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ABSTRACT

The conventional method of recording pulse data on magnetic tape
fails to fully utilize the optimum bit-packing capability of the re-
cording tape at pulse rates less than the design maximum. A simple
method of incremental recording is describedwherein the tape is stepped
one increment of length for each serial input pulse, allowing optimum
bit packing which is independent of pulse rate. The method is appli-
cable to multi-channel recording of variable pulse rates up to 100 pps
and to recording mediums other than magnetic tape. It is advantageous
where low power drain and long recording time without tape reloading are
required. An experimental miniature incremental magnetic tape recorder,
utilizing a commercially available stepping motor and having transistor-
ized logic and drive circuitry is described. Test results are given and
a method of data analysis for incrementally recorded tape by means of
conventional playback is presented.

~i



SUMMARY

The Problem

Design and fabricate an experimental incremental recorder and de-
termine the step length precision.

The Findings

A miniature incremental recorder, using a standard stepping motor
for tape movement and requiring minimum operating power, has been de-
signed, fabricated, and tested. Additional refinement of mechanical
design and circuitry is required to reduce step length variability
which was found to be as high as 12 percent. The method has applica-
tion to recording problems requiring long recording periods of
variable pulse rate up to 100 pps.
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INTRODUCTION

In the conventional method of magnetic tape data recording, the
tape is moved past the recording head at a fixed speed independent of
the input data rate. Optimum recorded bit density is achieved, during
direct pulse recording, only at the highest pulse repetition rate for
which the recorder was designed. The optimum bit density which can be
achieved in a given application is determined by the design of the
recording and reproducing heads, the characteristics of the magnetic
tape, and the precision of the tape motion.1 Whenever the input pulse
repetition rate becomes less than the design maximum, the recorded bit
density becomes less than optimum, resulting in what may be termed
"storage lossi' since the tape speed is independent of the pulse rate
being recorded. Storage loss can be reduced by making the tape move-
ment dependent upon the input pulse rate and may be accomplished by
moving the tape one discrete increment of length for each serial input
pulse. This method may be termed "incremental" recording.

The incremental method of recording is employed in many digital
magnetic recorders now in use. In these recorders the tape is moved in
discrete lengths at a synchronous rate on data command, usually by the
start-stop action resulting when a pressure roller is momentarily moved
against the tape, in contact with a constantly rotating capstan. For
computer applications, the high speed and precision of tape motion
which must be achieved necessitate complex mechanical and electrical
systems. These systems are ac operated and generally large and costly.

However, in some applications of recording serial pulse data, high
precision is not a requirement, whereas conservation of power, porta-
bility, and cost are important factors. In this report a new method of
incremental recording which meets these requirements anda technique for
playback are described. The recording method reported utilizes a
standard stepping motor to move the tape one discrete increment of
length for each serial input pulse of data or time. It is suitable for
low cost, battery-operated portable recorders in applications which do
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not demand high time resolution or which allow time resolution to be
compromised for increased storage on the tape,

APPROACH

Recording Method

Figure 1 shows basic circuitry required for the incremental recorder.
A three-channel system is shown, although additional channels might be
similarly used,

As each input pulse arrives on any channel, it is recorded on the
tape and, by means of the amplifying circuitry and stepping motor, it
causes the tape to be advanced one increment, For incremental record-
ing, the length of each step of the tape is fixed by the angular dis-
placement of the stepping motor, the gear reduction, and the capstan
diameter. This length is optimized to the minimum space required on
the tape for the recording of one bito1

A graphic illustration of a three-channel incrementally recorded
tape is shown in Figure 2, In this illustration, channels 1 and 2 are
data channels designated d and d'; channel 3 is a timing channel desig-
nated as t. The nominal step width illustrated is ,005 in.

In channels 1 and 2, the data are represented by the number of data
bits (d and d') recorded in each channel as a function of time, In
channel 3, all timing bits (t) represent 1-sec increments of time re-
gardless of spacing, ie,,, time tI to t2 is 1 sec; time t2 to tl9 is
17 sec.

In channel 1, less than 100 bits are represented between tI and t2,
The repetition rate is increasing and reaches a rate of 100 pps at dlO0o
Beyond this point, the design maximum, further recording and tape drive
by channel 2 is blocked by logic circuitry which will be discussed.

