 178 cm
H x 46,5 cm D),

Weight: 34 (bs (15.5 kq].

Accessories: Model 173 AC Zero Offset provides square
wave at the reference frequency which can be used to
suppress signals at the input of the Model 124A. Other
accessaries inclurde a computer interface system, fixed and
variable speed light choppers, and a broad selection of
special purpose preamplifiers. The AM-1, AM-2, and 190
input transformers allow better noise performance to be
achieved when using a high-input impedance preamplifier ta
process a signal arising in a low source impedance.

The Model 184 Current-Sensitive Preamplifier 5 also
available, This preamifier. which plugs in like the Models
116, 117, 118, and 119 Preamplifiers, provides 1 V out for
input currents ranging from 1 nA to 10 gA as selected by a
front-pancl Range switch, Freguency range varies with
sensitivity, boing 2 Hz to 3 kHz on the 1 nA range and 2 Hr
to 200 kHz an the 10 gA range.

S —,
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SECTION 11
INITIAL CHECKS

2.1 INTRODUCTION

The following procedure is provided to facilitate initial
petformance checking of the Model 124A. In general, the
procedure should be performed after inspecting the in-
strument for shippring damage {(any noted to be reported to
the carrier and to Princeton Applied Research Corpora-
tion), but before using it experimentally. [N THE CASE QF
UNITS HAVING A DIGITAL PANEL METER, IT IS
IMPORTANT THAT THE PHRASE "metar full scale’” BE
PROPERLY INTERPRETED. READ THE PARAGRAPH
BEGINNING WITH '“in reading the display " ON PAGE
I1H-24 BEFQORE PROCEERING WITH THE INITIAL
CHECKS, Should any difficulty be encountered in carrying
out these checks, contact the factory or one of its
authonzed representatives.

2.2 EQUIPMENT NEEDED

(1} General-purpose oscilloscope.
{2} Oscillator, having any 1 kHz repetitive waveshape that

crosses its mean exactly twice each ¢ycle and having a
pk-pk voltage anywhere between 100 mV and 3 V.

(3) Assorted BNGC cables.

' 2.3 PROCEDURE (for digital units, see

page l11-24 before proceeding)
NOTE: This procedure must be performed in sequence.

(1) Install a preamplifier if mot already installed.

{2) Check the rear-panel 115/230 switch. Make sure the
number showing in the window correspends to the
line voltage to be used.

(3) Turn the front-pane!l Power switch OFF,

{4} Plug the line cord into the rear panel and wall
raceptacles.

(8] Set the front panel contrals as follows.

Meter: Check mechanical 2ero. Adjust if necessary,

Preamptifier Input: DIRECT (if applicable)

Sensitivity switch: 1 mV {if using a Model 118
Preamplifier, set the Sensitivity switch to 10 mv)

Signal Channe! Mode: FLAT

Signal Frequency dials: 4.05

Signal Frequency range: X100

O switch: 100

Time Constant: 300 ms

Zero (ffset potentiometer: fully counterclockwise

10 X Full Scale switeh: OFF [center position)

Preamplifier Maode: A

Reference Frequency dials: Red, NORMAL, Digits,
4,05

-1

Reference Frequency range: X100
Reference Mode: INTERNAL
Reference Level: 10 {cal.)

Phase potentiometer: 90 (8 full turns)
Phase switch: 180°

Function switch: ACVM

Calibrator switch: 1 mV

{6) Connect a cablé between the Calibrator BNC jack and
the preamplifier’s A input.

(7} Turn the Power on and wait five minutes for warmup.
NOTE: In an actual measurement application, allow
one hour warmup for optimum performance.

{8) The Meter should read to the right,

(9} Set the Signal Mode switch to BANDPASS,

(10} Adjust the right-mast Signal Channel freguency diat
for a peak an the meter {approximately full scale).

(11} Switch the O switch back and forth between 100 and
10% ENBW paositions, and adjust the Notch {front-
panel screwdriver adjustment) for minimum change
between the two positions {less than 1% of F.S.
change). After adjusting, leave the O at 100,

(12) Set the Sensitivity ADJ. potentiometer {front-panel
screwwdriver adjustment) for exactly full scale meter
indication.

{13} Set the Signal Mode switch to NOTCH, The meter
should now indicate 40% £15% of positive full scale.

(14) Set the Stgnal Mede switch to LOW PASS. The meter
should now indicate 90% £10% of pasitive full scale.

(15) Set the Signal Mode switch to HIGH PASS, The meter
should continue to indicate 90% F10% of positive full
scale,

(16) Set the Signal Mode switch to BANDPASS.

This completes the Signal Channel checks. The Phase and
Function checks follow.
(17) Set the Function switch ta LO DRIFT,

{18) Set the Q Sslector to 10% ENBW. Thean adjust the
Phase potentiometer for zero on the meter. Lack the
potentiometer. '

{19) Set the Phase switch to 270°, Adjust, if needed, the
Sensitivity screwdriver control for plus full-scale meter
indication.

{20) Set the Phase switch to 90°, The meter should indicate
minus full-<cale £2%.
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{21) Set the Phase switch to 0°. The meter should indicate
zero 2% of full scale.

{22} Set the Phase switch back to 270°. (The meter should
indicate positive full scale £1%).

(23) Set the Function switch to NORMAL, The meter
should remain at positive full scale (£ 1%).

(24} Set the Function switch to HI DYN RANGE. The
meter should continue ta indicate positive full scate
{£1%]).

This complates the Phase and Function checks. The

Reference Channel checks follow,

{25} Cannect the Signal Generatar to the Reference Chane
nels In jack. The pk-pk voltage can be anywhera
between 100 mV and 3 V. Set the signal generator's
frequency to approximately 1 kHz.

Meonitor the Referance Channel’s Qut jack with the
oscilloscope. The waveform shauld be 3 28V (£2 V)
pk-pk sinewave.

(2B)

Set the Frequency Mode switch to EXT, The Ref,
Unlock light should come on. Observe the frequency
af the oscilloscope waveform, It should have begun
increasing as soon as the Mode switch was set to EXT,
After several seconds. it should stop increasing. When
it stops, the Ref. Unlock fight should go out. (The
meter will go to Zere also.)

27

Note the frequency of the oscilloscope wavefomm,
Then place the Reference Mode switch to /2; the
freguency should double.

(28

This completes the Reference Channel checks, The Sensi-
tivity Range checks follow.

(29) Set the Reference Mode switch back to INT,

{30) Set both the Sijgnal Channel Sensitivity and the

n-2

Calibrator output {o 100 mV. The meter shoulg
remain at full scale £1%. MOTE: Catibratar to 10 mV
with Model 118 Preamplilier,

Progrescively rotate the Sensitivity and Calibirator
switches one position at a time, in a counterclockwise
direction. The meter should remain at ful] scale 2% if
the twao switches are in corresponding positions. | the.
meter wavers too much in the low nV settings,
increase the Time Consjant to 10 seconds, {If using
the Maodel 118 Preamplifier, remember that the
instrument is 10 X maore sensitive than is marked on
the Sensiivity switch, and set the switches aceord-
ingly. Just be sure to check all sensitivities fur which
Calibrator voltages are available.)

(31}

This completes the Sensitivity Range checks. The Qutput
Offset and Overload checks follow,

{32) Remave the Input signal to the Preamplifier,

{332) Set the Time Constant switch to 300 ms.

{34) Het the Sensitivity switch to 1 mV,

{36} Place the 10 X Full Scale switch to """,

{36) Adjust the Offset potentiameter for exactly one turn
clockwise. The meter should indicate positive full scale

t2%.

{37) Place the 10 X Full Scale switch in ""+", The meter
should now indicate negative full scale +2%,

(38) Increase the Offset potentiometer setting to 1.6 turns.
The Overload light should come on.

{39} Return the 10 X Full Scale switch to its neutral off
pasition, The Overioad light will go out.

This completes the Initial Checks. I the instrument
performed as indicated, one can be reasonably sure that it s
uperating properly.
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SECTION 1l
OPERATING INSTRUCTIONS

3.1 BLOCK DIAGRAM DISCUSSION

3.1A INTRODUCTION

Before discussing the actual operation of the Maodel 1244,
let ut examine & functional block diagram to better
understand what each adjustment does, and how the
various adjustments retate to or influence one another. The
functional block diagram it located on the following page.
Schernatics and a chassis wiring diagram are included at the
back of this manuai.

The Synchronous Detector is the heart of the instrument,
around which are situated the Signal Channel, the Refer-
ente Channel, and the Qutput Amplifier. The Signal
Channal amplifies and filters the signal, cleaning it up as
much as possible before passing it along ra the Synchronous
Detector. The Referance Channel controls synchronization.

3.1B SIGNAL CHANNEL

Preamplifier

Four models of plug-in preamplifier are available: the
Model 116, the Madel 117, the Mode! 118, and the Model
119" Together they cover the whole frequeney spectrum
from negr de to 210 kHMz, each model having the best kind
of input ¢ircuit for optimum low-noise performance in its
frequency range. The Madel 116 may be considered the
general-purpose choice, performing well in most situations.
Specific data for the four preamplifier models is given in
the specifications in Segtion | and in the discussions in
Suhsection 3.2,

Selective Amplifier

The Sclective Amplifier functions as a variable Q filter,
which may be opegrated in the high-pass, low-pass, notch,
bandpass, or flat mode. Because rms noise amplitude s a
direct function of bandwidth, much of the noise can be
rejected in this stage by filtering out all but the band
contatning the wanted signal. In addition, odd harmanics,
1@ which the Synchronous Detector is sensitive, can be
eliminated.

Intermediate Amplifier

The Intermediate Amplifier provides additional gain so that
the signal-plus-noise applied to 1he Synchronaus Detector is
as large as possible without overload. Presenting a large
-signal to the Synchronous Detector minimises, for a given
overall sensitivity, the naise and do drift contributed by the
Dutput Channel.

"Alse avaslabie are the Model 184 Photometric Preampifiar snd the
Madet 185 Single-Ended Low MNaoise Preamplifiar. These two
preamphti@rd word déveloped lawer than the praamplifiers d iscussed
in thig mamual. For information and =oécifications, eonract the
factory. Saparate instruction manuals are provided for the Modals
184 and 185.

1i-1

The Intermediate Amplifier is a¢ coupled, thereby eliminat-
ing dec drift problems in the Signal Channel.

3.1€ REFERENCE CHANNEL

Voltage-Controlled Oscillator

The VCO either locks onto a synchronizing signal from the
experiment, or provides a gynchronizing signal to the
experiment. The VCO drives the Synchronous Detector so
that the experiment andd the Model 124A are properly
synchronized.

The VCO automatically phase-locks to any kind of refer-
ence waveform having a frequency within approximately
two decades of the Reference Channel band setting, the
only requirements being that the waveform cross the mean
twice {only) each cycle, that it have a pk-pk amplitude of at
least 100 mV, and that it be synchronized with the signal of
interest, The VCO can afso lock to the second harmonic of
the reference signal, if desired.

It is impartant to realize that, even though the VCO will
phase 'ock over a two decade fregquency range, the
boundaries of the lwao decades are determined by the
setting of the Oscillator Range switch, The tracking range
corresponding 1o cach position of the switch is as follows.

X1 ..., i e e e 0.2 Hrto 21 Hy
X100 e e 2Hrto 210 H:
WI00 e W Hz 1021 kHz
XA e 200 Hz to 21 kHz
HI0K e e s 2 kHzta 210 kHz

In the Internal mode, a sinewave output from the Cscillator
is provided for synchronizing the experiment, The COscil-
fator can free run accurately at any selegied frequengy from
200 mHz to 210 kHz, Also, the Oscillator's frequency may
be controlled by avoltage applied to a rear-paned jack,

Phase Controls

The Phase Centrols cambiine quadraturg outputs from the
VCO such that the resultant sinewave presented to the
Bvrchronous Detector has the desired phase relation to the
reference (sync input and/or cutput).

310 SYNCHRONOUS DETECTOR

The Synchronous Detector inverts the polarity of the part
of the input signal corresponding to the negative excursion
of the phaseshifted sinewave from the VCO, and passes the
remaining waveforrn uninverted. Therefore, the dc com:
pornent of the resuftant waveform is praportianal to the
valur of signal at the same frequency and phase a5 the
phase-shifted VCO sinewave. Because the detected signal
stitl has noise an it, RC low-pass filters that follow the
synchronous detecter are used ta eliminate all but the de
component representing the wanted signal. A de amplifier
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following the Detector provides the final gain. This ampli-
fier drives the output connector and panel mater,

To determine the amplitude of a signal, the operator simply
adjusts the phase contrels for maximum meter indicatiun,
The meter directly indicates the signal armplitude. In
addition, after making this adjustment, the phase of the
input signal relative to the reference may he accurately read
from the Phase dial.

3.2 SIGNAL CHANNEL OPERATION

3.2A INTRODUCTION

The function of each control is indicated in Figure [-1.
Instead of repeating the information givern there, this
cubsection provides additional background information for
setting the tontrols to their optimum positions.,

To set up the Signal Channel centrols, the operator rmust
know the frequency or frequency range of the signal, It also
helpy if he knows the expected amplitude, the amount and
type of noise ebscuring the signal, and the signal-source
impedance.

The stimulus to the experiment is often chopped. Detecting
at this chopping fregquency eliminates all but the signal
related to the stimulus. Princeton Applied Research Corpo-
ration manufactures several models of light chopper which
are ideally suited to photo-detection applications. Chopping
the source light finds its analog for other kinds of
expertments in chopping the stimufus de, rf, ac, sound,

heat, etc. The chopping frequency range must be fairly well
known, and sync signals must be available. Qf course, the
frequency of interest may not be a result of chopping at all.
The chopping technigue discussed here merely serves as an
example,

3.2BE PREAMPLIFIER CHOICE

Four models of plug-in preamplifiers are gvailable, each one
providing optimum fow-noise performance over a given
input-resistance v. frequency range, as shown graphicatly in
Figure 11-2. Two of these preamplifiers can be operated
bath in direct and transformer-coupled modes, and all four
of them can be operated single-ended or differentiallv. A
Made! 190 transformer can be used with any of the plug-ins
to improve low-frequency perfarmance when working from
low source impedances. Use of the Noise Figure contours is
discussed in Subsection 3.2G.

Another consideration in selecting a preamplifier is its
ability to amplify without distortion. |f an experiment
rmequires measurement of low level harmonics in the
presence of a high level fundamental, it is important that
the preamplifier not add significant hammonic signals by
non-linearly amplifying the fundamentai. Except in the case
of the Madel 3118 Preamplifier, the distortion generated by
preamplifiers operating in the direct mode is so small as to
be unmeasurable using conventional methods, The Mode!
118 ¢an, however, distort more under certain conditions, as
indicated in Figure 111-3, !n the transformer made, hoth
phase shift and distortion must be measured for each
indivicddual aperating condition,
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32C GROUNDING

In any systemn processing low-level signals, proper grounding
to minimize the effects of ground-loop currents, usually at
the power frequency, is an important consideration. With
the exception of the Models 184 and 185, all of the Modei
124 A preamplifiers allow bath differential and single-ended
operation. Two propertigs of these prearmplifiers allow
them to achieve a high degree of immunity to ground-lpop
currents. In differential operation, their extremely high
common-mode rejection assures an almost total rejection of
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unwanted signals which appear at both inputs at the same
phase and amplitude, the usual case for ground-loop
interference. In single-ended aperation, their unique input
grounding system, in which signal ground “floats” off
chassis ground by ten ohms, assurcs a3 high degree of
rejection. As a result of this ten ohm ground, ground loop
signale are effectively attenuated by the ratio of ten ohms
to the braid resistance {(typically 20 mf}) of the cable
carrying the signal from the source (o the input.
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Figure |11-4, GROUND-LOOP VOLTAGE REJECTION
USING DIFFERENTIAL INFUTS

Despite the immunity granted by the ten-ohim ground, far
better rejection can be achieved in processing a signal from
a single-ended source if ane operates oifferentially as shown
in Figure 1114, In single-ended pporation, the preamplifier
“seas’’ the potential difference between the center con-
ductor of the cable and the braid, and any ground loop
signal on the braid can be attenuated but not rejected
altogether. In differential gperation, the preamplifiar “sees'”
the potential différence between the VA" Input and the
“B" Input. Ground-loop signal current flowing in the braid
is of no congeguence,

Hawaver, when operating differentially, it i$ important to
assure that common-mode interference arising in qround
Inops is just that, r.e., without a significant differential
component, This should not prove a prablern as long as
both signal cables are the same length and follow the same
path,

3.2D REMOTE PREAMPLIFIER ADAPTER

In situations where very low signal levels are encountered, it
may be desirable lo operate the preampelifier very close to
the signal source to reduot noise and stray pickup, while
leaving the main Lock-In unit a1 g convenient operating
location, This may be accomplished with the accessory
Remote Preamp Adapter, Model 183 (see Figute |11-5).

12E SINGLE-ENDED, DIFFERENTIAL,

AND TRANSFORMER INFUTS
All of the preamplifiers have switch selectable single.
ended/differential inputs. The differential inputs can be
used to combine signals (A — B) as well as 10 provide
cormmon mode rejection.

1 E)

Impedance matching of the source and loading considera-
tions often require that the input impedance of the
preamplifier be known, However, do not confuse imped-
ance matching with optimum input impedance far low-
noise operation. The flarer is discussed in  detail in
Subsection 3.2G,

The input impedance of each preamplifier (direct mode) is:,
Moclel 116, 100 megohms 20 pF: Madel 117, 100 megohms
20 pF; Model 118, 1Q kilohms 170 pF; Model 119, 100
megohms 20 pF, These impedances are for each inpur to
ground. In the differential mode, for all models except the
118, the impedance from input to input is twice that stated
{i.e., R double, C half). Far the Modet 118, the input
impedance for the differential mode s abaut the same as
\he impedance for single-ended operation. In addition, the
diff. input impedance of the Modet 118 varies with
sensitivity and the tetting of the PSD switch {common-
mode input impedance is 25 k{2 for all combinations), In
the Lo Drift mede, on the 10 mV through 500 mv
sensitivity ranges, the input impedance is about three times
that specified. In the Normal mode, the highet impedance
applies to the 1 mVY through 500 mY ranges, and i the Hi
Dynamic Range mode, it applies to the 100 gV through
500 mV ranges,

For the preamplifiers having internal transformers, the
Input switch operates the same for the transformer ag it
does for direct, The input impedance is very low in the
transformer maode.

Figure 111-5. MODEL 183 REMOTE PREAMPLIFIER ADAFPTER
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M an external transformer, such as the Maodel 190, is used,
it is connected to the preamplifier single ended. The

-ansformer alone pravides sufficient common-mode rejec-
uon (Figure 11-8),
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3.2F COMMON-MODE REJECTION

Figure HI-G illustrates the common-mode rejection charac-
teristics of the preamplifiers in both {differential} direct
and transformer mode operation. Note that the CMR s
much higher for the transformer mode than for the direct
made.

