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AJ3STRACT 

The Model X-OBS Os cilloscope was subj ected to electrical tests 
to det ermine its compliance with Navy Specif ications RE-9624-B and 
to check its applicability in calibration of time-sween circuits of 
the Model Afi/'5PA-l and RDJ Pulse Analyzers. The equipment failed to 
meet many of the specific~tions. The design of some of tho circuits 
is unsatis factory, since the Tacuum tube electrode voltages exceed 
the absolute maximum values as stated in the JAN Tube Specifications. 
Toe p erforI!lance of the equipment is not considered satisf~ctory. A 
complete redesign of the circuits is recoln!:lended. 
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Ilfi'ROIOCTION 

1. The Model X-OBS 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. 

There is also an internal oscillator which allows the oscilloscope 

to be used as a synchroscope. The equip□ent was submitted for 

coI:tpleto electrical anQ oechnnical te~ts and to detemine its appli­

cability in calibration of the time sweep circuits of the Model 

A:J.T/SPA--1 and RDJ Pulse Analyzers. Investig~tinns of the electricnl 

cha.r~cteristics were nade at the Naval Research Laboratory fron 

7 August 1945 to 20 September 1945 under authori zation of reference 1. 

The tests ~ade and the results obt~ined ero discussed in this report. 

RESULTS ·OF TESTS 

2. A...i:::rplitude Variation of CAlibration Sine Waves. The anplitude 

of the one-nicrosecond sine w~ves WRs c~nstant at . 2 inch on the 5 

and 20 oicrosecnnd sweeps. There was a slight variation in anplitude 

on the 100 nicrosecond sweep, but the sine waves are not usable on. 

this sweep. The 20 nicrosecnnd sine waves have e.n a.trplitude of . 38 

inches on the 100 nicr osemnd sweep. On the 500 □icrosecond sweep, 

the llJ!lplitude varies fron .39 to .35 inches or approximately ten per­

cent. On the 5000 microsecnnd sweep the v:>.riflt ion is ouch greater • 

and agnin the sine waves are not usnble. The specific~tions require 

that tho vari~ti~n in a.nmlitude does not exceed 5%. 

3. Accuracy of Sine Wave Fre uenc. The accu.r~cy of the calibra-

tion sine wnves was within 3. 6 of the desired frequency. This is 

within the specific~tion requireoents of 5%. 

4. Sweep Linearity. A Radar Range Calibrator Type CW60Al3Z was , 

used to oeasure the tine required for the sweep to cover ten divisions 

of the scale (on the face of the scope) at the beginning of the sweep, 

and ten divisions at the end of the sweep. The specifications r equire 

the sweep to be linear within 2~. This requireoent was not net. The 

5 nicrosecond sweep was linear only within 10%; the ten divisions 

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

1. 2 Dicrosecnnds at the end of the sweep. The 20 mcrosecnnd sweep 

deviated froo linearity by 13.3%; the oeasured portion of the sweep 

w~s covered in 3.78 microsecnnds at the beginning and 4.36 micro­

seconds at the end. The 100 oicrosecond sweep was linear within 5 . 8%. 

On this sweep, ten divisinns on the see.le equaled 19.5 microseconds 

at the beginning while the s~e distance at the end of the sweep was 

covered in 20.7 oicroseconds. The 500 nicrcsecond sweep was linear 

1dthin 26%, the portion of the sweep m~sured at the beginning being 

38. 5 nicroseconds shorter than the portion at the end. The 5000 

nicrosecond sweep deviated fro□ linearity by 15~. The portion of 

sweep r.1easured a.t the beginning of the sweep was 70 micro-;econds shorter 

than the portinn at the end of the sweep. 
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5. ~feet of Varying Trigger 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 length in inches 
changed from 3-3/4 inches with a pulse width of 1 microsecond to 4.0 
inches with a 5 nicroaeoond pulse width. Above 5 microseconls, the 
sweep length was not appreciably affected by pulse width variations. 
The time duration on the sweep changed from 5.1 to 5.4 raicroseconds 
when the triGger pulse width was varied froo 1 to 5 nicrosecondse 
The tine duration did not change when the uulse width was increased 
above 5 raicrosaconds. On the other sweepc, the change in sweep length 
or duration d~c to variations in t rige:;er :;;,ulse width was negligible. 

