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SPECIFICATIONS

FREQUENCY

Range: 20 to 54,000 cps. The frequency is indicated -

on a counter and a dial with a linear graduation, 1 di-
vision /10 cps. .
Accuracy of Calibration:
+1% beyond 50 kc.
Incremental-Frequency Didl (AF):
is 12 cps below 2 ke, 5 cps up to 50 kc.

At frequenc1es below

_-_-.t(%% .45 cps) up to 50 kc;

Automatic Frequency Control:
10 k¢, the total range of frequency lock is at least 400

cps for the 50-cycle band and at least 150 cps for the

10-cycle band, as defined by 3-db drop in response
from full-scale .deflectiOn.' At 50 kc the lock ranges
decrease to about half of these values.

Selectivity: Three bandwidths (3, 10, and 50 cps)
selected by switch. | |

Effective -bandwidth for noise equal to nominal
bandwidth within +10% for 10- and 50-_cyc1e bands .,and ..

120% for 3-cycle band.

3-Cycle Band: At least 30 db down at 6 cps fro.r.n_ |
" center frequency, at least 60 db down at %15 cps, at

least 80 db down at *25 cps and beyond

10-Cycle Band: At least 30 db down at 120 cps, at
least 60 db down at 45 cps, at least 80 db down at

+80 cps and beyond.

50-Cycle Band: At least 30 db down at :!:100 cps, at |

least 60 db down at £250 cps, at least 80 db down at
+500 cps and beyond. |

INPUT

Impedance: One megohm on all ranges.

Voltage Range: 30 microvolts to 300 volts full scale

in 3, 10 series. A decibel scale is also provided.
Voltage Accuracy: After calibration by internal source,
the accuracy up to 50 kc is $(3% of indicatedvalue
+2% of full scale) except for the effects of internal
noise when the attenuator knob is in the maximum-
sensitivity position. In that position the internal noise
is about 5% of full scale for the 3- and 10-cycle bands
and 10% of full scale for the 50-cycle band. From 50
to 54 kc, the above 3% error becomes 6%.

Residual Modulation Products and Hum: At least 75

db down.

OUTPUT
100-ke Output: Amplitude is porportional to amplitude

of selected component in analyzer input signal. With

1100 cps Accuracy

- Power Requirements:

- spare fuses.

the Type 1521 Graphic Level Recorder connected
through the adaptor cable supplied, at full-scale meter
deflection, output is at least 3 volts. Dynamic range
from overload point to internal noise is >80 db with
attenuator knob fully clockwise. |

‘Recording Analyzer' The analyzer in combmatmn with

the Type 1521 Graphic Level Rec_:_order produces con-
tinuous, convenient recotds of frequeoc? spectra over
the complete range of the analyzer The end frames of
the bench models can be bolted together to form a

| r1g1d assembly.

DC Output: One milliampere in 1500 ohms for full-
scale meter deflection, one side grounded.

Filtered Input Component: Output at least 1 volt
ACLOSS 600-ohm load for full-scale meter deflection

- with. output control at maxunum

Tracking Generator: 20 cps to 54 kc; output is at

"leaS'?_ 2 volts across 600-ohm l_oad with output control

‘at maximum.

GENERAL

~ Terminals:

Input Type 938 Bmdmg Posts, output,

telephone jacks. |
105 to 125 (or 210 to 250) volts,

50 to 60 cps, approximately 40 watts.
Accessories Supplied: Type 1560-P95 Adaptor Cable
Assembly, phone plug, Type CAP- 22 Power Cotd,

Other Accessories Available: 'Type 1900-P1 Link
Unit for coupling to Type 1521 Graphic Level Re-

- corder. -
- Cabinet: Rack-bench.

Dimensions: Bench model—width 19, height 16Y4,
depth 15Y% inches (485 by 415 by 390 mm), over-all;
rack model—panel 19 by 15% inches (485 by 400 mm),
depth behind panel 13)4 inches (340 mm). .
Net Weight: 59 pounds (27 kg).

Shipping Weight: 140 pounds (64 kg).

TYPE 1910-A RECORDING WAVE ANALYZER

Dimensions: Width 19, he1ght 25%, depth 15Y%
~ inches (485 by 645 by 390 mm), over-all. Supplied
with end frames for bench mounting and support
sets for installation in a standard 19-inch relay
rack.
‘Net Weight:
Shipping Weight:

109 pounds (50 kg).
204 pounds (93 kg).



Figure 1-1. Type 1900-A Wave Analyzer.



INTRODUCTIO

W

sEcTION 1

INTRODUCTION

1.1 PURPOSE.

The Type 1900-A Wave Analyzer (Figure 1-1) or
" the Type 1910~A Recording Wave Analyzer (Figure 2-2)
can be used to measure and to analyze a spectrum of com.-
plex electrical signals, including replicas of acoustic
noise or mechanical vibrations. Incorporating excel-

lent selectivity, the analyzer is especially useful for the
separation and measurement of the individual compo-~

nents of periodic complex waveforms, such as harmonic
and intermodulation distortion. It is particularly well

suited for the analysis of noise, because its bandwidth,
in cycles per second, is independent of the center fre-

quency. Thus the required averaging time is constant

and the calculation of spectrum level is simple. In ad-

dition, the required averaging time is reasonably short
when the 50-cycle bandwidth of the analyzer is used.

The analyzer can also serve as atunable, narrow-
band filter, so that any component of a complex input
signal can be used to drive other instruments (such asa
frequency counter) when a highly accurate measure-
ment of the component frequencies is desired.

In the ‘‘tracking generator’’ mode of operation, the
output is a sine~wave signal, tunable over the 54-kc range
and always in tune with the analyzer. When this signal
is used to drive a bridge or other network, the output

INPUT PHASE BALANCED 00-ke
_‘f‘T—I > smITTER [——MODULATOR FTeR
- ' 7
| | L

CALIBRATING
SIGNAL

BANDWIDTH

can be measured by the analyzer, whose selectivity re~
duces the interference from extraneous noise, hum, or
distortion.

For automatic waveform analysis, outputs are pro-
vided on the analyzer to drive the Type 1521 Graphic
Level Recorder or a 1-ma dc recorder.

1.2 GENERAL DESCRIPTION.

The Type 1900-A Wave Analyzer is a heterodyne
voltmeter. The level of the input signal is adjusted by
means of a calibrated attenuator (see Figure 1-2); the
signal is then heterodyned, ina balanced modulator, with
the voltage from a local oscillator. The frequency of
this local oscillator is adjusted so that the difference
between it and the desired component of the inputsignal
is 100 kc. The resulting 100-kc heterodyne component
then passes through a highly-selective quartz-crystal
filter, whose bandwidth can be set to either 3, 10, or 50
cps. The level of the 100-kc filter output is amplified
and is then adjusted by means of a second calibratedat-
tenuator. The signal is then indicated on a meter. The
direct current flowing through the meter is available at

- panel terminals for use in driving a 1-ma dc recoxrder.

The amplified 100-kc signal is also available at panel
terminals to drive the Type 1521 Graphic Level Recorder.

DISCRIMINATOR |

SLOCK CODE

o | 7
| / F+ -

AND -
REACTANCE DIQUES ‘] . 1
. ~

/. » SEE FIGURE 6-24
2. = SEE FIGURE 6 —21
3= SEE FIGURE 6-13

LOW-PASS
FILTER

D

4o SEE FIGURE 6 -17

% s 'SEE FIGURE 6 —8 TRACKING

o ANALYZER

100=ke

OSCILLATOR

by

-—0 [00~kC
L RECORDER
METER

! - OUTPUTS
/"I RECTIFIER © | mA DG -

- INDICATED
o FREQUENCY
‘FILTERED
INPUT
COMPONENTY

Figure 1-2. Block diagram of the analyzer.
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In one mode of operation, the outputis heterodyned
back to the original frequency, anditis available at panel
terminals marked FILTERED INPUT COMPONENT. In
another mode, the local oscillator beats with a 100-kc,
quartz - crystal - oscillator signal and the combination
functions as a beat-frequency oscillator. This output
is also available at panel terminals marked TRACKING

GENERATOR. Both of these final outputs can be ad-

justed by the LEVEL control.
The frequency of the local oscillator is adjustable

from 100 kc to 154 kc by means of the two large coaxial
FREQUENCY knobs, and the difference between the ac-
tual oscillator frequency and 100 kc is indicated on the
counter-dial combination. A capacitor in the oscillator
circuit, with a dial marked AF, can beusedto change the
indicated frequency by any amount up to 100 cps at any
setting of the FREQUENCY controls.

A panel switch provides adjustment of the meter
response speed to either SLOW, MEDium, or FAST. The
slower speeds are well suited for noise analysis.

The panel GAIN control can be used to set the gain
at any desired value with respect toa reference compo-
nent. By means of a screw-driver adjustment, the gain
can be set in terms of a calibrating signal derived from
the power line, so that the meter indicates directly in

volts. |
Controls are provided to adjust the balanced mod-

ulator and to set the frequency of the local oscillator.

1.3 CONTROLS AND CONNECTORS.

Table 1-1 lists the controls and connectors on the
Type 1900-A Wave Analyzer.

TABLE 1-1 CONTROLS AND CONNECTORS.

Figure 1-3 |
Ref No. I  NAME | TYPE ] FUNCTION
1 IPOWER 2-po$ition toggle switch I Turns instrument on or OFF.
- J(OFF) with pilot light
2 FREQUENCY Two coaxial, continuous, Control local-oscillator frequency, to tune analyzer from
(CPS) rotary controls with counter | 20 to 54,000 cps. Larger knob gives coarse control; smal-
| and dial ler knob gives fine control. -
NOTE
| These controls have no stops. The uncalibrated por-
| tion of the range is marked by o red flag on the left-
hand-perimeter indicator; in addition, the range from
54,000 to 60,000 cps is not calibrated. However, no
| ‘damage will result if the dial is turned through its range.
3 AF | Continuous rotary control Controls frequency of local oscillator' bvera span of *100
| (CPS) with calibrated dial cps from the frequency indicated by the FREQUENCY
' % | counter and dial.
4 F ZERO | Continuous rotary control Adjustment of local-oscillator frequency.
(PUSH TO ENGAGE) | | | -
S CARRIER BALANCE | Pair of continuous rotary Adjusts modulator balance to reduce carrier feed-through
(PUSH TO ENGAGE) | controls at low frequencies.
6, 7, 8| FULL SCALE Two coaxial step selector Larger dial sets input attenuator; smaller dial provides
‘switches percentage and dbscales ; inner knob sets analyzer at-
tenuator. | |
9 BANDWIDTH 3-~position selector switch Selects bandwidth of quartz-crystal filter.
(CPS)
10 METER SPEED 3-position selector switch Selects response speed of meter.
11 READING 2-position selector switch Permits panel control of gain or internal CAL control.
12 CAL Rotary control with slotted Provides screw-driver adjustment of internal gain of a-
| shaft (under snap button) nalyzer. -
13 GAIN Continuous rotary control Sensitivity adjustment.
14 MODE 3-position selector switch Selects mode of operation (refer to text).
15 LEVEL Continuous rotary control | Adjusts amplitude of beat-frequencyoscillator output or
filtered-signal output, | -
16 INPUT Jack=top binding-post pair To connect signal to be analyzed.
(1 MEGOHM)
17 OUTPUT Phone jack To connect dc recorder.
(RECORDER)
(1 mA DC)
18 OouUTPUT - Phone jack To connect 100-kc output from analyzer to graphic level
(RECORDER) recorder.
(100 KC)
19 QUTPUT Phone jack Output from beat-frequency oscillator or filtered-sig-
(GENERATOR nal output is available at this jack.
OUTPUT) |
(FILTERED INPUT
COMPONENT)
3-terminal male connector For connection to power source; located at rear of instru-
ment.,

Two fuse holders are located beside the connector,
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1.4 ACCESSORIES SUPPLIED.

Table 1-2 lists the accessories supplied with the

Type 1900-A Wave Analyzer.

TABLE 1-2

Accessories supplied with the

Type 1900-A Wave Analyzer.

Quantity | Name

1 Type 1560-P95 Adaptor Cable Assembly 1560-9695

Part Number

1 Type CDMP-22 Phone Plug 4220-2000
1 Type CAP-22 Power Cord 4200-9622
2 Type FUF-1 Fuses
Two 0.5-amp for 115-volt model 5330-1000
or two 0.25-amp for 230-volt model 5330-0700
9 10

16

0o 00 0

L8] 3
._'r-"é-gt}m*”:__

In addition tothose listed in Table 1-2, the acces~-

TABLE 1-3

sories listed in Table 1-3 are supplied with the Type
1910-A Recording Wave Analyzer.

Additional accessories supplied with the
Type 1910-A Recording Wave Analyzer.

Quantity | Name Part Number
1 Type 1521 Graphic Level Recorder
(with 60-rpm motor)
1 Type 1521-P3 80-db Potentiometerl
1 Type 1900-P1 Link Unit
1 Type 1521-P10B Drive Unit
10 Rolls of Chart Paper 1521-9464
10 Rolls of Chart Paper 1521-9465

. The 80-db potentiometer is supplied in addition
to the 40-db unit installed in the recorder.

[ 12 13

Figure 1-3. Panel view of the analyzer. Numbers refer to Table 1-1.

17

14
18
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1.5 OTHER ACCESSORIES AVAILABLE.

Table 1-4 lists the other accessories available for

the Type 1900-A Wave Analyzer.

TABLE 1-4. Other Accessories Available.

Function

Type Number ' ~ Name
1900-P1 Link Unit
1900-P3 Link Unit

1521-9464 | Chart Paper

1521-9465 Chart Paper

1521 Graphic Level Recorder

1150-B Digital Frequency Meter

'Couples the analyzer to the Type 1521 Graphic Level Recqrd'er.'
Couples the analyZér to the Type 1521 Graphic Level Recorder.

For use on Type 1521 Graphic Level Recorder, to record out-

1 put of analyzer. Calibrated O to 10 kc, linear, repeating every
20 inches. - | |

For use on Type 1521 Graphic Level Recorder when analyzer
is used on 30-cycle bandwidth only. Calibrated 0 to 50 kc,

linear, 10 inches, repeating every 16 inches.

To record 100-kc output of analyzer and automatically plot

spectrum.

To measure accurately the frequency of the selected components.




SECTION 2

INSTALLATION

2.1 MOUNTING THE TYPE 1900-A WAVE ANALYZER.

The instrument is available for either bench or
relay-rack mounting. For bench mounting (Type 1900~
AM), aluminum end frames are supplied to fit the ends
of the cabinet, Each end frameis attachedtothe instru-
ment with four panel screws with fiber washers and four
No. 10-32 round-head screws with notched washers.
| For rack mounting (Type 1900-AR), special rack-
mounting brackets are supplied to attachthe cabinetand
instrument to the relay rack (see Figure 2-1).

To install the Type 1900-AR in a relay rack:

- a. Attach each mounting bracket (A) to the rack
with two No. 10-32 round~head screws (B). Use the in-
side holes on the brackets.

b, Slide the instrument onto the brackets as far
as it will go.

c. Insert the four panel screws with attached wash-
ers (C) through the panel and the bracket, and thread them
into the rack. The washers are provided to protect the
face of the instrument.

d. Toward the rear of each bracket, put a thumb-
screw (D) through each slot in the bracket and into the
hole in the side of the cabinet. |

- Reverse the above procedureto remove the instru-
ment from the relay rack.

CABINET

To remove the Type 1900-AR Wave Analyzer from
the cabinet, set the instrument on its back (panel up) on
two or more blocks, so that it will not rest on the pro-

jecting power plug. Removethe eightpanel screws, four
at the top and four at the bottom of the panel. By means
of the overhanging side edges of the panel, carefully lift

~ the instrument straight up, untilit is free of the cabinet.

2.2 MOUNTING THE TYPE1910-A RECORDING WAVE ANALYZER.

The Type 1910-A Recording Analyzer, which in-
cludes both the Type 1900-A Wave Analyzer and the Type
1521 Graphic Level Recorder, is shipped with aluminum
end frames, completely assembled for bench mounting.
Also included are supports for installation ina standard
19-inch relay rack. Follow the mounting instructions
given in paragraph 2.1, above.

2.3 CONNECTION TO POWER SUPPLY.

Connect the analyzer to a source of power as indi-
cated by the legend at the input socket at the rear of the
instrument; use the power cord provided. While instru-
ments are normally supplied for 115-volt operation, the
power transformer can be reconnected for 230-volt ser-

Figure 2-1. Installation of relay-

rack model, Type 1900-AR.
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vice (see schematic diagram, Figure 6-8). When changing
connections, be sure to replace line fuses with those of
current rating for the new input voltage (refer to Parts
List). Appropriate measures should be taken sothatthe
legend indicates the new input voltage. On instruments
changed from 230to 115 volts, this simply means removal
of the 210- to 250-volt input plate; a 105- to 125-volt
legend is marked beneath. For instruments changed to
230 volts, a 210- to250-volt plate (Type 5590-1664) may
be ordered from General Radio.

2.4 INSTALLATION WITH TYPE 1521 GRAPHIC LEVEL

RECORDER.

2.4.1 GENERAL.

The analyzer can be combined with the Type 1521
Graphic Level Recorder, as in the Type 1910-A, for
automatic recording of the frequency components of a
signal. In addition to the two instruments, a Type
1521-P10 Drive Unit and a Type 1900-P1 or =-P3 Link
Unit are required to complete the analyzer-recorder
assembly,

Either rack- or bench-mounted models can be
used in the combination. End frames, furnished with
the bench-mounted units, can be bolted together to form
a rigid assembly without the use of a rack (Figure 2-2).

Figure 2-2. The mechanical connections between
the analyzer and the Type 1521 Graphic Level Re-
corder. These two instruments and the accessories
listed in Tables 1-2 and 1-3 are included in the
Type 1910-A Recording Wave Analyzer.

FREQUENCY
CONTROL
SHAFT

® &
B C

Figure 2-3. The three panel screws shown must
be removed before the Type 1900-P1 or -P3 Link

Unit is mounted on the analyzer.

The combination can be set up with either instru-
ment above the other. However, the analyzer is normally
placed above the recorder, since, with this arrangement,
the drive chain linking the two units does not interfere
with the manipulation of any controls.

2.4.2 INSTALLATION PROCEDURE.

2.4.2.1 General. For rackmounting, place the two in-
struments in the same relay rack, one above the other,
and follow the procedure described in paragraph 2.1 of
this book and in Section 2 of the Operating Instructions
for the Type 1521 Graphic Level Recorder.

For bench use, place one instrument above the
other with the panels in the same plane. Bolt the end
frames together on each side of the instruments (bolts
supplied.

CAUTION

Because of torque limitations do
not attempt to drive the analyzer
with the high-speed (300-rpm)

‘motor in the recorder.

2.4.2.2 Type 1521-P10 Drive Unit. Mount the Type
1521-P10 Drive Unit on the Type 1521 Graphic Level
Recorder as described in the Operating Instructions for
the latter. The Microswitches (used to turn the motor
off at the ends of the sweep) will seldom be needed;
therefore, the internal toggle switch (behind the panel,
near the socket for the drive-unit plug) should be snapped
toward the rear, away from the panel of the recorder.

2.4.2.3 Type 1900-P1 Drive Unit. To mount the Type
1900-P1 Link Unit on the analyzer, proceed as follows:

a. Loosen the setscrews in the two FREQUENCY
control knobs. Slide the knobs off the shaft.

b. Remove the three panel screws (A, B, and C,
Figure 2-3) that are near and in line with the exposed
shaft.

c. Removethe two thumbscrews (with their wash-
ers) from the two threaded storage holes in the main
plate of the link unit and place the plate so that the
FREQUENCY control shaft is inserted in the 3/8-inch
bushing. Screw the thumbscrews into the two panel-
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THUMBSCREW STORAGE HOLES MAIN PLATE

GEAR AND KNOB
ASSEMBLY

THUMBSCREW THUMBSCREW

Figure 2-4. Method of mounting the Type 1900-P 1
Link Unit on the analyzer.

screw holes (A and C) that are farthest from the shaft.
The washers must straddle the main plate, as shown in
Figure 2-4, to lock the plate in place.

d. Determine which of the two gear-and-knob
assemblies (both are supplied) is to be used. The one
with setscrews near the knurledend of theknob drives the
small-diameter FREQUENCY control shaft and covers
a spanof 1 kcper revolution. This assembly is designed
for use on any of the three bandwidths, with Type 1521-
9464 Chart Paper, which covers 10 kc in 20 inches. The
recorder can be operated so that the second 20-inch
section of paper corresponds to the next 10-kc span.
(The 10-kc units must be marked on the paper for
identification.,)

To attach this assembly, slip the knob over the
shaft end and mesh the gear with the one on the main
plate of the link unit, as shown in Figures 2-2 and 2-4.
Tighten both setscrews in the knob.

e. The gear-and-knob assembly with setscrews
near the gear end of the knob drives the larger control
shaft and covers a span of 10 kc per revolution. Use
this assembly only when the 50-cycle bandwidth is to
be used exclusively and only with the Type 1521-9465
Chart Paper, which covers 50 kc in 10 inches. (The

GEAR-AND~-KNOB ASSEMBLY

FRONT PLATE

THUMBSCREW

drive with this connection is not smooth enough to give
accurate results with bands narrower than 50 cps. Also,
the resolution of the chart paper is not adequate to jus-
tify its use with the narrower bandwidths.)

To attach this assembly, first remove the E-type
retaining ring and the washer from around the 3/16-inch
FREQUENCY control shaft. Push the shaft in about 1/8
inch, so that the internal gears are no longer in mesh.
Slip the knob over the shaft end and mesh the gear with
the one on the main plate of the link unit, as shown in
Figures 2-2 and 2-4. Tighten both setscrews in the knob.

When the selected knob-and-gear assembly is in
place, slip the appropriate length of chain (two are sup-
plied) over the sprockets on both the link unit on the
analyzer and the drive unit on the recorder. Use the
short chain when the analyzer is placed on top of the

recorder and the long chain when the recorder is above
the analyzer. Loosen the two thumbscrews that hold the
main plate of the link unit and swing the plate on the
FREQUENCY control shaft to take up the slack in the

chain. Then tighten the thumbscrews.

2.4.2.4 Type 1900-P3 Link Unit. To mount the Type
1900-P3 Link Unit on the Type 1900-A Wave Analyzer,
proceed as follows (see Figure 2-5):

a. Loosen the setscrews in the two FREQUENCY
control knobs of the wave analyzer. Slide the knobs off
the shaft.

b. Remove the three panel screws (A, B, and C,
Figure 2-3) that are near and in line with the exposed
shaft,

c. Remove the twothumbscrews (with their wash-
ers) from the two threaded storage holes in the rear
of the link unit. Make certain that the gear-shift pin is
pulled out and inserted into the middle position and that
the gear-and-knurled-knob assembly is free, with the
setscrews that are at the front of the knurled knob
backed off.

d. Place the link unit so that the FREQUENCY
control shaft is inserted in the 3/8-inch bushing and
into the captive-gear-and-knurled-knob assembly.

GEAR-SHIFT PIN

o

| THUMBSCREW

Figure 2-5. Method of mounting the Type 1900-P3 Link Unit on the analyzer.
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e. Screw the thumbscrews into the two panel-
screw holes (A and C) that are farthest from the shaft.
‘The washers must straddle the rear plate, to lock it in
place..

f. Tighten the setscrews in the captwe-gear-a.nd“ |

knurled-knob assembly.

g. Slip the chain provided onto the large sprocket
by tipping it under the gear-shift pinand, with an upward
push on the pin, slide it into place.

h. Loosen the two thumbscrews holding the rear
plate of the link unit so that the unit can swing down to
allow the chain to be placed over the-sprocket of the
Type 1521~P10 Drive Unit. Then swing the link unit to
take up the slack in the chain and t1ghten the thumbscrews.

2.4.2.5 Completing the Installatmﬂ. Use the Type
'1560-P95 Cable Assembly to connect the wave analyzer
to the recorder, with the ribbed section of the plug at
" the top (the shield in the lower terminal). Insert the
" telephone plug in the 100 KC RECORDER OUTPUT jack
on the analyzer. (Usethe 1 mA DC RECORDER OUTPUT
jack for dc recordings.)

The analyzer-recorder combination is now ready
for use. Refer to the Operating Procedure, Section 3 of

this book and to the Operating Instructions for the Type

1521 Graphlc Level Recorder.

2.4.3 RESTORING MANUAL CONTROL.

2.4.3.1  Removing the :Iyge-i900-Pl Link Unit. To re-
move the Type 1900-P1 Link Unit, first remove the two

‘thumbscrews (Figure 2-4). This will allow the unit to

‘draw the link unit from the analyzer. |

swing on the FREQUENCY control shaft so that the
chain is loose; then remove the chain. Next loosen the
two setscrews in the knob-and-gear assembly and slide
it off the shaft. Remove the two thumbserews and with-
Thien replace the
three panel screws. If the inner shaft (3/ 16~-inch diam-
eter) has been pushed in (as described in e., paragraph
2.4.2.3), pull it out to its original position, at the same
time rotating it slightly to mesh the internal gears.
Then replace the washer and the retaining ring. |
Slip the two original FREQUENCY control knobs
onto the shaft and t1ghtena11 four setscrews inthe knobs.
The analyzer is now ready for manual control.

2.4.3.2 Removinﬁ the Type 1900-P3 Link Unit. To re-
move the Type 1900-P3 Li nit, first remove the two
thumbscrews with their washers (Figure 2-5). Swing
the link unit so that the chain is loose, and remove the
chain. Next loosen the two setscrews in the captive-
gear-and-knob assembly; then slide the link unit off of
the FREQUENCY control shaft. Screw the two thumb-
screws, with their washers, into the two threaded stor-
age holes in the rear plate of the link unit. |

Replace the three panel screws (A, B, and C,
Figure 2-3). Then slip the two original FREQUENCY
control knobs onto the shaftand tighten all four setscrews
in the knobs.

The analyzer is now ready for manual control. |
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SECTION 3

OPERATING

3.1.INITIAL ADJUSTMENT.

3.1.1 GENERAL.,

After installation (refer to Section 2), snap the
POWER switch on. For most measurements the analyzer
is ready to use after a one-minute warm-up period.

