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_GENERAL DESCRIPTION

The EICO Meodel 377 is an audio sine and square wave generator
providingsine wave voltoges throughout the frequency range of 20 fo 200,000
¢.p.s. and useful square wave volfoges throughaut the frequency range ef
60%0 30,000 c.p.s. The entire frequency spectrum is covered Infour ranges,
pravidinga long effective scale fength for maximum accuracy and readability.
A linear 0 fo 100 scale is also provided for reference purposes.

The 377 is anadjustable vacuum-tube oscillator utilizing the widely-
accepted resistance—capacifonce tuning clrcuit that has been used for years
fn the finest laboratory generators. The frequency of oscillation is contralled
with a capacitance-resistance filter (Wien Bridge) in o circuit which ishighly
degenerative except at the pass frequency of the filter; the circult osciliates
at this frequency. The Wien Bridge is composed ef 1% precision resistors
and o large 4 gang tuning condenser for accurate frequency datemminatian
and wide-bond coverage, This generator possesses a high degree of frequency
stobility ond requires o very short warm-up time to attain stable operatian.
The harmonic distortion in the output is less than 0.5%, giving a purlty of
waveform equalied only by the finest pawer generating stotions.  Althaugh
this instrument provides only sine ond square waves, any desired waveform
can be produced with an externa! R-C circuit (Inserted between the generater
and the load). .

A cathode follower output circuit enables the Instrument to deltver
at least 10 volts across @ 1000 ohm load (100 miliiwatts) and to maintoin high
output without appreciable distortion when feeding into lorger loads, The
frequency response is flot £ 1.5 db from 60 ¢.p.s. to 130 Ke. The hum is
kept down fo less than 0,4% of the roted output by a full wove rectifter and
a pi type LC filter, plus additional RC filtering.-

This instrument will prove itself extremely useful In determrining radio
receiver fidality and loudspeaker response, audio omplifier testingand design,
und for square wave testing of telavision receiven,

SPECIFICATIONS

Sine Wove Range; 20 - 200,000 c.p.s. in 4 bends; the dial can be read
diractly on all ranges.

Band A: 20 - 200 c.p.s. Band C: 2000 - 20,000 c.p.s.
Band B: 200 - 2000 ¢c.p.s. Band D: 20,000 - 200,000 c¢. p.s.

Square Wave Range: 60 - 30,000 c. p.s. (5% tilt a1 60 c.p.35., 5% raunding
at 30 Kc). Read on same scales as sine waves. '

Calibration Accuracy; I 3% or 1 c.p.s., whichaver is greater

Frequency Resporse: = 1.5 db, 60 c.p.s. - 150 Kc
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Output Voltage: The output circuit employed is of the cathode follower
type. The table below gives the minimum output voltages that canbe expected
when the generator is feeding into different load impedances.

1000 ohms - 10wvoits = 1% mox, distortion
10,000 ohms and higher - 14 voits - 1% max. distortion
500 obms - Bwvoits = 1.5% max. distortion

Thess voltages are glven for sine wave output and are unvarying with frequency;
on squore wave, the output voitoges (r.m.s. vaiuves) are somewhat higher.

Rated Load: 1000 ohms (resistive)

dRed Outpyt Power: 100 miliiwatts into rated load (10 voits ocross o 1000
ohm resistive ioad).

Distortion: Less than 19 ef rated ovtput
Hum: Less than 0_.4% of rated output

Power Reguirements: 105 - 125 volts, 30 - 60 c.p.s., 30 watts

Tube Complement: 1 = 6X5, 1 = 65J7, 1 = 65N7, 2 ~ 6K6
end 1 = 356 3 wott lomp {G.E. lomp designation)

Overail Dimensions: 11 1/8" long, 7 1/8" high, 7 5/8" deep

Weight: 20 pounds

Cabinet: Blue grey wrinkle lacquer on steel

Panel; 3 color, deep-etched, rub=proof

OPERATING INSTRUCTIONS

1. PRELIMINARY STEPS: Insert the plug on the line cord into the a-c supply.
Snap on the power switch (the pilot lompshauld light), and cliowo fewminutes
for the unit to warm up and begin to oscillate. If very occurate wark is to
be done, allow o ten minute warm-up for the unit foreach complete stobitity.