For the system illustrated, channels 1 and 2 record simultaneously
and have input pulse repetition rates in the ratio of 1000:1. There-
fore, channel 1 is represented with a bit spacing, or time period, of
about 0001 see, and the spacing in channel 2 between di and d2 is shown
as approximately 10 sec. Also in channel 2, the spacing between di and
di is shown as 9 sec to illustrate an increasing rate in that channel.
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Since bits are recorded serially with time, the channel having the
highest input pulse rate has the highest recorded bit density and also
is the predominant driving channel. In Figure 2, channel 1 is pre-
dominant until it is blocked from recording and driving at bit dlOo.
At this point channel 3, which has the highest input pulse rate, is the
predominant driving channel.

Recorded bits in the predominant driving channel are evenly spaced
at the nominal step length except when a noncoincident data pulse
occurs in another channel. Such a pulse causes a gap of one step length
in the bit spacing of the predominant channel. This situation is il-
lustrated in Figure 2 by the gap between pulses dI and d2 in channel 1
caused by the noncoincident pulse d' in channel 2. Coincidence between
input pulses in two or more channels causes but one step of the tape
and therefore does not cause a gap in the bit spacing of the predominant
channel. Pulse coincidence is illustrated between bits d2 and tl, dl0
and t 2 , d2 and t1 0 9 and d and t19. It should be noted that noncoinci-
dent pulses which occur during a drive cycle will cause but one step
of the tape. Therefore, the possibility exists that occasionally bits
will be recorded over previously recorded bits when a noncoincident
pulse occurs during the end of a drive cycle and is followed by a driv-
ing pulse in that same channel.

If optimum recorded bit spacing is 0.005 in., then storage loss is
greatly reduced if at least one bit is recorded in any one channel for
each segment of 0.005 in. over the tape length. Since the basis of the
incremental method is one tape step for each recorded noncoincident
input pulse, this condition is achieved, as Figure 2 illustrates.

Playback Method

The rate of the incrementally recorded data is computed during
playback on a conventional playback recorder at any convenient tape
speed. Since the time bits recorded in the timing channel represent
true time, this channel may serve as a time base against which the data
channels may be compared, This comparison can be made by counting the
number of recorded data bits in a data channel spaced between recorded
time bits in the timing channel, Standard pulse counting equipment may
be used for this purpose as illustrated in the block diagram of Figure 3.

With this playback method for an incrementally recorded tape, the
final data has the same form as that obtained from a conventionally re-
corded tape by the same playback method, within the time resolution
capabilities of the incremental system.
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Storage Capability

The storage capability of an incremental recorder and a conven-

tional recorder may be compared directly, provided each recorder has

identical tape capacity, recording head gap length, and recording pulse

rate capability.

A conventional recorder having a tape speed of 0.25 in./sec and a

recording head gap length of 0.0004 in. has, conservatively, a capa-

bility to record a range of pulse rates from 0 to 100 pps.l,
2 With a

tape capacity of 900 ft this recorder will record continuously without

tape reloading for a period of 12 hr.

An incremental recorder having the same recording head gap length,

the same tape capacity, and designed for an incremental tape step of

0.005 in./pulse, has a tape speed range which varies from 0 to 0.5 in./

sec over the pulse rate range of 0 to 100 pps.

It should be noted that the parameters established for this compari-

son yield a packing density of 400 bits per inch of tape at the maximum

rate of 100 pps for the conventional recorder. For the incremental

recorder the same maximum rate yields a packing density of 200 bits per

inch, due to the length of the step selected. Since the tape speed of

the incremental recorder varies according to the input pulse rate, a

tabulation of rate versus recording time is of interest. Such a tabu-

lation is presented in Table 1. If the maximum packing density of 400

bits per inch were achieved, the recording time would be essentially

two times the values shown in this table.