When the instrument is first set up, adjust the F
ZERO control as described in paragraph 3.1.2. Repeat
this procedure whenever an accurate calibration of the
low end of the FREQUENCY dial is desired. More fre-
quent adjustment of the F ZERO control is usually un-
necessary, because the frequency drlft after warm-up

is small.

Also, when the mstrument is flI‘St turned 011, adjust
the CARRIER BALANCE controls as described in para-
graph 3.1.3. Thereafter, check and adjust the balance
occasionally, particularly when low-level, low-frequency
‘components are to be measured. Ordinarily these con-
trols require adjustment only once every day or two.

3.1.2 ADJUSTMENT OF F ZERO CONTROE.

- To standardize the frequency calibration, first set
the controls at zero frequency. At this point the local
oscillator is actually operating at a frequency of 100kc,
which is the center of the filter passband. Part of the

“signal from the local oscillator is fed through thefilter,

and then is used to produce an indication on the meter.
Use the following procedure to tune the oscillator

frequency to the center of the filter passband. Do not

‘connect a s1gna1 to the 1NPUT termmals for th.lS adjust-
ment. |

Set the controls as follows-
FREQUENCY dial to 00000 by means of the two

-lai'ge concentric knobs below and to the: right of the dial.
AF dial to 0.

FULL SCALE attenuator
- Larger dial fully counterclockmse (INPUT

' SHOULD NOT EXCEED arrow at 300 VOLTS).
Knob fully clockwise (3()0 VOLTS)

BANDWIDTH knob to 10.

- METER SPEED knab to. FAST
"READING knob to A "_-",OLUTE
MODE knob to. NORMAL. |

Push the F. ZERO knebmtoward thepanel to engage
the flexible coupling, and rotate the knobuntil maximum
‘indication is noted on the meter, release the knob at this
point, The F ZERO control is now properly adjusted.

that the main mixer circuit is operatmg properly
procedure is as follows:

PROCEDURE

Some spec1a1 situations may require slight modifi-
cations of this basic approach, as follows:

If the indication is not greatenough for satisfactory
tuning, turn the attenuator knob one or two steps counter-
clockwise from the full-clockwise position.

| NOTE-

- If the meter indicates beyond

- full scale even with the attenu-
ator knob in the 300 VOLTS po-
sition, make a preliminary car-
rier balance (refer toparagraph
3.1.3), then proceed with the ad-
justment of the F ZERO control.

An attempt to make the adjustment with the carrier
nearly balanced may yield two maximum meter deflections,
one on each side of the correct F ZERO point, so that the
carrier should be slightly unbalanced, as follows:

If the maximum meter indication is near zero with
the FULL SCALE attenuator knob at 30 VOL'TS, push one
of the CARRIER BALANCE knobs in, sothat it engages the
flexible coupling, and rotate it slightly to obtain a meter
indication near midscale. Then proceed with the adjust-
ment of the F ZERO control,

For maximum precwmﬁ in setting the frequency of
the local oscillator, set the BANDWIDTH switchto 3 CPS

and adjust the F ZERO knob for max1mum meter indica-

tion, as outlined above.

3.1.3 CARRIER BALANCE ADJUSTMENT.

When the FREQUENCY controls are set near zero,
any signal from the local oscillator that passes through
the filter may interfere with the measurement of alow-
frequency signal. The CARRIER BALANCE controls can
be adjusted toreduce the oscillator signal sufficiently to

eliminate this difficulty. This adjustment also ensures
The
- Set the F ZERO control as descnbed mparagraph
3.1 2 |
Without disturbing the FREQUENCY ‘controls,
adjust the CARRIER BALANCE knobs for a minimum
meter indication. Push each knob in to engage its flex-
ible coupling and rotate each in turn until the minimum
possible indication is obtained. Tune each knob alter-
nately several times for a successively closer approach
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s

to a null. It is usually unnecessaryto balance the signal
to better than a full-scale meter deflection with the
FULL SCALE attenuator knob in the 30 VOLTS position

(larger dial set to INPUT SHOULD NOT EXCEED 300
VOLTS). If a very precise balance is attempted, the

meter indication will not reach a stable null. The dis-
turbing fluctuations are caused by very low frequency
noise (sometimes called “‘flicker effect’’) in the mixer
and preceding amplifier., This noise is troublesome
only when the FREQUENCY controls are set near zero.

‘Some drifting of the balance will occur, although the
CARRIER BALANCE controls can be readjusted at any

time. If it is desirable to maintain the balance for sev-
eral hours or longer, allow a 10-minute warm=-up period
and adjust the controls to give a meter indication of less
than half scale. No readjustmentshould be necessary for
several hours. Even if the power to the instrument is
turned off temporarily, with the attenuator knob in the 30
- VOLTS position, the balance should give a reading less than
full scale shortly after the instrument is turned on again.

3.1.4 CALIBRATING FORDIRECT READING IN VOLTS.

| An internal calibrating signal is providedto stand-~
ardize the sensitivity of the instrument sothat the ampli-
tude of a component can be measured directly in volts.
After the F ZERO control has been adjusted as in
paragraph 3.1.2, set the other controls as follows:

FREQUENCY dial to 00060 (00050 if the power-

line frequency is 50 cps).

AF dial to 0. '
FULL SCALE attenuator

Larger dial fully clockwwe w1th CAL Qpposne

CAL 3mV POWER FREQ.

WARNING
When the farger dial is set fully

clockwise, the electronic cir-
cuits are ‘disconnected from the
input signal.

Knob to 3 MILLIVO,TS.
BANDWIDTH knob to 10 (or to the bandw1dth thatis

to be used for subsequent measurements).

NOTE

‘For the 50-cycle bandwidth,
 complete the CARRIER BALANCE
adjustment of paragraph 3.1.3 be~
fore proceeding w1th this calibra-
tion. -

METER SPEED knob to FAST.
| READING knob to ABSOLUTE {(or to RELATIVE,
if the sensitivity is to be standardized by means of the
panel GAIN control). - |

MODE knob to NORMAL.

o

To be sure the frequency tuning is correct, adjust
whic

the AF dial for maximum indication onthe meter,w

should read 3 millivolts. If it does not, adjust the sen-
sitivity by means of the screw~-driver control under the
panel snap button marked CAL (or by the GAIN control
knob if the READING knobis in the RELATIVE position).
- For the greatest accuracy, repeat this standard-
ization procedure just before a measurement is made.
The sensitivity of the analyzer for the threeband-
widths has been equalized at the factory. Therefore, if
thegain is set for the 3-cycle bandwidth, it willbenearly

the same for either the 10~ or the 50~cycle bandwidth.
The small differences that may exist are due to thefact

that the insertion loss of the highly selectivefilter drifts
at a different rate for each of the three bandwidths.

If it is essential, for a given set of measurements,

‘that two bandwidths have exactly the same maximum re-

‘sponse, the calibration can be set to read correctly for
‘one bandwidth with the READING knob at ABSOLUTE,

(by means of the CAL screwdriver control) and for the
other bandwidth, with the READING knobat RE LATIVE

(by means of the panel GAIN control).

3.2 MEASUREMENT OF COMPONENTS OF PERIODIC SIGNALS.

3.2.1 GENERAL.

Awide variety of periodic signals canbe analyzed,
as shown in Figures 3-1,a and 3-1,b. |

The settings to be usedfor the various controls on
the analyzer depend upan the nature of the applied signal.

‘Quite often, enough is known about the signal sothat the

controls can be set directly. However, if very little is
known, the controls should be set in a manner topermit

- successively better settings after a preliminary analysis.

The settings are not critical unless use of the full capa-'
bilities of the analyzer is required. R

'3.2.2 ANALYSIS PROCEDURE.

After the initial adjustments have been made (para- |
graph 3. 1), proceed as follows:

a. Set the FULL SCALE attenuator. larger “dlal

fully counterclockwise (the INPUT SHOULD NOT EX-

CEED arrow at 300 VOLTS), or: to a value such that the
peak voltage of the signal (if it is known) is not more
than about 1.4 times the chosen INPUT SHOULD NOT
EXCEED value, in which case omit paragraphl e, f,
and g of this procedure.

WARNING

When the larger dial is set fully
clockwise, the electronic cir- .
cuits are dlsconnected from the
input signal.

b. Connect the 31gnal to be analyzed to the INPUT
terminals. |
c. Set the controls as follows:
AF dial to O.
"METER SPEED knob to FAST.
READING knob to ABSOLUTE.
MODE knob to NORMAL.
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Figure 3-1. Plots of pulse waveforms made on the recording analyzer: (a, top) 100-usec
pulse at 1-kc repetition rate. Pulse was amplitude modulated from % to full amplitude by
a 200-cycle, non-coherent sine wave. (b, bottom) 20-usec pulse at an average repetition
rate ot 200 cps. The pulse was position modulated at a 25-cycle rate.

d. Set the BANDWIDTH knob to 50 CPS for a pre- component. Such a setting is desirable when a low-dis -

liminary scan of the spectrum, or to a narrower band ‘tortion, sine-wave signal is to be analyzed. When a

if necessary., | pulse or other wave that is composed of many nearly

| | - equal components is analyzed, a setting one step clock-

e. Turn the FULL SCALE attenuator knob two steps wise from that calculated aboveis often desirable. This

from its maximum clockwise position. ‘reduces the effects of internal noise. Usually distortion

f. Scan the frequency range from 00000 to 54000 by ~ is not noticeable. | |
turning the FREQUENCY control knob. Note the approxi- h. Tune through the desired range of frequencies
mate amplitudes and frequencies of any componentsofthe 34 note the value of each component. Adjust the sensi-

input signal by deflections of the meter. Turn the FULL  iyity for each, by means of the FULL SCALE attenuator

SCALE attenuator knob a step or two clockwise whenever - ¥ SRR | - |
a meter deflection beyond full scale is discovered. (The  LOP» 0 give a meter indication slightly less than full

unbalanced carrier signal will produce a deflection in the scale. |

vicinity of 00000 on the FREQUENCY dial. Ignore this sig=- NOTE

nal during the preliminary scan.) If no deflection of the - S

meter is located (except in the vicinity of 00000), rotate ‘Do not change the setting of the
the FULL SCALE attenuator larger dial two steps clock- attenuator larger dial once it has
wise (increasing sensitivity) and again scan the range from been set either as described in
00000 to 94000, COIltinue to increase the SenS].thity until paragraph g’ abeve, or accordj_ng
the components of the incoming signal arelocated. (If the to the peak value. o

rotation of the attenuator larger dial has a significant ef-
fect on the meter deflection near 00000, a low-frequency | - | | |
component is indicated.) | The actual component voltage amplitude is indicated by

| - ' | the meter deflection. Read the meter scale that corre-
g. Add together all the actual observed voltages oy | ISR | *
of the major components; ignore thosethatare less than sponds to the full-scale voltage indicated on the larger
about 1/10 the amplitude of the largest component. Set dial of the attenuator by the setting of the FULL SCALE
the FULL SCALE attenuator larger dial so that the attenuator knob.

INPUT SHOULD NOT EXCEED arrow points to a value i. Use the 10~ or 3-cycle bandwidth if component
greater than the sum of the major components. This frequencies below 100 cps are to be measured or if the
‘setting ensures that spurious components introduced by component frequencies are quite close to each other., The
‘themixerareat least 75 db below the level of the largest rate of tuning must be much slower for the narrower

11
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bandwidths so thatno significant components will be over-
Jooked as the frequency range is scanned. Therefore,
for a preliminary check, use of the 50-cycle bandwidth
offers the quickest survey of the range. In the region
where a component is located. the narrower bands can
be used, todetermine whether or not more than one com-

ponent is present.

The actual frequency of a so-calledperiodic signal
fluctuates somewhat. For most signals the fluctuations
are small and can be ignored for purposes of analysis.
Some signals, however, fluctuate in frequency enough to
produce serious errors in the determination of the ampli-
tude of the components when a narrow band (such as 3

cps) is used. Therefore always use the widestband com=~

mensurate with the required selectivity and noise re-
jection (refer to paragraph 4.12).

3.2.3 PERCENTAGE READINGS MEASUREMENT OF
DISTORTION). |

In the measurement of the distortion of a nearly

sinusoidal signal, it is often desirable to measure the
amplitude of the distortion component.as a percentage
of the fundamental. Tomakepercentage measurements,
- follow the instructions as given above for analysis pro-
cedure (paragraph 3.2.2, steps a through g), but in step
h tune the FREQUENCY controls tothe fundamental fre-
quency. Select a bandwidth that is small compared with
this fundamental frequency and adjust the FREQUENCY
controls for maximum meter response. Set the FULL
SCALE attenuator knob fully clockwise. Hold thelarger
dial stationary with one hand and, with the other, rotate
the smaller dial until the knob points to 100%. Set the
READING knob to RELATIVE, and adjust the GAIN con-
trol to give a full-scale meter deflection on the 10 scale,
regardless of the setting of the larger dial. (If it isim-
possible to obtain a full-scale deflection, rotate both
FULL SCALE attenuator knob andthe inner dial one step
counterclockwise. Donot change the setting of the larger
dial. Then adjust the GAIN control for a full-scale de-
flection of the meter.) Now use the FREQUENCY knobs
to tune in the various distortion components. In each
case adjust the FULL SCALE attenuator knob to give a
convenient on-scale deflection of the meter. Read the
meter scale indicated by the pointer of the attenuator
knob on the scale of the smaller dial; the meter scale
indicates directly in percent.

To measure the harmonic components of a low-fre-

quency fundamental, choose a bandwidth that is narrow

enough to provide adequate discrimination between fun-
damental and harmonic components. For instance, do
not attempt to measure the distortion of a 20-cycle wave
with the 50-cycle-bandwidth filter.

To measure harmonics greater than one percent,
use the 50-cycle bandwidth down to about 150 cps, the
10-cycle bandwidth to 30 cps, and the 3-cycle bandwidth
to 10cps. For 0.1-percent harmonics, use the 50-cycle
bandwidth to 250 cps, the 10-cycle bandwidth to 50 cps,
and the 3~cycle bandwidth to 20 cps.
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NOTE

The analyzer is so sensitive
that the noisein the mixer and in
the preceding amplifier stages
can be readily observed on the
more sensitive ranges. This is
particularly so when the GAIN
control is set fully clockwise.

- The noise limits the ultimate
range of analysis. Therefore,
for the maximum usable range,
set the FULL SCALE attenuator
larger dial as far clockwise as
is permitted by the peak input
voltage. Then, for signals of 0.1
volt or more, it is possible to
observe components as much as
90 db below the fundamental sig-
‘nal, if the selectivity is adequate.

3.2.4 MEASUREMENT OF COMPONENTS AT FRE-
QUENCIES BELOW 20 CPs.

The response is uniform within 1 db down to 10
cps and within 2 db down to 5 cps. Thus measurements
can be made at these low frequencies, but, for the best
use of the analyzer, particular care must be taken when
certain adjustments are made. For measurements at

these low frequencies:

Allow the instrument to warm up for at least 20
minutes before the measurement is made. |
| Set the F ZERO control as described in paragraph
3.1.2, but with the BANDWIDTH control set to 3 CPS.

Then adjust the CARRIER BALANCE controls as
in paragraph 3.1.3, but adjust them so that the carrier
indication on the meter is less than 1/10 of full scale
with the FULL SCALE attenuator knob in the 30 VOLTS
position.

Proceed as in paragraph 3.2.2, except use the AF
dial for frequency tuning.

3.2.5 MEASUREMENT OF HUM COMPONENTS.

The internal hum components in the analyzer have

‘been kept small by careful design, and the instrument is

well shielded to reduce the effects of extraneous fields.
Becausethe analyzer can measurevery low voltages, the
stray magnetic fields from transformers, motors, or
similar devices that are located near the input of the
analyzer can introduce appreciable components at the
power-line frequency or at multiples thereof. These
devices (especially blowers) may be located in instru-
ments that are being usednear theanalyzer. Therefore,
when low-level hum components are to be measured,
such troublesome devices should be either turned off or
removed from the vicinity of the analyzer.
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3.3 ANALYSIS OF NOISE.

3.3.1 GENERAL. - |

The settings to be used for the various controls of
the analyzer depend on the fineness of detail that is de-
sired, on the over-all signal level involved, and on the ac-
curacy required. Suggestions for the selection of the
BANDWIDTH and the METER SPEED are given through-

out this section, and Section 5 gives an extended discus-
sion of noise-measuring techniques.

3.3.2 ANALYSIS PROCEDURE., |
| After the initial adjustments have been made, pro-
ceed as follows: |

- a. Set the FULL SCALE attenuator larger dial so

that the rms value of the noise signal is less than the
indicated INPUT SHOULD NOT EXCEED value. This
setting is not critical; an estimate within 3 to 1 of the
correctvalue is usually adequate. The rms value canbe
measured with an rms-type voltmeter, or, for random
noise, with a simple rectified average-type voltmeter.
- - If the output of a Type 1551 Sound~Level Meter or
a Type 1558 Octave-Band Noise Analyzer is tobeanaly~-
zed, set the attenuator larger dial to INPUT SHOULD
NOT EXCEED 1 VOLT; if the output of a Type 1553 Vi~
bration Meter is to be analyzed, set the larger dial to
INPUT SHOULD NOT EXCEED 3 VOLTS. If, during the
analyzing procedure, a bandlevel is foundthatis greater
than 1 or 3 volts, respectively, the larger dial must be
rotated one stop further counterclockwise. -

. If there is no convenient way in which to measur
the over-all signal, set the FULL SCALE attenuator
larger dial fully counterclockwise and make progres-
sively better settings by following the procedure given
in steps d and e of this section.

b. Connect the input signal tothe INPUT terminals.
c. Set:

AF dial to 0. -

BANDWIDTH knob to 50 CPS (unless it is known

that a narrower band is. necessary).

METER SPEED knob to MED.

- READING knob to ABSOLUTE.
MODE knob to NORMAL. .

FULL SCALE attenuator knob two steps counter-
clockwise from the fully clockwise position.

Omit steps d and e, unless there is no convenient
way in which to measure the over-all signal. In the lat-
ter case, set the FULL SCALE attenuator larger dial
fully counterclockwise and make progressively better
settings by following the procedure given in stepsdand e.

~ d. Sweep slowly through the entire frequency range
in question and note the regions where the greatest de-
flections occur. Adjust the attenuator knob as necessary
to obtain a convenient meter deflection. In the vicinity of
00000 on the FREQUENCY dial, the unbalanced carrier
will produce a meter deflection. Discount this carrier
level as described in paragraph 3.2.2.
| e. Estimate the rms value of the total signal asfol-
lows: |
. If the band level of noise is uniform withina few de-
cibels over the entire range of 54 kc, multiply theaverage
voltage by 30to obtain the rms value. If the frequency span
over which thenoise band level is a maximum and reason-

3.8).

ably uniform is only about 5 k¢, multiply this band level
volitage by 10 to obtain the rms value. If this maximum
span is only about 500 cps, multiply the voitage by 3.

f. Tune slowly through the range of frequencies
from 00100 to the desired maximum. Adjust the FULL
SCALE attenuator knobto obtain a meter deflection near
full scale for each significant band.

NOTE

Donot readjust the FULL SCALE
attenuator larger dial after it has
been set according to the rms
value.

Use a rate of tuning slower than
50 cps per second. (RefertoSec-
tion 5 for an extended discussion
of noise-measurement techniques.)

Note the average noise in each band that is significant
tothe problem athand. In some cases it may be nec-
essary to note only the maximum levels. If a detailed
study is necessary,a recording witha Type 1521 Graphic
Level Recorder is to be preferred (refer to paragraph

g. When taking a reading at any given frequency,
observe the behavior of the pointer on the meter andse-

~lect an average value. This value will be more reliable
if the SLOW METER SPEED is used, but this necessi-

tates a wait of at least 30 seconds before the _readin_g is
taken. Use of the SLOW position, with its S-secondtime

constant, requires at least a 20-second observation of
the pointer. The time constants for the MEDium and

FAST meter speeds are approximately 0.5and 0.15sec-

ond, respectively; thus lesstime is required when cead-

ings are taken at these speeds. However, the selected
average value is then less reliable (refer to paragraph
5.4.2). Therefore a choice must be made between the

reading time required and the reliability of the selected
value.

3.3.3 NOISE MEASUREMENTS AT FREQUENCIES BE-

LOW 100 CPS.
Ordinarily, either the 10- or the 3-cycle band-

width should be used for analysis at frequencies below

100 cps. The 50-cycle bandwidth is too wide to offer
good resolution. Also, the carrier feedthrough may be
enough to obscure the noise level atlow frequencies un-
less the more selective bands are used.

The carrier balance can be consistently maintained
about 40 db below the INPUT SHOULD NOT EXCEED
voltage. If the level at lowfrequencies is important, set
the attenuator larger dial to the lowest possible value.
As much as 10 db overload is permissible (that is, with
the larger dial set so that the INPUT SHOULD NOT EX-
CEED arrow is at 1/3 the value of the rms input-signal
voltage) if the required range of analysis is not greater

than 60 db.

The carrier must be carefully balanced and the
input attenuator ‘setting must be wisely chosen when a
measurement within two bandwidths of zero frequency
is to be made.

13
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3.4 ANALYSIS OF PERIODIC COMPONENTS IN NOISE.

Most signals are combinations of periodic com-
ponents and noise. When only the periodic components
are of interest, the use of a narrow band helps to re-
duce the relative importance of the noise. Therefore,
if the frequency stability of the periodic component 1s
adequate, and if sufficient time is available, the 3-cycle
bandwidth can be used to obtain maximum noise sup-
pression. Otherwise a compromise is necessary in the
selection of the bandwidth.

When both the periodic components and the noise
are to be considered (for example, as shown in Figures
3-2, a, and 3-2, b), the choice of bandwidth is usually
based on the particular application for whichthe analysis
is being attempted.

In some instances it is well to make two separate

analyses, one with the 3-cycle bandwidth, to obtain the .

amplitudes of the discrete components, and the other with
the 50-cycle bandwidth, to obtain the spectrum level of
the noise.

3.5 FILTERED INPUT COMPONENTS.

The components of the input signal within the se-
lected pass band of the analyzer areavailable at the OUT-
PUT jack labeled FILTERED INPUT COMPONENT when
the MODE switch is in either the NORMAL or the AFC

WARNING
When this output is used, it should

be carefully shielded from the

input to the analyzer, to avoid
undesirable feedback.

3.6 TRACKING GENERATOR.

To obtain a sinusoidal signal from the analyzer,
set the MODE switch to TRACKING GENERATOR; the
output is then available at the panel GENERATOR OUT-
PUT jack. The amplitude is controlled by the LEVEL
knob; the frequency is controlled by the FREQUENCY
and AF controls and the F ZERO knob. .

The frequency of the tracking generator follows
the frequency of the analyzer as they are tuned by the
FREQUENCY control. Thus the analyzer can be used

" as the output voltmeter for a system or device that is

position. The output amplitudes of these components are

directly proportional to their input amplitudes and de-
pend upon the settings of the FULL SCALE attenuator
and the LEVEL controls. -

Terminate this output in 600 ohms, to minimize un-
wanted carrier-frequency components. |

This output can be used to drive a counter, such
as the Type 1150 Digital Frequency Meter, to measure
the frequency of the selected input component.

being supplied by the tracking generator. The analyzer
and the generator are synchronized at the factory.
Because some residual signalis transferred inter-

nally from output to input, use the following procedure
when in the TRACKING GENERATOR mode:

- Always set the FULL SCALE larger dial as far
clockwise as the level of the input signal will allow.
Also, always use an input signal large enough so that
with the FULL SCALE attenuator knob four steps from
the clockwise end, the meter indicates beyond full scale.

To measure and set the tracking generator output,
connect a Type 546 Microvolter to the GENERATOR
OUTPUT jack by means of the Type 1560~P95. Adaptor
Cable (supplied). Adjust the LEVEL .control to obtain

the necessary 2.2 volts (0 db) on the microvolter. The
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voltage is then supplied from the OUTPUT terminals of
the microvolter to the device under test.
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Figure 3-2. Charts of modulation noise on a 1-kc tone for two different types of mag-
netic tape. Note that one is about 10 db better than the other. Such measurements can be
‘made easily with the recording analyzer, due to its 80-db dynamic range. For these re-
cords, chart speed was 2.5inches per minute; writing speed, 10inches per second; band-

width, 10 cps.
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Because the TRACKING GENERATOR output is
obtained by mixing two signals, some small-amplitude
components having frequencies that are different from
that of the main output signal are also present in the
output. Ordinarily, these are small enough so that their
presence causes no trouble. The frequencies (in cps)
of some of these components are as follows: 100,000,
100,000 plus the FREQUENCY. dial reading, 100,000 x a
t* b x the FREQUENCY dial reading (where a and b are
integers). When the FREQUENCY dial is set near
50,000, 33,333, or 25,000, a small effect on the output
is noticeable as a sort of modulation,because one of the

spurious components approaches zero beat. Even though

the high~frequency components are small, they can affect
the operation of some counters if an attempt is made to

measure the frequency of the TRACKING GENERATOR
at low frequencies (refer to paragraph 5.6). The output

should have a resistance of 600 ohms across it, and if

frequencies below 1 kc are the only ones of interest, an
additional shunt capacitor of about 0.1 pf can be used to
reduce the amplitude of the stray components.

3.7 AUTOMATIC FREQUENCY CONTROL.

In order to stabilize the tuning of the wave ana-
lyzer to a particular component of a signal for an ex-
tended period, it is often convenient touse the automatic
frequency control feature. The procedure is as follows:

Adjust the analyzer as described in the previous
paragraphs, with the MODE switch in the NORMAL posi-
tion. Use the widest possible bandwidth.

Tune in the desired component.

Set the attenuation and GAIN controls to give a
meter indication near full scale.

‘Turn the MODE switch to AFC.

The analyzer is now locked to the selected com-
ponent. Tocheckthe lock~-in range, turn the FREQUENCY
control dial slowly back and forth, and leave it near the
middle of the lock=-in range. |

If the ambient temperature is markedly different
from the normal room temperature, the AFC capture
range may be shifted sufficiently to require retuning in
the NORMAL position of the MODE control so that the
analyzer frequency will lock with that of the selected
component signal.

