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OPERATING INSTRUCTIONS FOR MODEL 655 AUDIO FREQUENCY OSCILIATOR

The Model 655 1s a wilde range osclllator providing voltages throughout the frequency
range of 20 to 200,000 cycles. The signal 1ls generated at lts fundamental frequency by
8 capaclty-resistance tuned bridge clircult which provides improved operating character-
istics. No zero adjustments are required in ¢the operation of this instrument.

The full frequency range la covered in four logarithmic ranges provliding a long effective
scale length for maximum readabllity and accuracy.

For the audlo spectrum 20 to 20,000 cycles, a cholce of either transformer coupled or
resistive output ls available. A selectlon of four transformer coupled load impedances
in the output circuit provide matching facllitles for various load conditions. When
uaigg transformer coupled output it is extremely important that the load matches the out-
put Impedance selected. (If the load 1s not matched, bad waveform will result.)

Three blnding posts are provided for connectlng the output voltage to the load. Binding
posts No. 1 and No., 2 are used to transformer couple the Instrument to the load if an
ungroundéd voltage 1s requlred. If a grounded voltage 1ls necessary, binding posts 2 and
G can be connected together. The output power avallable when usling transformer coupling
1s 500 m1lliwatts and the output control provides continuous adjustment of the output
voltage from zero to meximum.

The voltage developed throughout the full frequency range of the instrument can also be
resistively coupled to the load. In the 20 to 200 killocycle range, the output must
alwaeys be resistively coupled to the load. The output impedance switch must be set to
and b ng posts No. 1 and G used. The maximum open circult voltage developed under
the conditions of resistance coupling is 35 volts. When the instrument is resistively
coupled to the lomd, a close impedance match is not required. It is not recommended ,

however, when flat response is required throughout the entire frequency range. that th
resistive tap be loaded less than 5000 ohms. qusnCy rengs, the

OPERAT ION

The Model 655 1s supplied complete with tubes and 1is readz to use. To place in operation
insert line cord in power receptacle and turn the "OFF-ON" awitch to the "ON" position.
Allow g few minutes for the tubes to warm up to & stable operating temperature. The in-
strument 1s now ready to use.

Range Selector: The four ranges, 20-200, 200-2000, 2000-20,000 and 20,000 to 200,000
cycles are selected by thls swltch.

Output Control: This control provides contlnuous adjustment of the output voltage from
zero to maximum.

Output Impedance: The output circult of the Model 655 consists of a transformer with
Tour tapa providing the proper output impedance for working into loads of 10, 250, 500
and 5000 ohms. In addltlon, & position marked RES, changes the output from a transformer
coupled to a resistlve coupled output circult. The RES position must always be used for
the 20,000 to 200,000 cycle range.

With the output control at meximum using transformer coupling into the proper resistive
load, the following voltages are avallable at the binding posts:
10 ohm load -- 2.23 volts - 500 Milliwatts
250 " " oe-11,2 M n "

500 " " ..15,8 * _ w "
5000 " " .. 50 % _ « .

Binding Posts: Three binding posts No. 1, No. 2, G (Ground) are provided. Binding Posts
Wos. I and 2 are used for securing transformer coupled output. Binding posts No. 1 and
G are used for resistive coupled output. In normal use, binding post #2 can be connected
to binding Post G so that one side of the output voltage is at ground potential.
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SPECIFICATIONS

Line Voltage . . 105-120 Volts, 50-60 Cycle

Input Watts . « ¢« « « ¢« ¢ ¢« « ¢« « « 60 Watts

Frequency Renge . . . . . . « . « « 20 to 200,000 Cycles

Callbration Curve . . « « ¢« + « + « Logarithmic

ACCUPBCY =+ ¢ ¢ ¢ « o s « « o « » « 3% or 1 Cycle whichever is
greater

Output Impedance . . . . . 10, 250, 500 & 5000 ohms -

8lso reslstive

Output Power . . . . . . « « « « . 500 Milliwatts (20 to 20,000
Cycles Transformer coupled.)