32G NOISE AND SQUARCE RESISTANGE

Best preamplifier performance is realized under those
congitions where the overall signal-to-noise ratio is least
degraded. In many instances, the therrmal noise generated
by the signal source resistance 15 the dominant factor in
determining the input signal-to-noise ratio. In this respect,
amplifier noise performance can be specified by the amount
of naise the amplifier adds to the amplified source thermal
noise; expressad in decibels this is called the ‘““Noise
Figure®;

{1} Moise Figure =

total e noise voliage at the amptificr pepul
2010950 - o _—
gain ¥ source tharmal noise voltage {mMms)

where the Source Thermal Noise = /4K TRAF volts
s = E, and

K = Boltzmann’s constant, 1.38 x 10727 joules/K
T = absolute temperature in kelvins

Af = equivalent noise bandwidth in Hz

R = source resistance in ohms

The total output noise may be converted to an eguivalent
input noise by dividing by the amplifier gain. The noise
figure, expressed in these terms, becomes:

(2) Noise Figure =

total rms noise valtage refarred to amp. inguat aB
source thermal noise voltage {rrmszh

20 lon g

Each amplifier has its own characteristic noise figure, which
varies as a2 function of frequency and source resistance,
These figures gre obtained experimentally and plotted
graphically. Figures HI1-7 through 11-11 include typical sets
of noise figure contours for the Madels 116, 117, 118, and
119 operating in direct and transformer modes.

Using the applicable set of contours, the total equivalent
rms input noise can be determingd:

(3} Total equivalent rms npuUt noise voltage = source
thermal naise x antilog NF/20 voits rms.

Notice from these equations that the bandwidth must be
specified; usually determined by the external circuitry
and/or the amplifier bandwidth. Figures 111-7 through
N1 inclugde vespanse curves of the preamplifiers from
which the bandwidih may be obtained (in the direct mades,
the bandwidth is wider than the widest Tuned Amplifier
Bandwidth). However, a more interesting place to deter-
mine noise level is at the output of the Tuned Amplifier.
Bacause there is gain ahead of the Tuned Amptifier. its
noise contribution referred to the input is negligible
compared to that of the preamplifier. In computing the
total equivalent input noise of the signal channel, the
operator only need use a Af as determined by the Selective
Amplifier setting {with preamplifier imitations considered).

Althaugh the discussion of noisge considerations is not
complele, a simple example at this point illustrates the use
of the foregeing equations and illustrates how a transformer
can, on occasion, improve the signal-lo-noise ratio:

Suppose that one intended to operate the Model 124A in
an experiment having a source impedance of 10 ohms.
Further suppose the signal frequency to be © kHz, A Model
116 Preamplifier i5 chosen, In order to see how a
transformer can improve low-noite performance, the noice
for the Direct mode is first calculated. Then the noise for
transformer operation is calculated and the results com-
pared. Since the source thermal noise contributing to the
total noise it dependent on bandwidth, the Signat Channel
bandwidth is minimized by setting the Mode switch in the
Bandpass position and the Q switch to the 10% ENBW
(equivalent noise bandwidth) position, The Freguency
cantrols are set to 6 kHz, 1n addition, ather control settings
are made according to instructions in other parts of this
section. The source thermal noize in this case is!

E = VAKTBR

whars;
k is Boltzmann's constant = 1.38 x 10723 joules/iK
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T is the absolute temperature of the source in kelvins,
presumed to be 280 K for the example

B it the noise bandwidth, = 500 Hz with Q switch set
to 10% ENBW and Frequency Controls set to 5§
kHz

R i3 the source resistance in obms, given as 10 ohms,

Thus: _ .
E=+4x1.38x 1027 x29x 10 x 10x 5 x 10°

=89 % 107" vime

From Figure 11-7, the noise figure for the Model 116 at a
center frequency of § kHz and a source impedance of 10
alims is 20 dB, Substituting E and this NF into equation
{3}, we get:

total equivalent rms input naisa
=80x 107 x 1029720

=89 nV rms

With a transformer inserted between the signal spurée and
the amplifier input we can increase the effective source
impedance to a value that reduces the noise figure to Jess
than 0.1 dB. From Figure |11-7, the source resistance should
be about 200 kilchms. The transformer turns ratio required
for this impedance increate is 4R, /R, = 141. The thermal
souUrce noise at the amplifioer input is equal to the noise
generated by the 10 ohm source multiplied by the turns
ratio, With a noise figure near zero, the total equivalent rms
input noise is also equal to the noise generated by the 10
ohm source multiplied by the turns ratio, = 1.25 gV rms,
Although the nymerical value of equivalent input noise is
much larger than before, the signal-to-noise ratio is sub-
stantially incregsed. This can be seen by considering all of
the transformed source signal voltage as appearing at the
amplifier input terminals, possible because the Model 1165
input resistance is much larger than 200 kilohms presented
by the transformer; the signal-to-noise ratio js egual to the
maximum possible value: egig/(E x antilog NF/20) = egiq/E,
the noise contributed by the amplifier being negligible
under the “near <ero™ nnoise figure conditions, In this
example the transformer ingrogses the signal-te-noise ratio
by a factor of 10.

Signal-to Neoise tmprovement Ratio

1g(NF unmatehed — NF matched)/20

10(20 - 1)/20 ~ 40" = 10

However, because of the noise contributed by the trans-
former, and because a transformer influences bandwidth,
tha results obtained using a real transformer are never as
good as the ideal theoretical results predicted in the
example, Also, it is seldom convenient ta obtain a
transformer having exactly the ideal turns ratio. It is best,
tharefore, to use noise figure contours and amplitudde
transfer curves obtained empirically for the individual
transformer. Figure HE-E8A 1s a set of NF contours for the

1!-6

Model 116% built-in transformer, and Figure N8B fs it
amplitude transfer curves. The 10-ohm amplitude transfer
curve indicates that in this example the transformer does
nat change the 10% equivalent noise bandwidth as set with
the Q switch, so that £ remains 8.9 x 10°% V rms, The noise
figure for a 10 ohm source at a center frequency of &5 kHz s
abour 1.5 dB, a vast improvement over the 20 dB NF
obtained withaut the transfarmer.

NOTE: For optimum ncise performance with a trans-
former, it is impartant that the transformer not be
magnetized, See TRANSFORMER MAGNETIZATION

AN DEGAUSSING, page (1111,

3.2H SELECTIVE AMPLIFIER

Moise other than source thermal noise s uwsually not
wideband. and i3 often difficult to compute, Some kinds of
noise can be dealt with very sffectively using the Selective
Amplifier. Examples include flicker {or 1/4) noise, non-
synchronous signals arising from the experiment, non-
synchronous signals from external pickup such as from the
ac power line, fast tramsients, and harmonics of the
reference frequency.

Reducing the noise level ahead of the mixer reduces the
dynamic range demands on the mixer, thereby allowing
signals to be measured which could not be measured
otherwise.

The Selective Amplifier can be operated in five different
mades: Flat, Bandpass, Notch. Low Pass, and High Pass.
Figures 11-14 through 11117 illustrate typical transfer
characteristics of the Selective Amplifier for the tast four of
these medes. Ultimate attenuation of (he four frequency-
dependent curves exceed B0 dB.

In selecting filtering parameters, the operator myst be
careful to keep the signal frequency well within the
passband selected, ar to make the passhand such 38 to
accommodate the signal over the range that it will occupy.
If phase is important, actual measurements of phase error
over the frequency range of questionable phasa accuracy
would be best, These regions of questionable accuracy can
be determined from the individuai transfer characteristics
of the preamplifier, transformer, and Selective Amplifier
settings. The best thing to do is to keep the bandwidth wida
encugh so that phase and amplitude errors are not a
problem, Phase control errars are discussad in Subsaction
3.38. Special procedures for making atcurate phase mea-
surements are given in Subsection 3.8, In particular, before
aperating in LOW PASS or HIGH PASS, the operator is
advised to check Figures [11-18 and 111-17 ta determine the
amplitude responees in these modas as a function of Q.

"Equivalent noise bandwidth” js a concept applied 1o
wideband noise, Although mast bothersome noise is not
wideband, but rather, coherent non-synchranous signal,
equivalent noise bandwidth considerations are useful in
helping to choose operaling parameters., Tha concept of
equivalent noise bandwidth arises from the fagt that Noise
Bandwidth is an ynattenuated rectangular bandwidth, while

{continued on page HI-13)
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signal bandwidths are specified as the number of Hz
between two paints of given attenuation eon the responss
characteristic. Suppose one had a filter with a given signal
bandwidth, and some amount of wideband noise, measured
in volts/Hz%, were appliad to it. At the output of the filter
ane would measure some amount of rms noise voltaye. The
equivalent noise bandwidth of the filter is defined as the
unattenuated bandwidth of an equivalent theoretical {but
physically impossible) perfectly sharp filter that, with the
same wideband input noise, yields the same rms wutput
najse agmplitude as the filter of inteest.

On the Mode] 124A, notice from Figures 111-16 and 111-17
that the frequency dial setting corresponds 10 the last point
tor which the response is unity, However, signal bandwidth
is ordinarily taken between 3 dB {half-power} points on the
rolloff characteristic. For the Bandpass made, 3 dB
bandwidth is obtained from the standard formula for Q (Q
= to/Afagpt

Calculating ENBW (equivalent noise bandwidth) from the 3
tB bandwidth is frequently eomplicated. However, an exact
conversion is seldom required, The 3 dB bandwidth and
ENBW gare of the same order ¢f magnitude with the
generally applicable (and sufficiently accurate) conversion
factor being /2. The FLAT mode ENBW i3 simply the 3
dB upper limit multiplied by 7/2. The same applics to a
close approximation for operation in the NOTCH mode, In
LOW PASS operation, the ENBW is the product of the 3 dB
down frequency as determined from Figure ({I-16 times
a/2. in Hl PASS operation, the ENBW is #/2 times the
sguare of the upper limit divided by the sum of the upper
limit frequency and the 3 dB down frequency as deter-
mined from Figure 11117 In BANDPASS operation, the
ENMBW s m/2 times f/Q, where F is the gelected tuned
frequency and Q is that selected by the Q switch. For all
mades, bear in mind that if the signal handwidth is limited
ahead of the lock-in amplifier, the Imited bandwidth
appfies.

In considering equivalent noise bandwidth, remembicr that
the cutput meter is a7 average responding meter calibrated
to indicare the rms ampfitude of a sinewave. Gaussian noise,
which has or has not been band-limited by filtering in the
Signal and Output Channels, makes the meter indicate
+n /2 times the actual rms value.

When the Q switch is set to 10% ENBW (bandpass mode),
the O of the tuned amplifier is not 15.7, as indicated above,
but is instead 12.34. This lower Q is necessary to
campensate the noise response of the ac voltmeter cir-
cuitry. If the voltmeter were a true rms responding
valtmeter, then a Q of 15.7 would indeed be proper, With
an average responding voltmeter circuit such as is employed
n the Model 124A, exacty the same overall response is
obtgined with a Q of 12.34. In any case, 10% ENBW
eperation thould prove suitable in most applications.

3.21 DYNAMIC RANGE

:’“’_ TOTAL DYNAMIC RANGE of a lock-in amplifier is
efined as the quotient of the maximum input that can be

11-13

applied to the input without overload divided by the
minimum discernible signal (MD3). Tatal Dynamic Runge
in wurn i5 divided intoc two parts, each referenced to the
input signal required to give full-scale output. The quotient
of the amount of signal reguired for full-scale output
dividad by the minimum discernitle signal is called the
QUTPUT DYNAMIC RANGE. The quotient of the maxi-
mum input without overload (OVL) divided by the amount
of signal required for fullscale owtput is called the
DYNAMIC RESERVE of the lock-in amplifier. Thus,
TOTAL DYNAMIC RANGE is simply the sum (logarith-
mig) of the QUTPUT DYNAMIC BANGE and the
DYNAMIC RESERVE. All three are impartant in specify-
ing the dynamic range characteristics of a lock-in amplifier,
because, depending on where the division is made, the

suitability of the lock-in amplifier 1o making a particular

type of measurement can vary greatly. A lock-in amplifigc
with a Total Dynamic Range of 10° could have that Total
Dynamic Range divided in several different ways. For
example, it could have & Dynamic Reserve of 10% and an
Qutput Dynamic Range of 10*, in which case it would be
well suited to processing very noisy signals but ill suited to
processing small-amplitude noise-free signals. |t could have
a Dynamic Reserve of 10 and 2n Output Dynamic Range
of 107, in which case it could still process moderately noisy
signals and also be suitable for processing reasonably small
noise-free signals. Finally, it could have a Dynamic Reserva
of 10' and an Output Dynarnic Range of 107, in which
case its capability of processing a noisy signal would be
severely restricted while its ability to process a small
noite-free signal would be very good. Thus, the manner in
which Dynamic Reserve j5 traded for Qutput Dynamic
Range in a lock-in amplifier is one of the major factors
involved in determining the suitability of the instrument for
making a given mwasurement. In the case of the Modet
124A, the operator has control of the dynamic tradeoff o
that the dynamic range characteristics of the instrument
can be optimized for the type ot measurement at hand, The
front-panel Funetion switch gives the operator the choice
of LOW DRIFT, NORMAL, and HIGH DYNAMIC RANGE
{Reserve) aperation. Each position of the switch corre-
sponds to a different division of the Total Dynamic Range
into its Dynamic Reserve and Quiput Dynamic Range
compaonents.

The Dynamic Range characteristics of tha Model 1244 are
illustrated in Figure |11-18. Referring to the figure, note
that two different OVL levels are indicated. The first of
these, the PSD OVL level, defines where the Phase Sensitive
Detector overloads relative to a full-scale input signat, 1t is
this overload level that determines the maximum tolerable
input signal when the instrument is operated in the FLAT
mede. When the jnstrument is not being operated in the
Flat made, then the maximum toferable input is sxtended
ta the PRE-PSD OV for signals not in the passband of the
characteristic selected (BANDFASS, NOTCH, HI PASS, LO
PASS), Note that the PSD DYNAMIC RANGE of the
instrument js 10° regardiess of the selected dynamic
tradeoff, Depending on the tradeoff selected, the PSD
DYNAMIC RESERVE varies from 10! to 10° and the
OUTPUT DYNAMIC RANGE varies from 10° 1o 10°. The
TOTAL DYNAMIC RANGE is 10° far LO DRIFT and
NORMAL operation and 10% for HIGH DYNAMIG
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AANGE (Beserve) operation. In applications where the
PS50 OVL level is exceeded, the apprapriate pre-PSD
passband limiting 15 used to reduce the noise below the PSD
avL, level so that the measurement can be made, Use of the
Bandpass, Notch, Lo-Pass and Hi-Pass eharactoristics in this
manner does not improve the overall achievahle improve-
ment in signal-to-noise ratio, but it does achieve a real
improvement in Dynamic Reserve, and hence in Total
Dynamic Range. In FLAT mode operation, the PSD
DYNAMIC AANGE and the TOTAL DYNAMIC RANGE

are the same.

It shauld be noted that the Dynamic Range characieristics
shown in Figure HI-18 are maximums, not applicable for ald
positions of the Sensitivity switch. In LO DRIFT operation,
maximum Total Dynamic Rapge is attained with the
Sansitivity switch set to 1 4V, Below 1 4V the Model| 1244
automartically transfers to NORMAL operatian as described
on page (1115, In NORMAL and HIGH DYNAMIC

1114

RANGE (Reserve} operation, maximum Total Dynamic
Range 15 attained with the Sensitivity switch set to 100 nV.
For all three Dynamic Tradeoff possibilities, as the Sensi.
tivity switch is set ‘to suceessively lower sensitivities, the
Tatal Dynamic Bange available is propertionally reduced,
Situations could arise whare the signal to be measured was
of relatively high amplitude, and accompanied by enough
noise and interference to require that the fock-in amplifier
have a very wide Total Dynamic Range. Where this is the
case, attenuaiors can be used ahead of the lock-in amplifier
to reduce the signal plus interference sufficiently to take
advantage of the inherently wide Total Dynamic Range of
the Model 124A. It s almost inconceivable that a real
maéasurement problem could exist that would require aff of
the Total Dynamic Range available with this instrument,

Far a more detalled discussion of Dynamic Range, the
reader is refarred te the Appendix at the rear of the
rnanual,
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1.2) DYNAMIC OVER-RIDE
Although the front-panel FUNCTION switch allows the
~erator 1o select LO DRIFT, NORMAL, or HIDYNAMIC
\NGE (Reserve) operatian, it is important ta understand
that the instrument does not necessarily operate with the
dynamic tradeoff selected. For certain positions of the
Sansitivity switch, there s an “geer-ride” action that
determines the dynamic tradeoff independent of the satting
of the Function switch, and it is the true or operating
dynamic tradeoff that determines the overload and stability
characteristics of the instrument. Thus, in using the tables
that define the Overload and Qutput Stability character-
istics of the Model 124A, the gperator must always take
care to read the data from the column carresponding to the
true dynamic tradeoff, which may differ from that selected
with the Function switch. The dynamic tradeoff obtained
as a fungtion of the setting af the Function and Sensitivity
switches is as follows,

If the FUNCTION

switeh is sct to: Then:

LD DRIFT AND ACYM: The unit gpperates in LO DRIFT
except when the Sensitivity switeh is set to 100 nV,
200 nV, or B0O n¥Y. For those positions, the unit
operates in the NORMAL mode and the NORMAL
mode drift and noise tolerange specifications apply.

NORMA.L: The unit operates in NORMAL with Sensitivity
switch settings aof 100 nV through B0 mV. With
settings af 100 mV through 500 mV it transfers to LO
DRIFT.

HI: The unit operates in M1 with Sensitivity switch settings
of 100 nV through & mVv, With settings of 10 mV
thraugh 50 mV, it transfers 1o NORMAL, and with
settings of 100 mV through 500 mV, it transfers to
LO DRIFT,

Generally speaking, one should operate with the switch set
to LO DRIFT to take advantage of the excellent output
stability obtained with this setting {see Table III-1}.
However, if the naise level of the signal iz high énaugh to
gvertoad the democulator as explained in the fallowing
paragraphs, one can operate in gither NORMAL or HI, in
which the noise tolerance is increased by a factor of 10ar

100 respectively at the expense of degraded output
stability.