Since the conventional recorder described has a fixed recording time

of 12 hr, it is evident from Table 1 that for pulse repetition rates of

less than about 50 pps, the incremental recorder has the higher storage

capability. This comparison shows that the incremental recording method

is particularly applicable to long term recording where it is predict-

able that the average input rate will be below 50 pps. Where it is

predictable that the average rate will exceed 50 pps the conventional

recording method is advantageous for the conditions described.
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TABLE 1

Minimum Recording Time vs. Input
Pulse Rate for One Data Channel
of the Incremental Recorder

Data Pulse Minimum Hours of
Rate (Pulses/sec) Recording Time*

0 600

1 300

10 54.5

20 28.6

30 19.4

40 14.6

50 11.8

60 9.84
70 8.45

80 7t41

90 6.59

100 5.94

*For tape length of 900 ft, step length of

0.005 in., and timing pulse rate of 1
pulse/sec.
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DESCRIPTION

Incremental Recorder

A conventional miniature type of recorder* was converted into an in-
cremental type of recorder to implement an evaluation study of this
incremental recording method, The unmodified recorder had a rated tape
speed of 0.25 in./sec and utilized 900 ft of 1/4-ino wide, 1-mil thick,
Mylar recording tape on standard 5-in. diameter tape reels which pro-
vided a recording time of 12 hr. A three-channel in-line type head**,
having a head gap length of 0.0004 in., was used. This recorder was
selected for the conversion primarily because of its low tape drive
torque requirement. Figures 4a and 4b are photographs of the recorder
as modifed for incremental recording.

To convert the recorder to incremental drive, the capstan drive
motor was replaced by a "Cyclonome Stepping Motor," series 9ABOI***.
No modification of the speed reduction train or the capstan diameter
was made.

The stepping motor rotates 18 deg for each phase reversal of the
driving signal. When the driving signal is not sinusoidal, the cir-
cuitry must provide drive energy which is effectively AC. For 18 deg
steps, the motor is rated at 260 steps per second, In this application,
the simplified circuitry used provided 2 phase reversals for each input
pulse, causing the motor to rotate 36 deg per step or 130 steps/second.

The stepping motor driving the 0.24-in. diameter capstan of the re-
corder through its 15/1 speed reducing system resulted in the nominal
tape step length of 0.005 in, per input pulse.

Motor Characteristics

The motor is available with winding resistances from 1.2 to 3,400
ohms. For the application described, a winding having a resistance of
1.2 ohms was used to achieve an effective transfer of power from the
final transistor stage of the motor drive circuit.

*The Model T-112, manufactured by Precision Instrument Co., San
Carlos, Calif.

**Brush Type BK-1303.

***Manufactured by Sigma Instruments, Inc., So. Braintree, Mass.
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The drive torque requirement of the conventional recorder as modi-
fied for incremental recording was measured to be 35 g-cm. The stepping
motor used had a maximum rated torque of 80 g-cm and required 1/3 to
40 w input power, depending upon speed and mechanical loading.

The motor manufacturer has available several types of shaft coup-
lers and dampers designed to match the motor to the inertia and fric-
tion of a specific load. The type AT10 pneumatic damper was used as
both damper and coupler in this application.

PERFCRMANCE

Test Procedures

The incremental recorder described was tested to determine the
general quality of performance and precision of tape step length. The
tests included one-channel and two-channel recordings. No three-
channel recording tests were made.

For these tests the circuit shown in Figure 1 was used. A negative
input pulse of about 3.5 v amplitude and about 5.O-ms width was used as
a motor drive pulse for all one-channel tests,, Where two-channel tests
were performed, two such signals from separate pulse sources were used.
A minimum length of 6 ft of tape was recorded during each test run.

One-channel recordings were made to determine the deviation of the
step length of the recorder from the design value as a function of
input pulse rate. In one series of tests, the 5.0-ms motor drive pulse
was also used for recording. Under this condition, recording occurred
during tape motion. However, it was found that the tape motion was
delayed by about 1 ms due to system inertia; and in a second series of
tests, a 0.3-ms recording pulse, synchronized with the start of the
drive, was used to assure recording of the pulse before the tape motion
started, thereby improving the resolution of the recorded bits.

At a constant playback speed of 7 1/2 in./sec, it was expected that
the period of pulses recorded at a step length of .005 in. would be

*Manufactured by Sigma Instruments, Inc., So, Braintree, Mass.
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0.67 ms and would be independent of the period of the recorded pulse.
The deviation of the step length was determined during playback by
comparing the measured period to the expected period of 0.67 Ms.