Output Control . . . . . . . . . . Contlnuously variable

Waveform . . « ¢ ¢ ¢« « « o« « « « . Lems than 5% dlstortion st
811 frequencies

Frequency Characterlstic . . . . . Plus or minus 1 DB 30-15,000
Cycles using transformer
coupled output

Hm I-level ] . L] .o - L] L] L] L] 3 e [] DO'n more th&n 60 DB Of mxi-
mum

Tube! e & ° & e o e ® e e s e . 1-6060, I-SSLVGT, Q-GVGG’I' &
1-5Y3GT furnished installed

Case Dimensions . . . + « . « . . « 13" Wide x 93" High, 93" Deep

APPLICATIONS

EL A
In order to make quantlitative mesasurements on the audio equipment 1t is necessary to
measure the lnput and output audlo voltages. Vacuum tube voltmeters, rectifier type
voltmeters and thermocouple meters can be used, The shunting impedance of the meter
should be considered in matching the input and output load conditions when exact
measurments are desired, The Vacuum tube AC voltmeter presents negligible load on the
circuit and 1s the preferred type to use,

In many measurements such as amplifler gain tests 1t 1s necessary to use a very small
input signal voltage. It 1s difficult to accurately measure small AC voltages on high
impedance circults. Therefore, a larger signal voltage which can be convenlently
measured 1ls used together with an sattenuator. The attenuator reduces the voltage by

a constent ratio producing a small voltage of known magnitude,

- ATTENUATION 250 OHM TAP 500 OHM TAP 5000 OHM TAP
- RATIO Rl R2 R1 R2 Rl R2
10 225 ~ 25 450 50 4500 500 |
100 247.5 2,5 495 5 4950 50
1000 249.75 .25 499.5 .5 4995 5
R2 E2
- | I

Fg. 1

The attenuator may be of the "L" or "T" type or the simple voltage divider type shown

in figure 1, Resistors Rl and R2 comprlse the attenuator network, The total reslstance
of Rl and R2 should be made equal to the output impedance of the audlo frequency
oscillator. The ratio of voltage at E2 1s equal to the ratio of RR to the totsl re-
sistance of Rl and R2., The table at the right shows the resistor values for attenuation
ratios of 10, 100 and 1000 for the 250, 500 and 5000 ohm load impedances. The wuse of
the attenuator provides a known small voltage for test., For example, 1f 1t 1ls desired
to apply .0l volts to the input of an amplifler, an attenuastor having a ratlio of 1000
can be used and voltage El at the input of the attenuator adjusted to 10 volts, The
resistance value of R2 must be low compared to the input impedance to which it l1s
connected or allowance made for the shunting effect of the load for hlighest accuracy.
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TESTING SPTAKERS, HEADPHONES ETC.

The Model 655 produces an output power of 5 watt, This is sufficlent fo? direct
connection to most speakers, headphones etc, for audible testing. If it is desired

to test large speakers at full output load, it is necessary to use a separate amplifier

capable of supplylng the required power.

The frequency response of the speaker is checked by holding the input audio vqltage
constant snd varying the frequency of trhe audio oscillator throughout the audloc range.
Resonance peaks and rattles can be quickly located in this manner.

Headphones and magnetic type speakers having no output t?ansformer can be tested by
connecting directly to the output posts of the audioc oscillator. For speakers and
phones designed to work out of the plate circult of cutput tubes the 5000 ohm load
impedance tap will ordinarily provide the best impedance matech. For speakers or
phones designed for other loads, the sppropriate output load should be chosen.

