
SYMPOSIUM ON TRANSMISSION METERS 

A CONTINUOUS LEVEL RECORDER FOR ROUTINE 
STUDIO AND THEATER MEASUREMENTS* 

G. M. SPRAGUE AND JOHN K. HILLIARD** 

Graphic records of gain-frequency and acoustical response measurements on 
sound recording and reproducing equipment are normally obtaincd by making 
measurcments a t  sufficient points to permit drawing an average curve on ap- 
propriate graph paper. Measurcments madc in this manner require considerable 
time and equipment and bccome very cumbersome when numerous routine mea- 
surements are necessary. 

The value of an automatic device for such measurements has becn recognized 
for some time, and units have been developed for such work; but due to their 
expense, coiiiplicatcd equipment, and limited applical ion, they havr not supersedrd 
the manual mcthods of measurement. 

In thc motion picture studio, the large quantity of sound recording and rcpro- 
ducing equipment nccessitates numerotis rout inc measurements, to insurc proper 
operation and maintcnance of the equipment The mcasurements, although re- 
duced to the most practical form of daily tests, with standard test equipment, re- 
quire considerable time and personnel, and, in addition, as they do not indicate 
the actual response at  each frequrncy in the operating range, introducc the 
possibility of error. Recognizing the advantages of such a rccorder, M-G-M 
Studios have designed and constructed a unit primarily for routine tests, although 
applicable to laboratory and devclopnient work also. 

In  making such measurements, automatically in permanent rccorded form, the 
fundamental units listed bclow arc required These units arc indicated in Fig. 1. 

“Send” Equipment --( 1 )  An audio-frequency oscillator, of the beat-frequency 
type with a frequency rangc of at least 20 to 10,000 cps. and with a constant out- 
put level over this frequency range; appropriatr matching and attenuating net- 
works, level indicator, and output controls. 

(2) Automatic drive (frcquency variation) for the oscillator, with frequency 
indicating device, and also a warble unit if acoustic measurements are desired. 

“Receive” Equipment.-( 1) A bridging amplifier for measurements, without 
disturbing operating equipment ; a preamplifier for low-level mcasurements from 
microphone output, etc. 

(2) A rectifier, linear or logarithmic, for conversion of input audio frequency 
to direct current for operation of the recording dcvice 

(3) A direct-current amplifier. 

* Presented a t  the Spring, 1937, Meeting a t  Hollywood, Calif.; received May 
21, 1937. 

* * Metro-Goldwyn-Mayer Studios, Culver City, Calif. 
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( 4 )  A graphic recorder: Esterline-Angus recording milliammeter-0 to 5 ma. 
A detailed description of the equipment follows: 

"SEND" APPARATUS 

Beat Frequency Oscillator.-The beat frequency oscillator, as well as the remain- 
der of the apparatus, was designed for standard rack mounting. The oscillator is 
in three units: the radio-frequency oscillator and detector unit are mounted on a 
12l/4 X 19-inch panel; the audio-frequency amplifier, volume indicator, output 
impedancc control and frequency standard reeds, on an ga/, X 19-inch panel; 
and the power supply on a 7 X 19-inch pancl, making an overall panel size of 
28 X 19 inchcs. 

AS an oscillator of constant output, over thc range of 20 to  14,000 cps., was 

TL I, I 

FIG. 1. Diagram of automatic recorder. 

required, it was necessary to develop such a unit. The maximum deviation from 
the 1000-cycle output level is 0.2 db. in the present unit. The output at 10 
cycles is down 4 db. from the 1000-cycle output level. The frequency range of 20 
to 14,000 cps. is covered by a dial length of 14 inches. In order to make this unit 
a multi-purpose oscillator, it  was necessary to use a multiple-winding output 
transformer. 

The use of this transformer necessilJtted the addition of an audio-frequency 
equalizer to compensate for the reduction in low-frequency output in the trans- 
former ( -2 db. a t  20 cps.). The range of output impedance is from 2l/* to  500 
ohms in 11 steps. 

