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ABSTRACT



SECTION I
ABSTRACT

I1linois Institute of Technology has built a model of the Naval
Orlnance Latorstory Narrow-Band Lock-in Analyser. The anslyser was minia-
turised wherever practicabls; and mirnor circuit changes were made. The
-analyser is & precision laboratory instrwmment, attractively mounted in
nardwood cebinets.

This new narrcw-band analyzer is very useful for low frequency
snalyses from 1 to LUO cps and for the purpose of observing the variation

in frequency and amplitude of discretes frequency components.
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SECTION II
INTRODUCTION

4 model of s narrow-band analyzer, originally develeped at the Naval
Ordnance Laboratory, was btailt under the spomsership .. tha Of{ice of
Naal Research, Undersea Warfare Branch under Contract K7onr-3290L awarded
to I1linois Institute of Technology. It was anticipated that thiz snslyszer
would be used on Contract N7onr-3290L to aid in machinery vibration and
noise reduction studies by means of resilient mountings, and would be
available to othsr Tasks for some of their low fregquency studies appli-
cable to this type of analyzer. The theory of operation and deteiled '
circuit descripticn of the original model developed by the U. S. Naval
Ordnance Laboratory under Task No. NR-261-017, i= given in KAV(RD Report
2142, dated L March 1952. The IIT staff built the analyzer, miniaturiging
it wharever practicabla, making minor design changes, and mounting it in
a cabinet as a laboratory instrument—see Plate 1. This report covers
the description of the circuits and theiz functinns, the piccadre to be
followed in order to align thas analyzer, the response characteristice of

the major ccmponents, and recordings made by the anslyzer.



SECTION III
JESCRIPTION ARD CIRCUITS OF THE ANALYZER
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SECTION IIT
DESCRIPTION AND CIRCUITS OF THE ANALYZER

1. Daacrigtion

2.

The follcwing is a brief description of the operation of ths
narrow-band analyzer: Physically it is built on three 8 x 17 x 2
inch chassis. All front panels are standard 19-inch rack panels,
the power supply and Chassis No. 1 being seven inches high and Chassis
No. 2 five and one-quarter inches. These are mounted, along with the
Brush recorder, in oak chests as shown in Plate I.

Fundamentally the cpehtion of the analyzer is as follows: From
the frequency components present in ths signel to be analyzed, a dis-
crete frequency is selecied by hsterodyning it to a constant (so—called
"carrier") frequency of LB0O cps. The resulting signal is fed into
two parallel channels where the carrier frequency is again heterodynod.
A zero beat results and simultaneously the two channsls are placed in
quadrature. One chamnel; called the smplitude channel, is ured to ob=-
tain the emplitude of the selacted campoment. The other channel,
called the control channel, is used to keep this component of the
incoming signal in the center of ths pass band by controlling the fre-
quency of the heterodyning oscillator. This arrangemont enables the
present narrow-band analyzer to discriminate between frequency and
amplitude changes in the incoming signals, unlike most constant and
percentage band-width analyzers.

Circuite
The input signal will be traced through the analyzer and the
function of ths major analyzer components will be btriefly describsd--

ses Fig. 1 for block diagram.



A. Froguency Selector Circuits: These circuite are similar to a

hetsrodyne-type analyser. The incoming signel pssses through a
Tow Pass Input Filter which rejects frequencises sbove LLO cps

and prevente the overloading of the input stages by largs ampli-
tude aignals above LLC cps. This is necessary, because in il
process of heterodyning, if all frequencies were permitted to
enter the anslyser, extraneous difference frequencies would result
and lead to an erroneous reading. The Variable Frequency Oscil-~-
later has 2 range from L4360 to LBOO cpe, and the deeired carr.er
frequsncy is the sum of the incoming frequency and the oscillator
frequency. For example, if the incoming signal frequency is 80
cps, the variable oscillator is tuned to L4720 cps in order to
produce LB0O cps or the desired carrier frequency. Now, if the
inccming signal did not pass through a low pass filter and had a
9520 cps frequsncy component along with an 80 cp» component, the
analyzer would read the magnitude of both frequency components...
the difference between 9520 cps and the cacillator freguency is
4800 cps which would give an erronecus result.

Since only LBOO cps (carrier frequency) is selected. imput
frequenciss that fall between O and LLO cps will heterodyne with
the oscillator signal to produce this carrier. Tnis implies that the
frequency range of the analyzer is O to LLO cps. However, the
actual useful range of the analyzer is from 1 to iii0 cps because
of various circuit instabilities.

The oscillator frequency and the incoming signal frequencies
are then heterodyned in the Ring Modulator Circuit. The sum and
difference frequencies go into a Tuned Circuit which selectes only

uB00 cps.



B.

Summariging, the incoming signal is limited to frequencies
fram O to hkO cps by the Low Pass Input Filter. Thesc low range
frequencies are added to the frequency of the Variable Frequency
Oscillator. The Tuned Circuit selects the carrier frequency of
L4800 cps, which is made up of the incoming signal and ths oscii-

lator frequancy.