_DYNAMIC OUTPUT RMS OUTPUT
TRADEOFF STABILITY  NOISE VOLTAGE
LOW DRIFT 15 p=m/°C 10 pprov/Hz
NORMAL 100 r=m/ °C 100 ppm/Hz%
HI 1000 zom/ °C 1000 ppm/Hz %

Table [11-1. STABILITY ANO CUTPUT NOISE AS A
FUNCTION OF OPERATIMG DYNAMIC TRADEOFF

32K OVERLOAD

Depending on the nature of the input signal plus noise, and
on the control settings, overload can oetur at several
different paints in the instrument. All of the critical points
are monitored so that an overload anywhere in the
instrument will pperate the OVERLOAD light. From an
operator’'s point of view, the problem with regard to
overload is not one of determining whether overload is
taking place (the Overload indicator light performs this
function autematically), but rather of determining the
proper ction to taks to eliminate the gverload. The
appropriate remedial action in turn depencds on where the
instrument is overloading. Each overload “type” is con-
sidered in the following paragraphs,

{1} DC Amplifier Qverlaad

Overload of the dc amplifiers is the sasiest type of
overload to jdentify and detect. Such overload is
usually the resutt of the signal amplitude (independent
of noise) bwing too large for the selected sensitivity.
When this is the case, the panel meter indication
exceeds full scale and the Overtoad light turns on. The
solution is simply to select a sensitivity setting which
yields an pn-scale indication.

DC Amplifier overload can also be produced by 2
high-amplitude quadrature signal component, or by
high amplitude spikes and other noise which may be
reaching the Qutput Amplifier (the latter is particu-
larly true when operating in the Flat mode). The test
and solution is simply to increase the Time Constant
setting. Except when operating with extremely noisy
signals, a time constant of one secand should suffice
to eliminate uadrature and transient overload of the
dc amplifiers,

(2) Demodutator Overload

Overload at the demodulator is also easily detected;
one has enly to monitor the signal at the Signal
Monitor connectar with an oscilloscope. If the signal
exceeds 1.8 V pk, the damodulatar is overloading. If
the signal j5 less than 1.5 V pk, it is not.

There are severa! possitile courses of action when faced
with Mixer {demaodulator) averload, First, one always
has the option of operating the instrument with less
sensitivity. Second, operating with @ narrower band-
width abead of the Mixer may prove helpful. If the
instrument is being operated in the Flat mode, and
operatian in the LOW-PASS, HIGH-PASS, or, berrer
yet, the BANDPASS mode i5 possible, a considerable
reduction in noise at the inpul ta the Mixer may be
achieved by making the transfer. If the instrument is
operating in bandpass to begin with, increéasing the Q
will further decrease the bandwidth. If the inter-
ference is at a single frequency remagved from the
signal frequency, operating in the Motch mode with
the signal channe! tuned to the interference fraguency
may prove to be the best solution.
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This third choice is to make a different tradeoff of
dynamic reserve for output dynamic range. |f the
instrument is already operating with the Function
switch set to HI, no improvement by this means s
possible. If, however, it is operating with the switch
set to NORMAL, a factor of ten reduction in the
Mixer input signal amplitude can be abtained simply
by setting the Function switch to HI, i the Function
switch is set to L0 DRIFT, a factor of 100 reduction
in Mixer input signal amplitude is possible, the first
factor of ten by setting the switch 1o NORMAL, the
secand by setting it to HI. In other words, in choosing
the pasition for this switch, be sure Lo take the Mixer
pverlaoad considerations into account gs well as output
drift requirements. Also, one should be aware of the
dynamic over-rigda transfers that take place for certain
positions of the Seagitivity switch as explained earlier.

Mgte that the Function switch gives a simple “test’”
for Mixer overload as well, which, though not as
definitive a¢ monitoring the signal at the Signal
Manitor jack, may still prove useful. If the Function
switch is set to LO DRIFT, and the Overload light is
an, and setting the Function switch to NORMAL or
HI causes the Overload light ta go out, the problem is
obviously one of Mixer overload. Sirmilarly, if the
switch is set to NORMAL (Overload Indicator onl,
and setting 1t to HI causes it to go out, the same is
true. It does not necessarily follow that failure of the

light to extinguish when making this test means the
Mixer s not overloading.

It may prove useful to know the maximum rms input
sinewave signal that can be applied to the input of the
instrument without gverleading the Mixer as a fung-
tion af the Sensitivity and Operating Dynamie Trada-
off. The input overload limits for both the mixer and
lhe tuned amplifier are shown in Table 111-2. By
referring to this table, the operator can quickly
determine the best way to process a given signal with
the Model 124A, For cxample, suppose one had a
signal of nominally T pV amplitude. Consider the
possibilities for measuring this signal given different
noise levels. From Table |(1-2, the mixer fimit with a
Sensitivity sctting of one microvolt ic 1.10 mV, 110
uV, or 11 uV, according to the dynamic tradeoff,
What this means practically is that for noise levels
below 11 pV, the signal could be measured in the
FLAT mode with the Function switch set to LO
DRIFT (Narmal and Hi operation i3, of course, also
possible), If the nolse level is greater than 11 ¢V, but
less than 110 uV, LO DRIFT operation in the FLAT
mode is not possible and the operator witl have to
either operate in NQORMAL {or Hi) or narrow the
noise bandwidth ahead of the Mixer by means of the
tuned amplifier, This is usually best accomplished by
operating in BANDPASS. By sufficient narrawing of
the pre demodulator bandwidth, LO DRIFT operation

MAXIMUM RMS SIGNAL INPUT

MIXER LIMITS

TUNED AMP, LIMITS

SENS. H.D.R. N L.D. H.D.R, N L.D.
100 nV 110 pv 11 uv + 19.6 mV 19.6 +—
200 nV 254 uv 25 uv - " " —
500 nV 635 uv 63 uv e . LI -
1uv 1.10 mV 110 puV 11 uv " 15,6 my
2 uv 254 mV 254 uv 25 uVv " ' .
Suv 635 mv 635 v 63 uv " " “

10 uV 11.0mV 1.10mV 1oV N " r

20 uV 19.3 mV 254 mv 264 pv " 2 "

50 uvV ” 635mV 635 uv ! " -
100 uV 110mV 11.0mv 1.10mV 196 mV o "
200 uvV 193 mV 19.3 mv 259 mv " " "
S00 uv " " 636 mV " " “

TmV 720 mV 110 mV 11.0mV 720 mV 198 mV "
2mV ' 192 mV 19.3mV “ ' "
5mv " ” ' o “ "

10 mVY - 20 mv 110 mV —+ 720 mv 196 mV

20 mv - " 193 mV -+ “ 196 mV

admVv o " " * " 196 mV
100 mV -+ - 720 mvV - - 720 mV
200 mv —+ I " — -+ 20mv
500 mV * - " r -+ 720 mv

Table -2, MAXIMUM RMS INPUT LEVELS FOR MIXER AND TUNED AMPLIFIFR OVEARLOAD AS A
FUNCTION OF SENSITIVITY AND GPERATING DYNAMIC RANGE

1-16
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may still be possible sven with the higher input noise
level. If the noise exceeds 110 gV, but is less than 1.10
mY¥, FLAT mode operation is anly possible with the
Function switch set to HI, althcugh NORMAL, qr,
conceivably, even LO DRIFT aperation may still he
possible by sufficiently narrowing the bandwidth
ahexd of the Mixer. H the Moise level exceeds 1.10
mV, then FLAT mode operation becomes impossible
ang the operator must narrow the bandwidth ahead of
the Mixer. Finally, if the input noise exceeds 19.6 mv
rms, the Selective Amplificr overloads and the signal
cannot be measured with the Model 124A. The only
possithilities in that case are to narrow the bandwidth
ahead of the lock-in amplifier, or to attenuate ahead
of the lock-in amplifier, whichaver technique most
conveniently reduces the input noise below the 19.6
mV¥ limjt,

As a general rule, it is most desirable to operate in LO
DRIFT and with the bandwidth ahead of the Mixer at
maximum {(FLAT). If the noise lavels are such as to
force tradeoffs, the gperator must decide which is
better to give up first, output drift or a flat pre-mixer
response, according to his individual requirements.
Where the noise level is extremely high, there is no
choice but to give up both. One way to approach the
problem is to:

Set the Function switch to ACVM toget an idea
of the signal plus noise rms amplitude.

{a)

Based on an estimate of the signal amplitude,
detarmine the best combination of operating
dynamic range and pre-detector bandwidth eon-
trol from Table 1H-2. Be sure the Scnsitivity
setting considered is that appropriste to the
expected signal level. For a noisy signal, the
Sensitivity setting will be very much different
from that used in the preceding step, where one
was maasuring the signal plus noise,

{b)

et the controls as determined in “b™ and
attermpt the measurement. Some axperimentation
may be required to achieve the optimum control
settings.

{c)

Pre-Mixer Qverload

Circuits ahead of the Mixer only overioad when the
input level excoeds the Tuned Amplifier Limits indi
cated in Table 111-2. In any case, there is relatively
little one ean do at the Maode! 124A in the case of
pre-mixer overload. The only action that might help is
to recduce the sensitivity, For example, suppose one
wished to measure a BOO pV signal accompanied by
400 mV of noise, From Table {1}-2 it is clear that the
Turned Amplifier would overload if the maasurement
were attempted on the 500 uV sensitivity range.
However, by setting the Semsitivity switch to 1 my,
the overload talerance is increased to 720 mV, and the
measurement can be made. This technique is most
usaful when one is near an overload tolerance cross-
avar point, as in the exampie just given. Shouid one be

far from such a point, the likelihood of improving the
sitwation in this matter becomes remote. For example,
suppose one had a 1 pV signal accompanied by 40 mVY
of noise. The nearest sensitivity positian that could be
used without overloading the Tuned Amplifier is 100
uV, where the signal would be only 1% of full scale.
Given the high noise level, it would be very difficult to
detect a 1% of full-scale signal, even if a very long time
constant were used.

At no time can the input exceed 720 mV rms without
averloading the instrurment, With large input signals,
this limit prevents one from processing very noisy
signals. However, by inserting an attenuator zhead of
the lock-in amplifier, large amplitude signals having
poor signal-ta-noise raties can be measured.

3.2L OFFSET DUE TO NOISE

Because of imperfections in the Phase Sensitive Detector,
large input noise levels can cause offsets to appear at the
output. As shown in Figure 11119, these offsets are
generally so small as to be negligible. Even with the
extremely high 1000 times full scale noise levels which can
be processed in high dynamic reserve operation, the offset
is typically only 1%.

IN % OF FULL-SCALE QUTPUT
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Figure I11-19. TYPICAL OUTPUT OFFSET A5 A FUNCTION
OF INPUT NOISE

3.2M OVERLOAD RECOVERY

The frequency range of the Signal Channel, excluding the
Preamplifier range, is 2 Hz to 210 kHe on the standard
models, aor 200 mHz to 210 kHz if requested upon
ordering. Unless very low frequency response is rteally
needed, we advise that units not be ardered with 200 mH:
response because larger coupling capacitars make recovery
time from overload much longer than for units with 2 Hz
rasponte. Typical maximum overload recovery time for
units having 2 Hz LF response is 20 seconds, for 200 mHz
units, 80 seconds.
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32N SIGNAL MOMITOR

The output of the Signal Chanpel goes to the Synchronous
Detector ard ta the Signal Monitor jack. The Signal
Meonitor output is useful for monitaring the signal after
Sigrnal Channel filtering; the operaror can thereby improve
his idea of how much noise s present ahead of the Mixer.
In addition, this output makes the Model 124 A usable as a
straightforward Low Noise Tuned Amplifigr, which can
find many applications.

Notice from the Functional Block Diagram (Figure {(1-1)
that the signal from the Signal Channel is attenuated before
being applied to the Signal Monitor jack, This is because the
amplification in the Signai Channel is such as to make the
average-responding meter at the Detector output indicate
the rms value of the detected signal. The attenuator at the
Signal Manitor jack sets the signal to a more convenient
level,

The Signal Maonitar output impedance is 600 ohms. The
cutput signal amplitude corresponding to a full scale input
depends on the dynamic range. In LO DRIFT, a full.sgale
input yields 100 mV rms out (sinewave in; sinewave out).
In NORMAL, a full-scale input yields 10 mVY out, and in HI
DYMNAMIC RANGE 3 full-scale input yields 1 mV rms out,
These figures depend on the “true’ operating dynamic
range, which, as sxplained earlier, according to the selected
sensitivity, can differ from the dynamic range selected with
the Functign switch.

3.3 REFERENCE CHANNEL OPERATIQN

3.ZA SYNC INPUT/QUTPUT

In the Fxternal Syne mode, the Beference-Channel vCO
dutomatically phase-locks ta any kind of reference wave-
form at a frequency within the twao decades listed in Table

H-18

I11-3, the only requirements being that the wavefarm cross
its mean exactly twice each cycle, that it have a peak-
to-peak amplitude of at least 100 mV, and that it be
synchronized with the signal of interest. The positive-going
zero crossing of the zero reference phase of the VGO
sinewave is coincident with the positive-going 2ero crossing
of the sync input waveform. The VCO can be made to lock
te the second harmonic of the reference signal by placing
the Mode switch in the Bxt. /2 position, Maximum syne
input frequency in /2 is 105 kHz, Syne input R 1
megohm.

A Reference Unlock panel indicatar lights when the VCO is
out of syne with the reference signal.

Ofien, 1he frequency of the signal being detected is
changing. As long as the reference maintains a fixed
frequency and phase refationship to the signal, detection is
no different than far fixed-frequency signals. However, it is
necessary that the frequency does not change so fast that
the oscillator cannot stay locked in. Figure [11-20 provides
slewing rate infermation for the oscillator.

Because of the rapidity of the External Reference circuitry
response lime, some care must be taken to assure that there
are ne “cxtrg” mean Crossings in the applied referance
signal. If extra crossings should oceur, the Model 124 A will
88 them as bursts of some higher reference frequency.
which the Reference Channel will attermpt to fallow,
causing phase-lock foss and improper drive to the demodu-
lator. There are three commen ways in which prablems of
this nature oceur. First, any noise accompanying the signat
can cause multiple mean-crossings to occur in the region of
the rise and fall of the reference siynal, Thus the reference
signal applied must be refatively clean. Frequently, moder-
ately noisy signals can be clegned up sufficiently for
satisfactory operation hy uwsing a simple single-section
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NOTE: When operating the Signal Channel in the Bandpass
mode, particularly with high @, the frequency dials must
atso be finc-adjusted for peak meter reading. Otherwise, the
tilter rolloff will attenuate the signal and also cause a phase
errar, In all circumstances, attenuation and phase shift in
the Signal Channel must be minimized or accounted far,

34 OUTPUT CHANNEL OPERATION

3.4A FILTER TIME CONSTANT

The amplified and filtered signal is synchronously detected
with respect to the phase-shifted Reference Channel signal,
and the detected signal is applied to the RC low pass filter,
Either a ane section or a two séction filter may be selected
with the center knob of the Time Constant switch.

The one section filter has a 6 dB/octave rolloff character.
istic and an equivalent noise bandwidth of 1/4TC. The 3
dB-down point on the frequency axis is 1/2r7C, In the
time damain, it has a step-function response of 1—a—t/TC
The rise time from 10% of full amplitude to 90% of full
amplitude is 2,2TC seconds, and from 0 to 95% is 3TC
sacontle. With the TC switch set to 300 s, the equivalent
noise bandwidth is == 800 pHz.

The twy section filter has a 12 ¢dB/octave rolloff characier-
istic and equivalent noise handwidth of 1/8TC. The 6
dB-down point on the frequency axis is 1/2a3TC. In the
time domain, it has a step-function response of

1 — {14 yTCle~t/TC

The rise time from 10% of full amplitude to 90% of full
amplitude is 3.3TC seconds, and from 0 to 96% s 4 8TC
seconds.

If the opurator requires a time constant greafer than 300
seconds, he can place the Time Constant switch in the Ext.
position and connect a pair of capacitors of equal value
between pins 89 and 1011 of the rear-panel actal socket,
Ta determine the time constant for this external maode,
multiply the single capacitor value (in Farads) by 30
megahms, The external capacitors should be low-[eakage
film types {mylar, polycarbonate, polystyrene, 1eflon) rated
at 25 V ar higher.

The Time Constant should be ser so that the output noise,
either as read on the pane! meter or on the external
manitor, is reduced to an avreptable level, It the signal
amplitude is steady {independent of noise), a fairly long
Timeé constant can be used because the lag time in setting
the phase controls can usually be tolerated. However, if the
signal varics over a period of time, and the operator wants
to observe the variations, a shortar time constant must be
used at the expense of greater noise, Sametimes, for the
latter ¢ase, the Signal Channel filter can be readjusted for
tess moise afier operating parameters are better vstablished.

When operating the instrument as a widebgnd ac voltmeter
{by placing the function switch in the ACYM position}, the
Time Canstant switch should be set to dampen the meter.

1H-21

34B OFFSET CONTROLS

The ten-turn dial and its associated palarity switch allow
calibrated offsets of up to ten times full scale to be applied.
Two applications for this feature are that it allows small
amplitudde  variations in a2 signal to he expanded and
exgmined in detail, and that it allows a signal amplitude to
be read with greater resolution than is possible with the
panel meter alone. For example, supposg one had a meter
indication to the right. To read the amplitude with the
greatest possible resolution, the polarity switch would be
sat to " and the dial adjusted for "null™ at which time
the signal amplitude could be read directly from the dial,

The followiny example illustrates use of the Zero Suppress
feature to “expand’ signal amplitude variations. Suppose
one had a 70 gV signal. Assurming this signal were measured
on the 100 @V ‘sensitivity range, the resulting meter
ndication would be 70% of full scale. To examine small
variations in this sigpal, one would first set the polarnty
switch to 7+ (assume initial meter indication was to the
right), followed by adjusting the dial for null, The dial
setting requiredd would be 0.70 and the meter sensitivity
would be 2100 ¢V with respect to the 70 ¢V ambient level.
A recorder connegred to the output would allow the
amplitude vanations asz a function of sopme experimental
parametsr ta be recarcded.

Because the range of the Offset dial extends to ten times
full saale, the measurement can be madified slightly so that
the amplitude varigtions are greatly expanded. In the
example at hand, the Sensitivity switch could be set to 10
pV. Because the signal amplitude, 70 gV, is less than ten
times the selected sensitivity {10 x 10 g = 100 uV), it is
within range of the offset dial, (f the diaf were adjusted for
null (setting of 7.00), the meter range would then be +10
LV full seale with respect to the 70 uV ambient signal level,

3.5 HARMONIC RESPONSE

The Synchronous Detecior responds fo signals which are
harmonically related to, and synchronized with, the fun-
damental. The harmgnic response is less than the funda-
mental response, but still may be large enough to cause
significzant errors in the fundamental measurement,

Remembering that synchronaus detection has features
similar to fullwave rectification, one would see jmme-
diately from symmetry considerations that the response to
even harmaonics is different from the responsé to odd
harmonics. For odd harmonics, the detecior response
relative to the fundamental response is simply 1/n whare n
is the number of the harmaonic. For example, the third
harmanic response is 1/3 1he fundamental response, the
fitth harmonic response is 1/6 the fundamental response,
atc,

Theoretically, the Synchronous Detector should have no
résponse 31 all to even harmonics. However, the reference
wavefarm is not perfectly symmetrical, causing a small
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response, The even hatrmonic response dud ta dissymmetry
can be expressed as;

sin {1 + e)/2

Respanse Relative to Fundamental = N
T

where n is the number of the fundamental and e is the
fractionai departure of the half period from the actual halt
period of the reference waveform. |f 0 is even and ne is very
much smaller than unity, the expression simplifies to.
anproximately, Te/2. |n other words, the response 1o all
even harmaonics is about the same and is determined by the
symmetry of the reference signal at the Phase Sensitive
Detector.