NOTE

This possible shiftin the capture range
is particularly noticeable with the 3 CPS
bandwidth, and in this case it is frequently
necessary to readjust the FREQUENCY
control knob to ‘‘capture’’ the component,
even at normal temperatures. Vary the
frequency back and forth very slowly until
the properly tuned setting is found. Because
of this very limited capture range and be-
cause of the serious effects of small drifts
with this narrow bandwidth, no specifica-
tions are given for AFC with the 3-cycle
bandwidth. This readjustment is some-
times also necessary for the 10 CPS
bandwidth, because of aging effects.

WARNING

Do not use AFC whenasignalis
being analyzed as afunction of fre-
quency, either by hand or by re- |
cording. The AFC will distort the
frequency scale and will give
mlsleudmg values for the fre-

| quencies of the components.

3.8 ANALYSIS RECORDING WITH THE TYPE 1521 GRAPHIC
LEVEL RECORDER. |

3.8.1 GENERAL.

Instructions for the use of this recorder aregiven
in the Operating Instructions for the Type 1521. Some
additional directions that apply to its specific use with
the Type 1900-A Wave Analyzer are included here.

| CAUTION

Do not attempt to use the high-
speed (300-rpm) motor in the re-
corder to drive' the analyzer.

3.8.2 INITIAL ADJUSTMENTS.

3.8.2.1 General. After installation (refer to Section 2)
turn onthe POWER switchon the Type 1900-A and allow
the analyzer to warm up.

3.8.2.2 Operating the Type 1900-P3 L1nk Unit. Mounting

instructions for the Type 1900-P3 Link Unit are given

in paragraph 2.4.2.4. When this link unit is used, a
choice of operating conditions is available, as follows:

a. Neutral Position. When the gear-shift pin is
in the middle position, the drive from the recorder is
disengaged. The FREQUENCY dial of the wave analyzer

-can then be set to the desired frequency by means of the

knurled knob. The chart paper of the recorder should
also be set to the desired position with the gear-shift
pin in neutral and the chart- drlve right-hand lever in N
(neutral).

b. Normal Drive. To put the link unit in the nor-
mal drive position, pull the gear-shift pin out of the
center hole, shift it to the left, and then push it into the
left-hand hole in the back plate. As the pin is moved to
the left, it may be necessary to rotate the knurled knob
slightly to permit the gears to engage. With the pin in
the left-hand position, the drive rate is correct for the
Type 1521-9484 Chart Paper with a scale of 100 cps for
each division. The setting of the FREQUENCY dial is
simplified by the use of the neutral position.

c. Expanded Scale. To obtain a 10-to-1 expansion
of the chart scale, pull the gear-shift pin out and insert
it into the right-hand hole in the back plate. Again, it
may be necessary to rotate the knurled knob slightly to
permit the gears to engage.
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With the pin to the right, the drive rate is such

that, for the Type 1521-9464 Chart Paper, one division:

corresponds to 10 cps. The frequency scale should

therefore be divided by 10.
| This expanded-scale position provides a display

of the full resolution of which the 3-cycle bandwidth is

capable. (The expansion is great enough so that there
is no point in using the 50-cycle bandwidth for this
drive.) It is possible to estimate the relative position
of a frequency component on the chart to about 1 cps.
Since the calibration accuracy of the drive is only
+ (1/2% + 5 cps), the resolution is significantly better
than the accuracy. It does, however, permit display of

the components that are closely spaced in frequency,

and it simplifies the reading of small differences in
frequency; but the basic accuracy limitations of the
FREQUENCY control must always be considered when
the results are interpreted.

With this expanded scale, the rate at which the
frequency is swept is also reduced by a factor of ten for
a given chart speed. This factor should be taken into
account in setting the chart speed. For best accuracy
in the display of frequency and amplitude of a component

selected by the 3-cycle band, the frequency sweep rate

should be slow, preferably below 100 cycles per second
per minute.

3.8.2.3 Other Adjustments. Selectandinstall the poten-
tiometer to be used in the Type 1521 to record the de-
sired component levels. The potentiometer with the
lowest range that covers the levels to be recorded will
give the greatest recording accuracy.

Raise the pen from the paper and set the WRITING
SPEED control to a SLOW position (1 or 3 inches per
second). This setting reduces the banging of the coil
assembly on the stops due to turn-on transients.

Turn ON the power switch of the recorder.

Make certain that the connecting cable from the
Type 1521 Graphic Level Recorder is plugged into the
100 KC RECORDER OUTPUT jack of the Type 1900-A
Wave Analyzer, unless the DC OUTPUT is tobe recorded
(refer to paragraph 3.8.10). Make the adjustments de-
scribed in paragraphs 3.1.2 and 3.1.3. If the drive-unit
clutch is in the idle position, the chain can be driven by
hand to set the FREQUENCY dial to the desired point
for the initial adjustment.

Be sure the MODE switch onthe analyzer is in the
NORMAL position.

WARNING

The input leads to the analyzer
must be well shielded to avoid

pickup fromthe 100 KC RECORD-
ER OUTPUT connection to the
recorder. Open leads, if they
must be used, should be as short
as possible and should be kept
well away from the connection to
the recorder.
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3.8.3 SYNCHRONIZATION OF FREQUENCY DIAL AND
RECORDING PAPER.

The frequency dial can be synchronized conveniently
with the paper either at this point or after the procedure
of paragraph 3.8.5.

With the analyzer controls set according to para-
graphs 3.1.2 and 3.1.3 and with the drive-unit clutch in
the idle position, proceed as follows:

a. Set the INPUT A'ITENUATION control of the
Type 1521 to 60.

b. Set the right-hand chart-speed lever to N, and
turn the MANUAL SET control so that the “°0”’ line on
the chart paper is directly under the pen.

c. Set the right-hand chart-speed lever on the re-
corder to either the upper or lower position. (Be sure
the FREQUENCY dial on the analyzer is set at 00000.)

- d. Throw the clutch into the NON=SLIP position.

The chart paper and the FREQUENCY dial are now
synchronized sufficiently well for most purposes; how-
ever, due to backlash, some slight error in synchro-
nization may still exist. |

If exceptionally accurate positioning of the zero is

desired, use the AF dial to correct the error. The pro-
cedure is as follows:

a. Set the chart-speed lever to the lower position.

b. Set the CHART DRIVE to REV and let the motor
drive the FREQUENCY control backwards a few hundred
cycles; then switch the CHART DRIVE to OFF.,

c. Change the CHART DRIVE to FWD and switch it
to OFF just before the recording pen reaches the zero fre-
quency line on the paper.

d. Set the pen in place andnote the number of cycles
on the chart before the pen reaches zero. This value we
will call f4. |

e. Lift the pen.

f. Adjust the AF dial to obtain a deflection on the
meter due to the residual carrier. Note the reading of the
AF dial, AF l,for which the maximum deflection from the
residual carrier is obtained.

g. Set the AF dial to AFl-fl

h. Now use the motor to drive the analyzer slowly
through the zero frequency mark on the chart paper. The
residual carrier will be recorded at zero frequency.

‘Some displacement of the true zero will occur, be-
cause of the finite time necessary for theanalyzer and the
pen to respond to the signal. A further correction can be

-made for this effect by setting the AF dial shghtly higher
than the setting given by AF-{;.

3.8.4 RESIDUAL CARRIER.

The residual carrier recorded at zero frequency
is a useful marker for the O point on the chart. Some-

times it may be desirable to unbalance the carrier
-slightly to obtain this marker,

- On the cother hand, it
may sometimes be desirable to avoid recording this
carrier, to prevent misinterpretation of the recorded
signal. In this latter case, balance the carrier very
carefully just before recording. However, if the 40~ or
80-db potentiometer is used, a complete balance will
not be possible and some fluctuations of the pen will
occur as the best balance is approached. These fluctu-
ations arethe result of residual noise (refer to paragraph



3.1.3). If a sufficiently good balance is not readily
obtained, start the recording or set the pen on the paper
only when the FREQUENCY -dial is far enough beyond
00000 so that no deflection due to the residual carrier
is observed.

3.8.5 ADJUSTMENT OF RECORDER INPUT CONTROL.

Apply a signal to the Type 1900-A Wave Analyzer

and adjust the controls to obtain a full-scale indication
on the meter. The internal calibrating signal (at the
power frequency) can be used (refer toparagraph 3.1.4).

NOTE

The AF dial can be used to tune
in the calibrating signal so that
the main FREQUENCY control
need not be disturbed. However,

“be sure to return the AF dial to

its original position before a re-
cording is made.

- For the 20~ and 40-db potentiometers, set the IN~

PUT ATTENUATION control and the CALibration adjust-
ment of the Type 1521 Graphic Level Recorder to give
maximum deflection of the recording pen (refer to Table
3~1); i.e. the pen should be at the top of the chartpaper.

If the 80-db potentiometer is used and if the en-
tire 80-db dynamic range of the analyzer is needed, set
the controls of the Type 1521 so that the pen position is
up to 10db below the top of the chart paper for full-scale
deflection of the meter. The analyzer can handle a sine-
wave output signal about 10 db beyond full scale; thus
overloading will not occur within the recorded range,
provided the FULL SCALE attenuator larger dial is set
correctly.

If all the components of the analyzer signal are
significantly less in magnitude than the total signal, rotate
the FULL SCALE attenuator knob counterclockwise to
increase the recorded level of the components., This
increases the background noise level, but even with the

knob two positions counterclockwise from the fully clock-

wise position, the internal noise level will usually be be-
low the 0-db level of the 80-db potentiometer. Further
shifting of the knob will increase the noise and reduce
the dynamic range.

~ TABLE 3-1
Type 1521 Input Attenuation set-
tings for maximum pen deflection.

Type 1521

Potentiometer Input Attenuation
_Type ' Range Decibels Settings
1521-P3 80 db Oor 10
1521-P2 40db 30
1521-P1 20db . | 50
1521-P4* dc 0

*Shunt the recorder input with 3500 to 4000. ohms
for full-scale adjustment, and feed it from the 1 mA
DC RECORDER OUTPUT jack (refer to para-
graph 3.8.10).

OPERATING PROCEDURE

3.8.6 PERIODIC COMPONENTS.
Set the WRITING SPEED to 20 INCHES PER SEC-

'OND on the recorder and choose the widest possible

BANDWIDTH on the analyzer (refer to paragraph 3.2.2, i).
Select a chart speed according to Table 3-2,

The values in the table are to be used with a 40-
db potentiometer. With an 80-db potentiometer divide the
given chart speeds by 2.

TABLE 3-2
Chart speeds to be used with a
40-db potentiometer for the meas-
urement of periodic components.

Bandwidth Chart Speed
50 < 25 IN/MIN

50 < 1.5 IN/MIN*

10 < 2.5 IN/MIN

3 <0.5 IN/MIN

*For Type 1521.9465 Chart Paper.

This table illustrates the great advantage in chart
speed obtainable by use of the wide band.

3.8.7 NOISE.
Set the WRITING SPEED and CHART SPEED ac-

cording to Table 3-3.

TABLE 3-3

Chart and writing 5peeds for the
measurement of noise.

Bandwidth l o _Chart Speed Writing Speed
50 < 1.5 IN/MIN 1 IN/SEC
50 <5 IN/MIN 3 IN/SEC
50 <0.5 IN/MIN* <3 IN/SEC
10 <0.5 IN/MIN <3 IN/SEC

oy

*For Type 15219465 Chart Paper.

NOTE
The 3 CPS BANDWIDTH is not
recommended for recording noise
measurements, because of the

wide fluctuations encountered in
the recording. |

'3.8.8 PERIODIC COMPONENTS AND NOISE.

If both periodic components andnoise are included
in the signal, set the WRITING SPEED and CHART SPEED

according to Table 3-3. |

If only periodic components are of interest, but
appreciable noise is present, try the 10 CPS BAND-
WIDTH, 3 IN/SEC WRITING SPEED, and <(0.5 IN/MIN
CHART SPEED.
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3.8.9 SETTING THE ANALYZER CONTROLS.
The control settings to be used in any analysis are
best determined by making a preliminary recording with

the controls set as outlined in paragraphs 3.2 and 3.3.

This preliminary recording is then usedas the basis for
a final setting of the controls. One can quickly discover
‘ifany components go beyond the maximum of the re-
corder, or if some components of interest are too low.
Thus the recorded analysis can be used to set the con-
trols for paragraphs 3.2.2, f, and 3.3.2, d.

Ordinarily, the settings of the FULL SCALE at-
tenuator larger dial and knob shouldnot be changed dur-
ing a recording. The level recorder provides the changes

in sensitivity that are necessary toplot the full range of

the potentiometer.

It is often necessary totune in certain components
to determine the proper settings of the input attenuator
controls. Use the motor drive to sweep quickly to the

desired point, and then tune inthe component accurately

by means of the AF control. Return the AF dial to 0 or
to the value selected in paragraph 3.8.3 beforea record-
ing is made.

3.8.10 DC RECORDING.

If a linear plot is desired, rather than a logarith-

mic plot, the 1 mA DC RECORDER OUTPUT can be re-
corded on a 1 ma dc recorder thathas an input resistance
of 1500 ohms or less. A servo-type dc recorder with

a sensitivity of 1.5 volts or better can also be used if

its input is shunted by the proper value of resistance to
give a net of 1500 ohms or less.
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NOTE

The external circuit (connect-
ed by a phone plug) is in series
with the meter circuit when it is
plugged into the 1 mA DC jack;
therefore the dc resistance of the
external circuit should be 1500
ohms or less, to avoid upsetting
the operation of the analyzer.

If the dc recording feature of the Type 1521-A Re-
corder is used, shunt the INPUT with a resistor whose
value gives a full deflection of the recorder pen when the
meter of the analyzer indicates full scale. The required
shunt resistance is about 3500 ohms.

The direct current provided by the 1 mA DCOUT-
PUT is essentially linearly proportional to the input volt-
age. It is linearto*0.2% of full scale over the wide range
from full scale to 1% of full scale. To improve the lin-
earity at the low end, offset the zero of the recorder in
a positive sense by about .002 times full scale.

Simple, direct-writing, 1-ma, moving - coil re-
corders usually operate slowly enough to seriously limit
the speed with which an analysis can be made. This
limitation should be taken into account with a recorder
of this type and a slow-speed drive should beused. Check

- the operation by recording a signal first with the ana-

lyzer tuned to the signal, then with the analyzer sweep-
ing through the tuned position. A comparison of the two
recorded amplitudes will indicate whether or not the
sweep rate is slow enough to give the desired accuracy.



SECTION 4

PRINCIPLES OF

4.1 GENERAL.

The general principles of operation are discussed
in paragraph 1.2, In this section the various component
parts of the analyzer will be described (see the block
diagram, Figure 1-2). The principles involved will be
discussed to the extent that they may help the operator

to use the instrument more effectively and to maintain

proper operation.

4.2 INPUT ATTENUATOR.

The compensated, resistive, 1-megohm attenuator
at the INPUT (controlled by the FULL SCALE attenuator
larger dial) covers an 80-db range. It is used to set the
signal level at the input to the first amplifier stage as
highas possible tomaintaina good signal~to~noise ratio,
but not high enough for the amplifier to distort the signal
significantly,

4.3 INPUT AMPLIFIER AND FILTER.

'The input cathode follower provides the high imped-
ance required at the input and the low output impedance
for a filter. The filter attenuates any component whose
frequency is 100 kc or higher. This reduces any pos-
sible errors that might occur due to input components
thatare outside thenormal range of the instrument. This
precaution is necessary because the subsequent system
(mixer, 100-kc filter, and amplifier) is sensitive to any
100-kc signal and to the image at 200 kc plus the fre-
quency selected by the FREQUENCY controls, as well
as to the fundamental to which the FREQUENCY control
is tuned, which is the only response desired.

'PRINCIPLES OF OPERATION

OPERATION

4.4 PHASE SPLITTER.

- The phase splitter transforms the single - ended
circuit to provide the balanced signal required for the
balanced modulator. A potentiometer in the circuit per-
mits adjustment of the relative outputs from each side
of the circuit, to minimize even-order-harmonic dis-
tortion., | |

4.5 BALANCED MODULATOR.

The balanced modulator consists of a balanced
cascodemixer with atwintriode driving a pair of ground-
ed-base transistors. The signal from the local oscil-
lator is applied to the two cathodes in parallel, and the
balanced input signal from the phase splitter is applied
to the grids in push-pull. The transistors have a low
input impedance; thus the signal level at the plates of the
twin triodes is very low. The output transformer, which
is tuned to 100 kc, transforms the output signal from
push-pull to single-ended, to feed the 100-kc crystal
filter.

4.6 100-154 KC OSCILLATOR.

The main oscillator supplies the local-oscillator
signal for the balanced cascode mixer. It is a series-
tuned Vackar oscillator. This circuit produces excep-
tionally stable performance when it is used with stable
low-loss capacitors and inductors. Compensating capac-
itors are used to reduce the frequency drift during
warmup.

The plates of the main tuning capacitor are shaped
to produce an essentially linear frequency variation as
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the capacitor is rotated. A rotor plate with movable
sectors is adjusted at the factory to correctfor residu-
al deviations from linearity. |

A separate tuning capacitor, connected to the oscil=-
lator circuit through a set of carefully selected divid-
er capacitors, provides a frequency control (AF) that
changes the oscillator frequency by a number of cycles
per second that is reasonably independent of the setting
of the main tuning capacitor.

A level-controlled circuitis included to control the '

voltage to the balanced-modulator cathodes and to make
the amplitude of this voltage reasonably independent of
the setting of the main tuning capacitor. |

The voltage from a separate pickup coil, wound
on the same bobbin as that used for the mixer coil, is
amplified and compared with the voltage from a reference
diode. The difference voltage controls a series regu-
lating transistor in the plate supply.

Only a small fraction of the oscillator voltage (car-
rier) that is applied tothe balanced modulator appears in
the output of the latter because the oscillator voltage is
applied to the two halves of the twin triode in parallel,
and the output is in push-pull. If the two halves of the
twin triode circuit were identical, .no oscillator voltage
would be produced. In practice, somebalance adjustment
is necessary, and this adjustment is provided in the oscil~
lator compartment. A coarse balance is obtained by ad-
justment of the cathode-bias resistor; a finer balance
is provided at the panel by adjustment of the amplitude of
two carrier components approximately 90 degrees out

of phase with each other. These are fed into the output

circuit of the modulator. |

Variable-capacitance diodes control the frequency
of the oscillator in the AFC mode, over a limited range.
These diodes are switched outand are replaced by a fixed
capacitor when the MODE switch is turned to NORMAL
or to TRACKING GENERATOR. o

4.7 THE 100-KC CRYSTAL FILTER.
Thisfilter is composed of two similar units. Each

consists of a pair of quartz crystals, coupled together
and followed by an isolating amplifier. The bandwidth of

each pair is controlled by the capacitances that shunt

the points at which the crystals of each pair connect. 'The
values of these capacitances are changed as the BAND-
WIDTH setting is changed. -

The terminating, tuning, and damping elements in
the filter are also switched by the BANDWIDTH control.
These elements are adjusted to center the pass band at
100 kc and to make the over-all response slightly round-
ed at the top. The pass bands are adjusted to make the
response band of the first pair slightly narrower than

that of the second pair. Thus, the over-all responsepro-

vides effective bandwidths of 3, 10,and 50 cps. The 3-db

bandwidth is then about 5% less than the effective band-

width.

4.3 INTERMEDIATE-FREQUENCY AMPLIFIER, ATTENUATOR,
AND 100-KC OUTPUT. -

The filtered signal is amplified or attenuated to
the desired output level by a cascade of stabilized ampli-
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fier stages and attenuators. The latter are controlled by
the FULL SCALE attenuator knob and oxrdinarily are set
to give a usable meter deflection for the selected fre-
quency component,

One transistor stage (Q655), at the end of this cas-
cade, provides an output of the filtered 100-kc signal.
This stage is coupled through an autotransformer for
operation with a Type 1521 Graphic Level Recorder. The
tuning of the stageis adjusted toinclude the capacitances
of the recorder input and the Type 1560-P95 Connecting
Cable. - |

Either of two equivalent panel controls, selected
by the READING knob, can be used to adjust the gain of
one section of the cascade. One of these controls (CAL,
R654, behind a snap button) is screwdriver operatedand
can be adjustedto set the calibrated gain, with little dan-
ger of its being inadvertently disturbed. The other con-

- trol (GAIN, R653, a knob on the panel) can be readily ad-

justed at any time.

The range of the external gain controls can be set
by means of an internal gain adjustment (R665) in the
output amplifier. Once set, this adjustment should not
require resetting; therefore it is not accessible from
the panel.

Another internal control (R674) sets the 100-kc
output obtained when the meter indicates full scale and

ordinarily requires no readjustment.

4.9 METER RECTIFIER AND DC OUTPUT.

- The output from one of the 100-kc amplifier stages
drives a full-wave rectifier from a source impedance
that is high at 100 kc. The rectified output flows through
the 1-ma dc panel meter andthrough a series resistor
of 1500 ohms that is grounded at one end. The 1mA DC
OQUTPUT jack is connected across this resistor so that,
when an external device is plugged in, the latter replaces
the resistor in the circuit. |

The meter responsein the SLOW and MEDium po-
sitions of the METER SPEED switch is controlled by ca-
pacitors connected across the series combination of
meter and 1500~ohm resistor. In the FAST position,

the response speed is essentially that of the meter, fed

through a moderate source impedance.

A reference diode, inparallel with the series com-
bination of meter and 1500-ohm resistor, limits the max~
imum current to about 2.5 ma. The rectifier circuit
itself is linear to beyond 5 ma, so that noise peaks are
correctly rectified. The meter capacitors smooth out

‘these peaks and reduce them for the reference diode.

4.10 AUTOMATIC FREQUENCY CONTROL.

When the MODE switch is in the AFC(automatic-
frequency-control) position, the frequency of the 100~ to
154-kc oscillator is controlled, over alimited range, by
the filtered 100-kc signal. At the meter amplifier stage,
this signal drives a cascade of two clipping amplifiexs
that, in turn, drive a frequency discriminator. This dis-
criminator includes a quartz crystal; it is set to give,

~over a limited range, dc output proportional to the de-

viation of the frequency from 100 kc. The dc output
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is applied to the variable~capacitance diodes in the 100-
to 154-kc oscillator circuit to control the oscillator fre-
quency. The filtered signal then remains at 100 kc.

The rate at which the afc action occurs and the
extent of the control are different for each of the three
bandwidths, tomaintain a stable control system. Because
the center frequency of the control circuit does drift
‘somewhat, readjustment of the tuning of the 100~ to 154~

kc oscillator is sometimes necessary for optimum afc

operation., This drift may be great enough for the afc
to control ata frequency sufficiently far from the center
frequency of the 3-cycle bandwidth so that the control is
not usable. Because of this drift, the instrument is not
rated for afc operation with the 3~cycle bandwidth.

Internal tuning adjustments are provided to set the
frequency of the afc discriminator.

4.11 FILTERED INPUT COMPONENT.

When the MODE switch is in the NORMAL or AFC
position, another balanced modulator mixes the filtered
and amplified 100-ke¢ signal with a signal from the 100-
to 154-kc oscillator. The lower frequency component
of the modulation is selected by a low-pass filter and
is amplified by a stabilized transistor amplifier. The
output is available at the panel jack labeled FILTERED
INPUT COMPONENT OUTPUT. The LEVEL knob on the
panel operates a potentiometer between the low-pass
filter and the amplifier and controls the output. The
modulation process restores the filtered-signal compo-
nent to its original frequency. |

4.12 TRACKING GENERATOR.

When the MODE switch is inthe TRACKING GEN-
ERATOR position, the second balanced modulator is used
to mix a signal from the 100- to 154-kc oscillator with
a 100-kc signal from a crystal-controlled oscillator.
The crystal used for the discriminator inthe AFC mode
is used to control this 100-kc oscillator. As longas the
frequency of this oscillator is at the center frequency
of the crystal filter, the beat-frequency component re-
sulting from the modulation will be at the frequency to

which the input system is tuned. The same low-pass

filter, potentiometer, and amplifier used in the NOR-
MAL mode are used here to amplify and control this

beat-frequency output.

The frequency of the crystal-controlled oscillator

is adjustable over a small range by means of a variable
capacitor in series with the crystal. This capacitor is

~ cuit is disconnected. The attenuator sensitivity

accessible from the front panel, through the hole covered
by the snap button just above the MODE switch.

4.13 CALIBRATING SIGNAL.

Voltage from one secondary of the power trans-
former is applied, through a resistor, to a series pair
of oppositely connected reference diodes. These diodes
are so chosen that the resulting clipped voltage is reason-
ably independent of the ambient temperature. A frac-
tion of this voltage appears across a 100-ohm output re-
sistor, part of a resistive divider that includes a po-
tentiometer for adjustment. The fundamental component
of this output wave (nearly a square wave) varies slight-
ly with the input voltage. To balance out this variation
over a wide range of input voltages, a small current is
fed to the output resistor from the oppositely phased wind~
ing of the same secondary.

The voltage from the output resistor is fed to the
most clockwise step of the FULL SCALE attenuator switch
(controlled by the larger dial). When the larger dial is
set fully clockwise, the calibrating signal is applied di-
rectly tothe input vacuum tube andthe normal inputcir-
is the

same as when the dlal is set one position from fully

- clockwise.,

The potentiometer in the resistive divider is ad-
justed at the factory so that when the gain of the instru-
ment is set to give a meter indication of 3 millivolts for
the fundamental component of the CAL signal, the ana-
lyzer is then standardized to read directly in volts.

4.14 POWER SUPPLY.

In addition to the calibrating signal, five regulated
dc voltages are obtained from the power supply. The
190~ and 85-volt supplies, for the plates of thevacuum
tubes, are regulated by a simple shunt regulator that in-
cludes a voltage-regulator tube and a reference diode.
A selected fraction of the voltage developed by the diode
is used as a reference for the other regulated supplies,
which are the series regulator type. The transistor sup-
plies are set to approximately 35 volts. The heater sup-
ply is set to 12 volts, with a somewhat lower actual volt=-
age at the heaters. This lower-than-normal, regulated,
heater voltage ensures a long, stable life for the vacuum

tubes.
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SECTION ‘5

APPLICATIONS

5.1 GENERAL.

Some relatively simple applications of the Type
1900-A Wave Analyzer require only a superficial knowl-
edge of the -analysis procedure to give satisfactory
results. However, the analysis of some signals is so
greatly affected by the operator’s technique that a detailed
‘knowledge of the inherent limitations of analysis is
quite necessary. In this section we will discuss a wide
variety of applications and the problems involved, so
that the analyzer may be used more effectively,

5.2 PERIODIC SIGNALS.

5.2.1 HARMONIC DISTORTION, |
The classic applications of the wave analyzerare

concerned with periodic signals such as the harmonic

distortion of a sinusoidal wave, a modulated signal, etc.