The oscillator unit contains the output control (RF input to detector), with 
a useful range of 25 db. The audio amplifier unit contains a step control cali- 
brated for 0.02-0.2-2.0 watts' output. This oscillator was designed for a normal 
channel plate supply voltage of 350. The filament supply is alternating current. 
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On the 500-ohm output tap, into a load of 500 ohms, thc harmonic content a t  
1000 cps. is as follows: 

Dh Out 3rd Harmonic %id Harmonic 

(Per Cent) (Per Cent) 
0 0.02 + 10 0 05 0.03 

+20 0 . 1 1  0 .12 
+24 0.27 0.25 

The frequency stability is high. A changc in the 350-volt supply of *30volts 
changes the frequency 2 cps. at 500 cps., or approximately 

The oscillator is a fixed-frequency oscillator a t  94 kilocyclcs, and is elcctron 
coupled-resistance stabilized, using a 36 typc of tubc. The variable-frequency 
R F  oscillator, 80-94 kilocycles, uses a similar tube aud circuit A band-pass 
filter is used in the variable-freqtiency oscillator output. Although not required 
for sinusoidal output, it  was found helpful in controlling the overall output charac- 
teristic of the unit. The two RIP oscillators may bc operated a t  the same frc- 
quency (zero-frequency output) without tendency toward interlocking. 

The dctcctor unit is push-pull, employing two WE-262A tubes operated as 
full-wave squarc-law rcctificrs. These tubrs are not efficient as detectors but were 
selected for their low microphonic output. 

Spurious beat notes are entirely cliniinatcd by a 3-scction, 40-kc cut-off, 
low-pass filter in the detector plate circuit. Thc minimum level difference be- 
tween oscillators, a t  the detector input, is 20 db. 

The audio-frequency amplifier is a 3-stage push-pull, resistance-coupled 
unit, with a gain of 60 db. The first two stages use WE-262A tubes and the out- 
put stage WE-271A tubes. These tubes were sclccted for thcir low microphonic 
and hum levels. 

A volume indicator with a range of - 10 to 4-30 db., in 4-db. stcps, is normally 
across the amplifier output. 

For calibration, two rceds arc used, operatcd by a phonograph pick-up switched 
across the amplifier output. The primary reed is tuned to 118 cps. and the 
secondary reed to 475 cps. The calibration control is a 60 ppf variable condenser 
in the fixed-frequency R F  oscillator circuit, with an 80 to 1 gear control. Pro- 
vision was made for indication of zero beat in the detector plate circuit, but, due to 
the low detection efficicncy of the 262A tubrs, this meter was not included in the 
final assembly. 

Drive Control -A novel method of drive and warble control is employcd. The 
oscillator frequency control is driven by a rack and pinion, cngagcd by a cone fric- 
tion clutch to a small driving motor. This drivc has an adjustable speed, cover- 
ing the range of 20 to 14,000 cps. in a minimum timr of 35 seconds and adjustable 
for any intermediatc time up to 1 minute, 45 seconds. Control is by rheostat in 
the motor circuit. Thc frame or stator of the driving motor is suspended in a 
cradle and is free to  move through an angle of 5 degrecs. 

A short arm, connectcd to the motor stator, is held in contact with a cam by 
spring tension. This cam is mounted on the rotor of a second small motor, the 
stator or frame of which is sccured to the panel (see Fig. 2). The driving motor 
is then oscillated by the second motor, a t  a rate of 7’/1 cps. This oscillating mo- 

per cent. 
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tion is transmitted to the rotor of the driving motor and results in a like motion of 
the driving rack, and consequently, the oscillator frequency control dial. The 
warble is approximately 5 per cent a t  100 cps.; 4 per cent a t  1000 cps. and l'/* 
per cent at 10,000 cps. I t  may be switched on or off at any instant, during the 
steady drive pcriod, or while the oscillator is fixed a t  one frequency. The motors 
are small a-c. geared induction motors. The cam arrangement on the warble 
drive is removable for changes in the rate of warble. The drive control panel is 
7 X 19 inches in size. 

After completing the sweep to 14,000 cps., the drive and warble motors are 
automatically stopped by means of a cut-out switch operated from the drive rack. 
Manual reset requires only a fractional turn of the drive clutch for release and 
turning the oscillator dial back to the desired starting frequency. Again, spinning 

FIG. 2. Drive and warble unit. 

in the cone clutch knob engages the drive and the oscillator frequency is again 
varied, without necessitating turning the drive motors off and on manually. 