2. WAVEFORM SELECTION: Set the WAVEFORM seiector switch to "SINE"
or "SQUARE" as desired,

3. FREQUENCY SELECTION: Set the BAND selactor switch to the desired
frequency bond. Each position on the BAND switch corresponds to o direct
reading scale on the dial, os foliows:
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Band A; 20 - 200 c.p.s. Band C: 2 Kc - 20 Kc
Bond B: 200 - 2000 c.p.s. Band D: 20 Kc - 200 Kc

Turn the frequency dial knob until the hairline an the indicatar lines
up with desired frequency {on the scole correspanding to the band selected).
The linear 0100 scale on the frequency dial is useful when it |5 required to
repeat a given setting.

4. OUTPUT: The cutput voltage is obtained from the two terminal posts at
the right hand side of the front panel. The lower of the two posts is grounded
to the chass|s.

OQutput pawer is varied by means of the attenuator contrel {marked
AMPLitude) on the front panel. Clockwise rotation of the conirol knob in -
creases the output pawer to its maximum value,

if asmallsignal voltage having a high signal-to—noise ratio is required,
it is advisable to obtain it from a large signal voltage andan external voltage
dividing network. Thismethod is preferable because the noise in the generator
output is constant {0.4% of rated output), ond therefore a larger output has
a higher signal-to-noise rotioc which carries over to the small voltage token
from the dividing network. The voltage divider network shown below s sujt-
able for most applications.

MODEL 377 900 8 EQUIPMENT
AUDIO = TO BE TESTED
GENERATOR
L
FIG. |

Different sets of resistorsmay be used in the dividing network ta obtain
other voltage divisions. In all cases, however, the totol of the two resistances
shauld be at least 1000 chms.,

APPLICATIONS

FREQUENCY MEASUREMENT; The Model 377 Audio Generator can be used
to measure frequency by comparison.

WiTH HEADPHONES: Connect the output of the Audio Generator to one of
a pair of headphones. The signal of unknown frequency is fed ta the other
headphone. Put the headphones on ond tune the generator for “zero beat".
The reading on the tuning dial of the generator is the unknown frequency.

WITH AN OSCiLLOSCOPE: Connect the Audie Generator ta the horizontal
axjs of the 'scope. Then apply the unknown frequency to the vertical axis.
The 'scope contrals (or the input voltoges) are now adjusted for roughly equal
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daflecHons on each axis. Vary the frequency of the Audic Generator until
the "scope pattern is a statlonary ellipse, a circie, or adiagonal line of fixed
iength. The shape of the pattern dapends on the phase relationship between
the known and unknown signals (See Fig, 2). The unknown frequency is now
equal to the frequency of the Audlo Generator os read on the tuning dial.
MNon~sinusoidal waves will produce distorted forms of ¢ single loap pattern or
a diagonal line of unaven brighimess,

P2 ORI

135° 180°
FIG 2

Frequencies out of tha Audie Generator's range can be measured by
means of Lissajous figures, Lissojous figures are stotionary closed=|oap patterns
that appear on the screen when the frequency applied to ona set of plates is
o whaie number of times iarger than the frequency opplied to the ather set of
plates, or If one frequency Is o simple fraction of the other. To determine
frequency ratio from the Lissajous figure, count the number of points of tangency
to horizontal and vertical lines, drawn or imagined (See Figures 3o, 3b, 3c,
3d, 3e, and 3f). Points of tangency at the top of the figures result Trom the
unknown frequency applied to the vertical axis. Those at the side of the
figure result from the known frequency of the Audio Generator applied to the
harizontal axis. As a matter of fact, the fallowling relotionship holds true in
all cases:

Frequency appliad to the vertical axis . Horlzontol points of tangency
Frequency appliad to the harizontol axis  Vertical points of tangency

As an example, take Fig. 3c, which shows faur points of fongency at the top
and one paint at the side. This indicates that the unknown frequency applied
to the vertical ax!s is faur times the known frequency, in Fig. 3f, one paint
of tangencyat the top and fourat the slda Indicote that the unknown frequency
is one fourth the known frcquﬂncy.

