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ABSTRACT

The Model X-0BS Oscilloscope was subjected to electrical tests
to determine its compliance with Navy Specifications R¥E-9624-B and
- %o check its applicability in calibration of time-sweep circuits of
the Model AN/SPA-1 and RDJ Pulse Analyzers. The equipment failed %o
meet many of the specifications. The design of some of the circuits
is unsatisfactory, since the vacuum tube electrode voltages exceed
the absolute maximum values as stated in the JAN Tube Specifications.
The performance of the equipment is not considered satisfactory. 4
complete redesign of the circuits is recommended,
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INTRODUCTION

¥e! The Model X-0BS Cathode Ray Oscilloscope was designed for
shipboard use, The Oscilloscope has sweep time durations of 5, 20,
100, 500 and 5000 microseconds which may be externally triggered,
Therc is also an internal oscillator which allows the oscilloscope

to be used as a synchroscope. The equipment was submitted for
corplete electrical and mechanical tests and to determine its appli-
cability in calibration of the time sweep circuits of the Model
AN/SPA-1 and RDJ Pulse Analyzers., Investigatinns of the electrical
characteristics were made at the Naval Research Laboratory fron

7 August 1945 to 20 September 1945 under authorization of reference le
The tests made and the results obtained are discussed in this report,

RESULTS -OF TESTS

e Arplitude Variation of Calibration Sine Waveg, The amplitude
of the nne-microsecond sine waves was constant at .2 inch on the 5
and 20 microsecond sweeps., There was a slight variation in amplitude
on the 100 microsecond sweep, but the sine waves are not usable on
this sweep. The 20 microsecond sine waves have an amplitude of +38
inches on the 100 microsecond sweep. On the 500 nicrosecond sweep,
the amplitude varies from .39 to .35 inches or approximately ten per-
cent, On the 5000 microsecond sweep the varistion is much greater
and again the sine waves are not usable. The specifications require
that the variation in amplitude does not exceed 5%.

3. Accuracy of Sine Wave Frequency. The accuracy of the calibra-
tion sine waves was within 3,6% of the desired frequency. Thig is
within the specifieation requirements of 5%.

4, Sweep Linearity., A Radar Range Calibrator Type CWEOABZ was
used to measure the time required for the sweep to cover ten divisions
of the scale (on the face of the scope) at the beginning of the swecp,
and ten divisions at the end of the sweep, The specifications require
the sweep to be linear within 2%, This requirement was not met, The
5 microsecond sweep was linear only within 10%; the ten divisions

were covered in 1.1 microseconds at the beginning of the sweep and

1.2 microseconds at the end of the sweep, The 20 nicrosecond sweep
deviated from linearity by 13,3%; the measured portion of the sweep
was covered in 3.78 microseconds at the beginning and 4,36 micro-
seconds at the end. The 100 microsecond sweep was linear within 5.8%s
On this sweep, ten divisions on the scale equaled 19.5 microseconds

at the beginning while the same distance at the end of the sweep was
covered in 20.7 microseconds, The 500 micresecond sWweep was linear
within 26%, the portion of the sweep measured at the beginning being
38,5 microseconds shorter than the poertion at the end, The 5000
nicrosecond sweep deviated from linearity by 15%, The portion of
sweep measured at the beginning of the sweep was 70 microseconds shorter
than the portion at the end of the sweep.
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5e Iffect of Varvine Trigzer Pulse Width and Repetition Rate
on Sweep Length, Varying the width of the trigger pulse had the

greatest effect on the five microsecond sweep. The lemgth in inches
changed from 3-3/4 inches with a pulse width of 1 microsecond to 4.0
inches with a 5 microsecond pulse width, Above 5 microseconds, the
sweep length was not appreciably affected by pulse width variations,
The time duration on the sweep changed from 5,1 to 5.4 microseconds
when the trigger pulse width was varied from 1 to 5 nmicrosecondse

The tine duration did not change when the pulse width was increased
above 5 microscconds. On the other sweeps, the change in sweep length
or duration due to variations in trigger pulse width was negligible,

6o The repetition frequency of the triggering pulse was varied
while the pulse width was kept constanit at 5 microseconds. There was
a 6% change of swecp length on the five microsecond sweep when the
repetition frequency changed from 500 to 2000C cycles, The length
of the 20 microsecond sweep decreased from 3-7/8 to 3-1/2 inches or
9.6%, The 100 microsecond sweep decreased fron 4 inches to 3-1/2
inches over the range of frequencies, The 500 microsecond sweep
decreased from 311/16 inches to 3-7/8 inches, a 22% change, The
5000 nicrosecond sweep was jittery above 5000 cycles and dropped
from a length of 3-1/8 inches to 1-5/8 inches which is a 48% change.

Zeo With the internal blocking oscillator triggering the sweep,
the length of the 5, 20, 100 and 500 ®icrosecond sweep was fairly
constant over the range of frequencies from 60 to 3600 cycles, The
5000 microsecond sweep decreased from 3-11/16 at 60 cycles to 2-7/8
at 3600 cycles, a 22% change.