Two-channel recordings were made to establish the feasibility of
this method of recording multichannel pulse data as a function of time.
In these tests, either a 1- or l0-pps timing pulse was recorded in the
timing channel, and data pulses of equal or higher repetition rate
were recorded in a second channel. The ratio of the pulse rates re-
corded on the two channels was made constant. During playback, the
ratio was measured as illustrated in Figure 3. Performance was de-
termined by comparing these ratios.

Test Results

Step Length Deviation. Table 2 summarizes the results of the one-
channel recording tests. The uncertainty in these tests was estimated
to be less than +1 percent.

TABLE 2

Summary of Results of One-Channel
Tests Showing Step Length Deviation

Percent Deviation* Percent Deviation*

For 5.0 ms Record For 0.3 ms Record
Rep. Rate Pulse Pulse

(pps) High Average Low High Average Low

(a) 60 +3.0 -1.1 -4.6

(b) 60 +0.7 -0.2 -1.2

(c) 100 +100 0 -9.1 +6.1 -o.4 -12.1

(d) 100 +0.5 -0.6 -2.0 +08 -0°2 -1.8,

*Percent deviation = Measured Period - Expected Period'. 100%
Expected Period

NOTE: Step length deviation is proportional to the period
deviation. The average deviation for (a) and (c) was
based upon approximately 100 period measurements.
The average deviation for (b) and (d) was based upon
approximately 10 measurements of the average of ten
periods.

8



Although data are shown for recorded repetition rates of 60 and

100 pps, the tests included repetition rates as low as 1 pps. Perform-
ance below 60 pps did not differ significantly from that shown in Table
2 for 60 pps. The increase in the deviation of the step length from
that of the 60 pps test to that of the 100 pps test is attributed to
inefficient drive circuitry combined with mechanical resonances in the
capstan drive linkage. Performance will be considerably improved by
use of more elaborate circuitry and by selecting a more suitable cou-
pling to the stepping motor. Further evidence of unsatisfactory motor
coupling was foundduring tests as the iiiput"pulse rate was slowly
varied over a range of 1 to 100 ppso Occasionally, the direction of
shaft rotation would reverse, indicating excessive load inertia and the
need for additional compliance in the coupling.

The step length deviation, shown in (a) and (d) of Table 2, estab-
lished the maximum tolerance of the length of tape moved in a single
step. This tolerance was a maximum of about 12 percent at 100 pps,
the pulse rate design limit of the recorder. Therefore, the step
length achieved was a minimum of about .0044 in. and a maximum of .0056
in. of tape length, well over the minimum of .0025 in. required for
satisfactory bit resolution with the recording head and tape used. Con-
sequently, a step length shorter than 0,005 in. could have been used.

Two-Channel Recording. Table 3 summarizes the results of the two-
channel recording tests.

TABLE 3

Summary of Results of Two-Channel Tests

Recorded Rep. Rate Playback
DataChan Time Chan Recorded Ratio % Deviation* % Deviation"

(pps) (pps) Ratio High Low High Low Expected

10 10 1 1.00 1.00 0 0 +100

10 1 10 10.0 9.00 0 -10.0 +10

50 1 50 51.o 47.0 +2.00 -6.00 +2

50 10 5 5.00 4.00 o -20.0 +20

66 1 66 68.0 55.0 +3.00 -16.7 ±1.52

*Percent deviation.= Playback ratio - Recorded Ratio X 100%Recorded Ratio

**Due to system resolution = +1 increment
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These results demonstrate that above 50 pps the deviation measured gen-
erally exceeded the maximum deviation which would be expected from the
system resolution alone. (The system cannot resolve fractions of an
increment.) From these data and visual observation during recording,
it was determined that the excess deviation resulted from the inability
of the recorder to reliably resolve pulses from either channel which
arrived within a time of about 10 ms. The presence of drive pulses
separated by less than 10 ms tended to disrupt the normal stepping
cycle of the motor and resulted in a loss or increase of steps.

