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ABSTRACT 

Investigations carried on to determine the most satis­
factory gun s tructure for use in cathode-ray tubes for 
countermeasures indicators revealed that the DuMont type 
Kl 134P2 is at present the most suitable five-gun tube for 
inclusion in new equipment design. An improvement in per­
formance might be made by incorporating sensitive deflection 
plates (from a gun structure like the Kl 134P2) with an electron 
gun (from a gun structure like the K1052P2) that gives a 
greater intensity for a given line width. 

Because deflection plate cutoff prohibits the positioning 
of the spot over the entire useful screen area and limits the 
vertical deflection to less than two inches in tubes employing 
sensitive deflection structures, the JAN specifications are not 
applicable to some multigun tubes. An improved method of 
measuring line width and light output in which the measure­
ments are made over a smaller area, and in which the writing 
speed is he ld constant, is suggested. This method would 
eliminate the ambiguity in the results obtained when using 
the JAN measuring procedure. 

PROBLEM STATUS 

This is an interim report; work on the problem is continuing. 

AUTHORIZATION 

NRL Problems R06-09 and R06-47 
RDB P rojects NE 071-235, NR 506-090,and NL 460-076 

Manuscript submitted May 2 , 1952 
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EVALUATION OF CATHODE-RAY TUBES 

FOR USE IN COUNTER MEASURES INDICATORS 

INTRODUCTION 

In modern cathode-ray tubes various electron gun structures are employed. Compe­

tition in industry keeps the mechanical details of the gun structures from being available. 

To determine which type of gun structure is most suitable for use in the cathode- ray tubes 

for countermeasures indicators, certain tests were performed. 

The following tubes were examined: 5XP2, 5XP11, 5RP11, K1052P2, K1126P2, 

K1134P2, 5CP11-A, and 5SP11 (manufactured by DuMont Laboratories ); and 55JGP2, 

7Z5P2, 51NRP11- 5U, and 51NRP11-5R (manufactured by Electronic Tube Corporation). 

The.gun structures of the 5CP11-A, the 5SP11, and the K1052P2 were found similar. For 

conventence,this type of gun will be referred to as the "CP" structure. Likewise it was 

found that the51NRP11- 5U, the 55JGP2, and the 7Z5P2 have s imilar structures. This 

type will be referred to as the "UP" structure. The 5RP11, 5XP2, 5XP 11, Kl126P2, 

Kll34P2, and the 51NRP11- 5R have similar structures. This type will hereafter be 

referred to as the "RP" structure. For comparison of these structures see Figure 1. 

Four factors influence the selection of cathode-ray-tube electron guns for counter­

measures use. Two factors are the line width and the light output. It is desired to pro­

duce the maximum light output with the minimum line width. The light output should be 

high to enable flash signals to be seen. For the best r esolution of the displayed signal, 

it is desirable to have as fine a llne as possible. Other factors to be considered are the 

deflection factors and the distortion. To reduce the power requirements of the associated 

electronic circuits, the tube should have as low deflection factors (high sensitivities) as 

possible. Distortion should be at a minimum to allow accurate interpretation of the dis­

played signals. 

TEST PROCEDURE 

The following paragraphs are a summary of the JAN procedure for measuring the line 

width and the light output of cathode-ray tubes . 

A raster of 35 to 105 lines ls applied to the screen using 60-cycle sawtooth scanning 

on one axis and 2100- to 6300-cycle sawtooth scanning on the other axis. The pattern is 

focused at the center of the screen and the low-frequency scanning amplitude decreased 

until the line structure just begins to disappear or first overlaps at the center of the screen. 

The line width is given by the quotient of the width of the pattern perpendicular to the line 

structure by the number of lines in the pattern. The low- and high-frequency scanning­

voltage connections to the deflection elements are interchanged and the line width redeter­

mined without readjustment of the focus. The line width ls determined at two positions on 

the face of the tube. 
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•up• structure 

" c p• structure 

"'RP• s tructure 

Figure l - Cathode - ray-tube gun s t ructures, 
not all to the same scale 
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The light output should be measured with the same pattern or raster on the screen. 
The mean potential of the deflection system should be that of the second anode. The pattern 
should be adjusted to a two-inch by two- inch size. The light output should then be measured 
by placing a photometer, corrected for the spectral response of the eye, against the face of 
the tube. 

No mention was made in the JAN s pecifications of a way to measure either distortions or 
deflection factors. 

