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Functions and Activities 

The functions of the National Bureau of Standards are set forth in the Act of Congress, March 3, 1901, as 

amended by Congress in Public Law 619, 1950. These include the development and maintenance of the na¬ 

tional standards of measurement and the provision of means and methods for making measurements consistent 

with these standards; the determination of physical constants and properties of materials; the development of 

methods and instruments for testing materials, devices, and structures; advisory services to government agen¬ 

cies on scientific and technical problems; invention and development of devices to serve special needs of the 

Government; and the development of standard practices, codes, and specifications. The work includes basic 

and applied research, development, engineering, instrumentation, testing, evaluation, calibration services, 

and various consultation and information services. Research projects are also performed for other government 

agencies when the work relates to and supplements the basic program of the Bureau or when the Bureau’s 

unique competence is required. The scope of activities is suggested by the listing of divisions and sections 

on the inside of the back cover. 

Publications 

The results of the Bureau's research are published either in the Bureau’s own series of publications or 

in the journals of professional and scientific societies. The Bureau itself publishes three periodicals avail¬ 

able from the Government Printing Office: The Journal of Research, published in four separate sections, 

presents complete scientific and technical papers; the Technical News Bulletin presents summary and pre¬ 

liminary reports on work in progress; and Basic Radio Propagation Predictions provides data for determining 

the best frequencies to use for radio conununications throughout the world. There are also five series of non¬ 

periodical publications: Monographs, Applied Mathematics Series, Handbooks, Miscellaneous Publications, 

and Technical Notes. 

A complete listing of the Bureau’s publications can be found in National Bureau of Standards Circular 

460, Publications of the National Bureau of Standards, 1901 to June 1947 ($1.25), and the Supplement to Na¬ 

tional Bureau of Standards Circular 460, July 1947 to June 1957 ($1.50), and Miscellaneous Publication 240, 

July 1957 to June 1960 (Includes Titles of Papers Published in Outside Journals 1950 to 1959) ($2.25); avail¬ 

able from the Superintendent of Documents, Government Printing Office, Washington 25, D. C. 
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MULTICHANNEL INSTRUMENT TAPE RECORDER 

SYSTEM FOR AIRCRAFT 

M. J. Vetter 

1. General Description 

This recorder system was developed primarily to be 

used for battery operation in conjunction with an airborne re- 

fractometer. However, it is quite versatile and can be used in 

many instrumentation problems requiring accurate recording 

in the range of 0 - 90 c/s. Solid state components are used 

throughout in the plug-in printed circuit cards. 

2. Specifications 

Size:? -9/l6 in. x 10-7/16 in, x 15-ll/l6 in. 

Weight: l6 lbs 

Power: 22 to 30 vd-c Record: 0. 37a: Playback: 0. 35a (Motor 0. 15a) 

Tape: l/2 in. on 5 in. reels 

Tape speed: 1-7/8 in. per second plus fast forward and rewind 

Recording time: 1 hr and 36 min with 1 mil tape 

Number of channels: 7; 5 data, 1 compensation, 1 audio 

Type of recording: wide band EM saturation 

Input level: 1 v rms fori 40 % deviation. Gain control for higher 

input levels 

Input impedance: 10 K unbalanced to ground 

Number of playback discriminators: 4; 3 data, 1 compensation 

Output level: 10 v p-p at 3 mia unbalanced to ground 

Output impedance: less than 100 ohms 





Bandwidth: 0 - 90 c/s i 1 db with 500 c/s carrier 

Noise level: down at least 40 db from full scale for 0 - 90 c/s 

Linearity: less than 19'deviation from best straight line 

The functional diagram is shown in figure 1. 

3, Recording Oscillators 

Six recording oscillators are provided (fig. 2;, in¬ 

cluding a reference oscillator. This reference unit is identical 

to the others but has no provision for external modulation. 

These voltage controlled oscillators are based on a 

very stable and linear saturable core device and a d-c amplifier 

having a high degree of negative feedback. The input to this 

amplifier consists of two transistors in a complementary design 

to give good temperature, stability, and gain characteristics. 