GONIINES & &

SQUARE WAVE TESTING: The square wave signal providad by the Model 377
Audio Generator can be used to check omplifiers as to frequency respanse,

phose shift, tronslent respanse, ddficient design, or faulty components, In
oddition to the generator, an oscliloscope with sufficiently wide frequency
response is needed to camy out the tests, The equipment is set up as shown
in Fig. 4.
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EQUIPMENT
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SCOPE

FIG.4

First, as o means of comparison, the square wave output from the Audic
Generator is viewed on the 'scope. The horizontal sweep of the ‘scape shouid
be odjusted so that at least two full cycles can be seen on the screen. (Fig.
3a shows one full cycle ofa perfect square wave). The 'scope is then connect=
ed to the output of the amplifier under test so that the modified square wave
can be viewed on the screen. Possibile output wave shapes are shown in Fig.
Sk to 5i, and the significance of each wave shape is explained beiow.

Fig. 3b shows “rounding” of the leading edge of the square wave,
Thfs indicates a drop off ingain at high frequencies, “Rounding” will generaliy
be observabie when there is a substontiai drap in the gain by the tenth har-
monic {(or less), Therefore, if a 2 Kc square wave fed to the omplifier is re=-
produced on the 'scope without “rounding”, the amplifier is fiat to 10 X 2 Ke
= 20 Ke.,

Fig. 5c shows tha effect of increasedgain end Fig, 5d shows the effect
of decreased gain ot the square wave frequency, Fig. 5e indicates lowered
gain ot a narrow frequency bond. if the square wave frequency s brought
into this norraw frequency bond, Fig, 5d will resuit.

The effect of phase shift in the amplifier Is shown fn Figs, 5f and 5g.
If, ot iow frequencies, thereis phose shift in the leading direction, the square
wove will be tiltedes in Fig, 5f. if there 1s phase shift in the lagging direct-
fon, the top of the square wave will be tiited os In Fig, 5g. The steepness
of the tiit 1s proportional to the amount of phase shift. Phase shift is not
impartent in audic omplifiers, aithough the ear is not entirely insensitive to
i, in television and 'scope amplifisrs, however, phase shift shouid not be
tolerated,

Fig. 5h shows the pulse output from the amplifier that resuits when the
squore wave has undergone differentiation, This wili happen when the grid
resistor or the coupling condanser is too low In value or if the coupling con=
denser is partially open. Lastly, Fig. 51, shows o square wave with damped
oscillations following the leading edge. This resuits when a high frequency
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square wave Is fed to anr amplifier in which distributed capacities and lead
inductonces resonate at low frequencies, In television ond ‘scope amplifiers
it may result from an undamped peaking coil,

AUDIO AMPLIFIER RESPONSE: The set up for determining the frequency
respanse of an audlio omplifier is shawn In Fig. 6.

AUDIO
AMPLIFIER R4
FIG.6

The valtage dividing network R1 and R2, is necessary when testing high galn
ompl ifiers (see "OUTPUT" In OPERATING INSTRUCTIONS). For testing low
galn ompliflers, connect the output ef the Audia Generator directly to the
amplifier Input. The resistor R3 is in the clrcuit only when the input of the
omplifier is a transformer, and the voltage dividing network is being used.
The value of R3 should be equal fo the input impedance ef the amplifier.

The input voltage to the omplifier is E1. If the amplifier has a high
input impedance and the resistances In the dividing network are known accu-
rately, E1 may be determined by measuring the output valtage of the generator
and multiplying it by R2/{R1 + R2). This may be necessary when testing high
galn amplifiers where the Input voltages fo the omplifier are very low and
therefore difficult o measure.

The output of the omplifier should be fed to o load resistor of proper
volue, or fo the speaker or other suitabie apparatus. The output voltage 1s
measured acress the load resistor R4 or other suitable load.

The omplifier gain at any frequency is equal to the output voltage,
E2, divided by the input voltoge, E1. To obtain the dato for a frequency
response curve, measure tha gain of the amplifier throughout the oudio fre-
quency range.

MODEL 377
AUDIO
GENERATOR

OVERALL RECEIVER FIDELITY MEASUREMENTY; The set up for determining
the overall fidelity ef a redic recelver Is shown In Fig, 7.

wooed” @ || e || e
GENERATOR GENERATOR RECEIVER
- |

FIG.7

The Medel 377 Audie Generator is used ta modulate the output ef an R=F Signal
Generator thet is cormacted fo the antenna and ground terminals ef the radie
reaelver under test. The output voltage ef the Audio Generatar should be
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adjusted to produce about 30% modulation of the r-f signal.