6. T'ne repetition frequency of the t;riggcring pulse was varied 
while the pulse width was kept constant ~t 5 oicroseconds. There was 
a 6% change of sweep length on the five oicrosecond sweep when the 
repetition frequency changed fro~ 500 to 20000 cycles. The length 
of the 20 microsec0nd sweep decreaser. fron 3-7/8 to 3-1/2 inches ctr 
9.6%. The 100 microsecond sweep decreased fron 4 inches to 3-1/2 
inches over the ran~e of frequencies. The 500 □icrosecond sweep 
decreased from. 3-11/16 inches to 3-7/8 inches, a 22% change. The 
5000 nicrosecond sweep was jittery above 5000 cycles and dr~ped 
from a l ength of 3-1/8 inches to 1-5/8 inches which is a 481, ch~e. 

7. With the internai blocking oscillator triggering the sweep. 
the length of the 5, 20, 100 e..nd 500 ~icrosecond sweep was fairly 
constant over the range of frGquencies fro□ 60 to 3600 cycles. The 
5000 microsecond swe~ decreased fro~ 3-11/16 at 60 cycles to 2-7/8 
at 3600 cycl es, a 22~ change. 

8. Trigger Sensitivity. With the 1polarity1 switch in the positive 
position, the sweep is triggered by positive pulses of 8.6 or more 
volts with pulse widths from l to 100 nicrosecont".s. A negative pulse 
of 18 volts with a width of 5 nicrosecnnds will trig~er the sweep. At 
25 microsec~nds and above, a negative pulse of 8.8 volts will trigger 
the sweep while the 1polarity 1 switch is still in the positive position. 

9. With the 1polar1ty1 switch in the negative position, a negative 
pulse of at least 14 to 18 volts is necessary to trigger the sweep. 
A positive pulse nf more than 18 v0lts will trigger the sweep while 
the 1polarity 1 switch is in the ner,ative position. Pulses of polarity 
opposite to that indicatel by the 'polarity' switch should not triegcr 
the sweep . 

10. ElockinP, Oscill~tor. The output of the blockinP, oscillator is 
an 85 volt positive pulse or a 14 volt negative pulse at repetition 
rates froj 27 to 3400 cycles. 

11. Innut Capacity of Input TerminRls. The innut capacity of the 
input toroinals as measured between innut jack to vertical plate and 
e;round was 20.8 trl,cro?:!icrofa.ra.ds for the t op plate and 32.5 nicrol!licro­
farads for the botton plate. These capacitances were neasured on a 

ll~ 
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11 Q!' Meter Type 160-A nade by the :Boon ton R..--i.nio CoOl)a.Jlj". A naxinun of 
thirty nicronicrofs.rads is allowed in the Sl')ecific<".tions. 

12. Vacu.1m Tube Electrode Volta,;es. The vacuum tube electrode 
voH,-:i..-~e'.3 \·r_re neasurcd with n. Pracision V<1.cuu.m Tube Voltl!leter, Pattern 
EVl0 Serial 5158. The voltages on sol!le of the tubes exceeded the 
absolute naxinun allowable v~lue as set forth in the JAN Tube Spccifi­
c~.tions. l'ha following table lists the •werrated tubes and their 
voltages: 

Tube 

Vl0l 

Vl02 

Vl03 

Vl04 

Vl05 

V107 

Vl09 

vno 

Vl12 

l':m.§ 

6AG7 

6A.C7 

6S1f7 

6AG7 

6~f7 

6SN7 

6S1l'7 

6SU7 

6AG7 

TABLE A 
JAN 

(Design) 
Eb Eb 

353 300 

402 300 

383(Pin 2) 300 

400(Pin 5) 300 

430(Pin 2) 300 

390(Pin 5) 300 

395(Pin 2)300 

394(Pin 5) 300 

332 300 

JAli 
Max. (Des~? Max. 