Amplitude and Control Channels: The amplitude and contrcl chan-

nels receive the carrier frequency from the tuned circuit and
associsted amplifier. This carrier frequency is fed directly
into the ring modulators. In addition the ring lodﬁlator in the
amplitude channel receives a 4800 cps signal f..om the fixed
freguency osci.llator. Likewise, the ring modulater in ths con-
trol circuit receives the LBOO cps signal from the fixsd fre-
quency oscillator but the signai is sidilec 50 dearees by a
phase shifting network before entering the ring modulator.
Since the oscillator frequency is the same as the carriesr fre-
quency, a zero beat is produced in each ring modulator. Tha
amplitude of the d-c voltage produced by szero beating becomes

a function of the two signsls (carrier and fixed oscillator
signals) and the phase angle between them. For example, assume

the carrier frequency voliage to be
E, = A cos(mt + @) (1)

the fixed oscillator frequency voltage to the amplitude channel

ring modulator to be

10
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E,, = B cos(mt + o) (2)

ths fixed oscillator frequency voltage to the control channsl
ring modulator %o be

B, = B sin(mlt + 02) (3)

where o, in each case is 2m-LB0O = 30,160 rad. per sec. Wow,
in the amplitude channel ring modulator the following takes place:

EpcEp, =E, or
]
L %'ilfces{(&l st e e I ce‘v{(ﬁl - )t v - ezﬂ &)
8 =) 4 < 4]

and in the control channel ring modulator the following takes place:

Ef-Efc - Ec or

E, %[ﬂn{(ﬁ L mltitie e ’2}’ ’“‘{(“’1 ke < 02}] (5)

_____ —y

The heat fragus voltagss (L) and (5) are pnexti appiied to & iow

pass RC filter which rejects all a-c components and equations (L)

and (5) becoms
B, = Foos(e, - @,) (6)

E, - Fein(e, - o)) )



Bxaminution of equations (6) and (7) show that if (el - 92) oquals
sero, the sin function becomes szero and cos function reaches a
raxinum and is proportiomal to the maplituds of the camponent of
the incoming signzl being analyzed.

The voltages, equations (6) and (7), are fed int: iwo d—o
amplifiers. Actually each voltage msgnitude is directly provpor-
tional to a quadrature camponent of the signal being analysed.

Both d-c amplifiers feed their output signals into the fre-
quency feed-back control circuits. In sddition the d-c amplifier
in the amplitude channel feeds the amplitude channel galvanometer
and the chamnel in the Brush Recorder indicating the amplitude
of the component of the incoming signal being amalyzed; and the
d-c amplifier in the control chanrnel feeds the contrcl channel
galvancueter and the channel in the Rrush Recorder indicating

frequency lock-in.

Frequsncy Feed-Back and Control Circuits: The signal fram the d-c

amplifier in the amplituds channel is fed into the cammuting cir-
cuit, while the signal from the d-c amplifier in the control cir-
cuit is fed into the frequency control or frequency shifting
circuit. The commuting circuit operates in conjunction with the
frequency control circuit to provids the proper phase voltage
feed-back to the fixed oscillator so that it will lock-in on the
incoming signal camponent. When the oscillator is locked-in on
the inccoming signal component, the meter in the control channel
will indicate zero...e, - @, = 0, therefors 3sin(e, - e,) = O.
The primary purpose of the coamuting circuit is to permit the
analyser to follow any sudden 180° phase shift in the incoming
signal.

12



The feed-back voltage contrcls the frequensy of the fixed
oscillator and passes through an automatic gain conirol eircuit,
which, in turn, controls the aaplitude of the feed-back vcliage
according to the megnitude of the signal present in the ampiitude
channel. As the analyszer is tuned to a frequency component, the
signal in the amplitude channel increases, while at the same time
the feed-back voltage decreases. The autcmstic gain control and
frequsncy conirol circuits are sc designed that once the amalyzer
is tuned to & signal, uo frequsncy fend-back voliags is fsd Lo the
fixed oscillator. However, if the source drifts slightly in fre-
quency, the analyzer will follow the drift indicating it by a
deflsction of the control galvanometer. There is a mamual gdjust-~
ment of the feecd-back voltage, which determines the range of
lock-in frequency. By mesans of the feed-back control circuits the
vhase angle in the control channel is automatically adjusted so
that the amplitude in this chamnel approsches zero while the ampli-
tuds in the ampiituds channel approaches ths msxi=wm valus. Thus,
when the analyzer is tuned to a frequency and the control channel
indicator reads zero, the amplitude channel will indicate the
amplitude of the incoming frequency.



SECTION IV
ALIGNMENT PROCEDURE
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SECTION IV
ALIGNMENT PROCETURE

The succeeding paragraphs outline an aligmment procedure which is to
be follcwed...especizlly after the analyser has not been used for leng
periods.