Connect o voltmeter ocross the voice coil of the specker. Set the
R-F Signal Generator at 1000 Kc ar to the desired frequency in the broadcost
bond, and then carefully tune the receiver to this frequency. Make sure that
the recelveris axacty on resonance with the R=F Signal Generator frequency
and not on one of the sidebond peaks. Note thot the output meter will show
a maximum reading when the receiveristuned to elther of the sidebond peaks
on both sides of exact resonance, The receiver is tuned correctly when it is
setat the paint between the two sidebond pecks where the output meter reading
Is @ minimum. Datofor an overal| fidelity curve is abtoined by recording tha
output valtoge, E2, os the frequency ef the Audio Generator is varied thraugh-
out the audio range (voltage E1 is kept constont),

CIRCUIT DESCRIPTION

GENERAL: (See Fig. 8) TheModel 377 Audle Sine emd Square Wave Genera-
tor is avacuum—tube oscillator ef the resistance~capacitonce type. ltconsists
of a two tube oscillator that oscillates at the resenant frequency ef the Wien
Bridge frequency determining network jnserted In the feed-bock path. The
osciilotor s coupled to a cathode follower amplifier that acts as an isolation
stoge and os a power amplifier. The square wave Is formed by a dual-tricde
¢lipping clrcuit that is inserted betwesn the oscillatorand the cothode follower
stage when square wave output Is desired.

FREQUENCY FIRST 0s¢C.| [seconp osc. CATHODE
DETERMINING F—{STAGE AMPL. STAGE [#O——C<FOLLOWER [*
NE TWORK AMPL. STAGE
1 ]
T
POWER WAVE
SUPPLY o{SHAPING fo
STAGE
FIG. B
POSITIVE  FEEDBACK
L I VWA A—
FREQUENCY [ v- V-2
DE TERMINING FIRST 0SC.f— seconp osc. -
NE TWORK eRiD| TUBE AMPL. TUBE
fcrmona
- AN
NEGATIVE FEEDBACK

FIG, 9
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THE QSCILLATOR CIRCUIT: {See Fig. 9) The osciflator section s bosically
a two tube amplifier with o Wien Bridge inserted in the feed-bock path. It
oscillates as a result of part of the output voltoge being fed bock to the input
with the correct phase relation. This type of feed-back is known as pasitive
feed-back. Negative feed-back is also employed to stabilize the oscillator
operation and to maintoin constant output over a wide frequency range.

THE FREQUENCY DETERMINING NETWORK; (See Figs. 10 ond 11) The
frequency determining network consfsts of two groups of varioble capocitors
and two groups of resistors wired to the bond switch, Designoting the resistor
graup R1-4 as R=5 (in series with the associated voriable capocitar) and R3-B
as R=P (in parallel with the ossaciated voriabie capocitor), the values of R=5
and R-P are fixed for each bond. R-S and R-P are oiways equal in vailve, as
are C-5 and C-p,

The circuitdesign is such that tha voltage applied fo the first oscilla-
tar control grid is in phase with the voitage applied to the whale frequency
determfning network. In addition, the grid voitoge is always one third of the
voitage applied to the whale network. This is @ characteristic of the Wien
Bridge at resonance.

The resonant frequency of the network is inversely propartlonal to the
praduct of reslstance end capacity (R-S and C=5, or R-P and C-p). Large
changes in resonont frequency are possible with each set of components. A
frequency change of more than ten to one Is achieved with eachset of resistors,
ond the audic and supersonic spectrum Is covered In only faur bonds.