The analyzer can beused to measure, selectively,
the components of a wave, as shown in Figure 5-1, If
these components consist of the fundamental and its har-

monics, a comparison of the amplitudes of the harmonic

components with the fundamental amplitude is a measure
of the harmonic distortion. Paragraph3.2.3 explains how
these components can be measured as a direct percent-
age of the fundamental.

‘Two basic factors limit the minimum distortion
that can be measured on the analyzer; the inherent dis-
tortion present inthe analyzer, and the selectivity char-
acteristic. The former depends upon the applied signal.
If the incoming signal is below the selected value indi-

‘cated by the INPUT SHOULD NOT EXCEED arrow, the

inherent distortion is at least 75db below the amplitude
of the input signal (less than .018%). For most practi-
cal purposes, this inherent distortion can be neglected.

40 . HORIZONTAL SCALE: 1/5 IN./DIV.
ANALYZER
| BANDWIDTH
08 QO -
JXs0 '
30|
' |
it}
Q
— RECORDER -
—| CHART SPEED| = I
—l 025 .02s ﬁ 20:
Q75 073 | Z |
—O5IN/MIN . g
1 W
1 4
—_IRECORDER — 1 Of-
—WRITING sPEED. | |
— 01 O 10 — I
103 w20 = L
— IN/SEC — ,
T 11110 . _
0 o 20 | ° - | 40

FREQUENCY IN KC

FREQUENCY IN KC

Figure 5-1. The harmonic components of a 1-kc square wave. The absence of even har-

monics shows that the wave is symmetrical.
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This distortion in the analyzer consists mainly of
second and third harmonics. The percentage distortion
will decrease as the input signal is reduced. Thus, for
those unusual applications where distortion components
of the order of .02% or less must be measured, the in-
put attenuator canbe set toa value somewhat higher than
is normally required, and the inherent distortion will be
reduced. This procedure is effective only to the point

where the inherent noise or ultimate filter attenuation
(about 90 db, or .003%) limits the result.

5.2.2 INTERMODULATION DISTORTION.
The measurement of intermodulation distortion

on a wave analyzer is similar to the measurement of
harmonic distortion, in that individual components are
measuredin each case. But the frequencies of the inter-
modulation-distortion components are the sums and dif-
ferences of integral multiples of the frequencies of the
main components. Theé required selectivity is generally

determined by the minimum distortion to be measured
and by the lowest frequency of the main components or

- by the difference in frequency between the main com-
ponents,

But other components may also affect the choice

of bandwidth. For any given measurement, it is rela-
tively easy to list the possible component frequencies
and thus to decide on the critical frequency separation.
As a general rule, the 10-cycle bandwidth is adequately
selective for audio-frequency 1ntermodulat10n distor-
tion measurements.

If low-frequency intermodulation components are .

to be measured, the effect of the wave-analyzer oscil-
lator signal may have to be considered when tne band-
width is selected. The oscillator signal, observed as a
maximum on the meter at 00000 FREQUENCY setting,
is attenuated as the FREQUENCY controlis turned from
00000, The amount of this attenuation depends on the

bandwidth and on the change in tuning from 00000, If
measurements are to be made of a component at 30 cps,
for example, adequate attenuation of the wave-analyzer
oscillator signal can usually be obtained with the 10-
cycle bandwidth. But for still lower frequencies it may
be necessary to use the 3-cycle bandwidth,

5.2.3 PULSES.

The analysis of periodic pulses is often very
simple, but some knowledge of what to expect should be
helpful. |

The basic repetition rate sets the frequency spacing
of the components. Thus a pulse that repeats 20 times
per second will have components a minimum of 20 cps

apart, as shown in Figure 5-2. If a pattern of pulses is
produced, the minimum spacingis determined by the rate
at which the entire pattern is reproduced.

If the frequency spacing of the components is large
compared with the selected analyzer bandwidth, the re-
sponse of the analyzer will increase as its tuning ap-
proaches the frequency of a component. The response
reaches a maximum at the frequency of the component
and decreases to a very low value as the tuning proceeds
away from that frequency. In effect, theresponse char-
acteristic of the filter istraced, as shown in Figure 5-3.

- If the frequency spacing of the components iscom-
parable to that of the bandwidth, the change in response

- will be muchless, as the tuning is varied. Some energy

from each component is passed by the analyzer and the
response is higher than with only one componentpres=-
ent, This effect is particularly noticeable halfway be-
tween two nearly equal components, as shown in Figure
5-2. This againillustrates the need for adequate selec-
tivity, obtained by choice of the correct bandwidth for a
given analysis, as describedin paragraphs 3.2 and 5.2.2.
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Figure 5-2. Analysis of a 1-msec pulse with a 20-cps repetition rate.
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Selectw1ty requirements for the analysis of pulses
usually are.not as severe as for distortion measure-
ments. Adjacent components of a pulse often havenear-
ly the same amplitude, so that a filter attenuation of 20
dbor more at the component-frequency spacing from the
center frequency is adequate. However, this may not be
sufficient for pulse-modulation signals.

Marked fluctuations in the response of the ana-
lyzer, as a component is tuned in, usually are the result
of jitter of the pulse (refer to paragraph 5.2.6).

5.2.4 MODULATED SIGNALS.

Some modulated s1gnals are within the frequency
range of the analyzer, for example, telemetering sub-

carriers and the stereo multiplex system that has side~

bands extending to 54kc. When such systems are modu-
‘lated by a sine wave, the components of the resultant
modulated signal can be selectively measured by the wave
analyzer. The choice of bandwidth depends on the fre-
quencies involved, particularly the modulating frequency.
In general, the 10-cycle bandwidth should be used for
this application.

When the sideband components in the immediate
vicinity of a carrier are to be measured, itis oftencon-
venient to set the main FREQUENCY control to the car-
rier. Then the AF dial is used to locate the mdeband
components on either side of the carrier.

- If the modulating signal is not periodic, the analy-

sis problem is 81m111ar to that of noise analys1s (refer

to paragraph 5.4). .

5.2.5 EFFECT OF SWEEP RATE. |

The rate atwhichthe FREQUENCY control is turned
has an important effect on the output. Therearetwoas-
pects of this effect: the response of the analyzing filter
itself and the response of the indicating device.,

As previouslynoted, if the FREQUENCY control is
turned or driven very slowlythrough the region of max-
imum response to an isolated component, the output of
the analyzer varies in accordance with the filter re-
sponse characteristic. The response when the control
is left at the setting for maximum meter indication (the
‘“static response’’)and the corresponding FREQUENCY
dial reading are taken as the amplitude and frequency,
respectively, of the measured component. If the FRE-
QUENCY control is turned rapidly, the maximum re-
sponse differs somewhat from the static response, and
the frequency at which the maximum occurs is shifted
a small amount in the direction of the dial rotation. If
the rate of tuning is rapid enough, secondary peaks in
the response may also appear beyond the main maximum
response. -

These effects are most noticeable on the 3-—cyc1e
bandwidth, since the behavior is a function of the square
of the bandwidth, Thus, as far as the response of the
filter is concerned, tuning can be accomplished on the
50-cycle bandwidth about 250 times as fast as on the 3-
cycle bandwidth,

This behaviour can readily be observed by trial
with a sine-wave input signal. Practice with such a sig-
nal will show how rapidly the tuning canbe accompllshed
without causing a serious error.

When a signal is tuned in manually, the FREQUEN-
CY control is turned back and forth until the maximum

- response is found. For the 3-cycle bandwidth, the max-

imum response observed when the control is turned very
slowly is higher than the static response by a few per-
cent. This transient effect is critically dependenton the
response characteristic-of the filter. If the response is
symmetrical, the transient behavior will give mirror
images for the two directions of tuning, and in each case
the peak‘will occur just beyond the center of the re-
sponse. The correct setting for the FREQUENCY con-
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Figure 5-3. The first three components of a 20-p.sec pulse repeated every millisecond.
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trol is between the two response peaks. Since even a
slight dissymetry in the static-pass~band response will
produce a noticeable differencein the dynamic response
in the two directions of tuning, the ideal mirror-image
behavior will not ordinarily be observed. Some slight
difference between the maximum responses in the two
directions will be noted, but this difference usuallyis
not more than a fraction of a decibel. The slower the
tuning, the smaller both the transient effect and the dif-
ference between the maximum responses in the two di-
rections will be, | |

| The effect of the characteristics of the output in-
dicator or the recordingdevice onthe transient response
when the FREQUENCY tuning is swept through the fre-
quency of a component can be highly significant, as shown
in Figure 5-4, Ordinarily a fast indicator response is
desirable (except for noise measurements, as noted in
paragraph 5.4) so that the indicator will show the max-
imum response of the analyzer output when itsfrequency
is tuned to that of the component. Therefore, when the re-
corderisused, the METER SPEED shouldbe setat FAST.
With a recorder, use the fastest possible recorder speed.

Most dc recorders are slow in response, which

seriously limits the speed with which arecording canbe

made., The Type 1521 Graphic Level Recorder has a

relatively fast response and therefore permits a more
rapid analysis and recording when the wider bands are
used.

5.2.6 JITTER, WOW, AND FLUTTER.

| The indicated amplitude of a component of a con-
stant-amplitude, constant-frequency, periodic signal is
steady. Many electrical signals are of this type; that
is, they are sufficiently constant in amplitude and fre-
quency so that the component amplitudes produce a steady
meter deflection. However, many others, suchas random
noise (refer to paragraph 5.4), do not behave in this way.

Another of this latter type is a signal intended to beuni-

APPLICATIONS

formly periodic, but which has enough variation in fre-
quency, called jitter, wow, or flutter, to permit the sharp
selectivity of the analyzer to reproduce these frequency
fluctuations. If possible, use the 50-cycle bandwidth for
these signals; for most practical problems this will be
adequate. However, it is sometimes desirable, for pur-
poses of demonstration, to measure or record high-order
harmonics of pulses witha low-frequency repetitionrate,
for example, the harmonics in the vicinity of 50 kc for

pulses occurringat a 20-cycle rate. Usually the 3-cycle
bandwidth is selected to separate these harmonics. But
ordinary pulse generators do not have an oscillator that
is stable enough to permit such a measurement. It is
often necessary to use a crystal-controlled source; the
output of the pulse generator can be locked tothe output

of atime-mark generator, to give the required stability.

As a component is tuned in, the effect of jitter is
different at different points of the filter characteristic,
Jitter is most noticeable when the analyzer is tuned
togive a response for a component that is a few decibels
less than the maximum response; at this point the re-
sponse is most sensitive to slight changes infrequency.
The jitter is less noticeable at the frequency setting
that gives maximum response. | |

- Because of this fluctuation due to jitter on theinput
signal when the analyzer is tuned slightly off the peak of
the response characteristic, special adjustments may be
necessary for a recorded analysis when jitter is pre-
sent. For instance, the pen drive should be critically
damped, or even slightly overdamped, to avoid exces-
sive excursions of the pen as a jittery component is
tuned in. Also, the analysis must be made more slowly
than with stable components, to permit a more precise
recording of the component amplitudes. With a slower
sweep-frequency rate, a slower pen speed can be used,
and the resulting recording will show less of the effects
of jitter. | .
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Figure 5-4. A recording of the first few components of a 50-usec pulse at a 500-cps
repetition rate. The 3-cycle bandwidth of the analyzer and the fastest recorder writing
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Some frequency fluctuations are periodic. They
may be intentionally so, or, as in the case of wow or
flutter from a tape recorder, they may be unavoidably
introduced by mechanical eccentricities in the tape-
drive mechanism. In the latter case, the frequencies of
the resulting fluctuations correspond to the speeds of

the eccentric mechanisms or some combination of such
speeds. When a taped signal is analyzed, components

canbe found spaced the flutter rate away from the main

components, if the flutter is great enough.

Some of the jitter or flutter is random; this is a
frequency-modulation noise. One must decide whether
or not it is to be treated as a frequency "broadening”
of the signal and, in a sense, is to be ignored whenever
possible. Or, if the jitter must be determined, it can
usually be translated by means ofa linear discriminator
(such as the Type 1142-A Frequency Meter and Dis-
criminator) into a signal that varies in amplitude. The
output of the discriminator is thenanalyzed and the com-
ponents of the jitter are determined.

5.3 TUNABLE FILTER.

5.3.1 GENERAL.
When the MODE switch is in the NORMAL or AFC

position, the analyzer functions as a tunable, highly se-
lective filter and amplifier. The input of the filter is
available at the INPUT terminals and the output is avail-
able at the phone jack labeled FILTERED INPUT COM-
PONENT. The gain of the filter is determined by the
settings of the FULL SCALE attenuator dial and knob,
and the GAIN and LEVEL controls.

The applications for this mode of operation are
generally those for a highly selective filter, for example,
isolation of an individual component of a signal for an
accurate determination of its frequency, or for the pro-
duction of an accurate band of noise,

When this output is used, it should be carefully
shielded from the input to the analyzer, to avoid unde-
sirable feedback.

5.3.2 TRANSIENT RESPONSE. |

As afilter, the analyzer has the inherent advanta-
ges, as well as the limitations, of a minimum-phase net-
work with its response characteristic. Thus the tran-
sient responseis such that the build-up time in seconds
is approximately the reciprocal of the bandwidth in cps.
The rounded shape of the filter pass band results in an
overshoot of about one-half decibel when a tone is sud-
denly apphed and a similar amount of ringing when the
tone is turned off.

When the filter output is monitored by a meter or
recorder with atime constant thatis not short compared
with that of the filter, the response time of the system
is then longer than that of the filter alone. The over-
shoot and ringing also may be altered rachcally by the
output indicator.
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5.4 RANDOM NOISE.

5.4.1 GENERAL. |
The meter indication produced by an applied ran-
dom-noise signal (suchasthat generated bythermal agi-
tation in a resistance, by random fluctuationsin thermi-
onic emission, and by gaseous discharges)is not a steady
indication. Actually, all signals contain some random-
noise energy andin some itis sufficient to produce sig-
nificant fluctuations of the meter reading. The fluctu-

ations in level are not a result of erratic behavior of
the analyzer, but rather theyreflect irregularitiesin the
process of noise production. The measurement of such
noise can be treated on a statistical basis.

In the measurement of a random noise, the aver-
age power level is of {first importance. Because the sig-
nal voltage, rather than the power, is measured, and be-
cause an analysis of finite bandwidth is used, the equiv-
alent voltage for a one=-cycle band is often calculated.
This is called the root-mean=-square voltage spectral
density, or, simply, the spectral density. In practice
the wave analyzer measures the absolute value of the
instantaneous voltage, averaged by an RCsmoothing cir-
cuit. This value is then divided by the square root of
the bandwidth in cps and is corrected for the ratio of
rms to average fora Gaussian distribution. These con-
cepts will be discussed in greater detail.

5.4.2 AVERAGING PROCEDURE AND CONFIDENCE

LIMITS. |
Figure 5-5 shows the behavior of the pointer of

the indicating instrument as a function of time during
measurement of a random noise, These charts were
made with the 50-cycle bandwidth, for FAST, MEDium,
and SLOW meter speeds, and with samples of the same
noise measured in each case. It can be seen that the
average value is essentially the same for all samples,
but the fluctuations are markedly greater for the faster
meter speeds. The charts also show that little signifi-
cance canbe attached to a maximum or minimum- read-
ing for a noise signal. For a given bandwidth and volt-
age level, the maximum or minimum depends upon the
meter speed used and the length of time the meter is
observed. However, the fluctuations have some signifi-
cance in the statistical estimate of the confidence given
to the selected average value. |

As seenfrom the charts, itis much easier to esti-

‘mate the average value when the SLOW meter speed is

used. But because of the rise time of the metering cir-
cuit, 25 to 30 seconds must elapse before an average
reading is selected. For the MEDium meter speed, a
preliminary estimate can be obtained in two or three

seconds, but a better average can be selected if the me-
ter is observed for a somewhat longer period. With the
FAST meter speed, it is difficult to make a good esti-
mate of the average value, due to the large fluctuations
produced.

If the narrower bandwidths are used, even greater
fluctuations make it more difficult to obtain an average
value. For this reason, use only the SLOW meter speed
for noise measurements with the 3-cycle bandwidth. The
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principle involved is relatively simple: The narrow band
gives fineness of detail; the finer the desired detail, the
more time is needed to obtain the result to a certain
degree of confidence. This principle can be expressed
in quantitive terms by the use of statistical theory!,

If a particular meter reading is selected as the
noise voltage, the selected value may not be the best
estimate of the average value. The degree of confidence
in any such value can be expressedin statistical terms.
Thus, if a reading is selected for a random noise when
the 50-cycle bandwidth and the SLLOW meter speed are
used, the chances are only 1 in 10 that the long-time
averagediffers from the selected value by more than 4%;
the chances are 1 in100that the difference is more than
6% These values are called the 90% and 99% confidence
limits, respectively. The limits are not strictly sym-
metrical. For example, for the FAST meter speed, the
chances are onlyl in 100 (99% confidencelimits)that the
ratio of thelong-time average value tothe selected value
will be beyond the 0.75 to 1.47 range. Table 5-1 gives a
list of these confidence limits. |

These ranges of uncertainty can be reduced bythe
use of the average of a number of independent readings.

The reduction in the range is approximately inversely
proportional to the square root of the number of inde-
pendent observations. Thus the average of four cbser-
‘vations reduces the ‘uncertainty to about one-half the
values in the table.

The range of uncertainty is frequently called the
statistical error. | |

If the fluctuations in readings are observed for a
time and an estimate of the average value is made, the
extent of the reduction of the uncertainty is limited by
the fact that all the observations are not independent,
and one can remember and use only a small portion of
the total observed behavior. The observations are not
independent, because of the finite time required for the

'R.B.Blackman -and J.W.Tukey,*'The Measurement of Power Spectra’,
Dover, New york, 1958,

T.P.Rona,"Instrumentation For Random Vibration Analysis’’, pp 7-27

to 7-30, RANDOM VIBRATION, edited by S.H.Crandall, Technology Press,
Cambridge, Massachusetts, 1958,

pointer to assume a new value. An interval of two or
three time constants should be allowed between obser-
vations. The approximate time constants for the differ-
ent meter speeds are:

0.15 second for FAST,
0.5 second for MEDium,
S seconds for SLOW.

TABLE 5-1.

Confidence limits of 99% on voltage (one chance in 100
that the ratio of the long-time average value to a selected
- meter reading will be beyond the range 'shown in the table).

| METER
~SPEED FAST MED  SLOW
BANDWIDT
- CPS .
50 0.75 to 1.47 0.85 to 1.22 0.94 to 1.06
(-2.5 to +3.3 db) (-1.4 to +1.7 db) (-0.5 to +0.5 db)
10. 0.57 to 3.0 0.71 to 1.64 0.89 to 1,13
- (-5.1 to +9.5 db) (-3 to +4.3 db) (~1 to +1.1 db)
3 0.43to 14 0.57 to 3.0 0.82 to 1.27
(7.3 to +23 db) (-1.7 to +2.1 db)

(-5.1 to +9.5 db)

If a recorder is used on the 100 KC OUTPUT to
record the output of the filtered noise, the response time
(or writing speed) of the recorder, not the meter speed
of the analyzer, is the significant factor that sets the
averaging time by which the extent of the fluctuations is
determined, o |

With a dc recorder, its response time is affected
by the setting of the METER SPEED switch, because the
dc recorder is connected in series with the indicating
device of the analyzer. |

5.4.3 SPECTRAL DENSITY.

To compare measurements of random noise made
with two different bandwidths, the measured value is con-
verted to an equivalent value for a 1-cycle bandwidth.
The equivalent voltage varies as the square root of the
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Figure 5-5. Charts of the analyzer meter current (dc outpu
- random noise, with a 50-cycle bandwidth, and with FAS'IP,

t) as a function of time, for

MEDium, and SLOW METER

SPEED switch settings. The fluctuations are the greatest for the fast speed, moderate

for the medium speed, and smallest for the slow speed. Wi
is possible to select a reasonably good average value, e

th the 50-cycle bandwidth, it

ven for the fast meter speed.
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bandwidth; thus the conversion is a simple factor for
each bandwidth. It is also customary to specify the volt-
age as an rms value. Therefore an additional correc-
tion factor of 1.1284 is used to convert the rectified av-
erage value, calibrated witha sine wave, tothe rms val-
ue of a Gaussian noise. Thus the over=-all correction
ratios to convert to a 1-cycle bandwidth are:

0.159 (-15.9 db) for the 50-cycle bandwidth,
0.357 (-9 db) for the 10-cycle bandwidth,
0.65 (-3.7 db) for the 3-cycle bandwidth.

This conversion to a l1-cycle bandwidth is signi-
ficant only if the noise spectrum is continuous and is
essentially uniform within the measured band and if the
noise does not contain prominent pure-tone components.

For this reason, the results of this conversion must be

interpreted with great care to avoid false conclusions.
In particular, when a noise is measured at a center
frequency that is not much greater than the bandwidth,
the conditions for a significant conversion to a 1-cycle
equivalent spectrum density probably will not be met.

5.4.4 EFFECT OF SWEEP RATE. .
Considerable time is required to obtain a reli-

able measurement of a noise signal at a given frequency,

and a correspondingly greater time is required tomeas-
ure noise at a number of frequencies. The time is pro-
portional tothe number of measurements. Ifa spectrum
is recorded as a continuous plot, the time is proportional
to the number of bandwidths included in the range being
covered. Since the time required for one measurement
with a given degree of confidence is inversely propox-
tional to the bandwidth, the total time required to cover
the frequency range is inversely proportional to the
square of the bandwidth. Therefore, always use the widest
possible bandwidth for this analysis. |

Some examples of the effects of different sweep
rates are shown in Figures 5-6, 5-7, 5-8, and 5-9.

20k HORIZONTAL SCALE: 1/5 IN./DIV.

'5.4.5 DURATION OF A SAMPLE.

- The uncertainty resulting from thelimited obser-
vation time compared with the detail desiredin the fre-
quency analysis occurs for other time limitations as well.
Moreover, some of these limitations may not come under
the operator’s control. For example, a noise source may
not be uniform over an extended period of time. The
noise may be a transient effect, such as the acoustic
noise produced at the launching of a rocket. Such tran-
sient noises are usually recorded on a magnetic tape
recorder andare played backin short samples, for anal-
ysis, These samples are cut from the recording and
are formed into loops, to run continuously in the re-
corder. Thisproceduredirectlylimits the possible fine~
ness of detail in the analysis and also limits the accuracy
with whichthe actual levelin any one frequencyband can
be determined. This latter limitation results from the
fact that the maximum time during which independent
information can be obtained is the sample duration.

- The confidence limits for the SLOW meter speed
in Table 5~1 can be used as a guide to the reliability of
the results if the sample duration is of the order of 5
seconds. Similarly,for a 0.5-second sample, the figures
for MEDium meter speed in the table can be used as a
guide. As the sample time becomes even shorter, the
spectrum obviously becomes a discrete one, with a com-
ponent spacing at the repetition rate of the sample if a
3~cycle bandwidth is used. Thus the continuous nature
of the spectrum is lost. | |

~ If the noise is sufficiently uniform with time, a
longer sample offers increased accuracy; Oor measure-
ments ona number of samples can beaveraged. Because
of the inherent variability of random noise, analyses of
distinct samples of the same noise do not yield identical
results. The range of values predicted by statistical

‘theory can be used as a guide in judging whether the

results of such analyses agree well enough to be useful.
Unless this inherent variability is appreciated, useful
data or a useful analysis system may be rejected, or
too much reliance may be placed on a particular meas-
urement.
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20 _ HORIZONTAL SCALE: 1 N,[ntjur.

-ANALYZER
BANDWIDTH
a3 ot .

Mo so

L]

15

RECORDER
CHART BPEED

O25 N as
azs 078

IN/MIN

LT

! RESPONSE IN DB
pd
1
A

on

RECORDER
WRITING SPEED
)& 019
na Qpz0

IN/BEC

| 0 I I .

t

IRREREEERY

o

8
8

10 - . - 25
FREQUENCY IN KC FREQUENCY IN KC

Figure 5-7. If the chart speed is increased much more (to reduce the required analysis
time), the resulting record becomes more difficult to interpret. In this recording, the
fluctuations have now been spread out so much that one might be led to the incorrect
conclusion that, in the spectrum to 20 kc, there are variations of a decibel or more in

*
amplitude.
[ 20 - HORIZONTAL SCALE: 1/5 IN./DIV,
—i ANALYZER
] eANDWIDTH
—Jos QOw.
—| M 50
t5
: . :
- o
n . |
& W RECORDER E
CHART APEED |
] 025 %28 ﬁ 10
i-——  IN/HR] E '
| "
. 1
—| RECORDER —— ' !
—_ — :
—|wRriTING SPERD |
a1 X0 —
—f0a° pzo — |
—  iNfsEC —
T T T 1 . . . .
| % L 1 s :
’f FREQUENCY N KG N

Figure 5-8. If the writing speed is increased, the fluctuations increase. In this recording,
the uniformity of the spectrum is still apparent, because of the slow chart speed. Thus,
in effect, many samples of the noise are recorded for each bandwidth. When the fluctua-
tions are as large as shown here, however, the correct long-time average is not simply
midway .alon? the dense part of the chart. It is actually somewhat higher, because the
fluctuations from the average in the negative direction are inherently greater than those
in the positive sense.