A. Chassis No. 1, includes oscillators, first ring modulator, band pass
or carrier fraquency transformer, and phase shifting network.
1. Preliminary adjusiments prior to aligrment of the ccamponents in
Chassis No. 1
a. Place Chassis II in normal position and center galvancmeters,
if necessary, by adjueting the adiustment screw locatsd in
the front of the meter movement.
b. Connect all ﬁ:t.er—connecting cables between the three chassis.
¢. Set 2ll attanuators to position 20 or maximum attennatiom
d. Connect the analyser to 110-volt, 60-cycle power source and
per=it it to were up for at least one hour befors making any
further adjustmsents.
e. GConnect a d-c voltmeter betwsen ground snd the +220VIC jack
on the front power supply panel.
f. Adjust pol.entiometer under +220VDC jack with a screw driver
until the d-c voltmeter indicates +220 volts.
g. Repeat steps (e) and (f) for the -220VIC jack and potenticmeter;
adjust the voltage to -220 volts d-c instead of +220 voltas.

2. Fixed Prequency Oscillator

a. Connect cathods-ray oscillograph to J7 and ground.

b. Yorm Lissajou figure between signal at J7 (fixed frequency
oscillator) and a frequency standard of a harsonic or sub-
harmonic of L48CO cps.

15



6., Adjust fixed oscillator control on Chassis Ro. 1 uwntil cseil-
lator is oscillating at 4LBCO cps. (The 8th harmonic of the
600 cps signal transmitted by Station WHV, Washington, D. C.
provides an exceiient frequency standard for this adjustment.)

3. Phase Shifting Network

a. Comrare the phase angle bstween the signals at J6 and J., by
means of a cathode-ray oscillcgrsph or a phase-angle mster.

b. Adjust PHASE]“ control on Chassis Ho. 1 until a 90° phase shiit
is indicated between the two signals from J6 and J7.

L. Variable PFrequency Oscillater

8., Set the frequency dial on Chessis No. 1 to sero.

b. Set INTER ATTEN knob to sero, i.e., minimum attenustica.

c. Connect the cathode-ray oscillograph and cbtain 2 Lissajou
figure between Jo and J3. (It may be necessary to turn Py
on Chassis No. 1 slightly in eithar direction to cbtain a
clear Lissajou figure.)

d. Adjuest VAR OSC control of Chassis No. 1 until variable frequency
oscillator is oscillating at the samas frequency as the fixed

frequency oscillatar.

S. Carrier Frequency Transformer

a. Comnect an external a-c voltmeter between J3 and ground or
econnact ths volisstss on Cimseis No. 1 to Jj by switching the
METER selector switch to J3 position.

b. Sst INTER ATTEN to position 1.

¢. Turn P3 eompletely clockwise.

]'Ixn this section, words in capital letters indicate corresponding panel
or chassis markings.

16



d. Tune BAND PASS control until a peak voltage is shown on either
the front panel a-c voltmeter or on an external a-¢ voltmeter

connected to J3;

6. First Ring Modulator

a. Connect a cathode-ray oscillograph and a high impedance input
a=¢ voltmeter between J2 and ground.

b. Turn METER selector switch to J2.

¢c. Adjust P3 on Chassis Ho. 1 until 0.3 volt is indicated on
the panel voltmeter.

d. Adjust Pl and P, on Chassis No. 1 to form perfect square waves

2
on the oscilloscope. (Use 1200 cps sweep to obtain L cycles
per sweep.)

e. Rsbalance P3 until about 0.02 volt eppears at J2.

f Rebalance T 1

oscillograph.

end 92 ggain until a square wave appears on the

g. Twrn METER selector switch to J3.
h. Set INTER ATTEN contrcl on Chassis No. 1 to szero.
1. Proceed to rebalance P3 until the external a-c voltmeter

connected to J2 reads below 0.0l volt (it will drift between
0.004 and 0.008 volt), or the front panel voltmeter on Chassis

No. 1 reads below 0.3 vclt.

B. Chassis No. 2, includes second ring modulators. d-c amplifiers, commnt-
ing circuits, frequency control and autcmatic gain circuits.
1. Preliminery adjustments prior tec 2lignzsnt of components in Chassis
No. 2.
a. Set frequency dial on Chassis No. 1 to SO.
b. Set all attenuators on Chessis No. 1 to 20 (maximmm attszuation).

17



2.

d.

Set D.C. ATTEN on Chassis Ko, 2 to maxiuum sensitivity by turn-
ing knob clockwise.
Set FILTER on Cnassis No. 2 to wide bend by turning knob fully
counter cleckwiss.

Set, RPCCRIER switch to OUT position.

Ampiifier Balance

b.

Ce.

d.

f.

Remove both 1NL2 diodes which are connected to the two d-c

amplifiers.

Adjust BALANCE controls on front panel of Chassis Ne, 2 umtil

galvanometers indicate zero.