This condition may be eliminated by the system shown in Figure 5.
In this circuit, an "And" gate is inserted before the power amplifier
and a univibrator (SS4) is placed in a feedback loop from the power
amplifier output to the control input of the "And" gate. The "And"
gate passes data pulses when no signal is present at its control input.
The first data pulse through the gate passes to the power amplifier
as a 5-ms pulse, driving the stepping motor. The trailing edge of this
pulse is used to trigger the univibrator, producing a 5-ms "off" pulse
at the control input of the '"And" gate. The gate therefore rejects
all pulses occurring within 5 ms of the end of a driving signal and
ensures a minimum spacing of 10 ms between driving pulses. However,
all pulses are recorded in the two channels of the magnetic tape, as
previously described.

Resolution. The pulse resolution and band width of the recorder
were basically limited by the capability of the stepping motor to re-
spond to two or more successive pulses. Pulse resolution as a function
of input rate was checked by the technique of double pulsing. A 5-ms
drive pulse was introduced to one input of the recorder (Fig. 1) and the
same pulse, delayed by 10 ms, was introduced to the second input, thus
ensuring drive from pulse pairs. Successive pulse pairs were generated
up to a rate of 50/sec, the rate at which all pulses generated were
separated by 10 ms and the effective drive was 100 pps. When driven in
this manner, the response of the stepping motor, as observed visually,
was satisfactory with pulse pairs in the range of 1 to 50/sec. The
maximum resolution of the motor was not determined because of limita-
tions imposed by the motor drive circuitry, which set the drive cycle
at 10 ms.

Stepping Speed. Although the motor used is capable of 130 (36 deg)
steps/sec, the design maximum synchronous input rate of the recorder
was arbitrarily limited to 100 pps. Where it is predictable that the
input pulse rate of a channel may exceed the maximum stepping rate of
the recorder, provision must be made for motor drive cut-off beyond
that rate. No such provision was made in the design of this recorder.
A circuit to perform this function is shown in Figure 5, and includes
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the circuitry inserted between the two "pulse shapers" in "channel 1."

In operation, the control gate is normally on and an input pulse
passes to the pulse shaper. Each input pulse triggers univibrator SS1
which triggers univibrator SS2 after a 1-ms delay. The output of SS2
closes the control gate for 9 ms and is also applied to the "And"
gate. A second input pulse, and all subsequent pulses, spaced by 10 ms
or more, pass through the control gate which is returned to the "on"
condition within the 10-ms time interval. However, a second pulse
spaced by less than 10 ms from the initial pulse will be blocked by the
control gate which is held "off" by SS2o Also, univibrator SS3 is
triggered by the input pulse through the "And" gate and its output is
applied to the gate for 11 ms, keeping the control gate "off" after SS2
returns to its normal state. The pulse width of SS3 was selected
arbitrarily to provide a high probability of overlap between the outputs
of SS2 and SS3 for pulse rates above 100 pps. Therefore, essentially
all subsequent pulses spaced by less than 10 ms continue to be blocked
by the control gate which is held "off" by the output of SS2 or SS3.
(Other circuits may be utilized to perform this function.)

Shielding. The proximity of the recording head to the stepping
motor necessitated magnetic shielding. It was found that three sheets
of .005-ino thick Netic S--3-6* material between the motor and recording
head reduced the magnetic field at the head to a satisfactory level.

CONCLUSIONS AND RECOMMENDATIONS

In the recording of pulse data of variable rate, the incremental
recording method is applicable as a. means of conserving tape footage
and increasing recording time capability. This statement implies re-
duced playback time for a given recorded data span. Basically, the
method is suitable for all applications requiring constant bit density
recording of digital data.

The method is attractive for many recording applications where bat-
tery operation is a requirement. The motor drive and logics circuitry
may be transistorized by using standard components and techniques. Cir-
cuitry may be designed to be essentially cut off during periods between

*Manufactured by the Magnetic Shield Division of the Perfection Mica
Co., Chicago, Ill,
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input pulses, thereby conserving power.

Within the present techniques, incremental magnetic recording is
limited by the capability of the stepping motor to a relatively low
range of pulse rates. For the recorder described, the maximum synchro-
nous pulse rate is limited to about 125 pps.