50 ‘ HORIZONTAL SCALE: 1/3 IN./Div.,
——| ANALYZER | .
—{BANDWIDTH [ — - - : ' -
—los o '
—| M B0

i5

_ o ' 1=
Q _
— RECORDER T . ,'\
—| CHART sPEED| = - ]
—_— Ly m F
o228 pD2s | § 40 m_r f LA
] 1 :
“Jo7s X7s | Z 9 YA Liﬂl ¥ |[ — it ‘V =
—  INfMIN E "k i A ' ! l‘ .
; ' ST i e e .
= = - ! =
L4

. | |
— RECORDER 5 \ "J
~— WRITING SPEED [ | 1" |
g1 pwo —
—1os Mzo -
— INfSEC —

"0 16 z0 36 ' 40

- FREQUENCY [N KC _ FREQUENCY IN KC
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If it is not realized that suc?T time is insufficient for obtaining a spectrum analysis in
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tions in spectrum level were present. This speed of analysis is comparable to that of
many display-type spectrum analyzers. It indicates how misleading the analysis of noise
on such a device can be. |
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5.4.6 DISTINGUISHING NOISE FROM PERIODIC COM-
PONENTS.

Occasionally, the spectrum of a signal may show

what appears tobe a discrete component, but it is actu-

ally a random signal that is very narrow in bandwidth
because of resonance in the system from which the sig-

nal is obtained. To distinguish between the random sig-
‘nal and one that is truly periodic, note the effect of chang-
ing the bandwidth. Theindicated amplitude ofa truesine-
wave signal is unaffected by a change in the bandwidth.
The random~noise signal, however, will be affectedif the
band of noise is wider than the widest bandwidth used.
If the noise is narrower than the narrowest band used,
there will be no apparent difference with the various
bandwidths. In this case, the statistical behavior of the
indicated amplitude will reveal whether or not the sig-
nal is random. The fluctuations of the meter are large
for noise as narrow as 3 cps, even with the SLOW meter
speed. Thus it should be obvious whether the signal is
a steady component or a noise component.

_ The possibility of the component being relatively
discrete, but with some jitter or fluctuation in frequency,
should also be considered. Usually this type of com-
ponent can be distinguished by the change in behavior
as it is tuned in (refer to paragraph 5.2.6).

5.4.7 NARROW-BAND NOISE SOURCE.

Ifa broad-band noise generator, such as the Type
1390 Random-Noise Generator, is connected to the IN-
PUT terminals, a narrow band of noise is obtained at
the QUTPUT jack labeled FILTERED INPUT COMPO-
NENT. (Set the MODE switch to NORMAL, the LEVEL
control fully clockwise, and the other controls asthough
the.applied noise was to be analyzed.) The center fre-
quency of this noise is tunable by means of the FRE-
QUENCY control. This type of signalis useful for some
measurements. For example, itcanbe converted into an

audible noise by a loudspeaker; it can also be used for

some psychoacoustic tests and for reverberation and
acoustic-transmission measurements.

5.5 ACOUSTIC NOISE AND VIBRATION.

The Type 1900-A Wave Analyzer is well suited to
the analysis of many types of acoustic noise and vibra-
tion, particularly those produced by rotating or recipro-
cating machinery, such as gear trains, electric motors,
and turbines. Acoustic noise and vibration measure-
ments arediscussedin detail in the ‘“Handbook of Noise
Measurement,’’ available from General Radio.

5.6 FREQUENCY MEASUREMENT OF A COMPONENT.

The analyzer can be used to select a signal com-
ponent whose frequency is to be measured more accu-
rately than the accuracy of the FREQUENCY dial will
allow. The output at the jack labeled FILTERED INPUT
COMPONENT is used to drive a Type 1142 Frequency

Meter and Discriminator or a counter (such as the Type

1150 Digital Frequency Meter or the Type 1151 Digital
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Time and Frequency Meter). Be sure the impedance
across the output is approximately 600 ohms; the output
filter then operates effectively to reduce stray signals
that might interfere with the frequency measurement.
At frequencies below 1 kc, adjust the output LEVEL
control on the analyzer or the amplitude control on the
counter so as to reduce the residual stray signals. Set
the amplitude just high enough to obtain reliable oper-

ation of the counter.

5.7 BRIDGE SOURCE AND DETECTOR.

Inthe TRACKING GENERATOR mode, the analyzer
provides the generator and detector for ac impedance
bridge measurements. The excellent selectivity of the
analyzer helps to avoid trouble from interfering signals.
The 2-volt output from the TRACKING GENERATOR and
the high sensitivity of the analyzer are adequate for most
bridge measurements.

" However, in this case one limitation is due to a
small amount of energy from the tracking generator that
istransferredin the instrument to the analyzing section.
Although this transfer is less than one part in 100,000,
this internal crosstalk can produce an error when an at-
tempt is made to use the instrument alone, with a bridge

that will balance to better than .01%. The use of exter-

nal amplifiers helps to avoid thislimitation in this rather
unusual case.

"~ For bridge measurements, set the FULL SCALE
larger dial toINPUT VOLTS SHOULD NOT EXCEED 100
MILLIVOLTS, the setting for maximum sensitivity of the
input attenuator. As the bridge approaches a balance,
turn the FULL SCALEattenuator knob counterclockwise
to further increase the sensitivity. If the meter indi-
cation is beyond full scale with theknob fully clockwise,
rotate the attenuator larger dial counterclockwise asfar
as necessary for an on-scale reading. As the bridge is
balanced, rotate the dial clockwise until the 100 MILLI-
VOLT position is reached. Then use the knob toincrease
the sensitivity further. |

5.8 RESPONSE MEASUREMENTS OF TAPE RECORDERS.

~ Some tape recorders are designed to permit si-

multaneous record and playback functions. The response
of such a recorder can be measured automatically with
the Type 1900-A Wave Analyzer and Type 1521 Graph-
ic Level Recorder. Use the analyzer in the TRACKING
GENERATOR mode (refer to paragraph 3.6). Couple
the graphic level recorder to the analyzer both mechani-

cally and electrically, and record the 100KC OQUTPUT.

The GENERATOR OUTPUT supplies the signal to the tape

recorder, and the output from the tape recorder is ap-

plied to the INPUT of the analyzer. Vary the frequency
slowly, and plot the response on the graphic level re-

corder. Adecided advantage of this process is obtained
from the fact that the analyzer eliminates much of the
background noise and most of the spurious signals gen-

erated in the tape recorder.

One complication involvedin this measurement is
the delay between record and playback. In a typical re-
corder, the two heads are 1.5inches apart. At 15 inches
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per second, the corresponding delayis 0.1 second. Thus,
if the analyzer frequency is swept at a rate of 12 kc per
minute or 200 cps per second, the recorded signal fre-
quency will be 20 cps higher than the reproduced signal
frequency. If the 50-cycle bandwidth is used, the ana-

lyzer will respond reasonably well to the signal that is
displaced 20 cps. |

‘To take advantage of the 10-cycle-bandwidth selec-
tivity, a slower sweep rate should be used. Thus, at 1.2
kc per minute, the displacementis only 2 cps, and the 10-
cycle bandwidth is usable. As a further refinement, the
frequency of the crystal oscillator used for the TRACKING
GENERATOR mode can be altered to compensate for this

frequency displacement (refer to paragraph 4.12). How-
ever, the range of adjustment is limited to about 4 cps;
thus the compensation is not adequate for high sweep
rates. |

Because someresidual signal is transferred inter-
nally from output to input, use the following procedure
when in the TRACKING GENERATOR mode:

Always set the FULL SCALE larger dial as far
clockwise as the level of the input signal will allow.
Always use an input signal large enough so that, with
the FULL SCALE attenuator knob four steps from the
clockwise end, the meter indicates beyond full scale.
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4

SECTION 6

SERVICE AND

6.1 GENERAL.

We warrant that each new instrument sold by us
‘is free from defects in material and workmanship, and
that, properly used, it will perform in full accordance
with applicable specifications for a period of two years
after original shipment. Any instrument or component
thatis found within thetwo~year periodnot to meet these
standards after examination by our factory, district of-
fice, or authorized repair agency personnel, will be re-
paired, or, at our option, replaced without charge, ex-
cept for tubes, or batteries that have given normal ser=-
vice,

The two-year warranty stated above attests the
quality of materials and workmanship in our products.
When difficulties do occur, our service engineers will
assist in any way possible. If the difficulty cannot be
eliminated by use of the following service instructions,
please write or phone our Service Department (see rear
cover), giving full information of the trouble and of steps
taken toremedy it. Be sureto mention the type and ser-
ial numbers of the instrument.

Before returning an instrument to General Radm
for service, please write to our Service Department or
nearest district office, requesting a Returned Material
Tag. Use of this tag will ensure proper handling and
identification. For instruments not covered by the wazr-
ranty, a purchase order should be forwarded to avoid
unnecessary delay.

6.2 PRELIMINARY CHECKS.

60.2.1 GENERAL. |

The following preliminary checks are included to
familiarize the user with the wave analyzer and to as-
sure him of the normal operation of its various sec-
tions. The instrument need not be dismantled for these
prehmmary checks.
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6.2.2 LOCAL OSCILLATOR.
Turn on the POWER switch and allow the instru-
ment to warm up for several minutes. Set the panel con-

trols as follows:

AF dial to 0

BANDWIDTH smtch to 10 CPS

METER SPEED switch to FAST

READING switch to ABSOLUTE

MODE switch to NORMAL

FULL SCALE attenuator
Larger dial— fully CCW
Knob— fully CW

Turn the main FREQUENCY dial through zero fre-
quency (00000) and note any indication on the meter. If
the indication is small, increase the sensitivity by rota-
ting the FULL SCALE attenuator knob one or two steps
counterclockwise, togive a greater meter reading (refer
to paragraph 3.1.2). A meter indication near 00000 on
the dial signifies that the local oscillator is operating
properly.

6.2.3 FREQUENCY DIAL CALIBRATION. -

With the FREQUENCY dial set to 00000, push in
the F ZERO knob (to engage its tuning capacitor), and
rotate it until a maximum indication is obtained on the
meter, Disengage the F ZERO knob. The FREQUENCY
dial is now correctly calibrated.

6.2.4 AF DIAL CALIBRATION.
- For an approximate calibration check of the AF
dial, set the panel controls as follows:
FREQUENCY dial to 00000
AF dial to O |
- BANDWIDTH switch to 3 CPS
METER SPEED switch to FAST
READING switch to ABSOLUTE
MODE switch to NORMAL
FULL SCALE attenuator
Larger dial —fully CCW
Knob— for convenient meter indication.
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Engage the F ZERO knob and tune it for maximum
meter indication. (The narrow bandwidth requires slow
tuning.) Carefully disengage the F ZERO knob without
disturbing the setting. Turnthe FULL SCALE attenuator
larger dial fully clockwise (CAL). Turn the attenuator
knob to 3 MILLIVOLTS. Use the meter as an indicator,
and tune the AF dial to the internal calibrating signal.
This signal, at the power=line frequency, should be ob-
served at =60 and +60 on the AF dial (or -50 and +50, if
a 50-cycle power line is used). This is an approximate
check on the calibration of the AF dial.

Reset the AF dial to O,

16.2.5 CARRIER BALANCE.

Set ‘the panel controls as in paragraph 6.2.2 and
obtain a meter indication (produced by the carrier from
the local oscillator) at 00000 on the FREQUENCY dial
(refer to paragraph 3.1.3). Adjust the two CARRIER
BALANCE controls for a minimum meter indication:
push each knob into engage its flexible coupling and ro-
tate one and then the other. Turn the FULL SCALE at-
‘tenuator knobtwo steps counterclockwise and reduce the
meter indication to less than full scale (sufficient for
most measurements) by means of the CARRIER BAL-
ANCE controls.

6.2.6 SENSITIVITY.

To check the sensitivity, proceed as follows:

Set the panel controls as in paragraph 6.2.4, but
set the FREQUENCY dial at the power-line frequency
(either 60 or 50 cps). Tune the AF dial for a maximum
meter indication, which should be approximately 3 mv.
A slight readjustment of R654, the screwdriver control
behind the panel snap button labeled CAL, will correct
a small error.

Change the BANDWIDTH switch from 3 CPS to 50
CPS, and then to 10 CPS. In each case the meter reading
should be approximately 3 mv, and should differ very
little from the reading at 3 CPS. Reset the level to 3mv
for any of the three bandwidths by means of R654 for the
ABSOLUTE position of the READING switch and by means
of the panel GAIN control for the RELATIVE position.

6. 2.7 TRACKING GENERATOR MODE. |

To determine that the TRACKING GENERATOR
mode of operationis functioning properly, connect a pair
of headphones (or a frequency counter or oscilloscope)
to the GENERATOR OUTPUT jack. Set the MODE switch
to TRACKING GENERATOR and the LEVEL control fully
clockwise. With the phones, an audible signal, whose
frequency corresponds to the setting of the main FRE-
QUENCY dial, will be heard (the frequency must not be
in the ultrasonic region). A frequency counter or oscil-
loscope will also indicate the presence of this signal.

6.2.8 NORMAL MODE
With headphones or other indicating device con-
nected as in paragraph 6.2.7, set the MODE switch to

NORMAL. There should be a signal at the OUTPUT jack

whenever a signal is present in the passband of the crys=

tal filter. The CAL signal is convenient touse for this
purpose. Set the FULL SCALE attenuator larger dial
fully clockwise (with the CAL position opposite the CAL -
3mV POWER FREQ line). Set the attenuator knob to 3

MILLIVOLTS. As the FREQUENCY dialis tuned through
the power-line frequency (60 or 50 cps), the meter should
indicate a signal, which should also be present at the

OUTPUT jack. |
The calibrating 51gna.1 is approx1mate1ya square'

wave, therefore the odd-harmonic (3rd, 5th, 7th, etc.)
components should also be present as the FREQUENCY
dial is tuned through these frequencies.

6.2.9 AFC OPERATION.

Automatic frequency control (afc) is used to hold
a slowly-drifting signal within the passbands of the crys-
tal filter. The operation of thlS circuit can be checked

as follows:
Set the BANDWIDTH sw.ttch to 10 CPS and the AF

dial to 0. Apply an external audio signal (at approxi-
mately 1kc) to the INPUT terminals and tune inthis sig-
nal with the FREQUENCY controls. Adjust the FULL
SCALE attenuator larger dial and knob to obtain an on-
scale reading of the meter. Set the READING switch to
RE LATIVE and adjust the GAIN control for a full-scale

indication on the meter. Use the AF dial to measure

the effective bandwidth between the 3.5-db points (down

3.5 db from the maximum). This bandwidth should be

 approximately 10 cps. Set the AF dial to 0; then set the

MODE switch to AFC. Turn the AF dial slowly, to keep
the signal within the lock-in range, and note that the ap-
parent bandwidth is now much greater than the 10 cps |
noted above. This apparent bandwidth at the 3-db points
should now be about 150 cps. |

Change the BANDWIDTH switch setting to 50 CPS.

The observed bandwidth, at the 3~-db points, should be
approximately 400 cps.

6.2.10 RECORDER OUTPUT, 1 mA DC.

Two RECORDER OUTPUT jacks are available on
the panel. One, labeled 1 mA DC, is for dc recording;
the other provides a 100-kc output, to drive a graphic

level recorder, such as the General Radio Type 1521.
To check the dc output, connect a 5-ma, dc meter,

in series with a 1500-ohm resistor, to the 1 mA DC
OUTPUT jack, through a telephone plug.
Set: BANDWIDTH switch to 10 CPS
METER SPEED switch to FAST
READING switch to ABSOLUTE
FULL SCALE attenuator
- Larger dial to CAL (fully CW)
Knob to 3 MILLIVOLTS

- Tune to the power-line frequency (60 or 50 cps).
The analyzer meter should read approximately full scale;
the external dc meter should read approximately 1 ma.
Turn the attenuator knob two steps CCW, to increase the
sensitivity. The external meter should now read ap-
proximately 2.5 ma, if the limiting diode in the meter
circuit is functioning properly. Remove the meter and
the 1500-ohm resistor.

6.2.11 RECORDER OUTPUT, 100 KC.

Reset the panel controls as in paragraph 6.2. 10,
but set the FULL SCALE attenuator larger dialto OUT-
PUT SHOULD NOT EXCEED 1 VOLT. Set the attenuator

knob to 1volt. Apply an external 1-kc signal to the input
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of the Type 1900-A, and, with the FREQUENCY dial,
tune in the signal and adjust its level for a full-scale
indication on the meter. Plug the Type 1560-P95 Con-
necting Cable, terminated in 10 kilohms, into the 100
KC RECORDER OUTPUT jack. Connect an oscilloscope
across the termination and note that a signal (at 100 kc)
is present.

6.2.12 INPUT ATTENUATOR.
Set: BANDWIDTH switch to 10 CPS
- METER SPEED switch to FAST
READING switch to RELATIVE

Set the input attenuator larger dial one step from
fully clockwise and the knob fully clockwise (100 MIL-
LIVOLTS). Apply a convenient low-frequency signal
(e.g. 100 cps) to the INPUT terminals and tune in this
signal on the FREQUENCY dial. Adjust the level of the
incoming signal to give any convenient, near-full~scale
meter reading (e.g. +8 db) to use as a reference level,
and note the reading. Then turn both the attenuator larger
dial and the knob one step counterclockwise. The meter
reading should now be within %0.25 db of the original
reading. Repeat this test for each step of the attenuator.
(In the last position, with the knob and dial fully counter-
clockwise, some amplifier noise will be noted in addition
to the signal.)

The above method of checking the input attenuator
involves two separate circuits, with two separate attenu-
ators. As attenuation is added in one circuit, an equal
amountis subtracted in the other; thus the indicated level
should remain the same. Separate tests for each of the
attenuators are described in paragraph 6.8.2,

NOTE

This completes the pre-
liminary checks on the various
circuits inthe analyzer. More

~ detailed servicing procedures,
requiring removal of the in-
strument from its cabinet, are
described in the followingpar=-
agraphs. To avoid unneces-
sary servicing, be surethatall
cable connectors are securely ..
in place before proceeding.

6.3 POWER SUPPLY.

Five different dc voltages anda square-wave cal-
ibrating signal are provided by the power supply.

- Diode CR509 develops a regulated voltage for the

variable oscillator and provides reference voltages for

the 12-, 34~, and 35-volt supplies (for the tube heaters,

the output amplifier, and thei-f amplifiers, respectively).
Potentiometer R516 sets the level of the 12-volt supply
and R513 sets that of the 35-volt supply. Regulation of
the 190-volt supply is obtained by the combination of
V501 in series with CR509.

The nominal values for these voltage supplies should

be obtained with normal loads and with 105 to 125 (or
210 to 250) line volts. If any of these values are found
to be incorrect, the following voltage checks will help to
localize the trouble.
with a vacuum-tube voltmeter (suchas the GR Type 1806)
and with a power-line voltage of 115 (230) volts.

Measure the voltages to ground,

TABLE 6-1
Power-supply test voltages.
Test Point | DC Voltage
TP 501 | 210v
TP 502 | 190 v
TP 503 85 v
TP 504 | 42v
TP 505 16 v
T P 506 21 mv, peak-to-peak._;.square'wave, at line
frequency, measured with a CRO,
TP -507 | 35 v, regulated dc voltage, adjusted to £29%.
TP

508

12 v, regulated dc voltage, adjusted to :tz%_.

‘To measure transistor voltages, first remove the
top shelf of the power supply in the following manner:
- Turn the POWER off. Remove the three screws
on each edge of the power-supply shelf and swing the
latter out carefully, to expose the wiring on the under-
side (see Figure 6-7). Turn the POWER on. Measure
the transistor voltages to ground, using a vacuum-tube
voltmeter. The measured values should approximate
those given in Table 6-2. Use a power-line voltage of
115 (230) volts.

TABLE 6-2
Transistor voltages for the power supply.
Collector Emitter
Transistor (Volts) (Volts)
Q501 142 +35
Q502 +42 +36
Q503 +12 +16
Q504 +12 +15
Q505 +15 +12
+42 +34

Q507

6.4 VARIABLE OSCILLATOR.

6.4.1 GENERAL.

‘The normal tuning range of the local oscillator is
100 kc to 154 kc. This corresponds to 00000 to 54000 on

the main FREQUENCY dial. The oscillator tube is V201,
Oscillator amplitude control is accom=-

Type 12AY7.




‘plished by means of Q201 (an rf amplifier) and Q202 (a

series regulator). The amplified oscillator signal is

rectified by CR203, referred to reference diode CR204,
and used as a bias voltage for Q202, which controls the
plate voltage of the oscillator tube. Potentiometer R210
sets the oscillator level.

Incremental tuning of 100 cps is possible by use
of the AF dial (C203), the tuning range of which can be
adjusted by C204. |

When the analyzer is operated in the AFC mode,
variable-capacitance diodes are usedfor frequency cor-
rection of the oscillator. The capacitance of these diodes
is replaced by capacitors C225 and C228 when the instru-
ment is operated in the NORMAL mode.

‘The low-frequency end of the variable oscillatoris
set by means of the adjustable, slotted core of L1201,
accessible through a hole in the cover of the oscillator
compartment, at the right (see Figures 6-6 and 6-9).

The high-frequency end of the tuning rangeis cal-
ibrated by means of C202 and C226, a coarse and a fine
adjustment, respectively. These trimmer capacitors
are accessible from the right-hand end of the osc111at0r
compartment. |

6.4.2 VARIABLE OSCILLATOR CALIBRATION,
To calibrate the variable oscillator, remove the
instrument from its cabinet and proceed as follows:
Turn the POWER on and connect a vacuum-tube
voltmeter to TP201, at the lower left-hand end of the
oscillator compartment. Adjust R210 (at the upper left-
hand end of the oscillator section) to give 0.6 volt. Dis-

connect the voltmeter and connect a frequency counter

to TP201. Set the AF dial to 0 and the F ZERO control
(PUSH TO ENGAGE) to the middle of its range,as deter-
‘mined by frequency measurements. Use the main FRE-
QUENCY dial to tune to an oscillator frequency of about
101,000 cps. The total span of the AF dial (C203) must

be 200 12 cps. If the span is outside these limits, adjust

C204 (at the left-hand end of the oscillator housing).
Increasing the capacitance of C204 reduces the span, and
vice versa. When the span is correct, reset the AF dial
to 0.

Set the BANDWIDTH switch to 50 CPS and the MODE
switchto AFC. Measure the oscillator frequency. Switch
to the NORMAL mode and again measure the frequency.
Adjust trimmer C225 (at the right-hand end of the oscil-
lator section) sothat the frequencies are identical. Then
set the MODE switch to NORMAL.

| Reset the FREQUENCY dial to 00000. Adjust the
core of LL201 to obtain a frequency of 100,000 cps. Turn
the FREQUENCY dial to 50000, and, by means of C202
(coarse adjustment) and C226 (fine adjustment), set the
oscillator frequency to 150,000 cps. Retuife the FRE-
QUENCY dial to 00000 and, if necessary, reset the fre-
quency to 100,000 cps by means of the core adjustment
of L201, Again measure the frequency at 50000 on the
dial and repeat the procedure if necessary. |

When both ends of the dial have been calibrated,
measure the frequency at various points over the entire
range of the dial. They must be within +0.5% %5 cps to
150,000 cps and within *1% to 154,000 cps.

- POWER off.
connector and the three shielded leads marked GY (gray),
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If any point on the dial is outside these limits, the
main tuning capacitor should be recalibrated. This re-
quires removal of the outer shield cover, for access to
the interior of the oscillator compartment. Turn the
Disconnect the cable with the multipoint

CL (clear), and BL (blue), at the rear left-hand side of
the compartment. Remove the screws holding the cover
and slide it off. Reconnectthe cableand the three shielded
leads and turn the POWER on.

The complete procedure for realignment of the
main tuning capacitor is as follows:

Determine that the span of the AF dial is correct
to *1 cps. Be sure the oscillator frequency, at about
101,000 cps, is the same for both NORMAL and AFC po-
sitions of the MODE switch, with the BANDWIDTH switch
set to 50 CPS. Use capacitor C225 to correct any differ-
ence in the NORMAL position.

Turn the analyzer upside down on the bench. Set
the main FREQUENCY dial to 00000, the AF dial to O,
the MODE switch to NORMAL, and, by visual inspection,
set the F ZERO capacitor tothe middle of its range. Ad~
just the core of L201 so that the frequency of the oscil-
lator is 100,000 cps. Donot remove the cylindrical shield

from the coil for this adjustment.

Reset the FREQUENCY dial to 50000. Set C226in
the middle of its range and adjust C202 for an oscillator
frequency of 150,000 cps. Make thefinal adjustment with
C226, for better resolution. Repeat this procedure until
an adjustment at one end of the frequency range has a
minimum effect at the other end.

The linearity of the main tuning capacitor is ad-
justed by means of slotted rotor-plate segments, the po-
sitions of which are varied by individual adjusting screws.

The frequencies at dial settings of 54000, 33000,
52000, and 51000 must be within £1%. The 50000 point
should be exact (previously set with trimmers C202 and
C226).

Start with the FREQUENCY dial at 50000 and de-
crease the reading until the next whole adjustable plate
segment is in mesh with the stator. Use the adjusting
screw for this segment, to set the frequency (as read on
the counter connected at TP201) to 100,000 plus the dial
reading in cps. Set the frequency within £0.3% of the

dial reading.

Reset the dial sothat the next whole segment is in
mesh with the stator and adjust this segment to give a
frequency corresponding tothe dial reading. Followthis
procedurefor each segment in turn. Points between 09000
and 00000 on the dial must be within £0.3% *5cps. Re-
check the end points (00000 and 50000) and the complete
dial linearity. Readjust the segments, if necessary, to
obtain minimum deviations within the above limits. |

Replacement of the oscillator shield cover will
have some effecton the calibration. -To correctfor this,
set the main dial at 50000, the AF dial at 0, and the
F ZERO capacitor at the center of its tuning range. Re-
adjust C202 or C226 so that the oscillator frequency is
150,000 cps. Turn the main dial to 00000; if the oscilla~
tor frequency is not 100,000 cps, readjust the core of
L201. Repeat this procedure until the adjustinent ateach
end of the frequency range is correct. The intermediate
points on the dial should then check within 0.5% %5 cps.
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6.4.3 VOLTAGE TABLE.
TABLE 6-3

Variable-oscillator voltages, measured to
ground with a vacuum-tube voltmeter.