E.hk 

130 90 

340(Pin 6) 90 

140(Pin 6) 90 

490(Pin 3) 90 

13. This overr~ting of tubes is not gnod desi~~ nractice an~ in 
tine ~y result in failure of the tube. Any vibration would- pro1:iote 
failure nore readily than if the voltages were within the design lini ts. 

14. Constanc ~f Swee Lenr-th. The sweep lengths were not constant 
within 5 ' when the c1.uty cycle was less than 90% of the sweep•.tim&. The 
5 microsccona. sweep h..<i.d a variation of 21.8%, fron 4 inches to 3-1/8 
inches. The 20 nicrosecnnd sweep decreased 11% when the duty cycle 
was increased toward 90%. The 100 r.1icrosecond sweep decreased from 
4-1/16 inches to 3-1/8 inches as the duty cycle was changed from 1.5% 
to 905&. The 500 and the 5000 r.iicrosecond sweeps also exceeded the 5</o 
vari~.tion linit,. 

-3-
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MECW..l~ICAL HTSPECTION 

15. A mechanical inspection of the Model X-OBS Oscilloscope revealed 

the following defects: 

(a) The mountings for the intensity potentiometer and focus control 

pote~tiooeter are not satisfactory. 

(b) There is no aethod of locking on the screws holding the bracket 

on which the 25 watt resistor Rl08 is mounted. 

(c) Many screws do not meet the specification requirements for a 

minil:IUD of 1-1/2 threads and a aaximum of 1-1/2 threads plus 1/8 inch 

beyond the nuts. 

(d) The cable, under the terminal board on which sweep circuit cali-

bration potenti ometers are mounted, is not held in place by a clar.rp. 

(c) C-111, a large tubular condense:x;, is not clamped to board. 

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

on the front panel. 

(g) Sone pig tail l eads on coononents are longer than 1/2 inch 

between the case of the col'!!Pnnent and the teminal stud. 

CONCLUSIOUS 

16. The Model X-OBS Cathode-Ray Oscilloscope did not oeet all the 

requireaents 0f the specifications. lt failed to meet the specifica­

tions on linearity of sweep. c~nstancy of sweep length with duty 

cycles less than 9~ of sweep tice, trigger sensitivity of pulses of 
polarity op'rJ0site to thP..t of the polarity switch, input capacity of 
in~ut teminals of the verticru. plates an~ JAN Tube Specificnticns. 

Mtllly of the tubes were opera~ing at v0ltages above the absolute nrucir.nm 

value n.llowed by the JAU specificaticins. This ri;J:r/. le<>,d t<' tube fciluro 

and unsatisfactory oper~tion 0f the equipoent . The equinnent is not 

considered sati sfact~ry fnr use in c0njunctirn with the M"cl.el RDJ pulse 
n.::i.alyzer since its calibrRtion circuits are not as accurate as th<'se 

of the pulse analyzer. Hcwever, the sweep calibrati"n frequency 

constanc;,r l'!leets the f ive percent requirenBnt of tho governing spocifi­

catinns (ref. 2) . The subject oscilloscr,e is suited to nr~vidc only 

a rour,h check on the sweep frequency citlibration of the r.iodel P..DJ ..,ulsc 
a.'10.lyzer which has a two-percent C"nstancy requirement . 

ICCm,i! :::uru.TIONS 

17. As a result of electrical tests "1.."'ld "· ncch<>nicnl insrcction of 

the equipnent it is rcconr.iended: 

(a) That the intensity and fncus control potentinnet ers be mounted 

on b~.kelite strirys su~ported b~ nctal br~ckets. An insulated coupling 

- 4-
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device should be used to coupl e the potantinmeter shaft to the knob 
shaft. 

(b) That the cabled leRds be held in place by cabl e clanps. 

(c) Th~t the c~libration swi tch be located in a more satisfactory 
position. 

(d) That the Oscilloscnpe X-OBS be c0□~letely redesigned electrically, 

with special attention bein~ paid to operating the vacuum tubes within 
the voltage lini ts designat e·d. by t he JAN Tube Specifications. 

- 5-
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