8. Trizzer Sensitivity, With the 'polarity' switch in the positive
position, the sweep is trigzered by positive pulses of 8.6 or more
volts with pulse widths from 1 to 100 microseconds., A negative pulse
of 18 volts with a width of 5 microseconds will trigger the sweeps At
25 microseernds and above, a negative pulse of 8,8 volts will trigger
the sweep while the 'polarity' switch is still in the positive positioen,

9e With the 'polarity' switch in the negative position, a negative
pulse of at least 14 to 18 volts is necessary to trigger the sweep,

A positive pulse of more than 18 volts will trigger the sweep while
the 'polarity' switch is in the nepsative position, Pulses of polarity
opposite to that indicated by the 'polarity' switch should not trigger
the sweep,

10, Blockinz Oscillator. The output of the blocking oscillator is
an 85 volt positive pulse or a 14 volt negative pulse at repetition
rates from 27 to 3400 cycles,

2 5t 59 Input Capacity of Input Terminesls. The input capacity of the
input terminals as measured between imput jack to vertical plate and

eground was 20.8 micromicrofarads for the top plate and 32,5 micromicro-
farads for the bottom plate, These capacitances were measured on a
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"Q" Meter Type 160-A made by the Boonton Radio Company. A naximum of
thirty nicromicrofarads is allowed in the gpecifications.

12, Vacunm Tube Electrode Voltazes, The vacuum tube electrode
voliases wore measured with a Precision Vacuunm Tube Voltmeter, Pattern
V10 Serial 5158, The voltages on some of the tubes oxceeded the
absolute nmoximun allowable value as set forth in the JAN Tube Specifi-
cotionse The following table lists the overrated tubes and thelr
voltages:

TABLE A
JAN JAN
st =% g (Design) Max. e (De&ﬁg? Max,
viol BAG7 130 90
V102 BAC7 353 300
vioz - ~ 6S§7 340(Pin 6) 90
Vio4 6AG7 402 300
V105 6SN7 383(Pin 2)300 140(Pin 6) 90
V107 6SN7 400(Pin 5)300

430(Pin 2)300
7109 6SH7? 390(Pin 5) 300 490(Pin 3) 90
V110 6SH7 395(Pin 2)300
394(Pin 5) 300
V112 B6AG7 332 300
13, This overrating of tubes is not gnod design practice and in
time Ay result in failure of the tube, Any vibration would promote
failure nore readily than if the voltages were within the design linits,
14, Constancy of Sweep Lenzth., The sweep lengths were not constant
within 5% when the duty cycle was less than 90% of the sweeptima, The
5 microsecond sweep had a variation of 21.8%, from 4 inches to 3-1/8
inches, The 20 microsecond sweep decreased 11% when the duty cycle
was increased toward 90%, The 100 microsecond sweep decreascd from

4~1/16 inches to 3-1/8 inches as the duty cvcle was changed from 1,5%
to 90%, The 500 and the 5000 microsecond sweeps also exceeded the 5%

variation limit.
N o
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MECEANICAL INSPECTION

15, A mechanical inspection of the Model X-OBS Oscilloscope revealed
the following defects:

(2) The mountings for the intensity potentiometer and focus control
potentiometer are not satisfactory.

(v) There is no method of locking on the screws holding the bracket
on which the 25 watt resistor R108 is mounted,

(e) Many screws do not meet the specification requirements for a
minimun of 1-1/2 threads and a maximum of 1-1/2 threads plus 1/8 inch
beyond the nuts.

(a) The cable, under the terminal board on which sweep circuit cali-
bration potentiometers are mounted, is not held in place by 2 clamp,

(e) €-111, a large tubular condenser, is not clamped to board,

(£) The calibration sine wave switch is in an undesirable location

on the front panel,

(g) Some pig tail leads on commonents are longer than 1/2 inch
between the case of the comprnent and the terminal stud,

CONCLUSIONS

16, The Model X-0BS Cathode-Ray Oscilloscope did not meet all the

requirements of the specifications, It failed to meet the specifica-
tions on linearity of sweep, constancy of sweep length with duty

cycles less than 90% of sweep time, trigger sensitivity of pulses of
polarity opposite to that of the polarity switch, input capacity of
input terminals of the vertical plates and JAN Tube Specifications,
Many of the tubes were operating at vnltages above the absolute maxirun
value allowed by the JAN gspecifications, This may' lemd to tube failure
and unsatisfactory operation of the equipment, The equinment is not
considered satisfactory for use in cenjunctirn with the Madel RDJ pulse
analyzer since its calibraticn circuits are not as accurate as these

of the pulse analyzer, However, the sweep calibration frequency
constancy meets the five percent requirement of the governing specifi-
cations (ref. 2). The subject oscilloscrpe is suited to provide only

a rouzh check on the sweep frequency calibration of the mondel RDJ nulse
analyzer which has a two-percent ccnstancy requirement,

RECOMMENDATIONS

TS As a result of electrical tests and a mechanical inspection of
the equipnent it is recommended:

(2) That the intensity and focus control potentiometers be mounted
on bakelite strins supported bv metal brackets, An insulated coupling

T -4
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device should be used to couple the potentiometer shaft to the knob
shaft,

(b) That the cabled leads be held in place by cable clamps.

(e) That the calibration switch be located in a more satisfactory
position, .

(a) That the Oscilloscrpe X-OBS be commletely redesigned electrically,
with special attention being paid to operating the vacuum tubes within
the voltage linits desigmated by the JAN Tube Specifications,
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