Tube Pin DC Volts
V20l |, 1 +58
9 0
3 0
4 +12
9 0
6 +58
7 0
8 0
9 +6
Collector Emitter
Trunsistor (DC Volts) | (BC Volts)
Q201 I + 7.5 +23
+57 +79

Q202

6.5 OUTPUT AMPLIFIER.

6.5.1 GENERAL.

The output amplifier is located in.a shielded box at
the upper right-hand side of the instrument (see Figure
6-5). It consists of two cascaded transistor amplifiers,
each containing two transistors in a feedback circuit.
The second amplifier drives a full-wave rectifier for the
meter circuit. A separate transistor amplifier supplies
a 100-kc signal for use with a graphic level recorder.

6.5.2 METER CIRCUIT.

The meter circuit is driven from a tunabletrans-
former, T651. It is tuned to resonance in the following
manner: |

Tune in the internal CAL signal (or an external
signal) and adjust the level for a convenient on-scale
meter indication. Adjust the core of T651 for maximum
meter indication. |

6.5.3 RECORDER OUTPUT, 1 mA DC. _
The meter circuit is driven by a full-wave recti-

fier, CR651 and CR652. The meter is in series with a
1500-ohm resistor, which is switched out automatically

when a dc recorder is connected to the 1 mA DC RE~

CORDER OUTPUT jack. This resistor simulates the
input resistance of many dc recorders,

A limiting diode, CR653, is used to limit the cur-
rent through the meter and the external dc circuit. This
diode limits the maximum dc to about 2.5 ma, without
affecting the dynamic ac range of the amplifier.

6.5.4 RECORDER OUTPUT, 100 KC.

Transistor Q655 feeds a resonant autotransformer,
T652, thatis tuned to 100 kc and is used to drive a graphic
level recorder, such as the GR Type 1521. The capaci-
tance of the connecting cable is part of the circuit and
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affects the tuning; therefore this transformer is peaked
with a Type 1560-P95 Adaptor Cable Assembly plugged
into OUTPUT jack J652 (100 KC RECORDER OUTPUT).
Terminate the cable with 10 kilohms. Connect a sensi-
tive vacuum-tube voltmeter across the 10-kilohm resis-
tor and adjust T652 for maximum output.

With the transformer tuned to resonance, set R674
for an outputof 5 volts when the meter reads full scale.
Remove the input signal. The voltmeter must read more
than 70 db below 5 volts.,

6.5.5 METER SPEED CIRCUITS.

| The METER SPEED switch (with three positions,
marked SLOW, MED, and FAST) changes capacitors to
vary the time constant of the meter. The circuit capac-
itance is 2000 pf in the SLOW position, 200 pf inthe MED-
ium position, and 1 pf in the FAST position.

6.5.6 CIRCUIT GAIN ADJUSTMENTS.

The READING switch, S651, selects either of two
circuits and the corresponding level control. One con-
trol, R654, sets the gain accurately in terms of an inter-
nal standardizing signal, for ABSOLUTE readings. This
control is accessible through a hole in the panel, under
the snap button marked CAL. The other control is ad-
justed by the panel knob marked GAIN, and is used when
the READING switch is in the RELATIVE position. It
permits measurement of relative values, such as har-
monic distortion in percent. |

Set the READING switch to RELATIVE and ‘the
GAIN control to minimum. Tune in the CAL signal and
note the meter reading. Change the READING switch to
ABSOLUTE, and by means of the CAL control, R654,
obtain a meter reading approximately 5 db higher than
thatnoted above. With the FULL SCALE attenuator knob
set to 3 MILLIVOLTS, ad]ust R665 for a 3-mv reading
on the meter.

Potentiometer R665 (see Figure 6-14) sets the
over=-all gain of the amplifier and may require a slight
readjustment after the input mixer has been set for mini-
mum distortion ( refer to paragraph 6.10).

6.5.7 SERVICING THE ETCHED-CIRCUIT BOARD.
For convenience in trouble shooting, the output-
amplifier shelfis hinged. Remove the two screws at the
two front corners and swing the board up, for access to
the etched circuits (see Figure 6-14).
Transistor voltages are given in Table 6-4,

TABLE 6-4

Output-amplifier voltages, measured
to ground with a vacuum-tube voltmeter.

Collector ~ Emitter

Transistor (DC Volts) (DCVolts)
Q651 +17 +23
Q652 +11.5 +17
Q653 +11.5 +30
Q654 +34 +11

Q655 0 +27.5

"
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6.6 CRYSTAL FILTER ALIGNMENT.

6.6.1 PRELIMINARY ADJUSTMENTS.
WARNING -

Only quallfled personnel, with the
recommended test equipment, should
attempt to align the crystal filter. |

NOTE

The proper response characteristics
for the three bands can be obtained over
a range of settings of the individual crys~-
tal circuits. The settings outlined be-
low have been found to be the most suit-
able for the following step-by-step pro-
cedures, but the factory~adjusted settings
of the individual circuits in a particular
instrument may deviate somewhat from
those given.

Alignment of the crystal filter (Figure 6-18) re-
quires a stable 100-kc signal source whose frequency
canbe varied somewhat about this nominal value. Some
means of attenuating the signal to the necessary low
levels must be provided. A General Radio Type 546~C
Microvolter is recommended as an attenuator. A fre-
quency counter with resolution of 0.1 cps is also re-
quired.

Remove the covers from the left side and top of

the crystal filter shelf. Preset the controls as follows:
- R403 and R406 —90° from the clockwise stop;

R401—-180° from the counterclockwise stop.

Center all other variable controls, including 18
potentiometers and 10 trimmer capacitors. Replace the
shield cover on the left side. Use the top cover to par-
tially shield thetwo compartments;allow room for test-

lead connections.
Set the BANDWIDTH switch to 50 CPS, the attenu-
ator larger dial fully counterclockwise, and the attenuator

knob to 30 VOLTS. Feed a 5~ to 10-mv signal at 100 kc
to TP155 (in the input section) and tune T'151 for maximum

indication on the Type 1900-A meter.

6.6.2 ALIGNMENT OF FIRST CRYSTAL (X301).
Connect the high side of PL601 (brown, coaxial

cable connecting to J451, in the upper, right-hand, rear

corner of the crystal filter assembly) to the stator of
C309 (at AT307 or AT314). Tune the 100-kc signal source
for a peak indication on the analyzer meter. Adjust the
GAIN control so that the meter indicates some conven-
ient reference point, suchas+9 db. Lower the frequency
of the incoming signal until the meter reads 3 db below
the peak and note the frequency, f1, as read on the
counter. Thenincrease the frequency similarly, and note
the frequency, fy, at which the meter reads 3 db below
the peak, on the high side of the resonance. Determine
the bandwidth between the 3-db points (fy; - f7), and ad-
just R305 so that this bandwidth is 39 +1 cps. The cen-
ter of the 50-cycle- bandmdth response curve of X301

f. +f£

should be at 99,980 +3 cps (determined by — L 5 H ).

Change the BANDWIDTH switch setting to 10 CPS.
Tune the signal source to exactly 99,996.0 cps and adjust
C305 for maximum meter indication. Again adjust the
GAIN control for a reading of +9 db (or any convenient
reference point), and measure the bandwidth at points 3
db down from thepeak, as before. Adjust R304 and C303

to give a bandwidth of 8.6 %0, 2 cps, centered at 99,996.0

0.1 cps.

Similarly, set the BANDWIDTH switch to 3 CPS
tune the signal source to 99,998.8 cps, and adjust C306
for maximum meter indication. Again using the 9-db
reference point, adjust R303 and C306 so that the band-
width at the 3-db points is 2.8 0.2 cps, centered at
99,998.8 £0.1 cps.

6.6.3 ALIGNMENT OF SECOND CRYSTAL (X302).

Connect the high side of PL601 to AT352 (switch
5401, terminal 110F). Terminate the test source in 50
ohms and comnect it to the stator of C309 (at AT307 or
AT314).

Set the BANDWIDTH sw1tch to 50 CPS. Adjust the
signal source and the FULL SCALE attenuator knob for
a convenient reference reading on the meter. Use the
procedure outlined in paragraph 6.6.2 and adjust R308
toobtain a bandwidth of 39 1 cps at the 3-db points. The
center of the 50 ~cycle-bandwidth response curve of X302
should be at 99,985 %3 cps.
| Set the BANDWIDTH switch to 10 CPS. Tune the
signal source to exactly 99,996.0 cps and adjust C314 for
a peak reading of the meter. Adjust R309 and C314 so
that the bandwidth at the 3~dbpoints is 8.6 +0 2 cps wide,
centered at 99,996.0 £0.1 cps.

Similarly, set the BANDWIDTH switch to 3 CPS,
tune the signal source to 99,998.8 cps, and adjust C316
for maximum meter indication. Adjust R310 and C316
so that the bandwidth at the 3-db points is 2.8 0.2 cps,
centered at 99,998.8 0.1 cps.

6.6.4 ADJUSTMENT OF FIRST COMBINATION

(CRYSTALS X301 AND X302).

Set the BANDWIDTH switch to 50 CPS. Connect the
signal sourceto TP155 (with the 50-ohm termination re-
moved), and tune it for a peak reading on the analyzer
meter. Adjust the GAIN control on the Type 1900-A to
obtain a meter indication of +9 db. Lower the frequency
of the incoming signal until the meter reads 3 db below
the peak, and note the frequency, as read on the counter.
Increase the frequency of the signal by 56 cps and adjust
C309 so that the meter reads 3 db below the peak. The
bandwidth at these 3-db points must be 56 *4 cps, cen-
tered at 100 kc #2 cps. Adjust C309 so that both these
limits are met.

Set the BANDWIDTH switch to 10 CPS. In the same
manner, measure the bandwidth at the 3-db points. It
must be 11.3 £0.3 c¢ps, centered at 100 kc 0, 2 cpsh and
symmetrical.

Repeat this procedure with the BANDWIDTH switch
at 3 CPS. The bandwidth at the 3-db points must now be
3.4 0.3 cps, centered at 100 kc +0.1 cp51 ,and symmet-
rical. |

' The centering of these bandwidths may be lmproved by a slight re~
adjustment of the circuit associated with the second crystal of each
cpmbination (X302 or X402). The bandwidth will also be affected by
this adjustment. Both the bandwidth and the center frequency of the
combination must be within the specified limits when the final ad-
justments have been completed.
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6.6.5 ALIGNMENT OF THIRD CRYSTAL (X401).

Connect the high side of P1.601 (brown) to the stator
of C405 (at AT407 or AT408). Also, connect the test-
signal source to TP302. Set the BANDWIDTH switch to
50 CPS, and, in the same manner as before, measure the
bandwidth at the 3-db points to be 70 *4 cps, centered at
99,974 15 cps. Adjust R401, if necessary.

Set the BANDWIDTH switch to 10 CPS. Tune the
signal sourceto 99,995.3 cps and adjust C401 for a peak
~indication on the analyzer meter. Adjust R404 and C401
so that the bandwidth at the 3=~db points is 9.2 0.2 cps,
centered at 99,995.3 0.1 cps.

Set the BANDWIDTH switch to 3 CPS. Tune the
signal sourceto 99,998.8 cps and adjust C403 for a peak
meter indication. Adjust R405 and C403 so that the
bandwidth at the 3-db points is 3.4 £0.2 cps, centered
at 99,998.8 0.1 cps.

6.6.6 ALIGNMENT OF FOURTH CRYSTAL (X402).

Connect PL601 to J451 (normal connection). Ter-
minate the signal source in 50 ohms, and connect it to
the stator of C405.

With the BANDWIDTH sw1tch at 50 CPS, the band-
width at the 3-db points must be 30 *2 cps, centered at
99,985 £2 cps. Adjust R407, if necessary.

Set the BANDWIDTH switch to 10 CPS. Tune the
signal source to 99,995.3 cps and adjust C409 for a peak
‘indication on the meter. Adjust R408 and C409 so that
the bandwidth at the 3-db points is 9.2 £0.2 cps, centered
at 99,995.3 £0.1 cps.

Set the BANDWIDTH smtch to 3 CPS. Tune the
signal source to 99,998.8 cps and adjust C411 fora peak
indication on the meter. Adjust R409 and C411 so that
the bandwidth at the 3-db points is 3.4 *0.2 cps, centered
at 99,998.8 $0.1 cps. |

6.6.7 ADJUSTMENT OF SECOND COMBINATION

(CRYSTALS X401 AND X402).
'Remove the 50-ohm termination from the test

source. Set the BANDWIDTH switch to 50 CPS. Connect

the signal source to TP302 and tune it for a peak reading

on the analyzer meter. Adjust the GAIN control on the
Type 1900-A for a meter indication of +9 db. Lower the
frequency of the incoming signal until the meter reads 3
db below the peak, and note the frequency, as read on the
counter. Increase the frequency of the signal by 64 12
cps and adjust C405 so that the meter reads 3 db below
the peak. The bandwidth at these 3-db points must be
64 2 cps, centered at 100 kc +2 cps.

Set the BANDWIDTH switch to 10 CPS. In the same
manner as before, measure the bandwidth at the 3-db
points. It must be 13.1 £0.3 cps, centered at 100 kc £0.2
cps! , and symmetrical.

| Repeat this procedure, with the BANDWIDTH switch
at 3 CPS. The bandwidth must now be 3.9 *0.2, cen-~
tered at 100 kc 10.1 cps?, and symmetrical.

6.6.8 ALIGNMENT OF COMPLETE CRYSTAL FILTER
(X301, X302, X401, X402).
Connect the test-signal source to TP155. The top
cover of the crystal compartment should be in place,
but not fastened.

1 Refer to footnote, page 35.

Set the BANDWIDTH switchto 50 CPS. Measure the
bandwidth at frequencies that give meter readings 3.5 db
down on each side of the peak reading. ThlS bandwidth
must be 50 £5 cps, centeredat 100 kc £10 cps', and sym-
metrical. (Adjust R407 only, to improve the symmetry.)
A slight tilt to the flat top can be corrected by careful
readjustment of T151.

Set the BANDWIDTH switch to 10 CPS. The band-
width at the 3. 5-db points must be 10 £1.0 cps, centered
at 100 kc *1 cps ', and symmetrical.

Set the BANDWIDTH switch to 3 CPS. The band-
width at the 3. 5-db points must be 3 0.6 cps, centered
at 100 kc %1 cps , and symmetrical.

Tune the FREQUENCY dial for maximum indication
on the meter. | | |

With the signal peakedin the 3-cycle band, set the
BANDWIDTH switch to 50 CPS, and adjust the GAIN con-
trol for any convenient meter indication as a reference.
Change the BANDWIDTH switch setting to 10 CPS and ad-
just R403 to obtain the same meter indication. Change

-the BANDWIDTH switch setting to 3.CPS and adjust R406

to obtain a meter indication approx1mate1y 0.1db higher
than the reference.

Remove the test-signal connections and fasten the
top shield cover in place.

6.6.9 REMOVAL OF CRYSTAL-FILTER UNIT.

The crystal-filter unit can be removed from the
sub-panel for trouble-shooting. The procedure is as
follows:

Remove the BANDWIDTH switch knob. Disconnect
the multipoint power connector and the three shielded
cables (BROWN, RED, and ORANGE). Loosen the set-
screws in the bead-chain driven pulley. Use an offset
screwdriver to remove the four screws holding the filter
unit to the sub-panel. Hold the pulley and chain in place
with one hand and slide the unit away from the panel.
Insert a rod (such as a screwdriver) through the hole in
the panel, to keep the pulley and chain in position until
the unit is replaced.

To expose the etched circuits, simply remove the
bottom plate.

Reversethe above procedure to reinstall the filter

unit.

6.6.10 CRYSTAL-FILTER AMPLIFIER VOLTAGES.
TABLE 6-5 |

Crystal-filter amplifier voltages, measured
to ground with a vacuum-tube voltmeter.

Tube F'i_h DC Voltage Tube Pin | DC Voltage
V351 1 [ +160 | v451 1 | 150
2 0 | 2 +5
3| 1.2 3 6
4 +12 4 +12
s| o | 5 0
6 +150 6 +150
7 0 7 0
8 +0.9 8 +0.9
9 +6 | 9 +6
Transistor Cbllecto:'_l Emitter
Q351 +14 | 43
Q451 +18 J 19 _
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6.7 TRACKING-GENERATOR SECTION.

6.7.1 GENERAL. o | |

The circuits for the TRACKING GENERATOR,
NORMAL, and AFC modes of operation are located in
the tracking generator section of the instrument (see
Figure 6-5).

6.7.2 TRACKING-GENERATOR CIRCUIT.

Whenthe MODE switchis in the TRACKING GEN-
ERATOR position, a signal at the frequency indicated by
the main FREQUENCY dial setting is presentat the panel
GENERATOR OUTPUT jack. The level of this signal is
adjusted by the LEVEL control. A variable and a fixed
signal beat together to produce this signal., Thevariabie
signal, supplied by the local oscillator, is adjustable from

100 kc to 154 kc. The fixed signal is obtained from a

100-kc quartz-crystal oscillator (including crystal X251,
located behind the etched-circuit board, and transistor
Q251). The two signals are fed to a double, balanced
mixer (V251, Q254, and Q255). The difference frequency
is filtered and then is amplified by Q256 and Q257.
- To adjust the tracking generator,proceed as fol-
lows: Remove the rear shield cover (see Figure 6-5).
Set the MODE switch to TRACKING GENERATOR and
the LEVEL control fully clockwise. Set capacitor C250
(behind the snap-button, above the MODE switch) at ap-
proximately half capacitance (with the slot in the end of
the shaft in a vertical position). .Connect a frequency
counter to TP202 on the etched-circuit board and adjust
C251 (Figure 6-11)togive a frequency of 100 kc.

As an alternate method, feed the signal from the
GENERATOR OUTPUT jack to the INPUT terminals of

the analyzer. Set the BANDWIDTH switch to 3 CPS, the
LEVEL control at maximum, and adjust the FULL SCALE

attenuator controls for an on-scale meter reading. Then

adjust C251 for maximum meter indication. Remove the

connection between the OUTPUT jack and the INPUT ter-

minals.

Connect a 600-ohm load to the OUTPUT jack
(LEVEL control at maximum) and observe the output
from the jackon an oscilloscope. Adjust the output level
by means of R259 (a screwdriver adjustment on the
etched-circuit board, Figure 6-11) for maximum output
without clipping. At least 3 volts should be present.

Set the MODE switch to NORMAL. Temporarily
remove transistor Q254 from its socket. Set the LEVEL
control to maximum and adjust the oscilloscope for high

sensitivity. Set the FREQUENCY dial to 05000. Tune

C274 (on the etched-circuit board) for minimum output.
(A second-harmonic signal may be present when the fun-
damental is balanced out.)

Reset the FREQUENCY dial to 58000, and adjust

C275 for minimum output.
Replace Q254 in its socket. Set the MODE switch

to TRACKING GENERATOR, and tune the main dis! to
about 100 cps. Remove the 600-ohm load at the OUTPUT
jackand adjust the CRO to give a greatly enlarged trace

of the 100-cycle signal so that the fine structure can be
observed. This structure represents the two oscillator

signals whose difference is the output signal. Adjust R280
for minimum high-frequency oscillator signals.
Reconnect the 600-ohm load to the OUTPUT jack,
and connect a vacuum~tube voltmeter across the output.
Monitor the level over the complete tuning range (00000

to 54000 cps). The level is affected slightly by the set-
tings of capacitors C276, C277, and C278. -

~ 6.7.3 NORMAL-MODE CIRCUIT.

In the NORMAL mode of operation, a signal from
the local oscillator is heterodyned with one from the 100-
kc IF amplifier to provide an output signal. Thus, the
latter signal will be obtained only when a signal is pres-
ent in the passband of the i-f amplifier.

To check this circuit, set the FULL SCALE atten-
uator larger dialto CAL and the knob to 3 MILLIVOLTS.
With the BANDWIDTH switch at 10 CPS, tune the main
FREQUENCY dial to the power-line frequency and ob-
tain maximum indication on the meter. A signal at the
power-line frequency will appear at the FILTERED IN-
PUT COMPONENT jack. Tune the FREQUENCY dial
through the third harmonic of the power-line frequency.
Again, a corresponding signal will appear at the jack,
as determined with headphones or an oscilloscope. This
output signal should be at least 1 volt across 600 chms,
with a full-scaleindication on the meter. If no such sig-
nal is present with input indicated on the meter, make

the following tests:

Determine that: ;

a. Plug PL252 (BK) is connected to jack J656.

b. Plug P1.253 (BL) is connected to jack J205.

c. A 100-kc signal is present at jack J656 when a
signal is present in the i-f band.

d. Thelocal-oscillator signal is present atanchor
terminal AT258 (see schematicdiagram, Figure 6~13).Its
frequency will be between 100 and 154 kc (depending upon

- the setting of the FREQUENCY dial), with an amplitude
~of 0.6 volt.

e. An unfiltered beat signal is present at AT257,
connected to the output of the mixer. The filtered beat
signal will be present at AT255.

6.7.4 AFC CIRCUIT. |

When automatic frequency control (AFC) is used,
a signal from the 100-kc i-f amplifier is fed to a tuned,
limiting amplifier (Q252 and Q253) and is then applied
to a discriminator that uses a 100-<kc quartz crystal,
X251. The output from the discriminator is rectified,
filtered, and applied as a dc correction voltage to a
variable-capacitance diode circuitin the local oscillator.

With no input signal, the dc voltage from the dis-
criminator is about 35 volts. With an input signal ap-
plied, this voltage rises to between 55 and 60 volts on
one side of resonance and drops to 10 to 15 volts on the
other side.

To align the discriminator, a dc vacuum-tube
voltmeter, a frequency counter, and an external audio-
signal source are needed. Connect the counter to TP201,
at the left-hand end of the variable oscillator housing.
Set the BANDWIDTH switch to 50 CPS and the MODE
switch to AFC., Tune the FREQUENCY dial to about
01000 and measure the frequency of the local oscillator.
(Do not apply a signal to the input of the analyzer.) Do
1ot change the FREQUENCY dial setting, but set the
MODE switch to NORMAL, and again measure the fre-
quency. Adjust capacitor C225 (at the right-hand end of
the oscillator housing) to give the same frequency for
both the NORMAL and AFC positions of the MODE
switch. Repeat both measurements after each adjust-
ment.



TYPE 1900-A WAVE ANALYZER

Temporarily disconnect the lead from terminal #5
of plug PL251 at AT265, (on the etched-circuit board).
Set the MODE switch to NORMAL. Connect the dc
vacuum-tube voltmeter to AT265. With no signal at the
analyzer input, note the dc voltage level for future ref-
erence (about 35 voits).

Set the AF dial to 0 and the MODE switch to AFC.

Connect a stable audio signal (e.g. 1000 cps), whose fre-
quency is known within 1 cps, to the INPUT terminals of
the analyzer. With the counter connected to TP201, use

the FREQUENCY dial to tune in the input signal. The
frequency of the local oscillator should be 100,000 cps

plus the frequency of the input signal. If the test-signal

frequency is 1000 cps, set the oscillator frequency to
101,000 cps. Use the FULL SCALE input attenuator con-
trols (or an external adjustment) to give a full-scale

meter reading. Temporarily disregard the incorrect
main FREQUENCY dial reading.

Tune the AF dial slowly through its range. The
vacuum-tube voltmeter should indicate the usual S-
shaped discriminator characteristic. On the low-fre-
quency side of zero, the voltage should peak between 50
and 60 volts. On the high side, a minimum between 10
and 20 volts should be found. Set the AF dial for this
minimum, and adjust the core of L1252 for a minimum
meter indication (see Figure6-11). Reset the AF dial to
0, and note whether or not the dc voltage is near the ref-
erence level of 35 volts. If not, retune the discriminator
circuit by means of C262 and C264 so that the reference-
voltage point is in the middle of the discriminator char-
acteristic when the AF dial is at 0. Change the MODE
switch to NORMAL and remove the input signal; then
recheck the dc reference level. When the voltage at the

center of the discriminator characteristic coincides

with this reference level, the discriminator is properly
tuned.

Disconnect the vacuum-tube voltmeter and resolder
the lead from terminal #5 of P1.251 to AT265.

Withan input signal connected to the analyzer and
the MODE switchat AFC, a full-scale signal in the audio
range, once it is captured, should remain locked in over
a total range of approximately 400 cps in the 50-cycle
band. The range for the 10-cycle band is approximately
150 cps. This lock-in range is the total frequency span
between points 3 db down from the maximum.

NOTE

These figures for lock-in
range apply to frequencies be-
low 10kc; the range is reduced
to about half these values at
the high-frequency end of the
tuning range.

6.7.5 SERVICING THE ETCHED-CIRCUIT BOARD.

The underside of the etched-circuit board can be
made accessible for servicing by the removal of the two
screws in the upper corners (Figure 6-11). The hinged
board may then be swung out. This procedure also pro-

vides access tothe fixed-oscillator quartz crystal, X251.
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" TABLE 6-6
Voltages for the tracking-generator sec-
tion, measured to ground with a vacuum-
tube voltmeter.

Tube - Pin DC Volts
V251 1 +65
2 0
3 +1.7 to +3.0*
4 +12
S 0
6 165
7 0
8 +3.0 to +1.7*
9 +6
Transistor | Collector ~ Emitter
Q251 +3.5 to +5.0%+1.5 to +2.4%
Q252 +30 0
Q253 +16 +32
Q254 0 +1.7 to +3.0*
Q255 | 0 +3.0 to +1.7*
Q256 | 423 +3.5
Q257 +18 124

* Depends on the setting of R280.
Tt Depends on the setting of R259.

6.8 INPUT CIRCUITS.

6.8.1 GENERAL.

The INPUT terminals of the analyzer are connected
to a 70-db attenuator with 10 db of attenuation per step.
The signal from this attenuator is fed to a twin-triode
amplifier, V151. The input section of this tube is a
cathode-follower circuit that drives a low-pass filter
whose series elements are 1.151 and L152. The filter
feeds the second half of V151, which operates as aphase
splitter. The input signal appears as a push-pull output
signal at TP154 and TP155. The signals at these points
should be approximately equal, but their values depend
on the setting of R160, a balancing control, whose ad-
justment is described in paragraph 6.10.

Tube V152 is a balanced modulator that operates
with a push-pull signal applied to its grids and an in-
phase local~oscillator signal applied toits cathodes. The
push-pull arrangement of the plate circuit causes the
local-oscillator signal to be balanced out, leaving the
upper (f, + f5) and lower (f, = £5) sidebands, where £,
is the frequency of the l'ocal osc1llator and fg is the fre-

quency of the input signal. The lower s1deband is selected
by the 100-kc crystal filter and is amplified in later
stages.