With a d-c voltmeter on the terminzl of one of the galvanomsters

adiust potentiometer in back of Chassis No. 2 so that the vol-

tage between ground and this terminal is sero.

Note: The potentiometers on the back at the right and left
sides control the smplituds channel and comtrol chamnel
voltage levels; respectively.

Check the othsr terminal of the same gelvanometer to be certain

that it, too, is5 at gzero potential with respect to ground. If

it is not, repsat balancing with BALANCE control on the front
pansl.

Repeat stcps (c) and (d) for the other d-c amplifier (0.05

volt drift in the d—c potential between ground and meter ter-

minal can be tolerated).

Replace the 1N,2 diodes to their proper sockets and again

measure the d-c voitage between the meter terminal and ground.

If this voltage is greater than 0.1 v d-c proceed to balence

potentiometer on side of Chassis Ho. 2 until the voltages becomes

less than 0.1 volt. This balances the second ring modulator.

18



3.

L.

5.

Note: The rear and front potenticmetsrs on the right sids of
the chassis control the amplitude and control channel
voltage levsls, respactively.

€. Check the other terminal of meter to see that it has the same

d-c potential as was just measured in step (f).

h. Repeat this balancing procedure for the cther d-¢ amplifiers.

Frequency Control Circuits

a, Connect cathode-ray oscillogreph and a-c voltmeter between Js
and ground,
b. Balance potenticmeter under control meter until cutput at Js
is balanced with not more than 0.03 volt a-c appearing between
. ground and J6.
Autcmatic Gein Control Circuit

a. Adjust voliage between ground and J. to -9.0 volts des with
lower CONTROL knob.

b. Set CONT ATTEN at 5, INPUT ATTEN at 10 and INTER ATTEN at 18
on Chassis No. 1.

c. Apply a 100 cps signal to analyzer and set frequsncy dial at
22.

d. Adjust tuning dial about the 22 setting until control: channel

indicates a zerc reading.

e. Set the control channel reading to sero and increase or decreazs

the signal source amplitude until the amplitude gaivanometer
indicates 20.

f. Turn the upper CONTROL iknod on front panel until the d-c
voltage betwsen ground and J) is -14.0 volts.

Commuting Circuits

a. Set all attenuators to 20 (maximum attenuation).

19



b.

d.

Remove 12AX7 tube (V16) from socket.

Measure the d-c voitage between pin 2 of the tube socket and
ground and between pin 7 and ground.

If these voltages are not equal adjust the potentiometer under
the amplitudes gilvanometer until the d-¢ voltage between pin 7

and ground is equal to the d-c voltage between pin 2 and ground.

C. Operating Adjustments

Items that are to be checked before actual use of analyzer, or dwing

its opsration:

8.

b,

Ce

d.

£,

Both galvanometers must indicate zero with INPUT ATTEN set at
20.

(1) The voltage at J, must not exceed 0.0l volt when frequency

2
dial is set at zero and INPUT ATTEN set at 20
{2) Less than 0.3 voit musi be indicated on the front panel

meter with METER swlector switch in J, position and IRTER

3
ATTEN at zero setting.

When frequency dial is set at 50.0, analyszer should be analyz-
ing LLO cps. Check this against the LLO cps signal transmitted
bty Station WWV.

For frequency measurements below 10 cps, check both ocscillatcrs
againszt Statioﬁ WAV 600-cps sigral just before making actual
measuresents.

If any of the above items do not check repeat the adjustment

as specified earlier.

It is imperative that the analyzer be permitted to warm up for

at least one hour before attempting any adjustmente or putting

it to use.

20
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SECTIOK V
DISCUSSION

The ITT-NBA was dezigned to (1) sweep through & frequency spscirm
from 1 to LLO cps and (2) to lock-in on a discrete frequency to determine
the manner in which it varies.

Most analyses are motivated by a desire to learn the discrete fre-
queacies present in an incoming signal, their respective amplitudes and
how they vary with time...this can be accamplished with the analyzer.

When an incoming signal is fed to the analyzer: First, one manually sweeps
through frequency spectrum to determine the proper setting of the attenua-
tors. The recorder is mechanically connected and it drives the analyzer
through the frequency spectrum. From the recording it is possible to
determine several of the higher amplitude frequencies present in the
ineccming eignal, Alsc, on ths recording ome will find low or no amplii-
tude areas which are investigated by increasing the gain of the analyszer...
this will show whether or not discrete freguencies are present and deter-
mine their a=plitudes. The curves thus obtained are frequency vs amplitude
curves., Secund, obe will choose a particular frequency he wishes to inves-
tigate. The analyzer is adjusted :o this frequency and the rscorder is
mechanically disconnected so it does not drive the analyzsr...electrically
the recorder and analyzer are connected. The recorder is started and one

records amplitude and frequency deviation vs time. The important feature

of this typs of analyser is ths fact that one can dwell on a discrete fre-

quency and determine whether it deviates in amplitude or freguency.