In general, a given half-cycle of the reference signal will be
within 0.3% of half the period, giving 0.003 as the value of
e_ Inserting this inta the formula, one oblaing 0,9%, a good
warking value for the response to even harmonics. Actual
symrmetry error varies with the phase setting, so that the
response to even harmonics can be less than 0.5%.

The harmonic sensitivity of the Synchronous Detectar is
one reason for mimimizing the passband of the Signal
Channel. The portion of overall outpur due to harmaonics
will be reduced by the attenuation facwor 1he Signal
Channel provides at thase frequencies, Transfer curves in
Figures 111-14 through 111-17 should be referred to. Table
I11-4 lists typical measured synchronous detector responses
to harmonics. Table 1I-5 lists overall responses to these
same harmonics if operating in the Bandpass mode with a G
of 10.

Harmonic o ao° 180° 270°
2nd 0.18% 0.5% 0.2% 0.5%
3rg 35% 35% 35% 35%
4th 0.13% 0.565% 0.25% 0.7%
Bth 15% 15% 15% 15%

Table 1H-4. TYPICAL HARMONIC RESPONSE OPERATING
IN THE FLAT MORE

Harmonic o° ap” 180" 270°
2nd 0.017% 0.017% 0.008% 0.04%
3rd 1.2% 1.2% 1.2% 1.2%
4th 0.0035%%  0.014% 0.006% 0.017%
5th 0.35% 0.35% 0.36% 0.35%

Table 1116, TYPICAL HARMONIC RESPONSE OPERATING
IN BANDPASS MODE WITHQ - 10

These considerations and examples assume the worst
possible phase relationship hetween the harmonic and the
reference signal, Practicatly encauntered phase relationships
are not usually the worst case. and the true error will be
srnaller than the computed error,

1122

A refated probtem s that of errors resulting from syh-
harmonic companents of the input signal. Sub-harmonic
signals do not directfy contribute to the cutput indication:
that is, the Detector does not respond to them, However, jf
a sub-harmonic is distorted in the Signal Channel, output
errors can be introduced. This is because distortion results
in higher harmanics being generated, 1o which the Detecror
is sensitive, especially the harmonic at the primary fre-
nuency of detection.

Sub-harmonics are not generally a significant compaonent of
the nput signal, cxcept, perhaps, when the Reference
Channel is operated in the Ext. {/2 mode. In this situation,
and ones similar ta it the second harmonic i regarded as
the fundamental far the Signal Channel, and the original
sync input fundamental is egarded a5 a large-amplitude
subv-harmonic, Care must be cxercised to not distort the
fundamental, although it ¢an be attenuatéd by filtering in
the Signal Channel. Distartian in the Signal Channel, other
than due to OVLD dipping, ocours mastly in the Preampli-
fier,

3.8 SENSITIVITY AND NOTCH CALIBRATION
The accurgey of the sensitivity calibratjion jn the Bandpass
marle requires that the noteh be properly adjusted. There-
fore, each time the sensitivity is calibrated, it is wise to first
make the fine notch adjustment. In HIGH PASS and LOW
PASS, the notch adjustment hac very little effect because a
Q of one is narmally used in these modes. In FLAT, the
adjustment has no effect at all. The procedures given hera
are caombined procedures, first for adjusting the noteh and
then for calibrating the sensitivity,

The fine Notch adjustmient shouild be made for exactly zern
cemer-frequency signal transfer thraegh the Signal Channet
when in the Notch mode. However, because the Calibrator
Qutput is a square wave, containing harmonics, it would be
ditfigult to use this signal for making the fine notch
adjusyment tn the Noteh mode:; the harmonics would
disallow an output zero, and adjusting for a definite value
would be difficult. The Reference Channel's sinewave
outpul would be better, but it is not pure gngugh to allow
far an accurate seiling, One good way to adjust the noteh
in the Moteh made is by using a separate high-purity
sinewave SouUrce.

An alternative way to make the fine notch adjustment is to
adjust the Notch Adj. cantrol far praoper center-frequency
signal transfer through the Signal Channel when in the
Barxlpass mode. It the adjustrment is off, changing the Q
will change the nain at the center frequency. Making the
fine notch adjustment is easy if this last fact is made use of;
e, the fine noteh adjustiment should be made such that a
change of (0 does not change the gain at the center
frequency.

The jatter method has the merit of allowing a less pure
waveform to be used because 1he harmonics are eliminated
in the Bandpass mode, If Q's of 100 and 50 are used, the
Cahbrator waveform can be used for an  adjustment
accuracy withn a few temhs of a percent, If the Refarence
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Channel’s sinewave is used, an accuracy of better than a
tenth of a percent can be achieved. The following proce-

re uses the Calibrator output because it is more conve-
..&Nt 10 continue on inte the sensitivity adjustmant. The
operator ought 10 be able to adapt this procedure to using
the reference sinewave if he requires mare aceuracy.

Make the following preliminary control settings.
{1) Reference Channet

The Frequency switches should be set to or near the
frequency which is to be used ar expected when
operating with the experiment. and the mode switch
should be et to Internal,

The Phase quadrant selgctor should he set to 270°,
and the fine phase control set to 90°. Note that this
sdds up to O setting this way allows the fine
contral’s overlap to adjust the phase through 0°. when
adjusting for maximum rmeter indication in the steps
that follow.

(2) Preamplifier

Operate single-ended direct, Connect the Calibrator
output to the Preamp imput. (Use a short cable,
RG.58/U or RG-59/U having BNC eonnectars at both
gngs.)
3) Output Channel
The Time Canstant switch should be set such that the
signal driving the meter is well filtered. However, tao
long a time constant will make the adjustment time
too long. Typically, if the operating frequency were
400 Hz a good time constant seiting is 100 mx.

The Zere Offset toggle should be set to the neutral off
position, and the Function switch set to the PSD
pasition to be used in the experiment. (The gain crror
intreduced when switching from ane PSD position to
angther is very small, aboaut 0.8% maximum.}

(4) Signal Channel

The Sensitivity switch should be 40t to the intended
operating position. However, if one of the nV ranges is
used, internal noise can cause the meter reading to
waver too much for making an accurate adjustment. 1t
s better, therefore, to use one of the uV or mvy
positiong. The gain error when switching back down to
the nV range for operation will be less than the
adjustment error if adjusted in a nV range. The
Calibrator switeh should be st to the same level as the
Sensitivity switch,

The Frequency switches should be set to exacily the
same settings as the Reference Channel frequency
switehes.

The Mode switch should be ser to the Bandpass
positign.
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The O switch should be set ta 50,
Proceed to make the Notch adjustment as follows.

{1} Adjust the Signal Channel frequency control and fine

Phygse control for maximum meter indication.
{2} Change the Q switch setting to 100; if the merer
indication changes, adjust the Motch Adj. screwdriver
control to minimize the change, Continue switching
the Q back and forth between 50 and 100 and
adjusting the Notch Adj. potentiometer for no change
in the meter reading,

Mow that the Notch is adjusted, before adjusting the fine
sensitivity contral, make the following changes in the
cantrol settings:

The Calibrator output is a square wave having its
fundamental rms companent as indicated for each
switch position, Therefore, when ealibrating the sensi-
tivity, the Mode switch should he set to the Bandpass
positian and the (@ switch set at 10 or higher {if the O
to be used when pperating is higher than 10, calibrate
with that Q setting). All other controls should be lefr
as set for the notch adjustmant,

An attenuatar, packaged in a small box having male
and female BNC connectors, is provided with each
Mode! 116 and 119. This sttenuator attenuates 100:1
so that the Model 124A can be calibrated in the
transformer made. The attenuator output Z is 1 ahm.
If the transformer mode is to be used, connect the
male BNC connector of the attenuator direcrly to the
input BNC, and eonnect the ealibrator ouiput to the
attenuator's female jack with a short cable. [t is
important that, if angther source is used for calibra
tion, the source presents an impedance of exactly 50
ohrms to the attenuatar,

After these setlings are made, the actual procedure is
simpte: Adjust the tine Phase control for maximum meter
indication. Then adjust the Sensitivity screwdriver control
for an gecurate full-scale meter indication.

3.7 ACVOLTMETER OPERATION

With the Function switch in the ACVM position, the Signal
Channel output is used to operate the Synchronous
Detector. This makes the Maodel 124 pperate as an ac rms
voltmeter,

{f the signal driving the synchronous detector is a clean
sinewave, the rms voltage indication will be very accurate.
The fitter in the Signal Channel can be used to clean up a
waveform it necessary. I the waveform is not clean,
however, the meter reading will still be within 10 or 12
percent of the wideband rms amplitude of the input signal
plus noise. This wideband capability is very wseful for
widehand noise and complex waveform measurements.

As in lockin operation, the Time Constant is used ta
smoath the meter indication. However, bear in mind that
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Figure 11123, TYPICAL CALIBRATION ACCURACY

both the signal and the moise contribute to the de output of
the detector in ACVM operation. The signal-to-noise ratio is
not improved. Instead, the signal pfus noise is measured,
with the time constant serving solely to smooth the output
indication. '

It should be noted that, in ACVM operation, the Model
1244 is effectively in the LO DRIFT mode, except for the
100 nv, 200 nV, or 500 nV sensitivity settings, where the
unit operates in the NORMAL mode, Cansequently, for all
hut the three “NORMAL mode" ranges, the drift and
everload characteristics of the LO DRIFT mode apply.

3.3 DIGITAL PANEL METER
MODIFICATION (1241/98)

If reguested upon purchasing, a 3% digit Nixie® display
may be installed instead of the panel meter, This display
provides direct numerical readout of the output, and the
carrespanding digital logic is available at a rear-panel
connector. This logic iz well suited far sending Lock-In
output information to a computer via a Model 131
Instrument/Computer Interface Systemn,

In reading the display, the numerals correspond directly to
the signgl valtage. However, some carg must be exercised in
interpreling the decimal indication. On any "1 range, 1
gV, 10 pv, 100 gV, 1 mv, 10 mV, 100 mV, etc., at full
seale output the meter will read 1.000. Abave full scale the
meter will Tollow until overload occurs. On 2" ranges,
however, at full scale the meter will “try" to read 2.000,
but will insteacd read 1 BLANK, i.e., the decimal and three
night-hand numerals will not illuminate at full scale. On 5"
ranges, at full scale the meter will read 500, and above full
scale the meter will follow until overload «accurs. The
voltage output at full scale is *10 ¥V on all ranges. No
polarity symbol is displayed for potitive readings. A ="'
sign is displayed for a negative reading.

The information displayed on the digital meter is provided
in hinary coded decimal form at connector J7 ar the rear.
Tabte 111.6 identifies the pins at which this information is
provided and gives the output levels. Pasitive logic is
employed; 8 1" is +3.6 V1 Vand a "0" 0.2V 02 V,
All digital ouwtpuat signals are capahble of sinking 5 mA at the

"Mrmig s g trademark of Burroughs Corporation.
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lower logic level and sourcing 0.1 mA at the upper logic
level,

During nermal operation, the digital meter is triggered
internally at a rate of approximately 10 times per second.
Other internal trigger rates can be obtained by changing the
value aof the resistor (nominally 300 kf£2) connected
between ping 1 and 15 of DJ-2 lupper connector on Digital
Panel meter), With this resistor removed, the rate is reduced
to twice a second. There may be accasions where it is
advantagenus 1o trigger externally, such as to facilitate
operation of the Model 124A in conjunction with other
signal proceiding equipment which may be menitoring the
digital output. Considerations that govern external trig-
gering are that the internal trigger must be inhibited and
that the proper external trigger must be applied, 1nieinal
triggering is inhibited by grounding pin 23 (BUSY) of the
digital output connactor. The external trigger 14 applied 1o
pin 20; it must be 3 logic one that gaes to logic zero for at
least one and a half migroseconds {but for less than two
milliseconds). This unit resets on the negative-going transi-
tion; conversion commeanees on the positive-going transi-
tion. The maximum allowable external trigger rate is 60 Hz,

When the Model 124A is being operated internally triggered
{the usual case), it is impaortant that signals be provided to
indicate when a conversion ig in progress (or nat in progress
a5 the case may be) 1f the Maodel 124 A is to be successfuily
incorparated into a larger digital system. Three different
signals are provided for this purpose. The first is the END
OF CONVERSION level at pin 14 of the Digital Output
connector, This output is up {naminally +3.5 V) whiie a
conversion is in progress, and down for the full duration of
the display plus reset time. The second signal, provided at
pin 19 of the Digital Output gonnector, isa 75 us logic one
pulse, CONVERSION COMPLETE, generated at the end of
the conversion perind. The third signal, provided at pin 18,
is the inverse, CONVERSION COMPLETE, also 75 s bat
at lagic 0,

In the case of ann instrument eguipped with both the
Remote Programming Option and Digital Panel Meter
option, there are same special considerations that must be
observed for proper operation. In units equipped with the
Digital Panel Meter option alone, switching controlled by
the frontparel Sensitivity switch sets the digitat display
sensitivity. In the case of units equipped with the Remote
Programming option, the Sensitivity switch is rendered
ineffective when the scnsitivity is being cantrolled re-
motely, and control over the digital display scnsitivity is
lost.

Two solve this problem, an additional teggle switch has heen
added to the rear panel of instruments equipped with both
options. This switch has two positions, NORM, and D.P.M.
1.000. For operation with the remote-programming option
fnactive (this option is controlled by a rear-panel push-
button), the switch should be set to NORM, in which
position the display functions exactly as described in
Subsection 3.8. In remote-programmed operation, the
switch should be set to O.A.M, 1.000, in which position the
digital panel meter indicates the input signal |evel as a
fractton of fulf scafe, independent of the selected sensitiv-
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ity. A full-scale inpur gives a display indication of 1,000,
independent of whether the programmed sensitivity s 1
mY, 2 mV, 5 mV, or same ather vatue. Similarly, with a
full-scale input applied the RCD autput will be 1,000 and
the recorder output will be 10 V. The display indication

and output levels are propartionally less with less than
full-szale inputs, For example, if the programmed samsitiv
ity is 200 mV, and a 100 mV signal is arrplied, the digital
display will indicate 0,600 {half sesle], the BCD output will
be 0.500, and 1he recorder autput will be 5 V.

Function When

Model 124 A Applied 1o Madel 131
J7 Pin # Function System Mode! 267
1 Polarity (Logic 1 = +} 1 = Polarity +
2 +4 yolts dc Mot used
3 Overload Output (Logic 1 = Overload) Digit 1, A
4 Overload Qutput (Logic 1 = Overload) Digit1,C
5 DVM Mast Significant Digit, A Digit 2, A
6 Digital Ground Ground
7 DVM Znd Mast Significant Digit, A Digit 3, A
8 DVM 2nd Most Significant Bigit, C Digit 3, C
9 DVM 3rd Most Significant Digit, A Digit 4, A
10 OVM 3rd Most Significant Digit, C Digit 4, G
11 DVM Legst Significant Digit, A Digit &, A
12 DVM Least Signiticant Digit, C Digit &, C
13 Spare
14 END OF CONVERSION
1% Spare
16 Spare
17 DVM Least Significant Digit, D Digit 5, D
18 CONVERSION CUMPLETE EXECUTE
19 CONVERSION COMPLETE Nat used
24 Ext. Trigger Input Nat used
21 Spare
22 Spare
23 NQOT BUSY input {Output data will cemain fixed when this line is at BUSY
legic 0. Must be 1 ar open for conversions to continue) {frcm Madel 262)
24 Sensitivity Switch Positiaon A [see Truth Tahle} Digit 6. A
25 Sensitivity Switch Position € (see Truth Table) Bigit 6, C
16 Sensitivity Switch Position B {sse Truth Tal:le) Digit 6, B
27 Digital Ground Digit 6, D
28 DVM Overload Output (Logic 1 = Overload) Digit 1, B
29 DVM Overload Output (Logic 1 = Qverload) Digit 1, D
30 Digital Ground Digit2, B
n Digital Ground Digit 2, D
32 DVM 2nd Most Significant Digit, B Digit 3, 8
33 DVM 2nd Maost Significant Digit, D Digit 3, D
34 DVM 3rd Mast Significant Digit, B Digit 4. B
36 DVM 3rd Most Significant Digit, D Digit4, D
36 DVM Lease Significant Digit, B Digit 5, B

NOTE: Logic 1=+35V 1V Logic0 " t0.2V 202V,

The DWM ui=F in the Model 1244 has a 3% {4 digits) Nixie tube display. Each digit is represented at the rear panel
cannector in 3 1ary Coded Decimal (BCD) format. The Mast Significant Digit is the lefimost of the four digits displayed, The
Teletype g =1 (? for averload) iz 1 digit to the left of the Most Significant Digit. The notation A&, B, C, & D after the digit
notatian ah. 2 ~efers to column headings of the truth able. The value of each of these autputs when at alogic 1is 1, 2. 4, &
8, respectivs . ror each digit, the A, B, C, & D outputs, taken together, represent a number (0 to 9) in BCD format.