To test these tubes for line width and light output,a modified form of the preceding 
method was used. In tubes employing sensitive deflection plates, deflection plate cutoff prohibits 
moving the spot or raster over the entire face of the tube. For this reason the line width 
determinations were made only at the center of the face of the tube. Deflection plate cutoff 
at times limited the deflection to less than two inches; therefore all light output measurements 
were made with a one-inch-square raster. 

To be able to compare the light output of t\...bes measured with a one-inch-square raster 
to the light output of those measured with a two- inch-square raster required that the corre­
lation between the two intensities be found. A tube had its light output measured with both 
a two-inch- and a one- inch-square raster. It was found that the light output measured with 
the smaller was twice that measured with the larger. 

To check the comparison, the ratio of light outputs was calculated as follows. It can be 
assumed that the intensity (light output per unit area) is a linear function of beam current per 
unit area. The area of the two-inch-square raster is four times that of the one-inch-square 
raster, In the smaller raster the beam current density, and hence the intensity, is four times 
that of the larger. The diameter of the photocell is 1.5 inches and the area is 1. 77 square 
inches. The total area of the smaller raster will be covered by the photocell, but only 1. 77 
square inches of the larger area will be covered. Since the intensity of the smaller is four 
times that of the larger, the ratio of the light measurements will be 1.77 to 4, or 0.44. The 
experimentally determined ratio was 0.504, which is in fairly close agreement. The differ­
ence in the two values of the ratio could be caused in part by light entering the photocell 
around the edges through the thick glass face of the tube and by the effective area of the 
photocell not being the full area. The values of l ight output shown in this report s hould be 
halved for comparison with values obtained by the other method. 

Since no method of measuring the deflection factor s was given, the following method was 
used. An a-c voltage was measured on an accurate voltmeter and applied to the deflection 
plates of the tube under test. The peak-to-peak value of the voltage was calculated and the 
peak-to-peak deflection measured. The deflection factor is equal to the peak- to- peak 
voltage divided by the peak-to-peak deflection. 

With one exception, the circuit used to supply the cathode-ray tube under test with the 
proper voltages was conventional. The astigmatism control usually employed returns the 
second anode to some positive potential. The astigmatism control in the test setup var ied 
the mean potential of each set of deflection electrodes independently. The astigmatism control 
is used to br ing the deflection elements and the second anode to the same average potential. 
With the dual astigmatism control used here, very sharp focus was obtained. T he circuit 
diagram of the test setup is given in Figure 2. In the line-width-determination tests, the 
focus and astigmatism controls were set for the finest line in both the horizontal and verti-
cal directions . Neither the focus nor the astigmatism controls were readjusted when the 
connections to the horizontal and vertical deflection systems were interchanged . 
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In determining the light output, a Wes ton Illumination Meter Model 756 with a Viscor Filter was used. The Viscor F ilter corrected the spectral response of the photocells to 
that of the human eye. 

RASTER GENERA TOR 

A raster generator was s pecially designed to be used when performing line-width 
and light-output tests. Figures 3 and 4 are the block and schematic diagrams of the raster 
generator. 

The general circuit per for mance can be traced on the block diagram. A thyratron 
sawtooth oscillator running at pr eselected frequencies in the range 1200 to 6600 cycles 
is direct-coupled to a split-load phase inverter, the output of which is applied through a 
dual-potentiometer gain control to the grids of a pair of push- pull, beam-power output 
tubes, The low-frequency oscillator is similar to the high-frequency oscillator. It 
oscillates at approximately 60 cycles. Its output is direct-coupled to a split-load phase inverter which drives a pair cf push-pull pentode voltage amplifiers through a dual­
potentiometer gain control. 

To produce a stationary pattern on the face of the cathode-ray tube requires that the 
two oscillators be synchronized. It is impossible to sync the low-frequency oscillator directly from the high-frequency oscillator. Under usual conditions the ratio of frequencies that can be synced together in a circuit s imilar to this does not exceed ten to one. 

A portion of the output of the high-frequency oscillator is differentiated, amplified, 
inverted, and used to sync a 600-cycle thyratron sawtooth oscillator . Over the range of 
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F igure 3 - Block diagram of C.R. T. r aster generator 
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frequencies covered, the r atio of the high frequency to the 600-cycle frequency varies from 
2:1 to 11:1. However, no difficulty is experienced in syncing down eleven to one and the 
circuit functions correctly. The output of the 600-cycle oscillator is differentiated, amplified, 
inverted, and used to sync a 300-cycle thyratron sawtooth oscillator. The output of the 300-
cycle oscillator is differ entiated, amplified, inverted, and used to sync the 60-cycle oscillator. 