Model 655 — _| %1 -

Fig. 2a Fig. 2t
CONNECTIONS FOR SPEAKER TEST

Model 655

N4
?vc

e ) —]

Permanent magnet or separately excited dynsmic speakers can be tested as shown in Flgs.
2, If the speaker has a field coil it must be excited with the proper DC current when
the tests are made. Figure 2a shows the connection of the audlo oscillator to the
speaker output transformer, The input voltage El is held constant throughout the audic
frequency range. The output voltage F2 may be measured across the volce coll, The
characteristics of the transformer alone can be checked by substituting a load re-
sistor Rl equal to the voice coil impedance., By using the 10 ohm impedance tap on the
Model 655 the speaker can be tested by connecting directly to the volce coil as shown
in figure 2b,

_AUDIO AMPLIFIER RESPONSE

The arrangement for checking the frequency response of audioc amplifiers is shown in
Figure 3. For low gain amplifiers where the input voltage can be readlily measured,
the attsnuator shown can be omitted and the input to the amplifier connected direct-
1y to the audio oscillator output. However, for high gein amplifiers where the input
level is small, it is generally necessary to use an attenuator to accurately determine
the voltage to the amplifier input,

Model 655 T a1 TWWW\"“—' Amplifier | T
El R4

 E2 (uz) E3
| 3w | |

Flg., 3 CONNECTICNS FOR AUPCIO AMPLIFIER TEST

The output of the amplifier should be connected to & load resistor of the proper value
or to the spesker or device intc which the amplifier works. 'When the input cireuit of
the amplifier is a transformer and the attenuator is used, a resistor R3 should be
placed in series as shown, The value of this resistor should be equal to the input im-
pedance of the amplifier,

The input voltage to the amplifier E2 is equal to the voltage applied to the attenuator
El divided by the asttenuation ratio. The output is read across the output load re-
sistor R4, The shunting effect of the meter resistance of MR should be considered in
deternining the value of R4 for btest accuracy.

The zain of the amplifier is the output voltage EJ cdivided by the Input voltage E2., A
frequency response curve can then be made by checking the gailn throughout the audio
range of the amplifier,
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AUDIO TRANSFORMERS ANT FILTERS

High gain input transformers can be tested in the same manner as described for sudio
amplifiers., The input resistance R3 should be equal to the input impedance of the
transformer. The output load R4 should be equal to the output load impedance of the
transformer. Where the output normally works into a vacuum tube grid circuit the

correct impedance will be approximated by the load offered by the vacuum tube voltmeter
without any additional load resistance.

Vhen testing interstage and output transformers, it may be necegsary to pass the normal
DC plate current through the primesry winding. This may be done as shown in Figure 4 by

connecting a battery and millismeter M2 in series with the primary winding. The battery
voltage 18 adjusted to provide the normal primary current tﬁrough the transformer.

[ i
1

Fig. 4 CONNECTIONS FOR TRANSFORMER TEST

Model 655

Reslstance Rl should be made equal to the plate impedance of the tube from which the
transformer normelly works., R2 should be made equal to the output impedance of the
transformer. If the output normally works into the grid circuit of a vacuum tube, a
vacuum tube voltmeter will approximate this load condition. Any special loading
conditions offered by the circuit in which the transformer 1s used should be inclvded
in the test set-up. The condenser Cl 1s connected in series with the input voltmeter
to prevent any DC from introducing error in the meter reasdings.

For transformers having push-pull primaries, no DC polarizing current i3 necessary for
test. The input signal should be connected to the total primary winding and the input
resistance Rl made equal to twice the plate impedance of a single output tube,

When testing audio filters, Rl and R2 should be made equal to the input and output
characteristic impedances of the filter,

OVERALL RECEIVER FIDELITY TESTS "
The overall fidelity of a receiver 1s determined by externally modulating a R.F. Test

Oscillator with the Model 655 Audio Oscillator as shown in figure 5.