Figure [11-6A, DIGITAL QUTPFUT PIN ASSIGNMENTS

I1H-25
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Teletype Digit Ma. 1 2 3 4 5 &
Always 0 rxcepr ? mark Fized in place
when mnter nverlmd:—] l I
Teletype Furmat K Y E|X X X E X
{wia 262-531) ] I
Expunent, 010 7 &t
Front Panel Display 1 x¥'y w per Troth Table tor
| i | I Srasitivity switch
Sigmticant Digit N, 12 34
Disptay Hangs 0o Q thru 9 each
Printout i in microvolts
Digital Qutput for Each Diplay Figure: Digital Quiput for Each Switch Seting:
Binary Coded Decimal Gwitch RCO Digitat Output
Digital Output Exp. Sering a4 (C) 2 (B} 1 1Al
Display -
Shows | B (D) 410 218 1 1A ' 500 mv 1 1 !
1] 1] D 0 0 200 my 1 1 1]
1 1} V] 0 1 B 100 my 1 1 o
2 0 i] 1 0 50 mV 1 i 1]
3 o s} 1 1 20 mv 1 Q 1
4 1] 1 0 0 5 10mv 1 [ 1
5 \] 1 0 1 amv 1 0 1
B i} 1 1 0 2mvy 1 0 D
7 0 1 1 1 4 1mVY 1 o] 1}
8 1 1] 0 [§) 500 uV 1 0 1}
g 1 o 0 1 200 x\V 1] 1 !
3 100 u¥ 0 1 1
EQ uV a 1 1
20 wY o 1 0
2 10 pV o 1 4]
NOTE: Princeton Applied Research Corporatign manu- b pv o 1 0
factures a calile suitable for interconnccting a Model 124 A 2 v o o ‘ :
and 3 Model 262 Teleprinter/Systam Intorface Module (part
of the Modei 131 Instrument/Computer Interface System). 1 Vv o 0 1
The part number of thig cable is 6020-0023-06. A sche-
matic drawing of this cable is included in Section V11 on 500 nv i a 1
page VI!1-31. 200 Y a o B
L
104 nV a 0 4]

Table I1.68. DIGITAL QUTPUT TRUTH TABLES

H1-26
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3.9 PHASE MEASUREMENTS

To measure phase with a Model 124A, the Phase controls
are adjusted to obtain a pesitive peak indication, the same
s for an amplitude measurement, When positive peak is
achieved, the Phase controls will indicate the number of
degrees by which the input signal /eads the applied
reference. If the angle i3 greater than 1807, it may be more
convenient to subtract the indicated angle from 3607 and
state the difference as the angle by whieh the input signal
lags the reference. NOTE: Any internal phase shifts, such as
might be introduced by the signal amplifiers, must be taken
into account for accurate mMéasuréments.

Sometimes, after the lock-in amplifier has been peaked up,
a change in an experimental parameter will cause a phase
shift and a resultant loss in peak indication. I this happens,
it may be of interest to know whether the shift was a lead
or a lag., To determine the direction of a phase shift, simply
re-adjust tha M124A Phase cantrols as required to restore
the peak indication, and while o doing, note whether the
new phase setting is higher or lower than the ald ang. |F the
new phase setting is higher, the phase shift of the signal
relative to the reference was in the feading direction. If the
new phase setting is lower. then the shift was in the lagging
direction.

As mentioned previously, when the phase cantrols are
adjusted for peak meter reading, they indicate the phase of
the =ignal with respect to the reference signal. However, a
more accurate determination can be made hy takKing
sidvantage of the greater quadrature adjustment sensitivity.
Also, the phase shift differences between the Reference
Channel and the Signal Chanrel must be accounted for if an
accurate phase determination is required. When adjusting
for the peak, the meter reading varies around the peak as
the sinc of the phase angle far small errors. If the phase is
adjusted for quadrature null instead, the meter reading
varies around null as the cosine of the phase anole for small
errors. Therefore, for any small number of degrees changs
of the Phase vernier while adjusting for a guadrature null,
the meter reading changes much more than for the same
vernier ¢hange while adjusting for an in-phase peak. Two
high-sensitivity procedures follow.

Pracedure /1
This procedure is relatively simple, and can be uvied with
signals that vary in amplitude {independent of noise),

{1} Measure the amplitude of the signal in the normal
manner, so that the controls are initially optimized for
time constant, dynamic range, Signal Channel filter
settings, etc. Use the Bandpass mode and high Q, if
possible (frequency constant), to eliminate the effects
of harmonics on making the null settings below. If the
frequency is changing, it would be best to use g wide
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bandwidih ard  avoid using a transformer  input,

because jnternal phase variations as a function of

frequency could not be accounted far.
(2) Disconnect the signal from the Preamplifier, and
connect the sinewave from the Reference Channel Qut
jack to the Preamplifier’'s A input, If this output is
already being used for synchronizing the experiment,
usie a “T" cannector. The amplitude must be low
encough so that the Signal Channel is it overloaded.
The phase of this sinewave is going 0 he wused for zero
reference. I 3 clean sinewave having a phase more
suitable for zero reference is available, use it

If @ transformer input is used, it is important that the
Reference output impedance be made to ook the
same as that of the signal source. An appropriately
designed attenuator can generally be used to achieve
this goal. Otherwise, phase measurement errors will be
introduced.

—

Set the Pregmplifier Mode switch ta “A". (The
Transformer/Direct switch should be set as appro-
priate for the intended input coupling.)

(4

—

Set the Zero Offset switch to OFF (center position).

(5

—

Adjust the Phase controls far an exact meter null.
Increase the Signal Channel sensitivity as much as
possible without overload while making this adjust.
ment,

{6

—

Record the Phase dial sctting (phase zero).
{7) Disconnect the Reference Channel sinewave from the
Preamplifier, and reconnect the Reference Channel
sinewave from the Preamplifier, and reconnect the
signal to be measured.

{8

—

Adjust the Phaze controls for exact meter null,
Increase the Signal Channel sensitivity as mmuch as
possible without overload while making this adjust-
ment.

(9) The differance between the zero reference phase
recorded in step (6) and the phase set in step {8) is the
accurate phase of the signal with respect to the
reference signal.

Procedure =2

This procedure is meore complicated, but it has the
advantage of providing a voltage output (& digital output if
the optional digital meter is installed) propertional to the
cosine of the phase angle, which can be sent to a computer
or used for other purposes. It is important that the
amplitude {independent of noise) of the zero reference
signal and the signal whose phase is to be measured be
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constant, This procedure i3 often used to monitor the
relative phase change, as an ongoing function of time, of a
signal that does not vary in amplitude.

(1) Measure the amplitude of the zero-phase reference
signal and the tignal whose phase is to be measured in
the normal manner, and record the amplitudes mea-
sured. If the relative phase variations of a signal are to
be measured, howevegr, the amplitude need not be
known hut it must be constant,

{2} Apply the zero-phase reference signal to the input.

(3) Set up the Signal Channel filter parameters, If the
frequency is epnstamt, use a Q of 100 and the
Bandpass mode. If the frequency is changing, it would
be best to use a wide bandwidth and ta avoid using &
transformer input, because internal phase and ampli-
tude variations as z function of frequency could not
be accounted for.

{4} Set the Zero Offset toggle ta neutral. Then adjust the
Phase controls for a positive peak. Also, if the
Bandpass mode i used, fine-adjust the frenuency
controls for a positive peak.

Adjust the fine sensitivity (screwdriver) control for an
exact + full scale meter indication. {This throws the
gain calibration off, so after the phase measurement is
compliete, the instrument should be recalibrated,) The
Sensitivity  switeh setting at which this full.scale
adjustment is made is referred to below as the
“rpference full-scale range”.

(b

——

Because of the limited range of the fine sensitivity
control, for a fixed reference amplitude it is not
always potsible 1o adjust for exact full-scale meter
indication, In such a situation a different teve! of
reference signal should be used. If this is not possible,
an intermediate favel on the scale can be referred to as
“full-scale”. However, the following procedure and
readings must be medified accordingly.

Set the Zero Offset centrol to “+”, and turn the
Offset vernigr exactly ten rurns clockwisg from zero.
The overload lamp will light, and the meter will peg
downscale.

(6

Increase the sensitivity by a factor of 10 {sensitivity
control 3 positions ccw), so that the meter again reacs
on scale,

—r

{7

—

Adjust the Phase dial for an up-scale peak. If operating
in the Bandpass maode, alternately adjust the Vernier
and Signal Channe! Frequency fine contrpls for an
up-scale peak. Alternate barween the {wo adjustments
until no further ingrease in the meter indication can be
obtained,

(8

(2

~—

Adjust tha fine sensitivity serevwdriver control for an
exact rmeter null {which, incidentally, eorresponds to a
more exact full-scale setting for the 10 % less sensitive
range).
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(30} Change the Phase quadrant 907, and return the Zero
CHiset toggle to neutral {center position), The meter
should read near zero, but the small phase error will
probably cause a reading slightly off null. Adjust the
Phase dial control for exact meter null. Turn the
Sensitivity switch counterclo¢kwise as far as possible
without overtaad while making this adjustment.

Return the Sensitivity switch to the reference full-
scale range setting.

{11}

{12) Apply the signal whose phase i 10 be messured 1o the
Preamplifier input. The meter indication with respect
ta the unity meter scale is accurately equal to the
cosine of the phase angle if the reference signal and
messured signal are exactly equal in amplitude. Be-
cause the full-scale output 15 10 V, the output voltage
is 10 x the costne of the phase angle. If the reference
signal and the signal whose phase is being measured are
unequal in amplitude, the ¢cosine funpction must also be
multiplied by the ratio of the amplitudes of the two
signals, Vip#/Vy. The amplitudes were measured in

step (1),

For small angles, much higher resolution can Le
obtained by increasing the sensitivity. Bemember,
however, to always refer voltpges and meter readings
obtained with increased sensitivity back to the full-
scate reference range by a multiplicr equal Lo the ratio
of the ranges,

{13} Use a cosine table or a computer to convert the

readings and voltages obtained to the phase angle.

3.10 REAR PANEL CONNECTORS

3.10A INTERFACE CONNECTOR {49)

J2 15 a 14-pin conpector having outputs as given in Table
HI-7, This connector mates with Amphenol #57-30140,
and is wired for compatibility with the Model 127, which is
a two-phaee accessory. If it is desired to operate a Maodel

m Signal
2 e vee.. Ground
7S r24 V de
O —24 V dce
4 e e No connection
L 0° Reference
A 90° Reference
72U 180" Reference
8. ot e e e Signal Out
.2 T e Signal Ground

L N connection

L VCO Input

1 e - Reference Input

13 ..., ... e o nr et aae No cannection

8 e 270° Reference

Table 117, INTERFACE CONNECTOR SIGNALS AND PINS
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122 AC Fero Offset Accessory with the Maodel 124A, a
special cable is available which interconnects between the
Model 123 and J9 of the Modei 124 A, Note that the VCO
Input {pin 11) is also accessible by means of 3 rear-panel
BNC jack.

32.10B EXT. TIME CONSTANT

Jg iz the External Time Constant socket. By connecting
external capacitors to the proper pins of this socket, time
constants in excass of 300 s can be obtained. Two
capacitors are required, one to he connected betwean pins 8
and 9, and the other betweern pins 10 and 11. The resulting
time constant is 3C x 107 seconds, where C is the
capatitance [single capacitor) in farads. A table of the
signals provided at thit connectar follows,

m Function
I Ground
2 e #24 V (maximum of 100 mA)
2 —24 ¥V (maximum of 100 mA)
L tiareasians e, - Noconnection
L —31 Vin {for battery operation)
T Mo connecticn
e e +31 Vin (for battery operation)
- One lead of first time constant capacitor
2 Qther lead of first time constant capacitor

10 ... ..., One lead of second time canstant capacitor

| 1 T Other lead of second time constant capacitor

Table 1118, EXTERNMAL TIME CONSTANT CONNECTOR
SIGNALS AND FINS

3.17 BATTERY QPERATION

Batiery operation of the Model 124A Lock-ln Amplifier
may e necessary where no ac power is avaitable, or as a last
resart where power line intarference is a problem, Battery
operation is particularly straightforward berause the neces-
sary internal paints are available at the rear-panel 11-pin
socket. Two batteries are reguired, one to supply +31 VW
{ADD mA} and the other to supply —31 ¥ (360 mA). The
+31 V source should be cannected to pin 7. The =31V
sourie should be connected to pin B, Ground far both 15 at
pin 1. |t is generally a good idea to fuse the hattery lines
external to the instrument, and to provide an ON/OFF
switch as well. The front-panel ON/OFF switch is not
funciional when the instrumant is operated from batteries,
The iine cord should be disconnccted. Other than the
aiready mentioned ON/OFF switeh not funetioning, there
is anly one other point of differenge between a battery
operated instrument and one operated from the line, and
that is that the pilot lamps which illuminate the panel
meter will not light, Berause of the ac power requirements
of the digital panel meter, UNITS INCORPORATING THE
DIGITAL PANEL METER OPTION CANNOT BE QOPER-
ATED FROM BATTERIES.

3.12 PHASE METER MODIFICATION
{1241/85)

A Maodel 124A equipped with this option can be operated

either as @ normal lock-in amplifier or as a Phase Meter,

depending on the position of the rear-panel NORMAL/
PHASE switch,

When the instrument is operated as a phase meter, the input
signal, after some imitial ac gain, is routed through an
amplifier limiter that has a canstant amplitude (clipped)
rectangular output, This signal, when synchronously de-
madulated, yields a de output that is a finear function of
the phase difference between the reference and input
signals. The phase sensitivity is 100 mV out per degree with
the Function switch set to LOW DRIFT, Only LOQW DRIFT
operation can be used and the Sensitivity switch is
constrained to settings in the range of 1 pV 1o 500 mY . In
the case of units equipped with the Digital Panel Metor
option, Phase measurements can ondy be made with the
Sensitivity switch set to 1 WV, 10 uV, 100 4V, 1 mV, 10
m¥, or 100 mV. In other words the *2' and *'5" positions
shauld not be used for making phase measurements it the
unit is equipped with a digital panel meier.

In phase meter operation the input signal should be limited
to less than ten times full scale {but not more than 200
mV) for Sensitivity switch settings from 1 pV to 100 mV,
For the 200 mV and 500 mV sensitivity positians, the
maximum input signal is 500 mV, The phase indication will
not be in error by mare than 5° maximum providing the
signal amplitude is at least 100 pV or 20% of full scale as
indicated by the setting of the Sensirivity switch, whichever
is greater.

3.13 MIXER MONITOR MODIFICATION
{(1241/92)

Units equipped with the Mixer Monitor Option have an
additional rear-panel BNC connector, The signal available at
this output is taken directly from the output of the Mixer
and before any filtering, Figure (11-24 illustrates the Mixer
output correspanding to in-phase and guadrature signats
respectively. If the signal and reference inputs to the Mixer
are either in phase or 80" out-of-phase, the signal at the
output of the Mixer will be as shown. For signals 180"
out-of-phase, the Mixer output will be the inverse of the
890" output, Taking the maximum possible area that can be
enclosed by one cycle {one polarity) as a unit output, the
outpul averaged over @ cycle for any Mixer input phase
relationship is simply the unit oulput times the cosine of
the angle between the input and reference signals.

A- TIGNAL AHD REF M PHASE

APPLICABLE OMLY
BELGW S0 My anND
FOR MOISELESS
IMPUT SIGHALR

e §

B —FIGhAL  AND REF, 507 Qut OF PHASE

Figure (11-24. MIXER QUTPUT FOR IN-PHASE AND
QUADRATURE SIGNALS

11-29
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The cosine response depends on the sinusoidal nature of the
input signal, If the signal were a squaré wave and the tuned
amplifier were not used, the Mixer output would vary
linearly with the angle between the signal and reference
inputs. Nevertheless, maximum output would still be at 0°
and 180°, and zero output would be obitained at 90° and
270°. Note that when the Madel 124 A is being operated in
the Phase Meter mode (gsuming the instrement in question
is equipped with that aption), internal limiting circuitry
“converts’ any Input to a rectangular wave of the same
period, ang it is this rectangular wave that would be
ohservad at the Mixer Maonitar connector.

The amplitude of the Mixer Maonitor output is 556 mV
peak with a full-scale input signal at 0° and operating in the
LD CRIFT mode. Operated in NOQRMAL, the Mixer
Maonitor signal decreases to 56.5 mV for g full scale input
and in HI, it decreases to 5,55 mV. The output resistance it
1000 ohms.

It might be mentioned that the waveforms illustrated in
Figure 111-24 apply only at frequencies below 50 kHz and
with a naise-free input signal. At higher frequencies,
switching spikes become visible and some Mixer filtering
cffects become evident. Even relatively small amounts of
input noise can completely abscure the signal at the Mixer
Monitar output, especially in FLAT mode operation,

3.14 REMOTE PROGRAMMING OPTION
MODIFICATION (1241/83)

In units equipped with this option, the Sensitivity and
Dynamic Range Tradeoft can be remotely cantrolled by
applying logic O (ground) to the appropriate pins of the
rear-pangl Remote Interface connector, JBOOT, Associated
with the cannector is a pushbutton switch that transfers the
instrument from local to remote operation and vice versa.
In Local operation, the Scmsitivity and Dynamic Range
Tradeoff are controlled by the front-panel controls in the
uwsual manner. In Remote aperation, theése parametars are
independent of the front-panel control settings and are
determined instead by the inputs to the Remote Interface
connector, Table 111-9 indicates the pin assignments of this
connectar, MNote that there are throg "groups” of control
input lines. To obitain any given combination of Sensitivity
and Dynamic Tradeoff, ane input in each group is
grounded. Usually, all of the other pins can be left
"flaating”. However, in a noisy environment, particularly
where the cable leading to JBDA1 is relatively fong, it may
be advisable to apply logic 1 (+3.5 V *1 V) to the other
active input pins to assure istable operation. Otherwise,
transignt pickup could cause undesired “switching™ aof the
Sensitivity and Dynamic Range Tradeolf. A connector
{AMPHENGQL 57-30360) that mates with J8001 is supplied
with the medification,

In addition to the three groups of input lines, two outputs,
QVERLOAD and REF, UNLOCK, are provided. Cach of
these outputs is ‘up™ when the corresponding lamp is
illuminated, and “down™ when the corresponding lamp is
dark.

111-30

There are two operating ‘'restrictions” that the operatar
should bear in mind when operating a unit equipped with
this modificatian. First of all, the Dynamic Tradeaff
Over-rides that ocecur as 4 function of selected {program-
med) Sensitivity apply in Remote Programmed operation
exactly the same as in Local operation. (For details, see
page 111-15.) Second, there is a reduction in the amount af
24 V power available for gxternal use. From Table 111-8,
£100 mA are available. In the case of units equipped with
the Remote Programming Option, these levels are reduced
ta 280 mA.