Controls on the oscillator cards consist of center frequency, 

input zero and a gain control that preserves the comiplementary 

conditions of the input amplifier regardless of changes in gain or 

input impedance. 

Each VCO requires approximately 8 rm. at 18 v and will 

supply 3 rna rm s or more to a recording head. Carrier frequency 

may be changed by replacing the saturable core toroid but the 

simplicity of the complete oscillator does not justify the use of 

plug -in toroids. 

4. Discriminators 

The four discriminators (fig. 3) may be used simul¬ 

taneously, three as data, discriminators and one to supply wow 

and flutter compensation voltage to the others. This ccmpensaticn 
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voltage is added to the data channels in two fashions. One 

addition is made to be effective under conditions of ma^:imuin 

excursion of the carrier frequency. This requires a phase delay 

in error voltage and, consequently, gives poor coixipensation tor 

high frequency components. A second a.ddition is m:ade, with 

matched phase characteristics, to be effective primarily for high 

frequency components. 

The compensation discrimiinator also supplies a 

"return to zero" voltage to the data channels, should there be a, 

loss of carrier. One control, a centering adjustment, is 

provided on this discriminator card. 

The data discriminators are similar to the compensation 

unit. A more elaborate output amplifier is added to provide good 

baiid-pass response, zero output voltage at center frequency/, 

and limiting of output voltage together with a "y eturii to zero" 

provision Two controls are provided on these cards, cei:terin.g 

and output gain, 

A simple three-transistor amplifier receives the 

recorded carrier from the tape and in turn triggers a pulse 

generator to provide precisely controlled pulses for the pulse 

counter. Triggering will take place with as little as 25y!V from the 

head. 

5. Altitude Transducer 

A self-contained altitude transducer (fig. 1) provides a 

d-c voltage proportional to altitude in the 0-50, 000 ft range. A 

VCO designated "5A" is normally reserved and calibrated for use 

with this transducer. 
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6. Audio System 

Provisions are made for recording and playback of 

voice (fig. 6 ). The input impedance is high (for a crystal 

microphone, etc. ) and the class B output amplifier provides 

adequate power for the self-contained speaker. 

7. Power Supply 

Regulated voltages of + 18 v, + 15 v, + 10 v and - 10 v 

are developed for use within the equipment (fig. 5). The + 18 v 

and - 10 V supplies are adjustable with the - 10 v supply being set 

to within ± 0. 1 volts of the + 10 v supply. A diode in series with 

the primary power source removes the danger of reversing the 

polarity of that source. 

8. Operation 

To record - 

Information to be recorded is introduced on any of the 

five BNC connectors at the rear of the instrument, together with 

microphone and power connections. "REC - CAL - P. B. " 

switch should be on "REC". "MONITOR" switch should be at "A" 

(discriminators B, C, and compensation are disabled during 

record). "DISCRIMINATOR A" switch indicates which recording 

channel is being monitored and, unless the compensation channel 

("COMP CHAN") switch is at "IN", the condition of that channel 

is then shown on the panel meter. If the meter exceeds its limits 

on any channel, the modulation to that channel should be reduced. 

The "TRANSDUCER" switch controls the input to channel "5A" and 

should be on "OP" to record altitude or on "EX" if this channel is 
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required for other purposes. 

The "AUDIO GAIN" control should be set by experience 

with the type of microphone used. 

The "B" and "C" "DISCRIMINATOR" switches are not 

used during record and their positions are immaterial. 

Knobs to operate fast forward and rewind clutches are 

positioned beneath the tape deck and are engaged by a clockwise 

movement. These controls should never be operated with the 

motor switch on and only the motor switch should be used to start 

or stop the tape. 

To playback - 

The outputs of discriminators "A", "B", and "C" are 

connected to appropriate recording mechanisms through 

connectors at the rear of the instrument. 