Frequency Indicator.-Frequency indication during this automatic sweep is 
by two methods. On the back of the oscillator frequency dial are placed 16 
small adjustable L-shaped contactors. These contactors operate a single-pole, 
single-throw switch, mounted behind the dial, as each contactor passes the 
switch. Contactors are placed at 30, 50, 100, 200, 300, 500, 1000, and at each 
thousand cycles up to and including 10,000 cps. 

Due to the inclusion of the warble feature in the drive system, a simple switch- 
ing circuit could not be used for frequency indication, as the backward and for- 
ward movements of the d i d  caused a minimum of four operations of the switch 
in approaching the indicating frequency, and a similar number when leaving this 
frequency. Also a slow operating indicator, necessarily used to interrupt the 
frequency for indication, would remove too large a section of the frequency band 
for most measurements. A time-delay impulse relay is used. This relay circuit 
was designed to be inoperative during the unavoidable impulses due to  warble 
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operation, and operative for the small time intervals between frequency-indicating 
periods at  high-speed drive. The frequency indication is by means of a mo- 
mentary shorting switch on the oscillator amplifier output circuit. This causes a 
dip in the output and results in a 2-db. reduction as indicated on a high-speed 
volume indicator meter. The duration of the short-circuit is 0.07 second, and on 
the high-spced drive it causes a gap of 14 cycles a t  1000 cps. The frcquency-in- 
dicating device is also equipped to operate a second relay for frequency indication 
on the graphic recorder. This relay punchcs a small hole in the paper a t  the in- 
dicating frequcncy. 

Both indicating relays may operate siniultaneously or individually, and fre- 
quency indication may also be by manual operation of the control key, making 
possible indication a t  any desired frequency. 

The time-delay impulse relay indicating unit is self-contained, a-c. oprrated, and 
is mounted on a 7 X 19-inch panel. An a-c. power panel with main switch and 
fuses is used to turn all equipment on and off. 

A series of H pads is supplied for level control and impedance matching, and a 
jack row providcs flexibility, permitting any desired combination of output units. 

The entire “send” equipment mounts on a standard rack, requiring 56 inches of 
panrl space. The 
equipment from top to bottom is as follows: ( 1 )  equalizer and H pads; (2) jack 
row; (3) beat-frequency oscillator, including AI’ amplifier, oscillator-dctector unit, 
and oscillator power supply; ( 4 )  drive control panrl; ( 5 )  frequency indicator 
panel; (6) a-c. power panel. 

The unit is shown in Fig. 3, and is the bay on the right side. 

“RECEIVE” APPARATUS 

The second or left-hand rack in Fig. 3 contains the “Receive” equipment. A 
detailed description of this apparatus follows: 

A F Amplifiers.-Two amplifiers are supplied, one a bridging amplifier, per- 
mitting recording from operating circuits, and the other a preamplifier to permit 
operation directly from a microphone. The bridging amplifier has a gain of 14 db. 
(bridging 250 ohms.); a frequency characteristic flat within db. from 20 to 
10,000 cps.; a gain control of 20 db. in 2-db. steps. Two GC5 tubes are used in 
push-pull, the plate supply is 350 volts, and the filament a-c. At the normal maxi- 
mum output level of +10 db. there is */lo per cent third harmonic at  1000 cps. 
This amplifier is mounted on a 3I/a X 19-inch panel. 

The preamplifier operates between 200 and 500 ohms, has a maximum gain of 
88 db. and a gain control of 70 db. in a/,-db. steps. The frequency characteristic 
is flat within * l / d  db. from 20 to 10,000 cps., and at the normal maximum operat- 
ing output level of -4 db. the second harmonic is per cent of the fundamental 
1000 cps. The combination of the two amplifiers makes available a maximum 
gain of 102 db. and permits recorder operation from an input of -92 db. 

The preamplifier uses one GF5 tube and two 6C5 tubes, resistance coupled. The 
plate supply is 350 volts and the filament supply a-c. This amplifier mounts on a 
7 X 19-inch panel. 

Rectifiers.-The preceding amplifiers feed into either a logarithmic or linear 
rectifier circuit. The linear rectifier is used for measurements requiring maximum 
accuracy. The useful range is 25 db., and the indications may be read most ac- 
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curately at peak levels where a variation of db. is easily discernible. This 
linear rectifier consists of a full-wave rectifier using a 6H6 tube. A single-section 
low-pass filter is used. The unit is linear over a 30-db. range and the frequency 
characteristic is flat within * db. from 20 to 10,000 cps. The peak output cur- 
rent required is 6 ma., and thc output voltage 3 volts at the load resistor of 600 
ohms. 