The analyzer was designed specifically to analyze low frequency com-
ponents and, a2 is mentioned earlier, to determine whether a frequency

component varies either in frequency or amplituds. Although there are

22



many ccamercial analysers available, ncne have both of these two desirable
features,

In general, the analyser requires more time in preliminary adjust~
ments than the camercial type analysers, the dynamic range for any parti-
cular setting is less than that of a conventional anelyzer, and it requires
a different techniqus of operation. However, it is felt that the extra
tize required for operation is offset by the advantages of the analyser.
For a hurried sweap through a frequency spectrum, it is bstter to use a
commercial-type analyser than the IIT-NBA. Nevertheless, by taking the
signal from J3 a gimilar sweep through a frequency spectrum can be accom-
plished with the IIT-NBA unit with scmewhat less selectivity than on the
commercial modsls.

To summarize, the IIT-NBA is very useful for low-frequency analyses

and for the purpose of obsarving the warietion in fregquency and asplituds

of discrete frequency components,

23



SECTION VI
RECORDINGS MADE BY IIT NARRC®-BAND ANALYZER
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SECTION VI
RECORDINGS MADE BY IIT NARROW-BAND AMALYZER

Actual recordings made by the analyzer are shown in Fig. 2, page 27.

Chart I shows the type of frequency-amplitude curve which results
when the analyzer is swept through a fixed frequency. It shows clearly
that the control channel signal drops t¢ sero when the amplitude channel
indicates maximuam amplitude. At this zero point the analyser is exactly
tuned to the incomlng signal frequsnicy. The region bstwssa ths oscilla-~
tions in either the control or amplitude plot is the region of frequencies
over which the analyser ie locked-in on the incem=ing signai. It is well
to mention that the amplitude peak could have been below the equalibrium
‘or sero signal point as well as above. The position of this point depends
entirely on how the analyser happens to lock-in ca the incoming signal.

Chart II shows the enalyzer locked-in on a fixed frequency. This is
a plot of the amplituds and frequency variation with time. Ths smplitude
channel shows no amplitudes variction im the incoming signal and the control
channel shows no Irequency deviation.

Chart IIT is an actual test on & smsll air compressor. The analyser
received its signal from an accslerometer on the air compressor. It is
a frequency vs amplitude plot. Three distinct frequencies are easily
identified on this chart. They are designated as points 1, 2, and 3,

PR

Foints 1 ¢ are reiativ point 3 i5 much smallsr
in magnitude.

Chart IV is similar to Chart III except that it is divided into two
regions, A and B. Region A is exactly the same as Chart III with the
exception that point 2 is inverted becsuse of analyzer lock-in conditions.

In Region B the attenuators were set to a different setting in order to

25



accentuate point 3.

Chart V is a frequency deviation and amplitude variation vs tims plst
of point 1. The control charnel plot in this chart definitsly shows a
frequercy deviation and the amplituds plot shews an amplitude variation
which seems to be repoated.

Chart VI is a frequency deviaticn and smplitude variation vs time of
point 2. It also shows both frequency and amplitude charges with ti.le..
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I. CHARACTERISTIC CURVES OF ANALYZER CIRCUITS

A. Trequency Respcnse Curve - Fig. 3

The IIT-NBA was designed for a froquency range of from 1.0
to 4O cps. The frequency response curve shows a flat response
up to 250 cps. It drops 2 db between 250 cps and LLO ops.

B. Dial Seiting vs Frequency Curve - Fig. L

The frequency dial is calibrated to read from O to 50 while
the anslyzer covers the range from 1.0 to LLO cps. The frequency

corresponding to each dial setting is ziven in Fig. L.

C. Db Calibration Curve of Recorder Chart - Fig. S

This curve shows the variation in ths output ¢f the recorder
corresponding to a db change in the input sigral. Variations of
16 db can be read on the recorder chart. Larger variations can
bs obtained by use of the attemuators. The aitenuatores were
designed for 3 db steps but there is some variation in the response
of the individual attenuators. Data listed on page 35 show the actual
attemation per step. However, the d-c attenuator was found to
have 10 db per step.

D. Dynamic Response Curves of Different Sections of ths Analyser

Since there are several attenuators in the analyser, dypamic
response curves are given to prevent overloading the amplifier
stages between attenuators.

1. Dynamic Response Curve of Input Amplifiers and First Ring

‘Odulltor = ﬁg. 60
This curve shows that the input amplifiers and the first
ring modulator circuits will be overloaded when the output at

J2 exceeds 0.6 wvolt ==,

30
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DIAL SETTING VS MREQUENCY DATA

Frequency, cps Dial Settgg‘
Lho 50.0
koo b7.7
350 bk.9
300 k1.8
250 38.0
200 33.7
170 30.7
160 29.5
150 28.4
140 27.1
130 25.9
120 2h.6
10 23.3
100 21.8

90 20.3
8o 18.7
70 16.9
60 15,2
So 13.3
Lo 11.3
30 9.4
20 7.1
10 h.?
9 L.L
8 b.2
7 3.9
() 3.6
S 3.3
k 3.0
3 2.6
2 2.1
1 1.1
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ATTENUATOR CALIBRATION DATA