"REC - CAL - P. B. " switch is on "P. B. " (A red light 

glows on "REC" and "CAL" indicating that previously recorded 

tape will be "wiped off" if operated under these conditiorrs). The 

"MONITOR" switch should be on "A", "B", or "C" depending upon 

which discriminator is to be monitored on the panel meter. The 

compensation channel ("COMP CHAN") switch will normally be 

at "IN", though it may be switched to "OUT" if no compensation 

voltage is desired. 

The three data discriminators may be connected to any 

of the five data channels by the positioning of the three dis¬ 

criminator switches. It is not recommended that more than one 

discriminator be connected to the sam.e data channel simultaneous! 

The same audio gain control is used for both record and playback 
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and is set to operator's convenience. 

To calibrate - 

With the main function switch at "CAL" all components 

of the system are activated and may be interconnected and 

operated under a wide variety of conditions. 

The "MONITOR" switch allows the meter to check the 

full scale output of the three discriminators. Center reading of 

the meter indicates center frequency (500 c/s), extreme left or 

-5 volts indicates "center frequency - 40% " and extreme right 

or + 5 volts indicates "center frequency + 40% ". This switch 

on "Bt. " (beat) also allows the meter to visually indicate zero 

beat between the reference oscillator and any one of the five 

data oscillators as indicated by the positioning of "DISCR.IMINATC>R 

A" switch. 

The compensation channel ("COMP CHAN") switch 

supplies a reference voltage of approximately + 10 v to the data 

discriminators. At position "IN" this voltage is produced by the 

compensation disc rimiinator, otherwise by a fixed source. This 

switch also provides a - 40% and a + 40% modulation to the 

reference oscillator, so that on "CAL" and in conjunction with 

"MONITOR" switch and "DISCRIMINATOR A" switch, any data 

oscillator may be visually zero beat against the reference 

oscillator at - and + 40% in addition to the center frequency. 

Also any data discriminator may be excited by tlie reference 

oscillator so that the meter and the discriminator itself may be 

calibrated at the center and either extreme. 

The transducer switch, in addition to "OP" and "EX", 
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has four calibration positions for recording oscillator "5A". 

These positions, "0", 25" 5", "1. 0" are respectively 

equivalent to, 0-12, 500 ft - 25, 000 ft - 50, 000 ft on the output 

potentiometer of the altitude transducer. 

The frequency and recording current, supplied by any 

one of the six oscillators, may be checked externally by a monitor 

connection at the rear of the unit. The channel appearing at this 

point is indicated by the position of the "DISCRIMINATOR A" 

switch. This informati on may be used at either "REC" or "CAL" 

position of the main function switch. 

Use of the aforementioned information allows easy 

calibration of the ten printed circuit cards. The oscillator cards 

are normally set at center frequency for zero input voltage An 

exception is card "5A" which is offset to accommodate the altitude 

transducer, center frequency in this case being equivalent to 

25, 000 ft. Gain adjustments are set for full scale modulation at 

maximum input voltage and input zero adjustments are set to 

provide minimum frequency variation versus input impedance 

variations, when no input voltage is applied. 

The single compensation centering adjustment matches 

the center frequency compensation voltage to that of the + 10 v 

supply. Changing the compensation channeT {"COMP CHAN") 

switch from "IN" to "OUT", under these conditions, should 

provide minimum variation in the output of the data discriminators. 

The data discriminator centering adjustments will pro¬ 

vide zero output voltage from the individual discriminators when 

each is excited by a signal at the center frequency. The output gain 
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adjustments are set to provide a maximum output variation of 

10 volts for a full scale modulation (- 40% to 4 40% ) of the 

carrier frequency 

Figures 6, 7, and 8 show the complete unit and each of 

the three types of cards, VCO, data discriminator and compensa¬ 

tion discriminator. The transport is a Model TT-100, 

Precision Instrument Corporation with a Honeywell head Model 

1407AP. 
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LIST OF ILLUSTRATIONS 

1. Functional diagram 

Z. Voltage controlled oscillator 

3. Discriminators 

4. Audio section 

5. Power supply 

6. Front view 

7. Rear view 

8. Printed circuit cards 
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THE NATIONAL BUREAU OF STANDARDS 

The scope of activities of the National Bureau of Standards at its major laboratories in Washington, D.C., and 

Boulder, Colorado, is suggested in the following listing of the divisions and sections engaged in technical work. 