The alternate rectifier is of the logarithmic type. I t  covers a range of 45 db. in 
true logarithmic manner, and the frequcncy response is flat within *0.2 db. from 

FIG. 3. Continuous level recorder. 

20 to 10,000 cps. In this type of rectifier the transformation of volts or milli- 
amperes to db. is automatically made in the rectifier unit, with the result that uni- 
form level changes, in db. at the input, produce uniform current or voltage changes 
at the output. The graphic recorder is a milliammeter, necessitating converting 
to decibels the indications recorded with the linear rectifier. This manual con- 
version is not required when using the logarithmic rectifier. In this unit each 
division of the 50-division paper (over a range of 45 db.) indicates 1-db. change in 
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input level. The direct-reading feature, plus the increascd range, makes possible 
many measurements involving large level changes not conveniently made with the 
linear rectifier. The logarithmic rcctifier uses two 6 F 5  tubes as drivers, two 956 
tubes as log amplifiers, and one 6H6 tubc as linear rectifier. The 956 tubes are 
of the variable-mu type in which the relation between mutual conductance and 
grid voltage is logarithmic over a considerablc portion of thc operating range. By 
proper selection of circuit constants thcsc tubes amplify t hc input negative half- 
cycles in a logarithmic manncr, so that thc output voltage is proportional to the 
logarithm of thc input grid voltagc. The 965 output is rectified by a half-wave 
6H6 rectifier, passed through a low-pass filter, appearing as a d-c. voltage a t  the 
output circyit. The approximate logarithmic range of a single 956 tube, as used, 
is 15 db. By suitably combining thc output of twoof these tubes in a parallel cir- 
cuit, the range may be cxtended to 45 db. In  ordcr to secure the 45 db. range, 
over the frequency band of 20 to 10,000 cps. atid with an errnr not exceeding 
0.25 db., equalization in the 966 platc circuits is necessary. This equalization 
neccssitates pre-equalization of the ovcrall unit for linear frequency response. 

Due to thc inherent frequcncy crror in logarithmic rectifiers of thc preceding 
type, the replaccnicnt unit will cmploy a fixed-frcquenry oscillator cxciting 
the logarithmic rcctificr. This oscillator will then bc modulated in a linear manner 
by the opcrating audio input. By this method a true logarithmic range of 60 
db., the practical limit sct by the graphic recordcr, with negligible frrqurncy and 
amplitude distortion, will bc obtained in a stable compact unit. 

The platc supply of the present unit is 350 volts and thc filament supply is a-c. 
This unit mounts on an tis/' X l!)-inch panel. 
D-C. Amplifier.--The next unit in the serirs is thc linear direct-current ampli- 

fier. Thc plate supply is 350 volts 
and the filament supply is a-c. This arnplificr is linear ovcr a range considerably 
greater than thc graphic recorder dcmands. The rccorder requires 5 ma. for full- 
scale deflection, making a 10-ma. output riccessary a t  the d-c. amplifier due to 
the bridge output circuit used. This arnplificr is vcry stahlc; a change of *I5 
volts in the 350-volt plate supply causcs no change in operating characteristics. 
It works into the 500-0hm load of the graphic rccorder. 

The d-c. amplifier input voltage neccssary for the pcak indication of the recorder 
is 3 volts. The accuracy over the entire range is 0.02 db. This unit is provided 
with a 3-position input key, sclccting the logarithmic or thc linear rectifier 
output, the third position being for calibration (zero adjustment). 

In normal operation, using thc linear rectificr, the recorded chart reads from 
right to left, or backward, with respect to accepted rncthods of reading. To 
correct this defect, thc logarithmic rcctificr is so dcsigiicd that for no input the 
recordcr dcflectioti is maximum ( 5  ma.). Tncrcasing input causes a reduction in 
this indication, producing a cnmplctcd graph reading from left to right, in the 
normal manner. Thc prcscnt logarithmic rcctifier, designcd for 50-division paper, 
produces a dcflcction of one division for each decibel of input, resulting in an easily 
readable graph. 