Model 655 R.F. Test R.F. Receiver
Oscillator Output ‘:;7
- b

\Exteml Modulation
Connection

Flge 5 CONIECTIONS FOR RECEIVER FIDELITY TEST

The R.F. Test 0Oscillstor 1is connected to the receiver Antenna=Ground posts. The Nodel
655 Audio Oscillator i1s connected to the external modulstion terminals on the R.F, Test
Oscillator. The proper load impedance should be chosen and the sudio voltage El ad-
justed to produce 30% modulation of the R.F., test cscillator,

Connect & meter across the voice coll of the aspesker. Adjust the R.F. Test Oscillastor
to 1CO0 KC or at any other frequency at which it is desired to run the test. Carefully
tune the receiver to the test oscillator frequency making sure that it 1s on exact
resonance and not on one of the sidebend pesks. It willl be noted that the output meter
will glve maxipmum readings on the slde band peaks on elther side of exact resonance,
The correct setting is at the positlion where the output meter gives minimum indication
between the two peaks. ‘
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Now the Model 655 cen be varied over the audio range keeping the input voltage El con-
stant. The variations of the output meter are now recorded to produce the overall
response curve.

HIGH FREQUENCY RANGE

The preceeding Information dealt with applications for which the audlo frequency spec-
trum 20 cycles to 20,000 cycles 1s normally used. A high frequency range, 20 kilo-
cycles to 200 kilocycles 1s provided in the instrument for supersonic and low radio
frequency test purposes. Thls range bridges the gap between the audlo and radlo fre-

quency spectrumse.

Since most applications in the supersonic range are of a very speclialized nature, no
specific instructlions for use are included in this manual.

When using the 20 to 200 kilocycle range the Output Impedance switch musat be in the
YRES." position and the resistive output binding posts used.

SERVICE NOTES

The Model 655 i3 a negative feedback type oscillator which generates the signal at 1ts
fundamental frequency. The Iinstrument consists of a two stage osclllating feedback
amplifier, a buffer stage and a power amplifier stage, together with the power supply.

Tubes V1 and V2 form the oscillating feedback circuit. Two feedback paths from V1
provide frequency Selective and amplitude control feedback to the grids of v2. A
resistance-capacitance network forms the frequency determining element. Voltage from
IZ provides amplitude controlled feedback.

The buffer amplifier V3 provides isolatlon between the oscillating circuit and the
power amplifier stage.

The amplifier stage V4 has the Output Control located in its grid circuit. PFor the Out-
put Impedance taps 10, 250, 500 and 5000 ohms, transformer Tl 13 connected 1n the plate
circuit. With the Output Impedance awitch in the "RES." position, R25 becomes the plate
resistance and Cl4 the coupling condenser thus forming a resistive output system. This
provides transformer goupled output throughout the audio frequency range and resis-
tively coupled ocutput throughout the entire range of the instrument.,

The power supply consists of V6 connected in a conventlonal rectifier-filter power
supply system.

Due to the self compensating nature of the circuit, the output voltage remains prac-

tically constant throughout a wide range of input line voltage. The feedback control
R16 has been adjusted at the factory to provide good wave form and the proper output

voltage. It should require no adjustment throughout the 1life of the instrument.

Trimmer condensers C4 and C5 across the main varliable condenser CE have been adjusted to
provide a balanced circult and correct calibration. Trimmer C7 is used to compensate
the frequency at the 200 kilocycle point only. These adjustments have been carefully
calibrated at the factory and no further adjustments should be necessary to maintain
the accuracy of the instrument.

The Dial Lamps may be replaced by removing the four screws which hold the bakelite disl

escutcheon., The chassis is removed from the case by removing the ten screws on the
front panel and two screws from the bottom of the case.
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The curves below show the frequency response characteristics of the Model 655 Audio
Oscillator. The transformer coupled output curves terminate at 20,000 cycles while those
using resistive output cover the full range of the instrument.

It will be noted that the low frequency response ls dependent upon the value of the load
when using resistive output.

All curves were taken with the Output Control in the full on position. Slight variations
may result in the 50 to 200 kllocycle region with reduced output applied to the load.

FREQUENCY RESPONSE CURVES

FREQUENCY-CYCLES VS DECIBELS OUTPUT
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