Inpat Atten I8 Drop Per Totel IB Drop
Setting Setting
0 0.00 0.00
1 3.00 3.00
2 3.00 6.00
3 3.00 9.00
L 3.00 12,00
5 3.00 15.00
6 3.00 18.00
7 2.75 20,75
8 3.26 213,00
9 3.00 27.00
10 3.25 30.25
11 3.00 33.25
12 3.00 36.25
13 3.00 39.25
14 3.00 L2.25
15 3.00 s5.25
16 2.50 L7.75
17 3.00 50.7%
18 3.00 53.75
19 3.25 57.00
20
Inter Atten DB Drop Per Total DB Drop
Setting Setting
0 0.00 0.00
1 3.00 3.00
2 3.00 6.00
3 2.75 8.75
L 3.00 11.75
S 3.00 .75
é 3.00 17.75
7 3.00 20.75
8 3.00 23.7%
9 3.00 26.75
105 . 2.75 25.50
11 3.00 32.50
12 3.00 35.50
13 3.00 36.50
1 3.25 51.75
15 3.00 Lk.75
16 3.00 k7.75
17 3.00 50.75
13 3.00 53.75

19 3.00 56.75

1
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DYNAMIC RB&;OHSE CURVE
°
INPUT AMPLIFIERS AND 1ST RING MODULATCR
1.6 for
Narrow-Band Analyzer
Type NOL-XL-3SA MOD
Model IIT-NBA-1
1.4 Serial No, IIT-4950-31A
I
1.2 | E
8 ] i
[]
<
. L | | | r”’{y,»#?zz_‘
1.0 -+ =
> |
P> | ;
'HN === D
o o /
£ .8 e
g . / i
o, : I l ! |
- | T ’ , [
3 | o
.6 / ]
. , ‘
/ s s
.4 / |
[ — e
; ' :
| |
2 ! |
’ Note: Input atten gdjusfed tf ninimus
attenuation. i
/ |
l
0 I |
o .2 4 .5 .8 1.0

Input in Volts, A-C

Fig. 6




2. Dynsmic Response Curve of Carrier Frequency Azplifiers -~ Fig. 7

This curve shows that the carrier froquency smplificrs
‘4111 be overloaded when the ocutput at J3 exceeds 2 volts a-c.
3. Dynamic Response Curve of Control and Amplituds Channels ~

Fig. 8.
This curve shows that the control and amplitude channeis
will be overloaded when the d-c gelvanometsr reading exceeds

19 microamperes.

The dynamic response curvee 1, 2, and 3 above, show that the
control and amplitude channels will overload prior to an overload
of the carrier frequency ampliriers. The control and amplitude
channels are overloaded at approximately a O.L4 v a-¢c input, whereas
the carrier frequency amplifiers are capable of delivering 2 v a-c
undistorted. Therefore, the control and amplitude channels limit
the output of the carrier frequency amplifiers to approximately
0.4 v a-c.

Since the inter-attenuvator is located between the inmput
amplifisrs &nd the carrier frequency amplifiers, there is danger
of overloading the input amplifieras. It is seen irn Fig., 6 that
the output of the input amplifiers cannot exceed 0.6 v a—c with-

out overloading.

Filters and Tuned Circuit Curves

h | o
Ae Aipo

)

nput Filter Response Curve, Fig. 9, shows the response

of the input filter.
2. The Tuned Circuit Response Curve, Fig. 10, shows the frequency-

db response cf the tuned circuit.
3. The Response Curves of the Low Pass RC Pilters, Fig. 11, show

L)
-3



the frequency-dbv reaponss. A curve is given for sach position
of the filter selector. The front pansl conirol is marked to

show the wide-band (WB) and the narrow-band {¥B) positicas of

the swi*ch.



Qutput at J3 in Volts, A-C

b1

DYNAMIC RESﬁ?NSB CURVE
o
CARRIER FREQUENCY AMPLIFIERS

for

Narrow-Band Analyzer

Type NOL-XL-3A MNOD
Model IIT-NBA-1
IIT-4950-31A

Serial No.

l

| |

[N DI

SIUNEY SQIPIPETI I S

/(

l

ote:

Intc} att
attoﬁuati o

n set at Tininﬂn

L]

.02

.04

.C6

.08 0.1

Input at 12 in Volts, A-C

Fiqg.

7




D-C Galvanometer Reading

40

1
‘ DYNAMIC RESPONSE CURVE
of
CONTROL AND AMPLITUDE CHAKNELS
32 for
Narrow-Band Analyzer
Type NOL-XL-3A KOD
Model IIT-NBA-1
Serial No., IIT-4950-31A
28 V
i
24 ‘ —F
20 |—— f '
A
s i
J1 ’
16 / '
A 1
12 :
17
No *e:%’Q atten adjusted fox maxi
a:teanﬁtion.
'/
!
0 ,
(o] By o4 .6 .8

Input at J3 in Volts, A-

Fig. 8
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Decibels

+2
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TUNED CIRCUIT RESPONSE CURVE
for
Narrow-Band Analyzer
Type NOL-XL-3A MOD

Model IIT-NBA-1
Serial No, IIT-4950-31A

|
[
H

SN FR—

]
|
|
i
|

|
[

R

'LO"--...