The step length is limited primarily by the optimum bit density for
the recording head and tape used and by the precision of the step mo-
tion. The optimum bit density of the recorder described was 400
bits/in;, resulting in a minimum possible length of .0025 in. The pre-
cision of the step motion actually achieved would allow the nominal
.005-ino step used to be reduced to .004 in. or less without reducing
the reliability of the recorder The reduced step length would allow
an increase in recorded bit density of at least 25 percent, with a
similar increase in recording time capability

Promising areas for further investigation are outlined below:

1. Circuitry, The circuit refinements described should be
developedo

2. Stepping Motors, A survey of available stepping motors is
advisable. In particular, the Digitork Model S18* should be investi-
gated. The manufacturer claims instantaneous starting at rates up to
600 cps for this motor, although 24 V/DC operation is a requirement.

3. Tape Drive Techniques. Since only a o005-ino tape step is
required, reciprocating rather than rotating motions to drive the tape,
such as may be applied by solenoid or magneto-strictive devices, are
an interesting possibility,

4. Reduced Recording Haea h Use of a micro-gap record-
ing head would allow an increase in recorded bit density and make pos-
sible a shorter incremental tape step.

5. Spring Power Drive0 A promising means of reducing the drive
power requirement is by use of a Negator spring**o The power of the
Negator spring might be released through an escapement controlled by
the input pulse rate0

* Pace Controls Corporationt Needham Heights 94, Mass0

"Manufactured by the Hunter Spring Co.9 Lansdale, Pa,
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6. Other Incremental Techniques. A variation in incremental re-
cording of one channel of data is conceivable where the recorded time
bit spacing is made proportional" to the input data rate. Time bits are
recorded; input data pulses step the tape but are not recorded. The
data rate is determined during conventional playback as a function of
the time period between recorded time bits. This technique essentially
consolidates the time channel and one data channel. With this method,
the time resolution is established by the recorded time base actuating
the drive motor. By providing one or more time bases of a higher fre-
quency on additional channels, the resolution of the recorder is in-
creased proportionally. These time bases are recorded but do not
actuate the stepping votor.
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Fig. 1 Incremental Recorder Basic Drive Circuitry
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Qii

Fig. Conventional Recorder Modified for Incremental Recording.
A. Modified drive, showing stepping motor replacing

the conventional motor;
B. Unmodified front deck of the recorder.
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70 CG, Engineer Res. and Devo laboratory
71 Director, Office of Special Weapons Development
72 CO, Watertown Arsenal
73 CG, Ordnance Tank-Automotive Command
74 CO, Ordnance Materials Research Office, Watertown
75 CO, Picatinny Arsenal
76 CO., Frankford Arsenal
77 Jet Propulsion Laboratory
78 Army Ballistic Missile Agency

AIR FORCE

79 Assistant Chief of Staff, Intelligence (AFCIN-3B)
80-85 Commander, Aeronautical Systems Division (ASAPRD-NS)
86 Directorate of Civil Engineering (AFOCE-ES)
87 Director, USAF Proj'ct RAND
88-89 Commandant, School of Aerospace Medicine, Brooks AFB
90 Office of the Surgeon (SUP3ol), Strategic Air Command
91 Office of the Surgeon General
92 Commander, Special Weapons Center, Kirtland AFB
93 Commander, Special Weapons Center (SWRB)
94 Director, Air University Library, Maxwell AFB
95-96 Commander, Technical Training Wing, 3415th TTG
97 Hqo, Second Air Force, Barksdale AFB
98 Commander, Electronic Systems Division (CRZT)

OTHER DOD ACTIVITIES

99-101 Chief, Defense Atomic Support Agency (Library)
102 Commander, FC/DASA, Sandia Base (FCDV)
103 Commander 9 FC/DASA, Sandia Base (FCTG5, Library)
104 Commander, FC/DASA, Sandia Base (FCWT)
105-114 Armed Services Technical Information Agency
115 Director, Armed Forces Radiobiology Research Institute

OCD

116 Office of Civil Defense, Washington
117 Office of Civil Defense, Battle Creek
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AEC ACTIVITIES AND OTH iS