The lincar rectifier record must, of course, bc translated by thc standard method 
(20 log,, ratio of currents). This rectifier necessarily compresses the record as the 
level decreases. While such a record is not conventional, compared to present 
records in decibels, its accuracy is high and a minimum of equipment is required. 

This amplificr uses a GC5 and a 6FG tube. 
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Familiarity in reading records of this type is readily acquired. 
Fig. 4 is a frequency responsc curve of a standard recording channel, with a 

7500-cps. cut-off low-pass filtcr. This record was made with the linear rectifier. 
In Fig. 6 is the samr measurement using the logarithmic rectifier. Both measure- 
ments were made a t  high speed in order to reduce the size of the graph. Note 
the frequrncy indications made by the shorting relay, described previously. 

Graphic Recorder.-The recorder used in this installation is an Rsterline-Angus 
recording milliammeter, with a full-scale deflection of  5 ma. and a resistance of 
500 ohms. The unit is w r y  rugged and reliable, and relatively inexpensive. I t  
is not normally uscd for high-speed recording, and requires minor modifications 
for this work. 

The recorder, as adjusted, has a maximum recording speed of 80 db. per second 
when used with the logarithmic rectifier of 60-db. range. The recording needle 

FIG. 4. Frequency characteristic made with linear rectifier. 

completes the 9-inch travel across the paper, and back to zero again, in 11/1 sec- 
onds. 

The meter movement is very rugged, and withstands overloads of several 
hundred per cent. The ink-well holds one ounce, a supply sufficient for several 
days of normal rccording. A siphon supplies the glass recorder pen with ink. 
The pen will remain in contact with the paper for all but extremely high-speed, 
high-level irnpulscs, not encountered in normal recording. 

The drive is a synchronous motor. The range of paper speed is from a maximum 
of 12 inches per minute to a minimum of a/, inch per hour, with the standard 
gears supplied. The chart paper is supplied in standard 90-foot rolls, and is 6 
inches wide with a recording width of 4'/p inches. Recordings roll up on a take-up 
roller exerting a uniform tension on the paper. 

The frequency indicating punch, previously mentioned, is a small impulse relay 
operated from the time-delay relay unit in the oscillator bay. This relay when 
operated, makes a pin-point hole a t  the instant of operation in the arc of pen travel, 
a t  the edge of the paper. This punch, interlocked with the oscillator drive, thus 
makes a permanent record of frequency vs. response. Pencil notations, as to  
frequency, etc., may easily be made directly upon the chart during operation. 
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The recording milliammeter is 13 inches high, 8l/2 wide, and 91/2 deep, and is 
mounted on a 14 X 19-inch control panel (see Fig. 6). 

This panel contains the motor drive key and also an input kcy, which transfers 
the d-c. amplifier output to the recording milliammeter or to a standard 301 type, 
5-ma. meter in a 500-ohm circuit. This meter is uscd for all preliminary adjust- 
ments, as its scale is similar to the recording milliammeter scalc. The recording 
milliarnmeter is fused with ‘/s-anipcrc “littlrfuscs.” 

The 380-volt plate supply and thc a-c. filamrnt supply for all units in the re- 
corder bay is From a power supply unit mounted on a 7 X 19-inch panel. 

The a-c. powcr panel a t  the bottom of the hay contains the a-c. linc switch 
and fuse.;, and a Variac and a-c. voltmeter, which also may be patched to the 
oscillator bay For regulation of the a-c. input voltage to the normal 120-volt value. 
This control is required when field measurements are made, as thc a-c. line voltage 
is frequently below 100 volts. 

FIG. 5. Frequency characteristic made with logarithmic rectifier. 

A standard rectifier type of volume indicator is also included, a t  the top of the 
bay. This unit has a range of -10 to +30 db., and when used with the pre- 
amplifier and bridging amplifier, forms a standard acoustic meter. The volume 
indicator is normally used with the graphic recorder for preliminary level adjust- 
ments. 

The recording unit has been designed for a -t- 10-db. output level a t  the bridging 
amplifier for full-scale deflection of the recording milliammeter, with the linear 
rectifier. This level is sufficiently low to permit economical amplifier design, and 
high enough to prevent trouble from pick-up. 