- o
I’
—D"‘ !

ol

4800

J
Ji*
T

Frequency in Cycles per Second
Fig. 10
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Part List for Power Supply Chussis

thitz

- W N

[ e N -t oS N V]

nN

L N N S N

(S )

-

87

Description
1X 2w 10%

33K 1w 10%

22K 1w 10%

100K 1w 10%

220K 1w 10%

56K 1w 10%

oK 10w

330K 1w 10%

1 meg 1w 10%

7.5K kw ww potenticmeter
80 uf LSOv plug in electrolytic
1 uf LOOv paper

16 uf electrolytic

CTC PSR 105 power transformer
UTC SO power transformer
UTC S28 filter

UTC S25 filter

UTC S31 filter

Jones plug

Jones plug

Femsle AC socket

Kale AC socket

Pilot lamp

DPDT switch

3 amp 84C



Part Liast for Power Supply Chessis -~ vontinued

)

V3V,

s
VS,V9

Y0

n

Y2

1 ea.
1

1 ea,
1 ea.

1 ea.

SRLGY
61,
64370
\)
5651
0A2
082
0A3
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Part List for Chassis No. 1

Quanti ty

= N @ = W = NN

N NN D W NN W g N

-

N N T

Descrigtion
250K Daven attenuator CP=353-X

390 ohm 1/2w 107,

1K 1/2w 10%

27K 1w 10%

10K 1/2w 10%

12K i/2w 10%

L70x 1/2w 10%

470 ohm 1/2w 10%

3.3K 1/2% 10%

270 ohm 1/2w 10%

15K 1/2w 10%

220 ohm 1/2w matched to 2%
S0K Daven attenuator CP-353-S
22K 1/2w 10%

220K 1/2w 10%

33K 1w 10%

15K 1/2w 10¥

100K 1/2w 10%

270K 1/2w 10%

30x 1/2= 10%
L7X 1/2w 10%

250K potentiometer
1.5 1/2w 10¥

L7K 1w 10%

0.5 meg potentiomsier

500 ohm potentiometer



Part List for Chassis No. 1 - continued

Py

Tl,Tz,TB,’l‘h

La yL2 pL3 pLh’Ls

S S S

3 R X

W

Py,
V1,v2,v3,v4,V10
Vs

Ve'V8

VY,

.8

1
1

h ]

bt w w v W @ W n =

T T

I N R S ™ e

81

100 ohm potenticmeter
25K potenticameter
2.0 uf 200+

0.05 uf 200v

C.25 uf 200v

20 uf 250v elec.
1.0 uf Loov

0.5 uf Loov

0.1 uf LOOv A
Adjust to resonate
Adjust to resonate

21 uuf % 1-1/2 to 220 vuf £ 3 tuning
capac.

0,002 uf mica.

330 uuf mica.

Special transformer, see p. 66
Special inductor, see p. 66

0-1 Triplett Mod. 327-T, 2000
ohms per volt

1 pole, 3 pos. rotary
Carrier signal output
Oscillstor signsl output
Control signal output
Power input

2c51

6J6

6AKS

GAUS

Dial lamp 250 ma.
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Part List for Chassis Ho. 2

Quantity Description
3 350 ohm 1/2w 10%
2 S6K 1/2w 1G%
2 680 ohm 1/2w 10Y
3 15K 1w 10%
3 70K 1/2w 10%
3 6.8K 1/2w 10%
3.3k 1w 107
i0 470 otm 1/2w two sets of five matched
within 2%
2 220 otm 1/2% 10%
N SO0 chm potentiometer
6 6.6k 1/2w 1%
N 2.15K 1/2w 1%
L 680 otm 1/2¢ 1%
L 314 ohm 1/2w 1%
10 100K 1/2w 10Y
5 390K 1/2w 10%
2 1.5% 1/2w 10%
b 330 ohm matched 1%
N 250K prec. 1 ¥
2 70K ww potentiometer
6 150K 1/2« 10%
12 680K 1/2w three sets of four
matched within 1%
6 1.8 meg 1/2w 10%
k 11.1K 1/2» 1%
k 100K 1/2w 1%



Part List for Chazsis No, 2 - continued

Ras

Ry7

Rog

R,

rn rn n N &

N W

-

H =N

-

N N N =

ol Y ol Y ~ i VY

I

15K 10w wr

68K 1/2w 10%

1.5K iw 10¥

33K 1/2w 10%

82K 1/2w 1%

270K 1/2w 10%

10K potentiometer
100 ohm potentiometer
27X 1w 10%

L7K 1w 10%

1 meg 1/2w 10%
150 oha 1/2w icz
15K 1/2w 10%

22K 1w 10%

2208 1/2w 10%
SOK potenticmeter
2.8K Sw

6.8k 2w

0.25 uf LOOv

0.1 uf Loov

1.0 uf L4OOv

4.0 uf 200+

2.0 uf 200v

1.0 uf 200v

0.5 uf 200v

0.25 uf 220v

C.1 uf 220v

0.05 uf 220v



Part Lict for Chassis Yo, 2 -~ contimmed

1y 1 0.00LL uf mics.

e 1 560 uuf mica.