Pin Use

L QVERLOAD -logic "0 = lamp off

2 e REF. UNLOCK -lagic 1" - lamp on

B - Mo connection
L 100 nV Sensitivity
L 1 1V Sensitivity
1 10 uV Sensitivity
B i veew e e 100 gV Sensitivity
A 1 mV Sensitivity
B 10 mV Sensitivity
L 100 mV Sensitivity
L LO DRIFT Tradeoff
73 NORMAL Tradeoff
P2 HI DYNAMIC RANGE (Reserve) Tradeoff
.= o No connectian
33 ¥ 1.0 Sensitivity Multiplier
Mo e X6.0 Sensitivity Multiplier
B e, X2.0 Sensitivity Multiplier
B L Ground

Table 1113, REMOTE PROGRAMMING CONNECTOR
PIN ASSIGNMENTS

In the case of an instrurment equipped with both the
Remate Programming Option and the Digital Panel Meter
option, there are some special considerations that must be
observed for proper operation, In units equipped with the
Digital Panel Meter option alone, switching controtled by
the front-panel Sensitivity switch sets the digital display
sensitivity. In the case of units equipped with the Ramote
Programming optian, the Sensitivity switch is rendered
ineffective when the gensitivity is being controlled remote-
ly, and control aver the digital display sensitivity is lost,

To salve this problem, an additional toggle switch has been
added to the rear pane| of instruments equipped with both
options, This switch has two positions, NMORM, and D.P.M.
1.000, For operation with the remote-programming option
inagtive {this aption s controlled by a rear-panel push-
Lutton), the switch should be set ta NORM, in which
position the display functions exactly as described in
Subsection 3.8, In remote-programming operation, the
switch should be set to D.P,M. 1.000, in which position the
digital panel meter indicates the input signal level as a
fraction of fulf scafe, independent of the selected sensitiv-
ity. A fullscale input gives a display indication of 1.000,
independent of whether the programmed sensitivity s 1
m¥, 2 mV, B mV, or same other value. Similacly, with a
full-scale input applied, the BCD output will b 1,000 and
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the recorder output will be 10 V. The display indication
and output levels are proportionally less with less than
full-scale nputs, For example, if the programmed sensitiv-
ity is 200 mV, and a 100 mV signal is applied, the digital
display will indicate 0.500 {half scalel, the BCD output will
ke 0.500, and the recorder output will be B V.

3.16 SELECTIVE EXTERNAL REFERENCE
MOODIFICATION (1241/77)

In sogre appiications, it may happen that the reference
signal produced by the experimantal apparatus is of very
poor quality, that is, it is accempanied by much noise and
interference. As explained earlier in the manual, use of a
simple low-pass filter in series with the reference signal witl
wsually clean up such a signal sufficiently to make it
acceptable to the Maodel 124A reference ciecuits. Never-
theless, there could arise situations wherg this relatively
simple technigue would prove inadequate. [f this is the
case, the best one ran do is to pass the refercnce signat
through a tuned bandpass filter of moderate Q, perhaps 10.
Even the poarest refergnce waveform, once it has been
passed through such a filter, will be af sufficiently good
quality to allow normal reference channel operation, The
sacrifice one makes in wsing such a filter is that, for all
practical purposes, the tracking capabllity of the Reference
Channel is given up, Any change in the frequency of the
reference signal results in amplitude loss and phase shift as
the frequency moves out of the center of the passhand.

Such a filter can, of course, be connected externally.
However, in the case of Madel 124A% equipped with the
Selective External Reference Maodification, a Q-of-10 filter
is provided internally. These units are equipped with &
rear-panel switch that allows the Selective External {tuned)
Reference mode to be selected. With the switch in the
NORMAL position, the instrurment works exactly as de-
scrined praviously. With the switch in the SEL. EXT.
position, the instrument operates in the Selective External
Reference mode providing the front-panel Reference Made
switch is set to INT/VCO. If the front-panel Reference
Mode switch is in any other position when the rear-panel
switch is set to SEL. EXT, improper Reference Channel
operation results,

1-31

The anly other considaration in using the Selective External
Reference mode is to tune the Refercnce Charmnel (o the
frequency of the inpul reference signal, This is easily done
by applying the reference signal, and then monitoring the
amplitude ot the signal at the Reference QUT connector
with the Signal Channel, A suitabile procedure follows,

{1) Set the cantrols as follows.

Power: ON

Selective External Selector switch {rear panel}: SEL.
EXT.

Reference Mode switch: INT/VCO

Reference Level switch: 10 (if preamp, i3 Model 118,
set to 1}

Reference Level Vernier: CAL.

Function switch: ACVM

Sensitivity: 500 mv

Signal Mode: FLAT

Signal fnput switch: A

(2} Set the Reference Frequency contrels to the approxi-
mate frequency of the Reference signal.

{3) Connect the Reference signal to the REF IN connec-
tor. NOTE: The amplitude of the Reference signal
shoutd be in the range of 100 mV pk-pk to 3 V pk-pk.

Connect a cable from the REF OUT connector to the
“A" Input connector of the preamplifier. The panel
meter should show some deflection. If it does not,
adjust 1he Reference Frequency controls a5 required
to obtain some deflection and then further acdjust
them for maximum meter indication. If the meter
indication excecds full scale, use the Reference Level
vernier (o reduce the indication to about 50% of fuli
scale, Then ieadjust the Reference Freguency contrals
for the desired maximum indication.

(4

This complates the tuning procedure, The internal bandpass
fiiter is now tuned to the reference frequency. The cable
interconnecting the REF QUT cannector and the A"
lnput of the Preamplifier can now be remaved and the
instrument operated in the usual manner, bearing in mind
that, if the reference frequency is changed, retuning will be
required,
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SECTION 1V
ALIGNMENT PROCEDURE

4.1 INTRODUCTION

The Model 124A Lock-in Amplifier is a reliable conserva-
tively designed instrument. High guality stable components
have heen used throughout in its construction and one can
reasonably expect a long period of troublefree operation
without any need for realignment. However, to be assured
af continued high confidence in the experimental data
obtained with the Model 124A, it may be advisable to run
through the following alignment at one year intervals, and
after ‘'doing a repair on the instrument. Due to possible
interaction between some of the adjustments, it is necessary
that they be carried out in the indicated seguence. Any
decizion to make a partial alignment should be reserved to
someane having sufficient knowledge of the Model 124 A to
fully understand all possible interactions. Figure V-1
identifies the adjustments and board-edge testpoints. To
identify the gold pin-type testpoints by their “TP* number
{these testpoints are not located at the board edge), it will
be necessary to refer to the appropriate individual-board
parts location diagram in Section VI, Some of these
testpoints are also identified by an "E” or “B" number
printed on the board. This number also appears in the text
references, allowing the testiroints to be easily identificd.

Nate that this alignment procedure is not intended ta be
used in troubleshooting. If the unit is suspected to be
malfunctioning, go direetly to Section V, which deals with
troubleshooting. The instrument must be working marmally
before it can he aligned.

4.2 EQUIPMENT NEEDED
{1) OC Voltmeter with “center 2ero™, A de coupled scape
may be used instead,

(2) Digital Voltmeter,

(3) General purpose ascilloscope.

(4) General purpose sinewave generator,

{8} Frequency counter,

{6) AC Voltmeter such as the HP Mode! 40CEL.

{7) Two BNC shorting plugs, CW-159/U (Amphenol o
equivalenth,
Research

(8) Extender Board, Princeton

#1710-00-14035.

Applied

{9) Nonmetallic alignment tool te be used far high

frequency ‘‘screwdriver adjustments'’.

V-1

4.3 PROCEDURE

4.3A PRELIMINARY STEPS
{1} Plug in any of the tollowing preamplifiers: Model 116
operated direct, Model 117, Madel 118, or Mode| 119
operated direct. NOTE: If a3 Model 118 or Model 185
Preamplifier is used, it will be necessary 1o take into
account the factor of ten higher gain of this preampli-
tier. This is dane by always selecting a sensitivity that
i a factor of ten lower than that ecalled for in the
procedure.
(2) Gonnegt the BNG shorting plugs to both inputs of the
Preamplifier.

Remove the top and bottom covers. The tof cover
sligles off to the rear after removing the two screws
underneath the upper cover overhang at the rear of the
instrument. The bottom cover slides off to the rear
after removing the wwo screws which secure the two
rear humper feet, .

{3

(4) Ser the Model 124 A controls as follows.,

Sensitivity: G000 uV

Mode: FLAT

Signal Freguency Digits: 4.00

Signal Froquency Multiplier: X100

Signal Q: 1

Reference Frequency Controls: NORM, 4.00, X100
Reference Mode: INT/VCO

Refercnce Level: 10

Refarence Level Vernier: CAL (fully clockwise}

Phase dial: 0.00°

Phase switch: 0°

Time Constant: MIN,

B dB/12 dB switch: 6dB

Zero Suppress Togyle switch: QFF (center position)
Zero Suppress dial: 0,00

Function: M1 DYNAMIC BANGE

Calibrate: 100 mV

Power: ON

{5} Allow a fifteen minute warmup.

438 +24 Vv ADJUSTMENTS (R6028 and RE010) -
POWER SUPFLY BOARD
(1} Monitor the voltage at TPBO0? (yellow testpoint} with
the digital valtmeter (referred to hereafter as DVM),

(2) Adjust R6028 { 24 v ADJ) for a DVM indication of
=240V,

{3) Transfer the DVM to TPE0O0O (red testpoint).
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Figura | V-1, MODEL 1244 ADJUSTMENTS AND TESTPOINTS
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(4} Adjust RED10 (+24 v ADJ) for a DVM indication of
+24.0 V.

43¢

INITIAL REFERENCE OSCILLATOR

BOARD ADJUSTMENTS

(1) Turn off the power, Then remove the Reference
Oscillator board and plug the Extender baard into the
unit in place of the Reference Oscillator board.

{2} Plug the Reference Osciffator board into the Extender
board, turn on the power, and allow a five-minute
warmup,

(3) E ZERO 3 ADJUST (R4305)

(a)

(k)

{c)

(d)

Connect the de¢ voltmeter {(not the DVM) 10
TP4004 (gray testpointt.

Connect 3 jumper between CRA007 and R4050
as indicated on the Parts Location Diagram on
page VI-16. Under no circumstances use chassis
ground as the circuit may os¢iliate.

Adjust RA305 (E ZERO 3 ADJ) far 0V £1 V at
the testpoint, Note that this i& an “open loop’”
high gain adjustment, and so will be difficult to
set, and, once set, will drift quickly frem the
ideal “'0" reading.

Remove the jumper. The de voltage at the gray
testpoint should stabilize at —3.8 V £0.5 V,

{4) | ZERO 1 ADJUST (R4040)

{a)

{b)

(c)

{d)

Cannect twe jumpers, onc from TP4005 (B1) (a
ground an¢ the other fram TP40QG (E1) to
ground. TP400Q5 and TP400O6 are both golkd-pin
testpoints down on the board.

Connect the voltmeter to TP4001 {green test-
point).

Adjust R4040 {1 ZERO 1 ADJ} s0 that the
manitored vollage is drifting equally about zero,

Remave the jumper which extends from TP4006
(E1) and ground, but leave the jumper which
extends from TP4005 (B} and ground,

{5} E ZERD 1 ADJUST (R4030)

{a)

(b)

Adjust R4030 (E ZERD 1 ADJ) for equal drift
about zerg in the manitored voltage (voltmeter
still connected to TP4001).

Remove the jumper which extends from TP4005
{B1) and ground,

1v-3

{6) 1 ZERO 2 ADJUST {R4D44)

{a)

(b}

{c)

{d)

Connect two jumpers, ane from TP4007 (B2}
and ground, and the other from TPA008 (E2) and
ground. These are both gold-pin testpoints down
on the baard.

Connect the voltmeter 1o TP4003 (violet test-
point).

Adjust R4044 (I ZERO 2) such thar the moni-
tored voltage drifts equally plus and minus ghout
Zero.

Remaove the jumper which extends from TP4008
(E2} and ground, but leave the jumper which
extends from TP4007 (B?) and ground.

{7} EZERO 2 ADJUST

{a}

{b)

Adjust R4033 {(E ZERQ 2 ADJ) for equal drift
about cero gs measured at TP4003 (violet test
point).

Remove the jumper which extends from TP4007
(B2) and ground,

{B) Turn off the power. Then remove the Reference

Oscitlator

board from the extender, fremove the

extender, and return the Reference Oscillator board to
its proper place in the instrument, Turn the power

back on,

430 AUXILIARY REFEREMNCE BOARD

ADJUSTMENTS

{1} INTERNAL ZERO SYMMETRY ADJUST (R5038)

{a)

(b}

Conneet the oscilloweope to the frant-panel
CALIBRATE QUT connectar. The sweep time
shouid be 0.2 ms/em and the oscilloscope should
be adjusted to trigger un the positive slope of a
222 mV pk-pk square wave,

Carefully note the duration of the positive half
cycle of the square wave. Then trigger on the
negative slope of the sguare wave and carefully
ngte the duration. of the negative half cycle. The
two “halt eycles” should have exactly the same
duration. If they da not. adjust RE038 {INT
ZERO ADJ) as reguired to obtain the desired
SYMMery .

(3) DC CALIBRATE ADJUST {R5015)

(a)

{t)

{c)

Set the front-panel Calibrate switch to 222 mv
de,

Remove the oscilloscope from the Calibrate jack
and connect the DVM there instead.

Adjust RS016 (DC CAL AD)) for a DVM
indication of — 2220 V., Remove the DVM.
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(4) EXT. ZERD SYMMETRY ADJUST (R5020)

(a)

{b)

{cl

{d)

(e)

{f)

43E

Set the front panel Reference Level switch to
ll'-2ll-

Connect the oscillascope to TPSD0OO (green test-
point),

Connect a cable from the REF. QUT jack 10 the
REF, IN jack.

While observing the sguare wave at TPBOD0D,
gradlually rotate the front-pangl Reference Ver-
nier counterclockwise, As the control is adjusted,
a point will he reached where the symmery of
the sguare wave will begin to degradg. When this
oceurs, adjust R5020 (EXT. ZERQ SYMMETRY
ADJ) as required to maintain as near perfect
symmetry as possible, Continue untit the wave.
form “locks” to gither "4 or ground, indicating
that the vernier is too far counterclockwise.

Set the Reference Level switeh to 10 and rotate
the vermier 1o 1he fulty clockwise (CAL) position.

Remove the cahble interconnecting the REF IN
and REF QUT conneciors.

MIXER BOARD ADJUSTMENTS

(1) Turn off the power, Then remaove the Mixer board and
plug in the Extender board in its place.

(2} Pluy the Mixer board into the Extender board, turn
the power back an, and allow a five minate warmup.
Set the Function switeh to LO DRIFT,

{3) DC AMP 2 ZEROQ ADJUST (R 3306)

{a)

{b)

(c)

{d)

Connect jumpers from TP3301 to TP3302 and 1o
TPA303. Note that these are not board-cdge
testpoints but rather gold pin estpoints down on
the board.

Adjust R3306 (DC AMP 2 ZERQ) far Q' on the
frant-panel meter, This is a drifty open-loop
adjustment.

Rermpue the jumpers,

Turn aff the power, seprarate the Mixer board and
the Extender, and remove the Extender. Then
return the Mixer hoard 1o the instrument and
turn the power back an.

(4) OC AMP 1 FCRO (R3218)

(a)
{b)

(c)

Set the Function switch to HI DYN RANGE.
Connect the DVM to the FUNCTION QUT jack.

Adjust R3N8 {0C AMP 1 ZERQ) tor 0.00 V ot
the DVM, Remove the DVM:

w4

P.12
{5) AC BAL ADJ(R310N)
(a} Conpect the oscilloscope to the front panet
FUNCTION QUT rconnectar.
{b) Set the Time Constant switch 1o MIN,

(&

{c)

{d)

Adjust R3101 (AC BAL ADJ for minimum
Fiaple as observed at the oswcilloscope.

Increase the time constant to 300 ms and remove
the oscilloscope.

SYMMETRY ADJUST (R3018)

ta)

(o)

{c)

{d)

(&)

i

(g

(h)

(i}

(i}

(k)

Change the insitument control sertings as fol-
lows.

Signal Frequency Digits: 8.00
Signal Mode: BANDPASS

Signal Q; 20
Function; ACVM
Sensitivity: 10 mV

Reference Frequency controls: WORM, 3.010)0 1,
X100 {net freg. = 101 Hz}

Remove the sherting plug from the A input of
the Preamplifier, Then connect the External
Signal Generator to the “A" Input. Be sure the
Input Selectar of the Freamplifier is set 1o A",
The frequency of the signal generator output
should be BOO Hz.

Adjust the amplitude of the signal generator
output far an on scale’ indication on the Madel
124A panel meter, Then carefully wuary the
frequency of the signal generator outpur for
maximum deflection of the panel meter,

Readjust the amplilude of the signal generator
output for exactly tull scale deflaction of the
Model 124 A panel meter.

Set the function switch 1@ HI DYNAMIC
RANGE and the Time Canstant switch to 1 SEC,

Set the Sengitivity switch to 100 pV.

Adjust the Reference Freyuency contrals for a
panel meter "heat™ of about 1 Hz,

Adjust R3018 (SYMMETRY ADJ) for minimum
pk-pk amplitude in the abseryed beat.

Set the Phase switch to 90°, Then nate and
recorgd the pk-pk amplitude of the beat.

Adjust R3018 (SYMMETRY ADJ) as required to
reduce the amplitude of the "beat” by exactly
one half,

Reset the Phase switch 1o 07 and check to see
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that the “beat” is the same amplitude on 97 as it
is on 007,

Reset the Time Constant to 300 ms. Remove the
signal from the input and re¢onnect the shorting
plug removed in step b,

INTERMEDIATE AMPLIFIER BOARD

ADJUSTMENTS

(1) ZERO SUPFRESS CAL {R2303}

{a}
(b)

{c)

{dl

Set the Funetion switch to LO DRIFT,

eear

Set the Zero Suppress Polarity switeh to

' Sat the Zero Suppress dial ta 1,00 [one turn from

the fully counterclackwise position).

Connect the DVM to the front-panel FUNCTION
OUT connector. Then adjust R2303 (ZEROQ
SUPPRESS CALY for a DVM indication of
+10.00 V.

{2} METER CAL {R2305)

(a)

{b)

{c)

Note the panel meter indication. It should be
near full scale 1o the right.

Adjust R2305 (METER CAL) for exartly full-
scale panel meter deflection.

Set the Zero Suppress Polarity switeh to the
center (OFF) position,

4.3G FINAL REFERENCE OSCILLATOR

BOARD ADJUSTMENTS

{1} AC BAL 1 and AC BAL 2 ADJUSTMENTS (R4003
and R4017)

(al

()

{c)

{d)

(e}

(f)

g

Connect the a¢ voltmeter to TPA00O (white
testpoint).

Set the Model 124A Reference Fregquency con-
trols to NORM, 4.00, X100 (400 Hz).

Set the Reference Level switch to “'1°7 and the
Reference Vernier fully clockwise.

Connect the Frequency Counter to the REF.
QUT connectar.

Carefully note the signzl levei at TP4000. Then
transfer the ac voltmeter to TPAGOZ (blue test-
point) and nate the signal level there,

Adjust R4003 {AC BAL 1) sp that the amplitude
at TP4002 is the same at if is at TP4000,

Mote the difference between the frequency indi-
cated by the counter {about 400 Hz) and the
frequency set by the Reference Frequency con-
trols (exactly 400 Hz). Then readjust R4003 (AC

V-6

{h)

BAL 1 as reguired to reduce the difference
frequency by exactly a factor of two,

Adjust R4D17 (AC BAL 2) tor a gounter indica-
tion of exactly 400 H.,

(2} HIGH FREQUENCY AMPLITUDE ADJUST (CAD1D}
and 200 kHz FREQ, ADJ (CAQ02)

{a)

(b]

{cl

(d)

{f]

{a)

Set the Referonce Frequency controls o NORM,
200, and X10K.