U18 Research Analysis Corporation
119 Texas Instruments, Inc. (Houser)
120 Aerojet General, Asusa
121 Aerojet General, San Ramon
122 Alco Products, Inc.
123 Allis-Chalmers Manufacturing Co., Milwaukee
124 Allis-Chalmers Manufacturing Co., Wauhington
125 Allison Division - C
126-127 Argonne Cancer Research Hospital
128-137 Argonne National Laboratory
138 Atomic Bomb Casualty Commission
139 ABC Scientific Representative, France
140-142 Atomic Energy Commission, Washington
143-146 Atomic Energy of Canada, Limited
147-150 Atomics International
151 Babcock and Wilcox Company
152-153 Battelle Memorial Institute
154 Beryllium Corporation
155-158 Brookhaven National Laboratory
159 Bureau of Mines, Albany
160 Bureau of Mines, Salt Lake City
161 Carnegie Institute of Technology
162 Chicago Patent Group
163 Columbia University (Havens)
164 Combustion Engineering, Inc.
165 Combustion Engineering, Inc. (NRD)
166 Committee on the Effects of Atomic Radiation
167-168 Convair Divisiono Fort Worth
169-173 Defence Research Member
174 Denver Research Institute
175 Division of Raw Materials, Washington
176 Dow Chemical Company, Rocky Flats
177-180 duPont Company, Aiken
181 duPont Company, Wilmington
182 Edgerton, Germeshausen and Grier, Inc., Goleta
183 Edgerton, Germeahausen and Grier, Inc., Las Vegas
184 Franklin Institute of Pennsylvania
185 General Atomic Division
186-187 General Electric Company (ANPD)
188-191 General Electric Company, Richland
192 General Electric Company, St. Petersburg
193 General Nuclear Engineering Corporation
194 Gibbs and Cox, Inc.
195 Glaistone, Samuel
196 Goodyear Atomic Corporation
197 Hawaii Marine Laboratory
198 Hughes Aircraft Company, Culver City
199 Iowa State University
200-201 Knolls Atomic Power Laboratory
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202 Lockheed Aircraft Corporation
203-204 Los Alamos Scientific Laboratory (Library)
205 Lovelace Foundation
206 Maritime Administration
207 Martin Company
208 Massachusetts Institute of Technology (Thompson)
209-210 Midwestern Universities Research Association
211 Mound laboratory
212 NASA, Lewis Research Center
213 National Bureau of Standards (Library)
214 National Bureau of Standards (Taylor)
215 National Lead Company of Ohio
216 New Brunswick Area Office
217 New York Operations Office
218 New York University (Eisenbud)
219 Nuclear Materials and Equipment Corporation
220 Nuclear Metals, Inc.
221 Oak Ridge Institute of Nuclear Studies
222 Patent Branch, Washington
223-226 Phillips Petroleum Company
227 Power Reactor Development Company
228-229 Pratt and Whitney Aircraft Division
230 Princeton University (White)
231-232 Public Health Service, Washington
233 Public Health Service, Las Vegas
234 Public Health Service, Montgomery
235 Rensselaer Polytechnic Institute
236-237 Sandia Corporation, Albuquerque
238 Sandia Corporation, Livermore
239 States Marine Lines, Inc.
240 Tennessee Valley Authority
241-242 Union Carbide Nuclear Company (ORGDP)
243-248 Union Carbide Nuclear Company (ORNL)
249 Union Carbide Nuclear Company (Paducah Plant)
250 United Nuclear Corporation (NDA)
251 UoSo Coast and Geodetic Survey, Washington
252 U.S. Geological Survey, Denver
253 U.S. Geological Survey, Menlo Park
254 UoSo Geological Survey, Naval Gun Factory
255 U.S. Geological Survey, Washington
256-257 University of California Lawrence Radiation Lab., Berkeley
258-259 University of California Lawrence Radiation Lab., Livermore
260 University of California, Los Angeles
261 University of California, San Francisco
262 University of Chicago Radiation Laboratory
263 University of Puerto Rico
264 University of Rochester (Atomic Energy Project)
265 University of Rochester (Marshak)
266 University of Utah
267 University of Washington (Geballe)
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268 University of Washington (Rohde)
269 Western Reserve University
270-273 Westinghouse Bettis Atomic Power laboratory
274 Westinghouse Electric Corporation
275 Yankee Atr.:nic Electric Company,
276-300 Technical Information Service, Oak Ridge

USNRDL

301-325 USNHDL, Technical Information Division
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