7,7, 1 ea. UTC A20

TpT), 1 ea. TIC 225

TS 1 Special, sss p. 66
Tgs Ty 1 ea. UTC 855

lll,ll2 1 ea. S00-0-500 va, Simpson Mod. 27
8, 1 L pole, L pos. rotary
S, 1 8 nole, S pos. rotary
s, 1 DPDT toggle

PLl 1 Carrier signal input
FL, ' 1 Oscillator signal inmput
l"L3 1 Control aignal output
PL, 1 Power 1input
¥10553,7}, 1 ea. 2c51
:5’v€’v9;v1° 1 ea. 12AX7

15°716° 717

77,V8,Vn,v12 1 ea. GAK6

V1399018 1 ea. 6AV6

¥19°¥20 1 ea. 6BES

Vs 1 &BL

‘."22 1 &36

V23 1 0B2

66



SPECIFICATIOCNE FOR BFEiIAL INDUCTORS AKD TRANSFORMERS

Transformer Tz
3 —o Core: 2 W.E. f475888 ccros paralleled

B Tank Coil A 2050t §26 ooamel (L app. 1.22h)
Plate Coil B 40t 32
4—0  Grjd Coil C 20t ¥52 °

A ""—°c Output Coil D 125t £82 *
o—2 =3 izmsulating tape between Coil A, B, C and D.
Ee-—o Potted in metal can.

4—o Core: W.E. $478438

po—2 5s—oS Pri, Winding: 616t $2€ enamel C,T.
8e0, Winding: 200t $32 ensmel C.T.

Potted in metal can.

-  o—1i Transformer 25
3 6—o Core: W.B. §467586
pPo—-2 4—0S pPri, - 2000t §#52 enamel C.T. - Wound by doubling wire
gﬂcs—" and winding two halves of primary simultanecusly.
o3 1 Sec. - 400t $32 enemel C.T.
_____________ _Pottad in mutel cana. . _ . _ _ _ _ _

Tank Coil A = 775t #22 enamel
Feedback Coil B - 150t 81
Plate Coil C = 100t #30
Grid Ceil D - 20t 26
Output Coil B - 45t $50
Output Coil F - 90% gg

] i
Coil A insulated from other windings by laysr of
glass tape.

Potted in metal can.

Filver Coils

L, W.E. 467685 oors - app. 2500t §32 enamel (0.633h)
| | >

Lys 4 - 3070t * s (0.8h)
Lyt . T - " 3420t * e (1.0n)
L,: ° ® - ® 3070t * "  (0.8n)
Lgs . ® . ® 2500¢ * o (0.538h)

All cmpcnonts mounted in asingle oan and potted.

66



8CHEMATIC AND PART LIST COERRECTICHS

The 1H42's used in the ring modulstorm were cmitted from the part

lists. One ia ured on Chassie No. 1 and two on Chessie No. Z.

Schematic and Part List for Chassis He. 1

1.

2.
3.

4.

5.

The filament oircuit is incorrect. Filament transformer Tg (UTC 855)

is not shown on the sohematic. (Ses Plate IV). The power supply chassis
transformer T, supplies filament voltage to V,, through Viq through ter-
minals 7 and 8 of PL,. Voltage for V; through Vg and the dial light DL
is supplied by T (UTC S55). Primary voltage for Tg is obtained from
terminals 5 and 6 of PL,.

Cne watt resistors are used for R;,.

‘fl is a UTC A20 transformer.

1‘5 is a UTC AZ6 transformer.

Vg and Vg are 6AUE wacuum tubes although the 6AX5S type works.

Schematic and Pert List for Chassis No., 2

1.

2,

1
o

€.
7.
8.

9.

Ryo in the plate circuits of Vos Vg Vu and V,, are 500 ohm Mallory
typoe N500P units.

Ryn in the 1K42 modulator circuits are 500 ochm Ohmite type AB coampo-
sition units.

83 on the cathodes of ‘72 have been changed to 220 ohms Aw and should
be labeled Ry, Four Rg's are roquired.

ors shown Usiween tho cathodes of V; and the
grids of Vp have been omitted.

The cathodes of V;. ar: returned directly to ground.

Rgs should read 2 10CK potenxtiometers.

Ry 12 470 om 4w 10%.

Cy3 is 0.1 ufd 400v.
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