Naote and record the frequency indicated on the
counter.

Set the Reference Frequency controls to ADD
10, 10.00, and X 10K.

Connect the ac voltmeter to TR400Z (blue

testpaint),

Adiust C4010 {HIGH FREQ, AMP, ADJ} for an
ac voltmeter indication of exactly 1 V rms Be
sure to use the non-metallic atignment tool far
this adjustment,

Adjust CA002 (200 kHz FREQ. ADJ} for a
eounter indication exactly ten times that noted
in step “b.

Reset the Reference Frequency controls to
NORM, 2.00, and X10¥. The frequency should
be the same as noted in “b™. If it has changed,
record the new frequency, and then set the
Freguency controls back to ADD 10, 10.00, and
X10K, Readjust C4002 {200 kHz FREQ, ADJ)
ta obtain 3 counter reading exactly ten times the
new frequency.

434 SIGNAL BOARD ADJUSTMENTS
(1) SIGNAL FREQUENCY ADJUST (R1015)

{a)

(b)

{c)

Set the controls as fallows.

Signal Frequency controls: 4.05 X100 {405 Hz)

Reference Frequency controls: NORM, 408
X100 (405 Hz} (Note: Do not change
Reference controls during this check}

Signal Mode; BANDPASS

Funetion: ACVM

Signal Q: 100

Calibrate: 2 mV

Sensitivity: 2 my

Prearmp Input Selector: A

Remove the shorting plug from the A" Input of
the preamplifier and connect a cable from the
A" Inpdt to the Calibrate Output.

Adjust the third dial of Signal Frequency control
for peak panel meter indication,
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(d} Change the serting of the Signal Q switeh from
100 to 10% ENBW. The signal amplitude should
not change. If it does, change the setting of the
front-panel NOTCH ADIUST screwdriver ad-
justment as required so that no amplitude change
takes place when the O is switched fram 100 1o

10% ENBW. Leave the Q set to 100.

Now set the Hirdf Signal Frequency dial to "8,
(Nate: Both Signal and Reference Frequency
cantrols should be set the same.)

(a)

Adjust R1015 (51G. FREQ. ADJ) for maximum
pane| meter indication.

(f)

{2) HIGH FREQUENCY NULL ADJUSTMENT (C1007}

{a) Set the controls as follows,

Signal Frequency controls; 1095, X10K (108.5
kHz)

Reference Frequency contrels; NORM, 10.95,
X10K (1095 kHz}

Adjust the third dial of the Retference Frequency
controls for peak panel meter indication. Care-
fully note the panei meter indication.

{b}

Set the Q Selectar to 10% ENBW. I the meter
indication changes, adjust C1007 {HIGH FREQ.
NULL) so that there is o meter indication
change as the QO is switched back and forth
between 100 and 10% ENBW. Leave the O set to
10% ENBW.

(c}

Disconnect the cable which extends from CAL
OUT to the A INPUT,

(d)

4.31 FINAL ADJUSTMENTS

The following adjustments can be made only after the
instrument has been thoroughly warmed up with the cover
in place. At the factory, a special top cover is used, one
having holes drilled in it to give access to R3101, R3218,
and C1007. The first two of these adjustments are loecated
an the Mixer board, The third is located on the Signal
board. It is not expected that the person deing the
alignment will drill holes in his cover. By substituting a
piece of cardboard for the cover the aligninent can he
successfully completed, Be sure the holes are goourately
located and no larger than they hawe to be. With the
“cover” in place, allow a one heur warmup before
proceeding.

(1) ACBAL, ADJ (R3101) - MIXER BOARD

Set the front-panel controls as follows,

(a}

Reference Freguency contrals: NCQRM, 4.00,
Xx10

Sersitivity switch; SmV

Time Constant: MIN,

Functign switch: HIGH DY NAMIC BANGE

tv-a

(bl Connect a shorting plug te the “A" Input.

Connect the oscilloscope to the FUNCTION
QUT connector.

{c)

Adjust R3101 {(AC BAL ADJ) s¢ that the square
wave rippte observed 15 minimum. It should be
possible to get it below 400 mV pk-pk.

{d)

{2) HIGH F REQUENCY NULL ADJUSTMENT (C1007) -
SIGNAL BROARD

Set the controls as follows.

{a)

Signal Frequangy: 1095, X 10K (1095 kHz}
Reference Frequeney: 10495 X10K {100.5 kHz)
Function: ACVM

Calilirate and Sensitivity: 2 mV

() Hemove the sharting plug fram the A" Input of
the Preamplifier and connect a cable Trom the
A" Input to the Calibrate Quiput.

{c)  Adjust the third dial of the Reference Freguency
controls tar peak panel meter indication, Care-
fully note the meter indication,

{d) Set the Q Selector to 10% ENBW. If the meter

indication changes, adjust C1007 (HIGH FREQ,
NULL) so that there is no meter indication
change as the  is switched back and forth
between 100 ang 10% ENBW.

Remave the cable interconnecting the CAL out-
put and A" Input. Then raturn the shorting plug
to the “A" Input.

(e)

{3} DC AMP { ZERD ADJ (R3218) - MIXER BOARD

{al 5ot the controls as follows,

Sensitivity: 500 uv

Signal Frequency Digits: 4,00

Signal Freguency Multipiier: X100

Reference Frequency contrals: NORM, 4.00,

%100
Function: HIGH DYNAMIC RANGE

Gonneet the DVM to the FUNCTION CQUT
cannector.

{b)

Adjust RA218 (DC AMP 1 ZERD ADJ) for .00
Voat the DWVM.

{c}

This complates the alignment. All test equipmeny can be
removed and the covers secured 10 place,

4.3) PHASE METER OPTION ALIGNMENT

The following alignment s carrigd oul only on units
rquipped with the Phase Meter Option. This procedure is to
be performed after the requiar alignment is compleed,
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(1) Remove the top cover. Then tura on the power and
allow a fifteen minute warmup.

{2) Set the Model 124A controels as follows,

Input Selector {(Preamplifier): A

Sensitivity: 50 mV

Signal Mode: FLAT

Reference Frequency controls: NORM, 4 .00, X100
Reference Mode: INT

Reference Level switch; .1 V

Reference Level vernier: fully clockwise

Fhase dial: 9.00 {90°)

Phase switch: 270°

Time Constant: 300 ms (6 dB)

Zero Offset dial: 0.00 (fully countercltackwise)
Zera Offset switch: OFF {center pesition)
Function switch: ACWVM

NORM/PHASE switch (rear panel): PHASE

Connect a cable from the Reference Channel OUT
connector to the Preamplifier “A™ Input,

(3

—_—

Connect the oscilloscope, do coupled, to pin 9 of the
Phase board. NOTE: This board is mounted against
the Signal Amplifier board shield,

{4

—

{f

The signal observed at the oscilloseope should be
400 Hz square wave. After verifying that the signat is
as indigated, rotate the front-parel Reference Level
vernier counterclockwise as required to make the
square wave noisy.

(6} Adjust the A2 DC control (lacated on the Phase
board) for best symmetry in the observed square wave.
When baet symmetry it obtained, try further reducing
the Reference Qutput amplitude and repeat the
symmetry adjustment, Repeat these two steps until ng
further improvement in the setting of the symmetry

adjustment can be made.

—

{7) Before proceeding, check at pin 5 of the Phase board
far a sinewave output with an amplitude of approxi-
mately 20-to-60 mV pk-pk, Then set the rear-panst
NORM/PHASE switch to NORM, and adjust the
Reference Level Vernier for 1 V pk-pk at the
pscilloscope,

(8) Connect the pseilloscope to J3.9 (Mixer board). Then
set the Sensitivity switch to & mV and adjust the
Reference vernier for 1 V pk-pk amplitude in the
albiserved signal,

{9) Sot the Sensitivity switeh to 50 mVy.,

(10} Adjust the A1 GAIN trim-potentiometer {located on
the Phase board} far 1 V pk-pk amptitude in the
observed signal.

{11} 5et the NORM/PHASE switch back to PHASE. Than
set the Model 124A Function switch to LOW DRIFT,

{(12) Observing the oscilinscope, adjust the front-panel
Reference Leve! vernier wntil the amiplitude of the
monitared singwave is just high enough to cause bath
negative and positive clipping.

(13) Adjust the CLIPPING SYMMETRY trim-poten-
tiometer, Incated on the Phase board, for syrmmetrical
clipping of the observed signal. Then remove the
gscilloscogne,

(14) Connect the DVM (digital voltmeter) to the front-
panel Function QUT connector, Then adjust the A2
AMPLITUDRE trim-potentiometer {located on  the
Phase hoard) for a DVM indication of 3.00 V.

{15} Carefully set the front-panel Phase dizl for peak DVM
indication. Then readjust the A2 AMPLITUDE trim-
patenticmetar for the desired 9.00 V reading.

This completes the Phasa board alignment.

44 MODEL 116,117, 0R 119

PREAMPLIFIER ALIGNMENT
To align the preamplifier, it will be necessary to use a
Madel 183 Remote Preamplifier Adapter with extender
cable.

3.4A PRELIMINARY STEPS
(1) Piug the Mgdel 183 Remote Preamplifier Adapter into
the Model 124A. Then interconnect the Model 183
and the Preamplifier with the Extender Cable.

{2} Remove the two screws at the rear of the preamplifier
that secure the cover. Then slide the covar back onto
the cable to get it out of the way.

{3} Set the Preamplifizr Input Selector to "A—B”, In the
case of a Madel 118 or & Medel 119, set the Maode
selector to DIRECT.

(4) Set the Mode] 124 A contrals ag follows.

Sensitivity: 500 uV
Mode: FLAT
Signal Channel Frequency
dials: setting immaterial
multiplier switch: setting immateriaf
(1 Selector: setting pmmaterial
Reference Channel Frequency
dials: 4.00, NORMAL
multiplier switch: X100
Mode: INT/VCO
Ptiase switch: 0°
Phase dial: 90.0°
Reference Level: 1.0 V rmg
Function: NORMAL
Calibrator Qutput Level: setting immaterial
Power: ON

448 PROCEDURE
{1} BIAS ADJUST {R1Q1})
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Connect the DVM o that end of R130 which s
incommonwith R127 and R133.

(a)

Adjust R10% (BIAS ADJUST) for a voltage
indication of —5.1 V,

{b)

{2) DC ZERQO (R119)

(a} Transfer the OVM to either end of R132,
(b} Adjust R119 (DC ZERD) for a voliage indication
of 0.00 V.

{3) COMMON MODE REJECTION {R136)

Connect the M1244 Reference Channel output
to beth the A and B inputs of the preamplifier.
NOTE: If an overload indication occurs, ignore
it.

{a)

Meonitor the signal at R132 with an ac voltmeter
or sensitive  osciiloscope, Then adjust R136
(COMMON-MODE REJECTHIN) for a null in the
ac voluneter indication.

(b)

{4) HIGH-FREQUENCY COMMON MODE REJECTION
(C109)

Change the setting of the Reference Fraquency
contrals to 1000, NORMAL, =10k, The fre-
quency of the applied signal will pow be 100
kHz. Set the M124A Reference output lovel to
05V,

fa)

While continuing to moniter the signal at §132
with the ac voltmeter {or oscilloscope), adjust
C108 for a null in the ac signal level.

{L

{5} DC ZERQ CHECK

{z) Disconnect the calibrator output from the pre-
amplifier inputs, Also, remove the ac voltmeter
from R132 and connect the DVM to this point
insiead.

(6} The indicated voltage should be 0 V £50 mv. If

va

it is not, tauch up the setting af R119 as required
1o abtain an indicated valtage of 0.00 V.

This completes the preamplifier alignment, The proampli-
fier cover can now be returned to its normal position.

45 MODEL 118 PREAMPLIFIER ALIGNMENT
To align the preamplifier, it will be necessary to use a
Model 183 Remote Preamplifiee Adapter with extender
cable,

4.5A PRELIMINARY STEPS
Performm steps 1 through 4 inclusive of the procedure
outlined in Subsection 4.4A4,

45E PROCEDURE
(1) DC ZERO (R105 and R133)

{al Connectthe DVM to R125,

{by  Adjust R105 (DC ZERD) for an indicared voltage
at0.0 V.

{c} Allernate the voltmeter hetween resistors R125
and R144, and adjust B133 (DC ZERO)} until the
voltage at bath peints is the same.

[d}  Readjust R105 (DC ZERQ) for 0.0V at R125,

{2) COMMON-MODE REJECTION (R130) AND RC BAL
(R103)

Set the Sensitivity to 1 mV, Then connect the
M124A Reference oulput {o bath the A and B
preamplifier inputs. Reduce 1he frequency to 40
Hz,

(a}

Maonitar the signal at R125 with the ac vaitme ter,
Then aliernatety adiust R130 (CMRB ADJ) and
R103 {KC BAL) far a null in the measured signal
level. Continue until no further imprgvement in
the null ean be obtained.

(b)

This comialetes the preamplifier alignment,
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SECTION V
TROUBLESHOOTING

5.1 INTRODUCTION

This section consists of &z series of procedures 10 be
fallowed in troubleshooting the Madel 124 A Tha putpose
of the procedure 15 to narrow the trouble down to a specific
cirewit board by making voltage and waveform chacks at
critical paints, Once the faulty board has been identified,
the oparator can contact the factory or one of (s
authorized representatives for advice on how to get the
instrument back into operation in the shortest possible
time, It may prove expedient to simply exchange tha board
for 3 new one. In the case of units stilt in Warranty, it s
patticularly important that the factory or one of its
authorized representatives be contacted before doing any
repair work on the board itself, because any damage that
ocours as a result of unauthorized work could invalidats the
Warranty,

Although past experience indicates that most instrument
failures turn out to be the fault of a specific component
failure on one of the boards, it is of course perfectly
possible that some componént other than the one located
on a circuit board could go bad. Where this js the case, the
persan troublashooting will have to appropriately adapt the
provedure to isolate the faulty component.

In general, it is suggested that the person who carries out
the troubleshooting procedure be well grounded in basic
transistor electronics. The procedure is more to be thought
of as a general guide for an experienced rapairman than as a
minutely detailed treatise to educate the neweaorner.

5.2 EQUIPMENT REQUIRED
(1) Generatl purpose oscillnscope,

(2} DC Voltmeter.

{2) Signal Generator able to supply a 1 V rms sinewave at
1 kHz,

(4) Extender Board, Princeton Applied Resgarch
#1710-00-14035. This item is not really required for
any ot tha checks called for in the following pages.
However, it will prove indispensible for the trouble-
shooter who wants to go a little beyond the checks
pravided to isolate the trouble more specifically than
is possible with the procedure, In using the board, be
sure to install and remave circuit boards with the
powar off.

5.3
{n

INITIAL STEPS

Remova the top cover, [t slides off to the rear after
the two screws which secure it are removed, These two
serews are |ocated on the ynderside of the upper cover
overhang at the rear of the instrument,

V-1

(2} After removing the hold down strap, lift each circuit
boardt and give each a brief visual damage inspection,
If any "charred” or otherwise damaged components
are noticed, there is little point in gaing further,

{3) Be sure to check the fuges. There are two on the
Pawer Supply hoard and wne at the rear panel, They
are discussed in Subsection 5.4, which follows.

54 POWER SUPPLY

{1) On the Power Suppiv board, check the voltage at
TP&OO0 {red testpoint) for 124 V and at TPGEO0Z
(vellow testpoint) for —24 V. IT the voltages are
correct, go on to Subsection 6.5, |f the voltagas are
incorroct or mussing, proper power supply oparation
rmust be established before any further checks can ha
magde, Note from the schematic on page VI1-23 that
the —24 V requlator supplies the raference voltage for
the +24 V regulator. Thus, any trouble with the
~24 V supply would cause loss of regulation in the
+24 V cireuit as well,

(2

Note that the unregulated input 10 hoth regulators is
fused. It a check shaws one of these fuses 1o be blown,
try replacing it once. If it hlows again, it will be
necessary to locate and repair the short. One way to
nparrow the short down 15 ta pull all boards but the
Power Supply board {power off when boards are
removed or replaced), and then to turn the power
hack on. If the fuse still blows, the trouble is most
likely on the Power Supply board. If it does not blow,
the baard having the short can be easily determined by
returning them one at a time until the fuse blows,

{3

—_—

IT the requlator input fuses are not Blown, but the 24
WV levels are mmissing or incorrect, check the unregi-
lated suppty lavels {nominally 31 V) to isolate the
problem to the Power Supply board of to the
Unregulated Supply components {line fuse, trans-
former, rectifiers, or filter capacitors}, Note that the
high-puwer transistors are not located on the Power
Supply board, but are instead mounted on the same
plate as the transformer and filter capacitors,

55 REFERENCE CHECKS
{1} Controi Settings

Meter: Check the mechanical zero and adjust it if
necessary.

Preamplifier: Plug in 2 Madel 117 Preamptlifier, or 3
Modet 116 or 119 gperated [n the DIREQT
mede, A Model 118 or Model 185 can also be
used, but certain Signal Channel cheeks will have
to be modified at indicated in the text.
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(2

Sensitivity: 1T my

Signal Channel Mode: FLAT

Reference Channel Mode: INT/VCGO

Refarence Frequency: 3.89, X100 {399 Hz)

Reference Level: 1 V rms (red inner knofy fully
clockwise)

Phase switch: 0°

Phase dial: 90"

Time Constant: 300 ms, & dB/octave

Zero Qffset
dial: 0.00 (fully counterclockwise)
toggle switch: center (OFF) pasition

Function switch: NORMAL

Calibrator: 1 mV (100 pV if preamplifier is a Mode!
118)

Power switch: ON

Reference Qscillator Board

(a) Check for —3.8 V *05 V at TP4004 (gray
testpoint on  Reference Oscillator board), As
indigated by the schematic on page VI-15,
TPAQD4 monitors the autput of A3, the Butter
hetween the front.panel Refsrence Frequency
dials and the Voltage Controlled oscillator. If the
voltage reading is correct, one can reasonably
assume that the dial-controlled voltage dividers
and Buffer A3 gre functioning normaily,

{b} Monitar TF4002 (blue testpaint) with the aseil.
loscope and check for a 2.8 V £3 V pk-pk
singwave at 399 Hz, NOTE: A faulty circuit will
usually give indication of a ‘"gross’ error. Far this
reason it is not generally advisaltde to spend much
time teying to determine whether the frequengy
or amplitude are “exactly” as specified. This
applias to bath this step and to the remainder of
the procedure,

{e}] Similarly check for a 2.8 V £3 V pk-pk at 399
Hz at TP4003 (viclet), at TP4000 {whitg}, and at
TRADD1 (green). These testpoints, together with
TP4002, give access to the four outputs of the
Refarence Oscillator. If these signals are normal,
one can be reasonably confident that the Refer
ence Oscillatar board is functianing normally.