If a signal is applied to the INPUT terminals and
the FREQUENCY dial is tuned for the corresponding
meter reading, a modulated wave with a scallop- shaped
envelope will appear at TP151.
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Transformer T151 is tuned to 100 kc, the inter-
mediate frequency, by adjustment of a screw-type core
with a left-hand thread. Use the meter as an indicator
and tune the transformer to resonance on the 10-cycle
band (for best resolution). This adjustment may tilt the
flat-top characteristic of the 50-cycle-filter pass-band.
A slight readjustment of T151 should correct this con-

dition, with little effect on the 10-cycle band (refer to

the crystal-filter adjustments, paragraph 6.6).

6.8.2 INPUT ATTENUATOR. |

(See the simplified circuit diagram, Figure 6-1.)

Use the following procedure to check the input at-
tenuator. An external audio-signal source (such as the
GR Type 1304~-B Beat-Frequency Audio Generator) and
an accurate step attenuator (such asthe GR Type 1450-TB
Decade Attenuator) are required.

Set the audio generator to 1 kc with an output of
50 volts and connect it to the external attenuator (pro-
perly terminated in 600 ohms). Set the attenuator for
an 80-db attenuation and connect its output to the analy-
zer INPUT terminals. Set the FULL SCALE attenuator
larger dial one step from maximum clockwise (INPUT
SHOULD NOT EXCEED 100 MILLIVOLTS) and the at-
tenuator knob to 3 MILLIVOLTS. Set the BANDWIDTH
switchto 10 CPS and the READING switch to RELATIVE.
Tune in the signal by means of the FREQUENCY controls
and adjust the GAIN control for a convenient reference
reading on the meter, e.g. 18 db.

Rotate the attenuator larger dial one step counter-
clockwise and remove 10 db of attenuation from the ex~-
ternal attenuator. The meter shouldnow read +8 +0.2 db.
Repeat the procedure for each step of the input attenu-
ator; add attenuation with the larger dial and remove the
same amount in the external attenuator. Each step should
provide 10 £0.2 db of attenuation.

It is convenient to check the 100-kc attenuator at
this point in the procedure. This attenuator is operated
by the FULL SCALE attenuator knob. (The circuit is
discussed jn paragraph'6.9.) .

With the audio-signal source and the external at-
tenuator connected as before, set: |

READING switch to RELATIVE

FULL SCALE attenuator

Larger dial to INPUT SHOULD NOT EKCEED 10
- VOLTS
Knob fully CW

External attenuator to 10 db.

Tune in the audio signal and usethe GAIN control to ob-
tain a convenient indication on the meter, e.g. 48 db.
Add 10 db of external attenuation and turn the FULL
SCALE attenuator knob one step counterclockwise. The
meter should indicate 8 £0.2 db. Repeat this procedure
for all other steps of the 100-kc¢ attenuator; each step
should provide attenuation of 10 £0.2 db. The meter will
indicate slightly higher in the most sensitive position of
the attenuator, due to residual noise in the ampllfler

6.8.3 CARRIER BALANCE. ,
Capacitors C166 and C167 (see Figure6 -22) are

the following manner:

‘a. Set the FULL SCALE attenuator larger dial
fully counterclockwise and the main FREQUENCY dial
to 00000. Do not connect a signal to the INPUT termi=~

‘nals. Using the F ZERO dial (PUSH TO ENGAGE), tune

the local oscillator to the 100-kc i-f frequency as indi-
cated by the maximum reading of the meter. Adjust the
attenuator knob tomaintain an on-scale meter deflection.,
Using a high-sensitivity oscilloscope as an indicator,
adjust C166 for minimum signal at TP154 and adjust C167
for minimum signal at TP155.

CAL SIGNAL TO GRID OF
> s i INPUT STAGE
© »e 0 = 6,022 pt — »e
CAL PL503 ™ ' ¥ [
INPUT
©@ O.ve .
4 lcnoz YTl e ML |
0.3y e RIO2 ... 681kQ o
.Ov 5 ®
Cl04
I5pt LT CIO?I( 047pf | 2 |
3.0v ' Cﬂigs 260k { o ®
| I ie9pf RIO6
6.9p 21.5kQ
10V .
. RI07
_ 6.81kQ
Figure 6-1. Circuit for the FULL SCALE 30V RIO8
input attenuator ($101), opercn‘ed by the 3130
larger dial. 100V
RIO9
6815
300v B0
Cl106
3160 T 8pf

4]
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6.8.4 LOW-PASS FILTER
NOTE

Inductors L151 and L1352
have been adjusted to 30 mh
and 48 mh, respectively, and
should not be disturbed.

The low-pass input filter is adjusted as follows:
| a. Apply an external signal, whose frequency can
be tuned to the 100-kc i-f frequency of the analyzer, to
the INPUT terminals of the Type 1900-A.
b. Adjust the FULL SCALE attenuator knob and
dial to give a convenient on-scale meter indication.
¢c. Set the BANDWIDTH switchto 10 CPS and adjust
the frequency of the incoming signal for maximum meter
indication. | | |
d. Adjust C159 (see Figure 6-22) for minimum in-
dication (maximum rejection).
e. Set the external signal frequency to 205 kc.
Tune inthis image frequency at about 05000 on the main
FREQUENCY dial.
f. Adjust C158 for minimum meter indication.
g, Connect the clipper circuit shown in Figure 6-2
between the GENERATOR OUTPUT ]ack and the INPUT

terminals of the analyzer.

h. Set the MODE switch to TRACKING GENERA -
TOR and turn the LEVEL control fully clockwise.
i. Set the FULL SCALE attenuator largerdial one

step from maximum clockwise and turn the knob fully

clockwise.
j. Setthe FREQUENCY dial to 01000 and the READ-

ING switch to RELATIVE,
k. Adjust the GAIN control to give a convenient

meter indication (e.g. +8 db) for a reference.

1. Reset the FREQUENCY dial to 40000 and adjust

Cl161 for the reference as noted in step k. Change the
dial to 50000 and adjust C157 for the same reference.
At 55000 on the dial, adjust C163 for the same reference.

m. Repeat this entire procedure, to correct for
some interaction between adjustments.

6.8.5 FREQUENCY -~ COMPENSATION ADJUSTMENTS
OF THE INPUT ATTENUATOR.

a. Reset the main FREQUENCY dial to 50000 and
note the meter reading (with the other controls set as
in the preceding paragraph).

b. Turn both the attenuator dial and the knob one
step counterclockwise; adjust Cl02 on the attenuator
(Figure 6-22) for the meter reading noted in step a.

c. Turnthe attenuator dial and knob one additional
step counterclockwise, and adjust C103 for the meter
reading noted in step a.

TYPE 1900-A |
TRACKING GENERATOR

~ SILICON DIODES TYPE 2N 1305 OR

TYPE IN645
OR EQUIVALENT

EQUIVALENT
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INPUT

This completes the compensation adjustments of
the input attenuator.

6.8.6 INPUT-SECTION VOLTAGES.

Table 6-7 gives the dc voltages for the mput sec-
tion, measured to ground with a vacuum-tube voltmeter.

TABLE 6-7
DC voltages for the input section, measured
to ground with a vacuum-tube voltmeter.

DC Volts
+150
+38
+40
+12
0
+110
+40
+41
+6
+105 to +165*
0
+2.8 to +8.8%
0
+12
+105 to +165*
0
+2.8 to +8.8*
b9 +6

 Emitter
DC Volts

+130 to +175*(TP153)
+130 to +175*(TP152)

Tube - Pin
- V151

V152

0O d O U1 B WM = O 0~ O U W N

Collector

- DC Yolts ]
+150 to +185*
'+150 to +185*

* Depends on sefﬂng of R216.

Transistor

Q151
Q152

6.9 IF AMPLIFIER AND ATTENUATOR (100 KC).

6.9.1 GENERAL.
‘The cylindrical shield can, mounted on the rear of
the housing for the input section (see Figures 6-5 and

Figure 6-2. Clipper circuit to be used with the

S|gna| from the TRACKING GENERATOR, to

adjust the frequency-response characteristic of
the analyzer input circuits.
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Ot e &
J45I GOI
E 2 ? Figure 6-3. Circuits for the 100-kc
attenuator and amplifier. The cir-
cuits switched by 5601, shown in

the counterclockwise position, are

cass controlled by the FULL SCALE
2k '_’I“*o.lpf attenvator knob.
R459
2000 PL
o ?216"2 o>y
)
C459
Olpf L L / .
R458 -
.87 m§ CABLE RD o se0I R?gm S60I
| , OOR 200R
1 ®
r— ® r—
@
6-22),contains a two-stage transistor aml:ﬂifier anda TABLE 6-8
70-db attenuator in several sections. The control shaft
of this attenuator is coaxial with the FULL SCALE input  Attenuation inserted for each position of
attenuator switch; itis controlled by the attenuator knob. the attenuafor knob.
Both the amphfler and the attenuator operate at 100 kc, 5601 |
the i-f frequency. - Switch Total
Transistors Q601 and Q602 are current sources in _Position | 100 F. I 100 R I 200 F | 200 R I Att.
a stabilized feedback amplifier. The former presents a | n |
low input impedance to the signal source, and the latter L (CCW) | 0 0 0 0 0db
appears as ahigh-impedance source for the next ampli- 2 0 -0 10db{ 0 |10db
fier stage. 3 0o |20a0]| o 0 |20db
Current-divider attenuators operate at both the | - | | ]
input and the output of the amplifier. Attenuation of 10db 4 0 20db|10db| O [|30db
1is provided when capacitor C606 is disconnected from |
R608 and R609. Similarly, 20 db of attenuation is pro- o U 20db ( 10db | 10 db | 40 db
duced when C459 is disconnected from R458 and R459. 6 0 120db{10db|20db |50ddb
Another 20 db of attenuation is provided when the net- N . - |
work of R601 and R602is switched into the circuit; R612 7 20db (20 db + 10.db | 10 db | 60 db
and R614 give an attenuation of 10 db; R612 and R613 8 20db'20db10db’' 20db ' 70 db

provide 20 db.

Figure 6-3 shows the circuit connectlons for each
position of the FULL SCALE attenuator switch, S601,
which is controlled by the attenuator knob. Table 6-8

gives the attenuation for each switch position.

6.9.2 VOLTAGE TABLE. |
Table 6-9 gives the dc voltages for the intermedi- TABLE 6-9
ate amplifier and attenuator section, measured to ground |

with a vacuum-tube voltmeter. DC voltages for the i-f section,

measured to ground with a vacuum-

| tube voltmeter.
6.10 DISTORTION ADJUSTMENTS. _

To adjust the analyzer for minimum distortion, ‘ Collector | Emitter
a low-distortion audio-signal source is required. The Transistor | DC Volts | DC Volts
General Radio Type 1304-B Beat-Frequency {&udio Gen- Q601 120 427
erator or the Type 1311 Audio Oscillator is recom- I ]
mended. Additional filtering should be used with these | Q602 +15 +20

instruments; this consists of a high-Q, series-resonant —_
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circuit that includes a .03- to .04-pf capacitor, an ad-
justable decade inductor of 600 to 850 mh (such as the
GR Type 1490-C Decade Inductor), a 600-ohm resistor,
and a 10-ohm resistor. The circuit is shown in Figure
6-4. The adjustment procedure is as follows:

a. For proper mixer operation, the .oscillator
level at TP201 should be 0.6 volt. Adjust, if necessary,
by means of R210. Both TP201 and R210 are located at
the left-hand end of the oscillator compartment.

b. Adjust capacitors C166 and C167, in the input
section, to give minimum 100-kc signal at TP154 and
TP155, respectively (see Figure 6-22).
| c. Set the panel controls on the analyzer as fol-
lows: BANDWIDTH switch to 10 CPS

FREQUENCY dial to 00000

FULL SCALE attenuator larger dial fully CCW (IN- |

~ PUT SHOULD NOT EXCEED 300 VOLTS)

READING switch to ABSOLUTE

AF dial to 0

METER SPEED switch to FAST

FUNCTION switch to NORMAL o

d. Tune in the local-oscillator signal by means
of the F ZERO knob (PUSH TO ENGAGE).

e. Adjust the attenuator knob 'as necessary for a
convenient meter indication.

f. Temporarily disconnectplug PL203 (violet-and~

white cable) from jack J152, at the rear of the input sec-
tion, | | | |
- g. Adjust R206, at the left-hand end of the oscil-
lator compartment, for minimum carrier, as indicated
onthe meter. Readjustthe attenuator knob asnecessary.

h. Reconnect P1.203 to jack J152 and, by means of
the CARRIER BALANCE controls, again obtain a mini
mum carrier signal. |

i. Connect the 1-kc signal source, with the series
tuned circuit of Figure 6-4, to the INPUT terminals of
the analyzer. (Use the 5-volt range on the Type 1304-B
or the 3-volt range on the Type 1311-A.)

jo Set the FULL SCALE attenuator knob fully

clockwise and the attenuator dial to INPUT SHOULD

NOT EXCEED 300 MILLIVOLTS.

k. Tune in the 1-kc signal and resonate the tuned
circuit by adjusting the inductor, L.

l. Set the signal level at the source, if necessary,

to maintain an on-scale meter indication. At resonance

(peak meter indication), adjust the incoming signal to

obtain a full-scale reading on the meter.

m. Tune the analyzer to the second harmonic of
the input signal, at about 02000 on the main FREQUENCY
dial. Measure the level of the second harmonic. In-
crease the sensitivity, as necessary, by rotating the
attenuator knob. Also, measure the third harmonic in
the same manner. Each of these harmonics must be at
least 75 db below the fundamental. If the second har-
‘monic only does not meet this requirement, adjust
‘potentiometer R160 by means of the slotted extension
shaft at the rear of the input section (see Figure 6-5).

It may be possible to reduce the level of the second

‘harmonic sufficiently to meet this limit by this adjust-
ment. Then remeasure the third harmonic.

n. If either harmonic still does not meet this re-
quirement, proceed as follows: |

Set the attenuator knob fully clockwise, tune in the
1-kc signal, and adjust its level for a full-scale meter
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Figure 6-4. Additional filtering, to be used
with low-distortion audio generators.

reading. Then tune the analyzer tothe second harmonic.
o. Temporarily set the FULL SCALE attenuator
larger dial one step clockwise (INPUT SHOULD NOT
EXCEED '100 MILLIVOLTS). Turn the attenuator knob
counterclockwise if necessary, to obtain an on ~scale
meter indication. | |
P. Set potentiometer R216 (at the left-hand end of
the oscillator compartment) fully clockwise. Alternately
adjust R216 and R160 for minimum distortion, favoring
the clockwise end of R216. | |
q. Turn the attenuator dial one step counterclock-
wise (INPUT SHOULD NOT EXCEED 300 MILLIVOLTS).
The level of the second harmonic should be at least 75
db below that of the fundamental.
| r. Tune the analyzer to the third harmonic, at
about 03000. The level of this harmonic must also be
at least 75 db below that of the fundamental.
~ 8.” Any appreciable change in the setting of R216
will affect the gain of the instrument. If necessary, re-
adjust the full-scale sensitivity of the fundamental signal
and remeasure the second and third harmonics. -

6.11 SENSITIVITY CALIBRATION.

6.11.1 GENERAL.

The analyzer supplies an internal calibrating sig-
nal to standardize the voltage sensitivity of the instru-
ment. When the larger attenuator dial is in the CAL
position, this signal is connected directly to the input
amplifier and the normal input circuit is disconnected.

6.11.2 CALIBRATION PROCEDURE.

~ Set the attenuator knob to 3 MILLIVOLTS and the
READING switch to ABSOLUTE; tune the main FRE-
QUENCY dial tothe power-line frequency. The analyzer
meter should now indicate 3 mv. Adjust R654 (the poten-
tiometer behind the snap button marked CAL, on the
panel) to obtain this value.

6.11.3 STANDARDIZATION OF THE
SIGNAL, |

The above adjustment of R654 assumes that the
factory setting of R521, on the power=-supply shelf, has
not been changed. If it has, it must be reset before ac-
curate absolute measurements can be made. This re-
calibration of the CAL signal requires a test signal at
some convenient frequency between 50 and 1000 cps, at

CALIBRATING



an accurately determined level of 10 millivolts. Connect
this signal to the INPUT terminals.
a. Setthepanel controls on the analyzer as follows:

BANDWIDTH switch to 10 CPS
READING switch to RELATIVE
GAIN control fully CCW
FULL SCALE attenuator
Larger dial one step from fully CW
Knob to 10 MILLIVOLTS.

'b. Tune in the signal and note the reading of the
analyzer meter.

c. Change the READING switch to ABSOLUTE and,
by means of the CAL control, adjust the meter reading
to a value 5 db higher than that previously noted.

d. Adjust R665, in the output-amplifier section
(Figure 6-14), for a meter reading of exactly 10 milli-
volts,
| e. Turn the larger dial of the attenuator to the
CAL position (fully clockwise) and set the main FRE-
QUENCY dial to the internal calibrating signal, at the

power-line frequency. (This is a clipped sine-wave sig-
nal; be sure to use the fundamental, not a harmonic.)

f. Tune for the maximum meter indication and'

adjust R521 (on the power~supply shelf) for a reading of
3 millivolts.,

SERVICE AND MAINTENANCE

-NOTE

A signal level of about 10
mv, actually 9.487 mv, is used
to calibrate the meter scales.
The 9.487-mv point on one
scale coincides with the 3-mv
point on the other; for conven-
ience, the 3-mv point is used.
In the CAL position of the input
attenuator, the full-scale sen-
gitivity is actually 10 mv, not
the apparent 3 mv indicated by
the attenuator dial and knob.
For this reason, a calibrating
signal of 9.487 mv is used.

6.12 TUBE REPLACEMENT.

The replacement of most of the tubes in the ana-
lyzer will not affect the operation of the instrument.
However, changing the mixer tube, V152, or the input
tube, V151, may necessitate some readjustment of the
circuits. If either of these tubes is replaced, follow thé
procedure given in paragraph 6.10.



PARTS LISTS AND SCHEMATICS

‘The following pages contain parts lists, photographs, etched-
board layouts, and schematic diagrams. They are arranged by cir-
cuit, in the following order: |

General interibr s+ ¢+ e e s 4 e & e e o« & « . 45
Interior, with variable-oscillator adjustments . . . . . 45
Powersupply . . . . . . . . e« o 046,47

Variable-oscillator, tracking-generator, and afc sections . 48,49
Output amplifier and 100-kc amplifier . ., . . . . . .50,51
Crystal filter . . . . . . . . . . . . . . . .52,53
Inputsection . . . . . . . . . . + « .+ . . .54,55

Rotary switch sections are shown as viewed
from the panel end of the shaft. The first digit of
the contact number refers to the section. The
section nearest the panel is 1, the next section
back is 2, etc. The next two digits refer to the
contact. Contact 0l is the first position clock-
wise from a strut screw (usually the screw above
the locating key), and the other contacts are num-
bered sequentially (02, 03, 04, etc), proceeding
clockwise around the section., A suffix For R
indicates that the contact is on the front or rear
of the section, respectively.
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REF NO.

C501
C502
C503A
C503B
C504A
C504B
C504C
CS505A
C505B
C505C
C506A
C506B
C506C
C507
C508
C509A
C509B
C509C
C510
C511

R500
R501
R502
R503
R504
R505
R506
R507
R508
R509
R510
R511
R512
R513
R514
R515
R516
R517
R518
R519
R520
R521
R522
R523
R524
R525
R526

CR501
CR502
CR503
CR504
CRS505
CR506
CR507
CR508
CR509
Q501
Q502
Q503
Q504
Q505
Q507
V501
F501
F502
F501
F502
1501
P501
PL501
PL502
PL503
§501
80501
TSO1

PARTS LIST FOR THE POWER SUPPLY CIRCUITS.

CAPACITORS

Ceramic, .01 puf +80-20% $00 v
Ceramic, .0068 pf +80-20% 500 v

Electrolytic, 25 pf 200v

Electrolytic, 50 uf 450 v
Electrolytic, 25 pf 450 v
Electrolytic, 25 uf 450 v
Electrolytic, 90 pf 300 v
Electrolytic, 30 pf 300 v
Electrolytic, 30 uf 300 v
Electrolytic, 300 pf 150 v
Electrolytic, 150 4f 150 v
Electrolytic, 150 uf 150 v
Electrolytic, 10 uyf 50 v
Electrolytic, 10 pf 50.v
Electrolytic, 1500 uf 25 v
Electrolytic, 750 puf 25 v
Electrolytic, 750 pf 25 v
Electrolytic, 25 pf 25 v
Electrolytic, 50 v

- RESISTORS

Composition, 10kQ 5% 1/2 w
Power, 1.5kQ 5% 3w
Power, 1.5k #5% 3 w

Power; 1.5kQ 5% 3w
Composition, 1 kQ 5% 1/2 w
Composition, 680 @ 5% 1/2 w

Composition, 680 @ 5% 1/2 w

Composition, 200 @ £5% 1/2 w
Composition, 56 @ 5% 1/2 w
Composition, 56 @ 5% 1/2 w
Composition, 1 k@ 5% 1/2 w
Composition, 6.8 kQ 5% 1/2 w
Composition, 47 kQ £5% 1/2w
Potentiometer, Composition, 10 kQ +10%
Composition, 33 kQ #5% 1/2 w
Composition, 43 kQ +5% 1/2 w
Potentiometer, Composition, 2.5 k@ *10%
Composition, 5.6 kQ 5% 1/2 w
Composition, 5.1 k@ £5% 1/2 w
Precision, 59kQ %1% 1/2 w
Composition, 18 M2 £5% 1/2 w

10 kQ

Precision, 100 Q@ £1% 1/2 w

Power, 1.5 Q 5% S w

Power, 56 @ 5% S5w

Wire-wound 6.8 € 110% 2w

‘Composition, 220 Q $5% 1/2'w

| - MISCELLANEOUS
Diode, 1N3254

" Diode, 1N3254

Diode, 1N3254
Diode, 1N3254
Diode, 1N753A
Diode, 1N753A

Diode, 1N3253

Diode, 1IN3253
Diode, IN3005A
Transistor, 2N1984
Transistor, 2N169A.
Transistor, 2N176
Transistor, 2N1374
Transistor, 2N169A
Transistor, 2N1984
Tube, 0B2

Fuse, 0.5 amp 115 v

‘Fuse, 0.25amp 230 v

Jack
Pilot light
Plug

Plug

Plug
Switch
Socket

| ’Eransfomier

PART NO.