To prevent "interaction between s tages and to prevent line voltage fluctuations from 
affecting the raster, an electronically regulated power supply is incorporated into the 
raster generator. • 

The synchronized oscillator s, operated from a regulated power supply, produce a very 
stable raster. 

TUBE PERFORMANCE 

To evaluate the performance of the "UP" and "RP" structures, the Countermeasures 
Branch had two tubes made by the Electronic Tube Corporation. Each of the two tubes has 
a JP-type envelope. The 51NRP11-5U uses a "UP" gun structure and the 51NRP11-5R uses 
an "RP" structure. The line-width and light-output curves for these two tubes are shown in 
Figure 5. From these curves it can be seen that the "RP" structure gives much greater line 
width for a given intens ity . Also, for a given beam current the line width and light output 
of the "RP" structure are greater than that of the "UP" structure. 

To evaluate the perfor mance of a gun structure in different envelopes a 5XP11 was 
compared with the 51NRP11-5R (Figure 6). The results are plotted in Figure 7. At higher 
intensities the cylindrical tube (5XP11) produces slightly finer lines. Since only one tube 
of each type was tested and s ince the two tubes were produced by different manufacturers, 
it is possible that this difference may be due to the variations in individual gun structures 
rather than to the difference in envelope shape. 

To compare the effect of the type of the phosphor on the line-width and light-output 
measurements, a 5XP2 and a 5XP11 were tested. These two tubes employ the same enve­
lope and gun structure and were tested with the same accelerating potentials. The results of 
these tests are plotted in Figure 8. If the intensity for a given line width on a Pll screen 
is multiplied by 2.8, the intensity is almost the same as the intensity on a P2 screen with the 
same line width. In Figure 8 the dashed line is the result obtained bymultiplyingtheabscissas 
of the curve of the Pll screen by 2.8. This information was not used in these investigations. 
With this information it would be possible to test a tube with a Pll screen and estimate its 
performance with a P2 scr een. 

The twelve tubes tested had a variety of envelope shapes and sizes as well as gun 
structures. It was hoped to find a relationship between the gun structure and the envelope 
shape used in the various tubes and the line width and light output produced. No such relation­
ship, however, could be determined. 

The variations between individual tubes of the same type are of sufficient range that the 
performances of two types overlap considerably . T herefore this r eport becomes only an 
evaluation of the tubes that are available at present for use in countermeasures indicators. 

At present five-gun cathode- r ay tubes are used in countermeasures indicators. The 
five-gun tubes available are the 55JGP2, 7Z5P2, and the K1052P2 (Figure 9) using standard 
deflection plates and the K1 126P2 and the Kll34P2 using sensitive deflection plates (Figure 
10). The line-width and light -output curves of these tubes are plotted in F igure 11. 

DECLASSIFIED 



;; 

Ut:t,;LA:Sl;lt-11::D 

1L 

u ,0•1•tL •um•u ~.,, 

~.llf 

1~ 

i 
om ~ 

f---<> 

e: 

r- 7 
' ' ... 
'" 

'" '" 
~ 

UH ,U., 

r 
;..,.,,., I---<> 

: f = !!! t-- !! ii 
;; 

!: ~ ---•,_, ·-- ;; lllf ,i t ~ 

~1 "' t""J " :® 
mu~ 

i-o ,.. - - • -- ' 

"'! I _ _J_ I "',J,. '::P/ 1 
t - - ' ~ 

,. " ! " 

~JIit 

~~12.lll 
,C-!Nr 

1~"' 
- I-• ® 

"':;'" £l 

'" ... Ir1I2.t111 "' "' "' 
.. ,TI, ---
- ~ d ~ 
~ ';;" 

!! ,® 
1,21 l

Q; 

~ ,. II IOI 

IIB I "' . ~u, o o Alt l!ni cP.&t 

u ... 
I 

4111 
·~ ~ 

[~~ 
~ I I lEi 

7-l sl ~ 
"'~' !' cD -~ if.fr T 

=:; : f 
~11~ : ... , :· : • 1 

, ~i,~L cp 
l

,., la' 
_,1_,~ ,, 

("' 
' !l~V 4C 

-t .~, tf~ 

1" "1 ., 
"' _J.19! 