{d} Transfer the oscilloscope to the Reference Out-

put connector (front panel} and check for a 2.8

V .3 V pk-pk sinewave at 398 Hz If this signal

is as indicated, one can assume that the Refer-

ance QDutput Power Amplifier, located on the

Power Supply board, is functioning narmally.

{3} Auxiliary Reference Board

(a) Conneet a 1 V pk-pk sinewave at 1 kHz from the
signal generator to the Reference Channel IN
connector.

(b) Set the Reference Channel Mode switeh to EXT,

The REF UNLOCK fight should glow for a few

v-2

seconds and then extinguish,

(e} Monitor the signal at the Reference Qut con-
nector with tha oscilioscope. One should observe
alVrms {28V +3Vpkpk) sinewave at 1 kHz.

{d) Set the toggle switch ta EXT f/2. Again, the REF

UNLOCK light shauld glow, this time for about
seven secands, and then extinguish.

le) Verify that the signal at the Reference Out
connector is unchanged in amplitude but that its
frequency has doubled (2 kHz).

{f} Reset the Reference Mode switch to INT/VCO
but ifeave the signal generator connected to the
Refarence Input cannectar,

NOTE: If normai indications were obtained in steps
“a" thraugh *f", one can reasonably assume that the
Auxiliary Reference board is functioning normatly and
go on to subsection 5.6, If abnormal indications were
noated, there is a good possibility of a malfunction an
this board. The remaining steps in this segquence may
prove helpful in narrowing the problem down to the
specific malfunctioning circuit.

{g} +BV Regulator: Check the voltage at the positive
end of capacitor Cb004. This voltage, which is
indicative of the current flow through Q5001
{and hence the +5 V load), should be +11 V 3
V. C5004 is the 36 uF capacitor located near the
upper edge of the board, Next cheéck the +5 V
regulator output, which should be 15 V 0.6 V.
This is most easily checked at the positive end of
capacitor CB005, the 16 uF G V capacitor located
near the upper edge at about the center of the
board.

{h) Schmitt Triggers: Check for a 398 Hz square

wave at TP5001 {blue testpoint}. The upper and

{ower Tevels of the square wave should be +4.5 v

1V and 0.3 V 10,3 V respectively, If the signal

5 a5 described, the Schmitt Trigger driven from

the 180" gutput of the Reference Oscillator is

functioning normally.

Mext transfer the oscillascope to TPB000 (green
testpoint). A T kHz square wave with the same
level limits a5 described in the preceding para-
graph should be observed. [f the signal is normal,
one can conglude that the Schmitt Trigger driven
from the Exiernal Reference signal is functioning
normally.

{i} Frequency Comparator; A thorough checkout
procedure far this circuit is beyond the scope of
this manual. Nevertheless, failure to pass the
following two  tests is a clear indication of
malfunction, |f these tests are passed, ro clear
conclusions concerning the normality of these
circuits can be made,
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Test 1: Cheeck for +4V X1V at pin 11 of
integrated circuit UB006. NOTE: IC packages
Us00! through WUS006 are labgled as 1"
through "6" with labels consisting of small
etched foil digits on the side of rhe board
apposite the components. Pin T of each 14 digit
package is similarly marked, The pins are counted
clockwise (viewed fram the label side).

Tast 2: Check for a 398 Mz square wave at
TPE0O0Z (gray testpoint), The lowsr laval of the
squara wawe should be O V. There shouid be two
upper levels, both between +3 and +4 V,

The signal generator shoufd be diseonneeted from
the Reference Input at this tirne.

NOTE: If steps ‘g™ through “i*’ fail to identify the
faulty circuit, but the board continues to malfunctien,
there is a strong possibility that the trouble is with the
associated wiring or switches,

8.6 SIGNAL CHANNEL

All of the gain switching in the Model 124A is done by
means of relays. In the following checks, the various
amplifiers are isolated by appropriately selecting the Sen-
sitivity and Function. By applying a suitable signal and
checking at eritical points, a malfunctioning amplifier can
be quickly identifiad. Table V-1, which lists the gain and
energized ralays for all possible ecombinations of Sensitivity
and PSD Function, is provided as a convenient reference,

MNote that overload tevel signals are applied at various points
throughout the following procedure to assure that the
signal level at the output of the early amplifiers will be
above the noise floor. Anytime the applied signal is greater
than the selected sensitivity, averload js a possibility, and
the operator should not be concerned if the Overload light
glows during such 3 measurement. However, if the Qverload
fight should glow with normal signal levels applied, a
malfunction is indicated, and it should ba sorrected bafore
proceeding.

5.6A PREAMPLIFIER .
NOTE: it the preamplifier 1o be used 5 2 Model 118 or
Mode| 185, sat the Calibrator Qutput level to 100 2V and
the 3ensitivity to 1 mV. In the case of a type 117
Praamplifier, or a Madel 116 or 119 oparated direct, both
the Sensitivity and the Calibrator Cutput level should be set
to 1 mV, For all preamplifiers, the Function switeh should
be set to NORMAL,

(1} Connect a cable from the Calibrate Qutput to the “A'"
Preamplifier Input.

{2} Manitor the signal at TP1000 (green testpoint) on the
Signal beard. The observed signal should be an 11 my
pk-pk sguare wave at 3898 Hz, indicating that the
preamnplifier gain is five (fifty for a Model 118).
NOTE: A square wave with an rms value (fundarmental
frequency companent only) of T mV has & pk-pk
amplitude of 2.22 mV. Therefore, the total signal

e

V-3

amplitude at the oyutput of the Preamplifier is 2.22 x 5
= 1t mV. This “X2.22" factor must be taken into
aceount throughout the entire procedure, The opera-
tor i5 again cautioned not to spend an undue amount
of effort convincing himsalf that the observed signals
comply with the text descriptions down to the last
decimal place, [n most instances of malfunction, the
signal ciscrepancy will be 5o large as to leave no doubt.

It the signal is as indicated, the operator can conclude
that the Preamplifier is functioning properly in its
gain-af-five mode (gain-of-fifty for Model 118 or
Model 188}, If the signal is incorrect or missing, the
trouble probably is in the Preamplifier and the
operator can proceed to the schematic for his particy-
lar Preamplifier if he wishes to troubleshaot further,
Aj; can be seen from the Signal hoard schematic on
page V-8, the signal i3 actually heing monitored after
relay K1008 on the Signal board, Hence, if the sighal
is migsing, it might be worth checking for the signal an
coupling capacitor C1004 to isolate the relay. Alse,
take a moment to be sure that the Calibrator Output
tignal is normal, that is, a square wave with a pk-pk
amplitude of 2.22 times the selacted Calibrator Out-
put taved,

{3) Change the Sensitivity setting to 500 uV, thereby
energizing Preamplitier relay K100 and increasing the
preamnplifier gain to X50 (X500 for a Madel 118 ora
Madel 185), The amplitude of the signal at TP1000
should increase to 111 mV pk-pk, reflecting the
increased gain. If this check is normal, one can
reasonably assume that the preamplifier is functioning
normally, at least with respect to providing the proper
gain. MNoise and comman-mode rejection chécks are
beyond the scape of this procedure. If this check does
not give a normal indication, but step 2 does give a
normal indication, relay K100 should be suspected,

568 SIGNAL AMPLIFIER

The Signal Amplifier gain, measured from the output of the
Preamplifier to the output of the Signal Amplifier, is either
X10 (K1008 energized) or X1 {K1009 energized), Note
that the gain of the amplifier circuit is atways X10, The
factor of ten gain reduction achieved when K1009 is
anergized and K 1008 is de-energized is accomplished by
raducing the amplitude of the signal applied to the
amplifiar input with a relay controlled attenuator,

(1) Transfer the ascilloscape to TP1001 (violet testpaint).
The observed signal shouid be a 1.11 Y pk-pk square
wave, indicating that the Signal Amplifier has a gain of
ten. If the signal is normal, chances are the amplifier
circuit is functionipg normally, If the signal is absent,
the problem could lie with the amplifier circuit or
with K 1008, the energized input relay,

{2) Ser the Sensitivity switch to 10 mV"”, The signal
amplituda should decrease to 11 mV pk-pk, indicating
that the gain of beoth the Preamplifier and Signal
Amplifier went down by a factor of ten, If the signal is
as indicated, chances ave that the Signal Amplifier
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Input Attenuator is fungtioning normally, If an
incorrect reading is obtained, K1009, the input atten-
uator relay energized with this Sensitivity switch
setting, should be chacked.

{3) Set the Signal Maode switch to BANDPASS and the
Signal Channel Frequency controls to 3.99, X100
(399 Hz), Then set the Signal Q switch to 107, The
observed signal at TP1001 should now be sinusaidal
with an amplitude of 14 mV pk-pk. it may be
necessary to slightly adjust the third Signal Frequency
dial to obtain the indicated amplitude, The amplitude
drops off sharply if the dial is set high or low. I the
indicated affscts sre observed, the selective amplifier
circuits of the Signal Amplifier are functioning ror-
mally.

5.6C INTERMEDIATE AMPLIFIER

There are two amplifiers on the intermediate Amplifiar
hoard, each with a nominal gain of tan. The relay switching
on the board, controlled by the Sensitivity switch, actuates
various attenuators 50 that the overall board gain varies
from X100 to X0.2, according to the Sensitivity switch
position, Not all possible gains are checked. Instead, each
decade is checked, and also the X1, X056, X0.2 sequence
within one decade. This is sufficient to check all of the
relays as well as the amplifiers. Note from tha schematic on
page VI-13 thar the front-pane! Sensitivity Adjustment
affects the gain of the second amplifier and hence the
overall gain of the {ntarmediate Amplifier, Hence, it may be
necessary to change the setting of this adjustment to obtain
signals of the indicated level, However, onea set, the control
setting should not have to be changed again, at l2ast not for
the remainder of the Intermediate Amplifier checks,

{1) Sat the Sensitivity switch to 100 nV and the Function
switeh to NORMAL, Then set the Calibrator output to
2 uV T (200 nV with a Madel 118 or 185).

(2) Moniter the signal at TP2000 (green testpoint). The
observed signal should be a 399 Hz simewave with a
pk-pk smplitude of 0.28 V. It is perfactly normal for
this signal to be obscured by noise. If this signal is as
indicated, one can assume that both amplifiers on the
Intermediate  Amplifiar board are functioning nor-
mally. If the signal it not normal, the problam could
ba with one of the two amplifier circuits or with one
af the relays. With this combination of Sansitivity and
Function, the energized relays are K2003, K2005, and
K2007.

{3} Set the Sensitivity to 1 uV* and the Calibrate Qutput
to 20 gV {2 uV with a Model 118 or 1B6). The
observed signal should still have the same amplitude
(tha gain reduction is axactly compensated by the
increased calibrator autput), but the noise should have
gone down by a factor of ten. The only relay change
betwaen this step and the preceding one is that K2004
is now energized and K2003 de-energized.

{4) Bet the Sensitivity switch to 10 gV and the Calibrate

Output to 200 pV (20 pV with a Model 118 ar 185,

V.5

. The Mixer

As in the preceding step, the decreas¢ in gain is
compensated by the increase in calibrator output and
the amplitude of the observed signal stould remain
constant (0.28V pk-pk). A further factor of ten
reduction in the cbserved noise will take place. The
relay state changes are that ¥K2006 i now energized
and K2005 is da-anergized.

(5) Set the Sensitivity switch to 2 mV and the Calibrate
Output to 2 mV. The amplitude of the observed
signal should decrease t¢ 0.14 V pk-pk, indicating the
gain reduction which oceurs as K2007 is de-energized
and K 2008 is energized,

(6} Set the Sensitivity switch to 5 mV. The amplitude of
the observed signal showd decrease 1o 57 mV pk-pk,
raflecting the gain reguction which occurs as K2008
drops out and K2009 is energized.

All of the Intermediate Amplifier board relays have now
been checked, |f proper operation to this point was
abtained, the Intermediate Amplifier board can be pre-
sumed ta be fupctioning normatly.

5.60 MIXER BOARD AC GAIN

board ac gain is either X111 or X1.1 as
determined by attepuator controlling ralays K310t and
K3102. The gains are made 10% '"high'’ to compensate for
the fact that, although the instrument reads out in rms, the
Mixer is avarage responding.

{1] Set the Sensitivity switch to 50 u¥Y and the Calibrate
Qutput to 500 uVY (60 pV with 3 Model 118 or 185),
Then monitor the signal at the front-panel SIGNAL
MOMNITOR connector. The observed signal should
have a pk-pk amplitude of 28.3 mV_ This signal will be
noisy.

{2) Set the Sensitivity switch to 100 yV and increase the
Calibratar Output to 1 mV (100 4V with a Model 118
or 185}, The observed signal should remain the same
in amplitude (gain decrease compensated by increased
calibrator autput) but the noise should decrease.

If the indicated signal fevels were obsarvad, one gan assume
that the ac amplifier portion of the Mixer circuitry s
functioning normally.

5.6E MIXER SCHMITT TRIGGERS

Connect the oscilloscope to TP3002. One should observe a
400 Hz square wave with the lower level at =12 V and the
upper ane at 0 V. If this waveform is as indicated, the
Mixer Schmitt Triggers are probably working normally. H
the waveform is absent, check for a 2.8 V pk-pk sinewave at
3005 before concluding there is a probtem in the Schmitt
Trigger circuit. Note from the schematic on page VI-19
that the blue testpoint gives access to only one ‘half" of
the complementary Schmitt Trigger output. The comple-
ment (cotlector of Q3003) could be checked at R3112 or at
R3110.



Apr-15-02 03: 08F

5.6F MIXER CIRCUIT
{1) Set both the Sensitivity and Calibrate switches to &
mV {Calibrate Outpyt to 500 4V with a Model 118),
and the Function switch to LO DRIFT,

Monitor the signal at the junction of R3202 and
R3204. Then set the Phase switch ta 270°. The
observed signat should be a full-wave rectified sine-
wave, althaugh a slight adjustmant of the Phase dial
may be required to obtain this waveform. The
amplitude of the half-waves should be about B0 mV
relative to a 0 V baseline. If the signal is as indicated,
the Mixer circuit is prabably functioning normally.

(2)

5.6G DC AMPLIFIERS

With Sensitivity switch settings from 1 4V through 5 mV,
th# dc gain is determined solely by the position of the
Function switch. In LO DRIFT it is X20, in NORMAL it is
X200, and in HI DYNAMIC RANGE it is X2000, For a
given sensitivity, changing the function does not change the
output de level because the ag gain varies as well as to keep
the overall inztrument gain constant, Thus the dc amplifiers
are checked simply by monitoring the de output and
observing that it does not change as the FunCtion switeh is
rotated through its three PSD positions.

{1} Adjust tha Phase dial and thirg Signal Frequency dial
for maximum pane] meter deflection. Then set the
screwdriver adjustable Sensitivity Adj. contral for
exactly full-scale panel meter deflaction. If this cannot
be done, thera is probably a malfunction in ong of the
dc ampiifiers or in the meter, The meter can be
eliminated by checking the dc lavel at the front-papel
Function Qut connector. Ten volts corresponds to
full-scale panel meter deflection.

{2

At this peint, the Function switch should still be set
to LO DRIFT. Suecessively set it to NORMAL and
than to HI DYNAMIC RANGE. The panel mater
should continue to indicate full seale 3%, If it does,
one ¢an reasonably assume that the do amplifiers are
functioning normally. |f necessary, one eould check
the output of the first dc amplifier separately. This is
most easily done at R3228, the emitter resistor of
Q3203 {schematic on page VI1-22). The voltage there
shouwld be —1.5 V 0.5 V. The autput of the second
ampdifier should, of course, be +10 V.,

{2

Check the ACWVM function by setting the Fungtion
switch to ACVM. The mater indication should remain
unchanged, Note that ac voftmeter oparation is
achieved simply by taking the drive to the Mixer
Schmitt Trigger from the Signal Channel instead of
fram the Reference Channel, No new cirewits arg
activated.

i the instrument has pagsed all tests to this paint. but the
unit is stil malfunctioning in some way not revealed by
these tests, then the prablem is beyond the scope of this
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troubleshooting procedure and the operator should contact
the factary or one of its authorized representatives for
advice on how to praceed.

5.7 NOISE CHECKS

These checks allow thé eperator to detarmine whether the
internally generated noise in his instrument is normal, Note
that these checks vary according to the type of preamplifier
used,

{1) Set the front-panel controls as follows. NOTE: If
preamplifier is a Model 184, go directly to step 10.

Input Selector (Models 116, 117, 118, & 119): A
Transformer/Drect switch (Models 116 & 119): DI-
RECT
Ground Isolation (Model 185): IN
Sensitivity
Models 116, 117, 8 119: 1 mYVY
Models 118 & 185: 10mV
Signal Mode: BANDPASS
Signal Frequency dials: 4.05
Signal Range: X100
Signal Q": 100
Reference Frequency dials: 4.05
Reference Frequency Range: X100
Phase switch: 270°
Phase dial: 90°
Zero Offset toggle switch: QFF {center position)
Functian switch: ACVM
Calibrate switch: 1 mV

[2) Connect a cable from the front-panel CALIBRATE
connector to the preampdifier input.

(3) Adjust the rght-most Signal Fraguency control for
peak panel-meter indication.

{4) Set the Function switch to NORMAL. Then adjust the
Phase dial for peak metar indication.

(5} Sat the front-panel Sensitivity Calibrate adjustment
for exactly full-scale mater indication,

{6} Set the Signal "0 switeh to 10.

(7} Remove the cable that interconnects the Calibrate
Output and the Preamplifier Input, Then short the
preamplifier input wusing a shorting plug such as the
CW-1597L),

(B) Set the Sensitivity switch to 100 nV, Then set the
Tima Constant switch to 100 ms (Preamplifier is
Maodel 116, 117, or 119) ar to 300 ms (Preamplifier is
Model 118 or 185).

{9) Note the pk-pk mater fluctuates about 2ero over a ten
second periad, If the preamplifier is a Model 116, 117,
or 118, the fluctuations should not exceed *28% of
meter full scale. If the preamplifier is 2 Model 118 or a
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Model 185, the fluctuatians should not exceed tEO%
of mater full scale,

{10) Model 184 only. Set the contrats as indicated in step 1
with the following exceptions. The Sensitivity of the
Model 124A should be set to 1 gV, the Q to 10, the
Time Constant to 1 SEC, and the Preamplifier Range
control to 1077 AV, DO NOT ATTEMPT STEPS 2
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THROUGH 9 WITH A MODEL 184 PREAMPLIFIER.

(11) Connect a BNC “cap” (shielded open} to the Madel
184 input.

{12) Note the pk-pk fluctuations of the panel meter over a
ten second perind. They should not excead £50% of
meter full scale.