4406-3109
4406-2689

4450-3300

4450-0800
4450-0800
4450-0800
4450-3400
4450-3400
4450~-3400
4450-5602
4450~5602
4450~-5602
4450-3100
4450-3100

- 4450-0700

4450-0700
4450-0700
4450-3000
4450-3900

6100-3105
66802155
6680-2155
6680-2155
6100-2105
6100-1685
6100~1685
6100-1205
6100-0565
6100-0565
6100-2105
6100-2685
6100-3475
6010-0900
6100-3335
6100-3435
6010-~0700
6100-2565
6100-2515
6731-2590
6100-6185
0971-4200
6731-1100
6660-9155
6660~0565
5600-0700
6100~1225

6081-1002
6081-1002
6081-1002
6081-1002
6083-1006
6083-1006
6081-1001

6081-1001

6083-1022
8210-1040
8210-1692
8210-1760
8210-1374
8210-1692
8210-1040
8300-0450

5330-1000

5330-0700

42601280
5600-0700
4240-0600
4220~4900
1900-0300
7910-1300
4230-3500
0485-4003



Figure 6-7. Power supply.
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PARTS LIST FOR THE VARIABLE-OSCILLATOR, TRACKING-GENERATOR,AND AFC CIRCUITS

REF NO. . PART NO. REF NO. PART NO.
CAPACITORS | RESISTORS |
C201 0539-4150 R201 Composxtion, 1 MSZ 5% 1/2 w 6100-5105
C202  Air, 4-50 pf 4380-0400 R202 - Composition, 560 k@ 5% 1/2 w 6100-4565
C203 1420-3100 R203 Composition, 51 k@ 5% 1/2 w 6100-3515
C204  Air,'3.9-75pf 4380-3300 R204  Potentiometer, Composition, 10 kQ *10% 6000-0600
C205 Mica, .001 uf +1% 500 v 4600-1100 R205 Potentiometer, Composition, 10 kQ *10% 6000-0600
C206 Mica, 768 pf 1% 500 v 4710-0768 R206 Potentiometer, Wire-wound, 500  £10% - 6050-1100
C207  Mica, 100 pf £1% S00 v 4710-0010 R207 Wax, 3009 5% 2w 6760-1305
C208 Mica, 100 pf *1% S00 v 4710-0010 R208 Wax, 300 2 5% 2w B 6760-1305
- C209 Mica, .00221 pf £1% 500 v 4600-1201 R209 Composition, 750 k@ 5% 1/2 w 6100-4755
C210  Air, 2.8~16 pf 4380-3400 R210  Potentiometer,. Composition, 50 k@ 10% 6010~1400
C211 Mica, .01 pf 2% S00 v 4550-0102 R211 Composition, 220 k2 #*5% 1/2w 6100~-4225
C213  Mica, 47 pf $10% 500 v 4700-0380 R212 Composition, 10 kQ :!:5%% l/i w 6100-3105
C214A : R213 Composition, 100 k2 5% 1/2 w 6100-4105
C214 Electrolytic, 300 pf 15v 4450-2400 R214  Composition, 68 k 5%, 1/2 w 6100-3685
C216  Plastic, 0.47 pf *10% 100 v 4860~8248 R215 Composition; 3.3 kQ 5% 1/2 w 6100-5335
C217  Ceramic, .01 pf 220% 500 v 4406-3109 "R216  Potentiometer, Wire-wound, 2.5 k@ +10% 1/2 w 6050-1500
C218 Ceramic, .01 pf 20% 500 v 4406-3109 R217 Composition, 22 MQ 5% 1/2w 6100-6225
C219 Ceramic, .01 pf +20% 500 v 4406-3109 R218 Composition, 2.2 MQ 5% 1/2 w 6100-5225
C220  Plastic, 0,1 pf £10% 100v 4860-8250 R251 Composition, 51 kQ 5% 1/2 w 6100-3515
C222 Electrolytic, 10 puf 150/17 4450-3100 R252 Composition, 75 kQ 5% 1/2 w 6100~3755
'C223 Electrolytic, 60 pf 25 v 4450-2900 R253  Composition, 5.6 kQ 5% 1/2 w 6100-2565
C224 Mica, {590 pf "'2% 300 v 4700~0730 R254  Composition, 12k 5% 1/2w 6100-3155
C225  Air, 2.9-35pf 4380~-3300 R255  Composition, 30 kQ 5% 1/2 w 6100-3305
C226 = Air, 1.7-8.7 pf - 4380-3600 R256 = Composition, 10kQ 5% 1/2 w 6100-3105
C227 Ceramic, .01 pf £20% 500 v 4406-3109 R257  Composition, 5.1 k@ 5% 1/2 w 6100-2515
- C228 Mica, 75 pf 5% 500 v 4700-0375 R258 Composition, 30 kQ 15% 1/2 w 6100-3305
C229 Ceramic, 220 pf #5% 500 v 4417-1225 R259 Potentiometer, Composition, 100k® 120% 1/2 w 6040-0900
C230 Ceramic, 22 pf 5% 500 v 4417-0225 R260 Composition, 110 kQ 5% 1/2 w 6100-4115
C250  Air, 2.9-35 pf 4380-3000 R261 Composition, 2 k@ #5% 1/2 w 6100-2205
C251  Trimmer, 8-50 pf 4910-1170 R262  Composition, 3.3 kQ 5% 1/2w 6100-2335
C252 Mica, 75 pf 5% 500 v 4700-0375 R263 Composition, 15 kQ 5% 1/2w 6100-3155
C253 Mica, .002 pf £5% 500 v 4580-0400 R264 Composition, 8.2 kQ2 5% 1/2 w 6100-2825
C254 Mica, .002 pf 5% S00 v 4580-0400 R265 Composition, 2.7 MQ 5% 1/2 w 6100-5275
C255 Mica, .002 uf £5% 5S00 v 4580-0400 R266 Composition, 2.7 MQ £5% 1/2 w 6100-5275
C256 Ceramic, 0.1 pf +80-20% 50 v 4403-4100 R267 Composition, 1 MQ £5% 1/2 w 6100-5105
C257 Ceramic, 0.1 pf +80-20% 50v 4403-4100 R268 Composition, 10 kQ 5% 1/2 w 6100-3105
C258 Ceramic, .0047 uf $20% 500 v 4406-2479 R269 Composition, 2.7 MQ £5% 1/2 w 6100-5275
C259 Mica, 270 pf £1% 500 v 4710-0450 R270 Composition, 22 MQ 5% 1/2w 6100-6225
C260 Mica, 499 pf £1% 500 v 4710-0570 R271 Composition, 510 k& #5% 1/2 w 6100-4515
- C261.  Plastic, .047 pf £10% 200 v 4860-7869 R272 Composition, 2.2 MQ 5% 1/2 w 6100-5225
C262  Trimmer, 8-50 pf 4910-1170 R273 Composition, 1 kQ 5% 1/2 w 6100-2105
C263  Mica, 33 pf 5% S00 v 4700-0301 R274  Composition, 36 kQ 5% 1/2 w 6100-3365
C264  Trimmer, 8-50 pf - 4910-1170 R275 Composition, 1 kQ 5% 1/2 w 6100-3365
C265  Plastic, 1 pf +10% 100 v 4860-8274 R276 Composition, 1 kQ 5% 1/2 w 6100-2105
C266 Plastic, 3.3 pf *#10% 100 v 4860-8400 R277 Composition, 1.5 MQ 5% 1/2 w 6100-5155
C267  Plastic, 3.3 yf £10% 100 v 4860-8400 R278 Composition, 1.5 M2 15% 1/2 w. 6100-5155
C268 Ceramic, 0.1 pf +80-20% 50 v 4403-4100 R279 Composition, 20 kQ 5% 1/2 w - 6100-3205
C269  Ceramic, 0.1 pf +80-20% S50 v 4403-4100 R280  Potentiometer, Composition, 25 kQ *20% 6040-0800
C270 Ceramic, 0.1 pf +80-20% SO v 4403-4100 R281 Composition, 20 kQ 5% 1/2 w 6100-3205
C271  Ceramic, .01 uf *20% 500 v 4406-3109 R282 Composition, 2.2 MQ 5% 1/2 w 6100-5225
C272 - Ceramic, .01 uf #20% SO0 v 4406-3109 R283 Composition, 2.2 MQ 5% 1/2w 6100-5225
C273 Mica, 47 pf +5% S00 v 4700-0247 R284 Potentiometer, Composition, 100 kQ *+10% 6000~0900
C274 Trimmer, 8-50 pf 4910-1170 R285 Composition, 51 kQ 5% 1/2 w 6100-3515
C275 Trimmer, 8§-50 pf 4910-1170 R286 Film, 12.1kQ *1% 1/2 w | 6450-2121
C276  Trimmer, 5-25 pf 4910-1150 R287 Composition, 240 kQ £5% 1/2 w 6100-4245
C277 Trimmer, 5-25 pf 4910~1150 R288 Composition, 100 & £5% 1/2 w 6100-1105
- C278 Trimmer, 8-50 pf 4910-1170 R289 Composition, 20 kQ 5% 1/2 w 6100-3205
C279 Mica, 249 pf £1% 500 v 4710-0429 R290 Composition, 300 & £5% 1/2 w 6100-1305
C280 . Mica, 487 pf *+1% 500 v 4710-0558 R291 Composition, 1.3 kQ #5% 1/2 w 6100-2135
C281  Mica, 261 pf *1% 500 v 4710-0441 R293  Composition, 1 k@ 5% 1/2 w 6100-2105
C282 Electrolytic, 4 pf 300 v 4450-3200 MISCELLANEOUS
C283 Electrolytic, 16 pf 150 v 4450-0200 CR201 Diode, 1N952 | 6084-1003
C284 Electrolytic, 10 pf 25 v 4450-3800 CR202 Diode, 1N952 6084-1003
C286 Electrolytic, 60 pf 25 v 4450-2900 CR203 Diode, 1N191 6082-1008
C287 Electrolytic, 100 pf 25 v 4450-2300 CR204 Diode, 1N746 6083-1003
C288 Plastic, .00402 pf 2% 100 v 4860-7378 CR205 Diode, 1N952 6084-1003
C289 Plastic, .0013 pf *5% 200 v 4860-7315 CR251 Diode, 1N191 6082-1008
C290 Electrolytic, 25 pf 50 v 4450-3000 CR252 Diode, 1N191 6082-1008
C291  Electrolytic, 60 pf 25 v 4450-2900 Q201  Transistor, 2N1373 8210-1373
C292 Electrolytic, 60 uf 25 v 4450-2900 | Q202 Transistor, 2N398A 8210-3981
Transistor, 2N338 8210-1021

- €293 Ceramic, 0.1 pf +80-20% 50 v 4403-4100° | Q251
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Figure 6-9. Variable oscillator.
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Figure 6-13. Schematic diagram for the variable-osicillator, tracking-generator and afc circuits.
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REF NO.

C601
C602
C603
C604
C605
C606
C651
C652
C653
C654
C655
C656
C657
C658
C659
C660
C661
C662
C663
C664
C665
C666A
C666B
C667
C668
C669
C670

R601
R602
- R603
R604
R605
R606
R607
R608
R609
R610
R611
R612
R613
R614
R651
R652
R653
R654
R655

CAPACITORS

Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v

Electrolytic, 5 pf

Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Plastic, 0.22 pf *10% 100 v
Electrolytic, 5 pf 50 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Mica, 220 pf *10% 500 v
Ceramic, 0.1 pf +80-20% 50 v
Electrolytic, 5 pf 50 v

Mica, .01 pf £2% 500 v

Mica, 680 pf £5% 500 v
Ceramic, .01 pf £20% 500 v
Ceramic, .01 pf +20% 500 v
Plastic, 1 pf *10% 100 v

Electrolytic, 1000 pf 3 v

Electrolytic, 200 pf

12 v

Mica, .00196 pf £2% S00 v
Electrolytic, 5 uf 50 v
Electrolytic, 5 pf 50 v

RESISTORS

Film, 61.2 & *#0.5% 1/2 w
Film, 499 @ #1% 1/2 w

Composition, 30 k{2
Composition, 10 kQ
Film, 30.1 kQ *1%
Composition, 33 k&2

5% 1/2 w
5% 1/2 w
1/8 w

5% 1/2w

Film, 8.16 kQ *0.5% 1/2 w
Film, 750 %1% 1/2 w

Film, 1.74 kQ %19

Composition, 5.1 kQ *5% 1/2 w

1/2 w

Composition, 1 kQ #5% 1/2 w

Film, 6.34 kQ %1%
Film, 777 @ %0.5%
Film, 4.64 kQ %1%
Composition, 30 k@

Composition, 5.6 kQ +5% 1/2 w
Potentiometer, Composition, 100 k2
Potentiometer, Composition, 100 k2

Film, 30.1 k@ %1%

T652

T65I

1/2 w
1/2 w

1/2 w

5% 1/2 w

1/2 w

PART NO.

4403-4100
4403-4100
4403-4100
4403-4100
4450-3900
4403-4100
4403-4100
4403-4100
4403-4100
4860-7981
4450-3900
4403-4100
4403-4100
4700~-0518
4403-4100
4450-3900
4550-0102
4680-2800
4406-3109
4406~-3109
4860-8274

4450-2450

4450-0400
4590-0825
4450-3900
4450-3900

6450-9612
6450-0499
6100-3305
6100-3105
6250-2301
6100-3335
6450-1816
6450-0750
6450-1174
6100-2515
6100-2105
6450-1634
6450-0777
6450-1464
6100-3305
6100-2565
6020-0700
6020-0700
6450-2301

REF NO.

R656
R657
R658
R659
R660
R661
R662
R663
R664
R665
R666
R667
R668
R669
R670
R671
R672
R673
R674
R675
R676

CR651
CR652
CR653
Q601
Q602
Q651
Q652
Q653
Q654
Q655
]651
1652
1653
1654
]656
M651
PL601
PL602
PL603
PL651
PL652
S601
S651
S652
T651
T652

PARTS LIST FOR THE OUTPUT-AMPLIFIER CIRCUITS

Composition, 10 k +5% 1/2 w
Composition, 27 k #*5% 1/2 w
Composition, 2.4 k2 *5% 1/2 w
Wire-wound, 560 Q@ *5% 2 w
Film, 825 @ *1% 1/2 w
Composition, 1.8 kQ *5% 1/2 w
Composition, 1.6 k2 *5% 1/2 w
Composition, 1 k2 #5% 1/2 w
Composition, 3.9 k@ #5% 1/2 w
Potentiometer, Composition, 1 kQ *20%
Composition, 5.6 k& +5% 1/2 w
Composition, 12 kQ +5% 1/2 w
Wire-wound, 180 @ *5% 2 w
Wire-wound, 330 @ *5% 2 w
Composition, 510 2 *5% 1/2 w
Composition, 1.5 kQ *5% 1/2 w
Film, 511 @ 1% 1/2 w
Wire-wound, 75 € #5% 2w
Potentiometer, Composition, 100 © +20%
Wire-wound, 560 @ 5% 2 w
Wire-wound, 15 @ *10% 2w

MISCELLANEOUS
Diode, IN695

Diode, 1N695

Diode, 1N750

Transistor, 2N2188 (or 2N1395)
Transistor, 2N2188 (or 2N1395)
Transistor, 2N2188 (or 2N1395)
Transistor, 2N2188 (or 2N1395)
Transistor, 2N1373

Transistor, 2N1984

Transistor, 2N1311

Jack

Jack

Jack

Jack

Jack

Meter

Plug

Plug

Plug

Plug

Plug

Switch

Switch

Switch

Transformer

Transformer

Figure 6-14. Output amplifier.

PART NO.

6100-3105
6100-3275
6100-2245
6760~1565
6450-0825
6100-2185
6100-2165
6100-2105
6100-2395
6040-0400
6100-2565
6100-3125
6760-1185
6760-1335
6100-1515
6100-2155
6450-0511
6760-0755
6040-0100
6760-1565
6760-0159

6082-1014
6082-1014
6083-1003
8210-1045
8210-1045
8210-1045
8210-1045
8210-1373
§210-1040

8210-1025
4260-0400

4260-1500
4260-1280
4260-1280
4260-1280
5730-1310
1900~-0302
1900-0302
1900-0302
1900-0309
1900-0305
7890-2550
7890-2530
7890-2540
1900-2610
1900-2630



Figure 6-15. Etched-board layout
for the 100-kc amplifier.

Figure 6-16. Etched-board layout for the output amplifier.
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REF NO.

C302
C303
C304
C305
C306

C307

C308
C309
C3ll
C312
C313
C314
C315
C316
C317
C318
351

- 352
C353

C354

C355
- C356
C357
C358
C359

C360

R301
R302
R303
R304
R305
R307
- R308
R309
R310
R311
R351
R352
R353
R354
R355
R356
R357
R358
R359

R360
R361

R362
R363
R364

Q351

V351
L1301
1L.302
L351

PL301
PL351

$301

S0351

X301
X302

FIRST SECTION

~ CAPACITORS
Mica, .00237 2% 500 v

Mica, .001 pf 2% S00 v

i

Air, 3-32 pf

Mica, 16 pf 5% 500 v
Mica, 10 pf 5% 500 v
Air, 3-32 pf o
Mica, 220 pf 5% 500 v
Mica, 820 pf 5% 350 v
Mica, 47 pf 5% 500 v
Air, 3-32 pf-

Mica, 27 pf 5% 500 v

"Air, 3-32 pf -

Mica, 100 pf 5% S00 v

- Ceramic, .0022 pf +20% 500 v

Ceramic, 0.1 pf +80-20% S0v .
Ceramic, 470 pf #20% 500 v
Ceramic, .022 pf +20% SO0 v
Ceramic, .01 uf +20% 500 v
Ceramic, .01 pf £20% 500 v
Ceramic, 0.1 pf. +80-20% 50 v
Electrolytic, Spf SO0v
Ceramic, .01 pf: £20% 500 v
Mica, 75 pf 5% 500 v
Ceramic, .01 pf £20% 500 v

o | RESISTORS
Composition, 27 kQ 5% 1/2 w
Composition, 10kQ 5% 1/2 w
Potentiometer, Composition, 10 k{2
Potentiometer, Composition, 25 kQ
Potentiometer, Composition, 25 k&2
Composition, 15 kQ +5% 1/2 w
Potentiometer, Composition, 25 k2
Potentiometer, Composition,. 25 k{

Potentiometer, Composition, 10 kQ

Composition, 1 k 5% 1/2 w

Composition, 100 kQ 5% 1/2 w

Composition, 2.7 k@ £5% 1/2 w

Composition, 470 k2 5% 1/2 w

Composition, 1.5 kQ 5% 1/2 w

Composition, 27 k@ 5% 1/2 w

Composition, 75 k £5% 1/2 w

Composition, 4.7 k¢ 5% 1/2 w

Composition, 220 kQ *5% 1/2 w

Composition, 15 kQ 5% 1/2 w

Composition, 2 kQ 5% 1/2 w

Composition, 1 k§ 5% 1/2 w

Composition, 220 k@ 5% 1/2 w

Film, 200 & #1% 1/2 w

Composition, 1 kQ 5% 1/2 w
. MISCELLANEOUS

Transistor, 2N338

Tube, 12AX7

Inductor, 33 mh *10%

Inductor, 22 mh *10%

Inductor, 100 ph 110%

Plug

Plug

Switch

Socket

Crystal

Crystal

PARTS LIST FOR THE CRYSTAL-FILTER CIRCUITS

20%

4207,
207

+20%

+20%
+20%

PART NO.

4590-0871
4590-0690
4590-0900
4380-3725
4380-3725
4700-0210
4700-0203
4380-3725
4640-0700
4680-3100
4700-0247
4380-3725
4700-0235
4380-3725
4700-0660
4405-2229
4403-4100
4404-1479
4407-3229
4406~3109
4406-3109
4403-4100
4450-3900
4406-3109
4700-0375
4406-3109

6100-3275
6100-1105
6040~-0600
6040-0800
6040~-0800
6100-3155
6040-0800

6040-0800

6040-0600
6100-1105

6100-4105.

6100-2275
6100-4475
6100-2155
6100-3275
6100-3755
6100-2475
6100-4225
6100-3155
6100-2205
6100-2105
6100-4225
6450-0200
6100-2105

8210-1021
8370-0900
4300-6391
4300-6393
4300-3500
1900-0301

4220-4400

7890-2510
4230-0100
1900-2300
1900-2300

REF NO.

C401
C402
C403
C404
C405
C407
C408
C409

C410

C411
C412

C413

C451
C452
C453
C454
C455
C456

- G457

C458

C439

C460
C461
C462

R401
R402
R403
R404

- R405

R406
R407
R408
R409
R410

R411

R451
R452
R453
R454
R455
R456
R457
R458
R459
R460
R461
R462
R463

R464

R465
R466

- Q451

V451
J451

452

L401
1402
L451
S401
X401
X402

SECOND SECTION

| -CAPACITORS
Air, 3-32 pf

‘Mica, 16 pf 5% 500v

Air, 3-32 pf |
Mica, 10 pf 5% 500 v
Air, 3-32 pf

Mica, 200 pf 5% 500 v
Mica, 750 pf 5% 500 v
Air, 3-32 pf

- Mica, 36 pf :1:_5% 500 v

Air, 3-32 pf

Mica, 20 pf #5% 500 v

Mica, 100 pf ¥5% 500 v
Ceramic, .0022 pf $£20% 500 v
Ceramic, 0.1 uf +80-20% 50 v
Ceramic; 470 pf £20% 500 v
Ceramic, .01 puf *20% 500 v
Ceramic, .022 pf £20% 500 v
Ceramic, .01 pf £20% S00 v
Ceramic, .01 pf £20% 500 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, 0.1 pf +80-20% 50 v
Ceramic, .01 uf +20% 500 v
Electrolytic, S pf S0 v

Mica, 75 pf 5% 500 v .
: RESISTORS
Potentiometer, Composition, 25 kQ 120%

Composition, 10kQ 5% 1/2 w
Potentiometer, Composition, 10 k@ +20%

Potentiometer, Composition, 25 k2 *20%
Potentiometer, Composition, 10 k& +20%

 Potentiometer, Composition, 5 k2 $20%

Potentiometer, Composition, 25 k2 120%
Potentiometer, Composition, 25 k 120%
Potentiometer, Composition,10 k& #20%
Composition, 2.4 kQ 5% 1/2 w
Composition, 10 k2 5% 1/2 w
Composition, 470 kQ 5% 1/2w
Composition, 2.7 kQ 5% 1/2 w
Composition, 100 kQ #5% 1/2 w
Composition, 1 MQ +5% 1/2 w
Composition, 75 k@ £5% 1/2 w
Composition, 1.5 k@ *5% 1/2 w

‘Composition, 220 kQ 5% 1/2 w

Film, 1.87 k@ #.5% 1/2 w
Film, 200 © 1% 1/2 w
Composition, 2 kQ 5% 1/2 w
Composition, 62 k& 5% 1/2 w
Composition, 150 k€ *5% 1/2 w
Composition, 4.7 kQ 5% 1/2 w
Film, 8.16 k@ +0.5% 1/2 w
Composition, 1 k@ 5% 1/2w
Composition, 1 kQ 5% 1/2w

|  MISCELLANEOUS
Transistor, 2N338 |
Tube, 12AX7
Jack
Jack
Inductor, 33 mh £10%
Inductor, 22 mh *10%
Inductor, 100 ph +10%
Switch
Crystal

Crystal

PART NO.

4380-3725
4700-0210
4380-3725
4700-0203
4380~3725
4640-0650
4680-2900
4380-3725
4700-0240
4380-3725
4700-0228
47000660
4405-2229
4403-4100
4404-1479
4406-3109
4407-3229
4406-3109
4406-3109
44034100
4403-4100
4406-3109
4450-3900
4700-0375

~ 6040-0800

6100-3105
6040-0700
6040-0800
6040~0600
6040-0600
6040-0800
6040-0800
6040-0600
6100-2245
6100-3105
6100-4475

6100-2275

6100-4105
6100-5105
6100-3755
6100-2155
6100-4225

- 6450-1187

6450-0200
6100-2205
6100-3625
6100-4155
61002475

- 6450-1816

6100-2103
6100-2105

8210-1021

~ 8370-0900

4260-1280
4260-1280
4300-6398
4300-6393
4300-3500
7890-2520
1900-2300
1900~2300
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Figure 6-18. Crystal filter.

Figure 6-19. Etched-board layout for the crystal filter, first section.
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Figure 6-20. Etched-board layout for the crystal filter, second section.
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REF NO.

C101
C102
C103
C104
C105
C106
C107
C150
C151
C152A
C152B
C153
Cl154
C155
C157
C159
C160
Cl61
Cl62
C163
Cl64
C165
Cl166
Cl167
C168
Cl169
C170
Cl71
C172
Cl174
C176

R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111

CAPACITORS
Ceramic, 12.1 pf *2% 500 v
Trimmer, 0.8-8.5 pf
Trimmer, 0.8-8.5 pf
Ceramic, 15 pf *1% 500V
Ceramic, 16.9 pf *2% 500 Vv
Ceramic, 8 pf £10% 500 v
Ceramic, 0.47 pf *10% 500 v
Ceramic, 0.022pf +20% 500 v
Plastic, 0.1 pf *10% 200 v

Electrolytic, 15 pf 350 v

Plastic, 0.47 pf *10% 100 v
Mica, 68 pf 2% 500 v
Mica, 68 pf 2% 500V
Trimmer, 8-50 pf
Trimmer, 8-50 pf
Mica, 75 pf #2% 500 v,
Trimmer, 8-50 pf
Electrolytic, 10 pf 150 v
Trimmer, 3-12 pf
Plastic, 0.022 pf *10% 200 v
Electrolytic, 10 pf 150 v
Trimmer, 1.5-7 pf
Trimmer, 1.5-7 pf
Plastic, 0.022 pf *10% 200 v
Electrolytic, 50 pf
Electrolytic, 50 pf
Ceramic, 0.01 pf #20% 500 v
Mica, 787 pf 2% 500V
Electrolytic, 15 pf 15 v
Ceramic, 0.01 pf #20% 500 v
RESISTORS
Film, 320 k@ +.5% 1/2w
Film, 681 kQ *1% 1/2 w
Film, 898 kQ %£5% 1/2 w
Film, 100 k2 *1% 1/2 w
Film, 965 k2 *.5% 1/2 w
Film, 21.5kQ *1% 1/2 w
Film, 6.81 k@ *1% 1/2 w
Film, 2.15kQ 1% 1/2 w
Film, 681 @ *1% 1/2 w
Film, 316 © 1% 1/2 w
Film, 1.05 MQ *1% 1/2w

ATTENUATOR
AND AMPLIFIER

(@601 AND Q602)

PARTS LIST FOR THE INPUT-SECTION CIRCUITS

T ISl

PART NO.

4400-3201
4910-1100
4910-1100
4400-3301
4400~3410
4400-2980
4400-1200
4407-3229
4860-8253

4450-3500

4860-8248
4650-0119
4650-0119
4910~1170
4910-1170
4650-0160
4910-1170
4450-3100
4910-1130
4860-7855
4450-3100
4910-1110
4910-1110
4860-7855
4450-2200
4450-2200
4406-3109
4590-0570
4450-3700
4406-3109

6450-3320
6450-3681
6450-3898
6450-3100
6450-3965
6450-2215
6450-1681
6450-1215
6450-0681
6450-0316
6450-4105

REF NO.
R151
R152
R153
R154
R156
R157
R158
R159
R160
R16l
R1e62
R163
R164
R165
R165
R166
R167
R168
R169
R170
R171
R172

Q151
Q152
V151
V152
J101
J102
Ji03
Ji51
Ji52
J155
L151
L152
L153
1154
L155
PL151
PL152
PL154
S101
s0151
T151

Composition, 2.2 M@ *5% 1/2 w

Composition, 1.3 MQ #5% 1/2w

Composition, 2.7 MQ *5% 1/2w

Composition, 1 MQ 5% 1/2w

Composition, 15k *5% 1/2 w

Film, 10kQ £1% 1/2w

Film, 24.9kQ %1% 1/2 w

Composition, 30 kQ #5% 1/2w

30 k@

Composition, 30 k@ 5% 1/2 w

Film, 24.9 k2 %1% 1/2 w

Film, 20 kQ *1% 1/8 w

Film, 10 k@ 1% 1/2 w

Composition, 2.2 MQ #5% 1/2 w

Composition, 2.2MQ 15% 1/2 w

Composition, 2.2 MQ 5% 1/2 w

Composition, 6.8 k@ *5% 1/2 w

Composition, 62 k@ *5% 1/2 w

Composition, 62 kQ *5% 1/2w

Composition, 6.8 kQ +5% 1/2 w

Composition, 22 kQ 5% 1/2w

Composition, 3.9 k@ *5% 1/2 w
MISCELLANEOUS

Transistor, 2N338

Transistor, 2N338

Tube, 12AY7

Tube, 5814A

Jack

Jack

Jack

Jack

Jack

Jack

Inductor, 30 mh

Inductor, 48 mh

Inductor, 33 mh *10%

Inductor, 33 mh *10%

Inductor, 100 ph +5%

Plug

Plug

Plug

Switch

Socket

Transformer

VISl
(12AYT7)

Cisé

9
clel

Figure 6-22. Input section.

cis7

PART NO.
6100-5225
6100-5135
6100-5275
6100-5105
6100-3155
6450-2100
6450-2249
6100-3305
0971-4170
6100-3305
6450-2249
6250-2200
6450-2100
6100-5225
6100-5225
6100-5225
6100-2685
6100~3625
6100-3625
6100-2685
6100-3225
6100-2395

8210-1021
8210-1021
8370-0925
8380-5814
4060~2400
4060-1800
4260-1280
4260-1280
4260-1280
4260-1280
1900-2820
1900-2840
4300-6398
4300-6398
4300-6392
4220-4400
1900-0304
1900-0304
7890-2560

1900-2880
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Figure 6-23. Etched-board layout for the input section.
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