c-2 C-5 c-
>
R-5 R-6 R-7 R-8 C-3 c-4
>
FIG. 10




R-P c-p

FIG. 11

NEGATIVE FEED-BACK AND AUTOMATIC AMPLITUDE LIMITOR: As may
be seen in Fig. i2, the negative feed~back voliage used In the oscillator

section 1s derlved from the output of the second oscl!lator tube, V2, ond is
fed back to the cathode of the first ascillator tube, Vi, The magnitude of
the nagative feed—beck is determined by a resistor network, one slement of
which is the incandescent lomp, 356. A property of this lump is thot it has
a positive temperature coefficient; however it possesses sufficlent thermal
inertia so that {ts teamperature is substontlally constont at afl audio frequencies.,
Because of the lamp's positive temperature coefficient, the oscillations can
not build up to a volue In excess of the tube's hondling capacity. This Is so
becouse the resistance of the lamp increases with Increased current. As a
resul the degeneration In the cathode clreuit of Vi increases, causing less
amplification in the osclllator section. Thus, the iomp serves o anautomatic
amplitude limitor. Pot R? Is set at calibration for the proper negative feed-back.

"LC-S

“T-C-6 B-

FIG, 12



THE SQUARE WAVE SHAPING CIRCUIT: (See Fig. 13} The square wave is
formed from the slne wave output af the escillatar section.  The sine wave is
fed to the grid cireuit of V3 (left~half), where grid limiting eccurs. This 1s
due to the flow of grid current through R19 on the pesitive half-cycles, causing
avoltoge drop across R1? apposing the original signaivoltage. As thisopposing
voltoge Increases wilth increasing posltive signol, clipping occurs and the
waveform at the grid is as shawn. While the grid waveform is Independent of
cathode-plate conduction through the tube, the plate waveform ts not. Asthe
grid voltage dips below the cut—off polnt on the negative half-cycles, cut-off
limI¥ing occurs and the negotive holf of the plate waveform is flottened. The
right half of V3 follows the plate of the left half. In this section, the rounded
bottom of the wave Is ¢lipped, and the resuiting square wave amplified. The
squareness of thewave {s inereased In both sections of the tube dueto the non=-
linear tube characteristic.

FIG. 13

THE CATHODE FOLLOWER QUTPUT C|RCLIT: (See Fig. 14} In this circuit,
the voltoge applied to the grid of tube, V4, varles the current through the
tube, which in tum vartes the voltoge across the total cathode resistor (R24
and R25). The output voltage is token out through the large capociter, C13,
which presents a very low impedance overthe entire frequency spectrum. The
cathode resistance is split inte R24 and R25 to provide the proper bias,
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THE POWER SUPPLY: The power supply Is a conventional full wave rectifier
circult, employing a 6X5 tube {V5) and a p! fiiter consisting of a choke, L1,
and two electrolytic capacitors, Ci6 and C17. This LC network effectively
filters the d-c voltoge output of the rectifier, The +B voltages for the flrst
oscillator tubes, Vi, and the cathode follower tube, V4, are odditionally
filtered by RC cireults, R27 and CIB form an RC filter for V1, and R2B and
C19 form an RC filter for V4,

MAINTENANCE

CALIBRATION; The Madel 377 is extremely stoble. Hewever, after a long
period of use, it may require re—calibration due to aging of the components.
The accuracy may be readily restared by using one of the methods below.
Re-calibrotion will also be necessary whenever tubes or other companents are
replaced. Fig. 15 shows the locations of trimmer C1, pot R9, and the tubes.

The A-C Voltmeter method is satisfactary for general use of the instru=-
ment. The Oscilloscope method is preferable, however, of it gives better
accurocy, The Frequency Stondard method s necessary for work that requires
very accurate knowledge of the frequency,

1. A-C VOLTMETER METHOD: This method requires only en a—<
voltmeter, preferably one with 1000 ohms/volt sensitivity or more, The pro-
cedure is os fallows: a) Connecta 1000 ohm resistor ocross the sutput terminals
of the Audio Generator, b) Connect the a—c volimeter across the resister,
¢) Set the BAND switch at boand B and the frequency dial at 200 c.p.s. d)
Turn tha AMPL, control to the maximum clockwise position. e) Adjust pat
R9 for a reading between 10 and 11 volts {r.m.s.) on the meter. f) Turn the
frequency dial knab to 2 Kc. g) Loosen or tighten the adjusiment screw on



trimmer C1with an insulated alignment tool until the voltage read on the meter
is equal tathe voltage read wheo the frequency dial knob was setap 200c, p.s.