In general, each section carries out specialized research, development, and engineering in the field indicated by 

its title. A brief description of the activities, and of the resultant publications, appears on the inside of the 

front cover. 

WASHINGTON, D.C. 

Electricity. Resistance and Reactance. Electrochemistry. Electrical Instruments. Magnetic Measurements. 

Dielectrics. High Voltage. 

Metrology. Photometry and Colorimetry. Refractometry. Photographic Research. Length. Engineering Metrology. 
Mass and Scale. Volumetry and Densimetry. 

Heat. Temperature Physics. Heat Measurements. Cryogenic Physics. Equation of State. Statistical Physics. 

Radiation Physics. X-ray. Radioactivity. Radiation Theory. High Energy Radiation. Radiological Equipment. 
Nucleonic Instrumentation. Neutron Physics. 

Analytical and Inorganic Chemistry. Pure Substances. Spectrochemistry. Solution Chemistry. Standard Refer¬ 

ence Materials. Applied Analytical Research. 

Mechanics. Sound. Pressure and Vacuum. Fluid Mechanics. Engineering Mechanics. Rheology. Combustion 

Controls. 

Organic and Fibrous Materials. Rubber. Textiles. Paper. Leather. Testing and Specifications. Polymer Struc¬ 
ture. Plastics. Dental Research. 

Metallurgy. Thermal Metallurgy. Chemical Metallurgy. Mechanical Metallurgy. Corrosion. Metal Physics. Elec¬ 
trolysis and Metal Deposition. 

Mineral Products. Engineering Ceramics. Glass. Refractories. Enameled Metals. Crystal Growth. Physical 

Properties. Constitution and Microstructure. 

Building Research. Structural Engineering. Fire Research. Mechanical Systems. Organic Building Materials. 

Codes and Safety Standards. Heat Transfer. Inorganic Building Materials. 

Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathematical Physics, Op*- 

erations Research. 

Data Processing Systems. Components and Techniques. Computer Technology. Measurements Automation. 

Engineering Applications. Systems Analysis. 

Atomic Physics. Spectroscopy. Infrared Spectroscopy. Solid State Physics. Electron Physics. Atomic Physics. 

Instrumentation. Engineering Electronics. Electron Devices. Electronic Instrumentation. Mechanical Instru¬ 

ments. Basic Instrumentation. 

Physical Chemistry. Thermochemistry. Surface Chemistry. Organic Chemistry. Molecular Spectroscopy. Mole¬ 

cular Kinetics. Mass Spectrometry. 

Office of Weights and Measures. 

BOULDER, COLO. 

Cryogenic Engineering. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. Cryogenic Tech¬ 

nical Services. 

Ionosphere Research and Propagation. Low Frequency and Very Low Frequencv Research. Ionosphere Research. 

Prediction Services. Sun-Earth Relationships. Field Engineering. Radio Warning Services. Vertical Soundings Re¬ 

search. 

Radio Propagation Engineering. Data Reduction Instrumentation, Radio Noise. Tropospheric Measurements. 
Tropospheric Analysis. Propagation-Terrain Effects. Radio-Meteorology. Lower Atmosphere Physics. 

Radio Standards. High Frequency Electrical Standards. Radio Broadcast Service. Radio and Microwave Materi¬ 
als. Atomic Frequency ana Time Interval Standards. Electronic Calibration Center. Millimeter-Wave Research. 

Microwave Circuit Standards. 

Radio Systems. Applied Electromagnetic Theory. High Frequency and Very High Frequency Research. Modulation 

Research. Antenna Research. Navigation Systems. 

Upper Atmosphere and Space Physics. Upper Atmosphere and Plasma Physics. Ionosphere and Exosphere 
Scatter. Airglow and Aurora. Ionospheric Radio Astronomy. 

USCOMM.NBS-aL 
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