" L EGEND 

@ Ml'4 fR[O cc.m, L 

@ HJC!IFRfO Ul'lff1111M: 

@ 6i)JI rn,c COlffl l 

® COJ' rut OC,NTH i. 

@ £0 ii' AWPUITDM 

(f) IC,.i'OS,C:ILUTOIIUS 

@ 100.I' SUt ~OfTAOL 

(B> 804.r fUt. CH' lOL 

(D JOO/ Ute t01 UOl 
(J,i 300J' U!t COli ROL 

@ ~1,~ r,f~ tse IIAS 

(0 04ITl'\IT VDU$ AOIIIS.t•m 

DECLASSIFIED F igure 4 ~ Schematic diagram or C .R.T . raster gene?"etor 

' . ' ............. 
- • • •• I ...,,.,."'ir11:;1., 

ns:ra 11.~~1,_,,..._ 

I::; ;l ; 

c;;-: 

~ ,.., ,.... -<u ...,. .... --





DECLASSIFIED 
NAVAL RESEARCH LABORATORY 9 

Figure 5 - Cat hode-ray-tube comparison. 
Eb2 , 200 0 v; Ebs, 4000 v. Beam cur rent 
r ange, 5- 30µ. am p . 
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TABLE 1 
Table of Deflection Factors 

Deflectinn Factors 

Tube Type 
Horizontal Vertical 

(v/ln.) (v/tn.) 

51NRP11-5U 83.3 36.7 
51NRP11-5R 83.2 37.1 
5XP11 78.5 26.3 
55JGP2* 69.3 73.9 
7Z5P2* 85.8 85.6 
K1052P2* 75.4 67.7 
K1126P2* 78.2 30:8 
Kl134P2* 64.3 30.2 

*Factors a re the average of all guns 

Only one five- inch, five-gwi tube is available, the 55JGP2. The line width of this tube is 
comparable to the others tested, but the l ight output is considerably lower. Thus for a 
given light output the line width of this tube is greater than the others. Since the 55JGP2 
and the 7Z 5P2 use the same gwi assemblies it is believed that the characteristics of the 
two tubes should be similar . The 55JGP2 used in these tests might have been a tube with 
below-average characteristics. 

The line-width and light-output slope of the 7Z5P2 and the K1052P2 are close, but 
for a given beam current the 7Z5P2 gives less light output. The deflection factors of the 
7Z5P2 are slightly greater than those of the K1052P2. Since the difference in deflection 
factors is not large and since the beam current requirements do not influence the selection 
of the tube, these two tubes would be equally satisfactory for use in counter measures 
equipment except where a maximum of l ight output is required. 

Tubes produced by the Electronic Tube Corporation have the screen phosphors applied 
in a very thin layer, in some instances thin enough to see light through. The screens of 
tubes produced by the DuMont Laboratories are considerably thicker. It is believed that 
the difference in Iignt output of the K1052P2 and the 7Z5P2 is primarily due to the difference 
in phosphor thickness used by the two manufacturers. 

The K1126P2 and the K1134P2, which use sensitive deflection plates , give greater line 
width for a given intensity than the 7Z5P2 or the K1052P2. This disadvantage is offset 
by the reduction in the power r equired from the deflection amplifiers . All guns in the 
multigun tubes employing sensitive deflection plates are so aligned that the undeflected 
spots are equally spaced along the vertical line through the center of the tube face. This 
alignment reduces pattern distortion and requires very little positioning voltage to bring 
the traces to their proper positions when the tubes are used in an AN/SLA type indicator . 
The K1126P2 was deemed unsatisfactory for use in cowitermeasures equipment because 
of its size and shape. 

Although the X1052P2 and the Kl134P2 have the same physicial dimensions and basing, 
they are not directly interchangeable in all equipment. Unlike the Kl052P2 the sensitive 
deflection plates in the Kl l 34P2 limit the region in which the vertical deflection can be 
obtained. Thus there is a limit to the area in which the information from a given gwi can 
be presented. In certain applications where the position on the screen of the information 
from a certain gun is important, circuit revisions may be necessary if the K1052P2 is 
replaced by a K1134P2 . Thus it is not feasible to substitute the Kl134P2 for the K1052P2 
in AN/sLA- 1 analyzers now in field use. 
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