The instrument is now calibrated. As a check, turn the frequency
dial knob back to 200 c.p.s., observing the meter as you do s0. The voltage
should be nearfy constent over the entire frequency range.

2. OSCILLOSCOPE METHOD: This method requires an oscilloscope
with a 60 cycle test output and an a=c voltmeter. The procedure is as follows;
a) Adjust pot R? ns described in steps a, b, ¢, d, and e of the A-C Voltmeter
method above. b) After pot R9 has been adjusted for a reading befween 10
and 11 volts, disconnect the a-c voltmeter (leaving the 1000 ohm resistar).
¢) Connect the output af the Audic Generatar to the vertical input terminals
of the 'scope. d) Connect the 60 cycle test terminols of the ‘scope to the
horizontal input terminols. e) Set the BAND switch of the Audio Generater
at band A, and tum the frequency dial knob ta 180c.p.s. ) Adjust the 'scope
contrals for roughly equal defiections on each axis. g) Loosen or tighten the
adjustment screw on trimmer C1 with an insulated alignment tool until the
Lissajous figure shown in Fig. 3b{for 3:1 ratio)appears stationory on the screen,

The instrument is now collbroted. As a check, turn the frequency dial
knob to 20 ¢.p.s. The Lissejous pattem shewn in Fig. 3e should appear on
the screen. Turn the frequency dial knob ta 80 c.p.s.  One of the Lissajous
poiterns shawn in Fig. 2 {for 1:1 ratio) should be ahtolned.

3. FREQUENCY STANDARD METHOD: This method requires either
a standard audijo generatorwith knownaccuracy or o fixed frequency standard.
Before calibration, aliow the Model 377 taheat up for at least thirty minutes,
The calibration procedure is the same as described in the OSCILLOSCOPE
method abave. Instead of the 60 cycle test signal, hawever, the standard
i5 connected ta the horizontal plates of the 'scope.

if @ standard generator Is used, set it ot a frequency of 2 Ke. Set the
BAND switch of the Model 377 at bond B, and the frequency dial knob ot
2 Ke. Adjust the trimmer, C1, until one of the Lissajous patterns shown in
Fig. 2 (for 1:1 ratio) appears statlonary on the screen. The Medel 377 is now
calibrated. As a check, edjust the standard generator ond the Model 377 to
equal frequencies on their respective dials ot two other pgints in band B aed
three points In each of the remaining bonds. One of the Lissajous figures for
1:1 ratio should appear on the screen ot each point, allowlng for the specified
accuracy of Medel 377.

If o fixed frequency standard is used, set the Mede! 377 ot o nominal
frequency near the high end of bond B that 1s In the rotio of a whale number
or a simple fraction to the fixed standard frequency, Adjust the trimmer, C1,
until the appropriate Lissajous figure appeans stotionary on the screen. The
instrument [s now calibroted, Check ot fesst two other points on band B and
three other points oneach of the remaining bonds by means of the appropriote
Lissajous figures,
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FIG. 15

LAMP REPLACEMENT: The three watt lomp, BI, is never |it up in nomal
operation as It is operoted below the level necessary for Incandescence. As
a result, itshould have extremely long life, If, however, it becames necessary
to replace the lomp, 1t is required ta check the a-c voltage from the arm of
R? ta groundwith the new lomp In place. This a-c voltage should be between
15 and 20 volts {r.m.s.), os measured with a high impedance vacuum-tube
volimeter, when the Audio Generator is tuned ta 1000 ¢, p.s. If the voltage
is nat within this range, oorrect it by odjustment of pat RY. If the voltage
cannat be brought within 15 ta 20 volts with the new lamp in ploce, try
anather lamp instead,

INTERMITTENT QUTPUT; If the output Is intermittent, check to see if the
three watt lomp, B1, Is flashing alse, If it is, check for a short in the main
tuning condenser. Clear out the short, but be careful nat to beed the plates.

DISTORTION: Excessive distortion maoy result from a bad tube, o leaky coup-
ling capacltar, on open by=pass capacitar, a defective electrolytic capacitor,
low +B voltage, or too much output from the oscillatar section of the elreult,

EICO REPAIR SERVYICE

If your instrument fails ta function properly and the cause of the trouble
is notapporent, you may retum it ta the EICQ repair deportment where it will
be repaired for a nominal charge.
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