Further refinement of equipment is unnecessary, due to the limitations of the 
recording milliammetcr. The hysteresis inherent in a medium priced instrument 
of this type is of the order of ‘/s per cent of full-scale deflection. The recorder 
bay has 56 inches of panel space. Patchable equipment appears a t  the jack row, 
below the volume indicator panel. 

In Pig. 3 the equipment from top to bottom (left-hand rack) is as follows: (1) 
volume indicator: (2) jack row; (3) preamplifier; (4)  graphic recorder; (5) 
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logarithmic rectificr; (6) bridging amplifier; (7) linear rectifier; (8) d-c. amplifier; 
(9) powcr supply; (10) a-c. power panel. 

All equipment has been constructed as compactly as possible for practical 
operation and maintenance. The two bays are rigidly mounted upon a wheeled 
base for rapid transportation. Microphonic response is negligible in the unit. 
The only source of supply necessary is 110 volts 60/eo-cycle a-c. The power con- 
sumption of the entire unit is 350 watts. 

FIG. 6. Graphic recorder. 

The assembly is very flexible and individual units are available, thus not con- 
fining the unit strictly to graphic recording. 

The recording unit may be uscd also for reverberation measurements, using the 
60-db. logarithmic rectifier. With increased speed of the synchronous chart drive, 
the exciting frequency may be interrupted and the decaying sound impulse re- 
corded. The recorded chart of sound intensity vs. time, over a GO-db. range, may 
then be used to  indicate reverberation time. This makes a complicated timing 
device unnecessary for normal reverberation period measurements. 
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The conccption of this unit and its dcvelopmcnt into a practical transmission 
mctcr was hy J.  K. Hilliard, Transmission Engineer; the designand constructionof 
the autotnatic recording unit was under the direction of G. M. Spraguc, Engineer, 
and thc new type of drive and warblc unit was developed by 0. L. Dupy, Re- 
cording Engineer, all of the Sound Department, M-G-M Studios. 

This equipnient has proved a very valuable tool in the measureincnt of filters, 
equalizers, calibration of microphones, acoustic response of loud speakers, and in 
thc standardization of review roorns. The characteristics of prints, printers, and 
noise and signal coniponents from film have also been studied a t  length to  great 
advantage. 

A CURVE-PLOTTING TRANSMISSION METER* 

L. A. AICHOLTZ** 

The most important frature of the transtriission recording meter described here 
is the compressor circuit. Fig. 1 shows thc complrte measuring system, com- 
prising an oscillator, at the center, the cornpressor circuit a t  thc left, and the re- 
cording meter a t  the right. The object ncxt to thc meter is a device made to hold 
a 630 microphone and either a 705 or D-97GY9 Wcstern Elcctric headphone for 
making routine microphone and headphone nieasuremcnts. 

Thc oscillator is an KCA serviceman’s oscillator, with a few refinements and a 
new panel which mounts the synchronous motor drive and other accessories. The 
recording meter is an Estcrline Angus rccording milliainmeter, also with syn- 
chronous motor drive. 

The purpose of the compressor circuit (Fig. 2 )  is to obtain a current in the re- 
cording rnctcr having a straight-linc rclationship in decibcls to the input signal. If 
for this purpose we employ a vacuum tube V ,  having its input circuit arranged like 
the fatniliar grid-leak-and-condenser detcctor, the bias for this tube, normally at 
zero, will increase negatively for any input signal, u p  to a value that is approxi- 
mately equal to the positive peak valuc of the input signal, and the plate current 
will dccrease accordingly. Fig. 3 shows that for niinimuni signal the plate cur- 
rent is maximum. 

If, then, the tube used has a grid voltage-plate currcnl characteristic that is 
logarithmic, thc change of d-c. platc current will bear the desired relation to the 
a-c. signal. The bcst vacuum tubcs available for this purpose are the so-called 
“super control” or variable-mu tubes, such as the RCA type 58. If one such tube 
is used in position V, the input signal-output characteristic will bc as shown by 
curve OA of Fig. 3. Note that this curve is rcasonably straight over a range of 
10 or 12 decihcls. However, a much greater rangc is desired, and it is possible 
to employ a second tube for this purpose, so connectcd as to placc its response 
curve a t  thc position BD. The dcparturcs from linearity of the two tubes are 

* Presented a t  the Spring, 1637, Meeting a t  Hollywood, Calif.; received M a y  
18, 1937. 

**  Universal Studios, Universal City, Calif. 


