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I. Time Resolution Measurements of Existing Multiplier 
Structures

Measurements of transit time spread were continued, 

using tubes of the H6?91 type described in previous reports* 

Earlier tests on the 931-A structure had indicated that this 

structure is as fast as the L-l6 dynode structure, since then, 

It has become apparent that In addition to the main pulse of 

electrons there may be a relatively long "tail." This tail of 

electrons was spread out over more than 1/2 cycle at f>0 me* 

In order to see more clearly the effect of this tail on the 

general pulse shape, it was decided to perform the experiment 

at 20 me. The f> we oscillator and amplifier, which had been 

used in testing the 6292 multiplier structure, was modified 

to operate at 20 me. At this frequency, operation of the tube 

seems completely satisfactory. Detailed measurements on this 

tube have not yet been taken, but indications are that the 

931-A structure is not quite as fast the the L-16 structure.

Another type H6?91 tube is being prepared to 

investigate the dynode structure of the H&934 (3/4 ft dia.) 

multiplier tube. It is expected that the reduced dimensions 

of this tube will result in improved high speed performance.



II* Multiplier Structures with Improved Time Resolution

Work has been continued on the design of the multiply 

ing structure for a fast high-gain photomultiplier having a 

space charge limited output current exceeding one ampere, 

utilizing central accelerating electrodes at a common high 

potential, and having transit time dispersion substantially
 »Q

less than 3*10 seconds. However, effort on this phase of 

the project has been reduced during this quarter to devote 

more time to the improvement of the time resolution in the 

photocathode-first dynode region. This has been done since 

lack of time resolution in this latter region is the major 

factor limiting resolution in present tubes and since, further 

more, full advantage cannot be obtained from Improved multi 

plier performance until the time dispersion in the photocathode- 

first dynode region is substantially reduced.

Design modifications have been investigated on the 

rubber model. Of the considerable number examined, one gave 

indication of significant improvement in the collection of 

electrons at the receiving dynode. It is planned to calculate 

the trajectories obtained with this modification.

An alternative approach to obtain improved time 

resolution Is to reduce the electron path lengths In the 

multiplier. This may be done by redesign or by simple scaling. 

Many multiplier structures employ complicated dynodes which 

are impractical to fabricate at reduced scale. However, a



multiplier structure, designed at these Laboratories for use 

In a 3/4-inch tube, has the attractive feature that simple 

cylindrical dynodes are used. The original tube used an 

Inherently slow first dynode to couple the electrons from 

the photocathode to the main multiplier structure. Redesign 

of the early stages of this multiplier has been completed oti 

the rubber model. A design involving bending of the structure 

in a fashion similar to the 68lo has been evolved/ Only 

simple cylindrical dynodes are used. Construction of a large 

scale model tube to test this design Is underway, A sketch 

of this tube is shown In Pig, 1, It will be noted that this 

structure incorporates a double aperture plate* This will be 

used to check the feasibility of operating the first aperture 

plate at high potential to reduce transit time in the photo- 

cathode region; in particular, it will show whether fields 

penetrating from the photocathode apace will distort excessively 

the first to second dynode region.



III. Time Resolution of photocathode-First Dynode System

A. Measuring Equipment

The measuring equipment, patterned after that used 

at the University of California, consists of a switch tube 

from a Western Electric 2?£ type relay which provides two 

outputs, one a light pulse having a rise time of the order of 

one-half millimicrosecond, the other an electrical pulse of 

similar rise time. Observations of time resolution in the 

photocathode-f irst dynode space are made by observing, on a 

high speed oscilloscope, the relative delay which occurs when 

various portions of the photocathode are exposed to the light 

pulse.

B. Measurements

Time dispersion In the photocathode region has been 

measured in standard 68lo tubes and in tubes with 6810 multi 

plier structures but incorporating variations of photocathode 

region geometry. Two tubes with five inch photocathodes have 

also been measured. Sketches of the electrode geometries of 

these tubes are shown in pig, 2.

flhe measured relative delays in the 6810 type structures 

are shown in Pig. 3. The structure of the flat cathode 6810 

is shown in Pig. 2(a), The special 6810 is shown in Pig. 2(b): 

the inner section of the cathode was spherical with a radius 

of 63 ram surrounded by a flat annulus. The structure of 

H-6720-69 is given in Fig, 2(c), the cathode radius being 30 mm.



In these measurements, the additional cylindrical electrode 

in front of the aperture plate was operated at aperture plate 

potential. The five inch tube is shown in Fig, 2(d),

It is quite obvious from these measurements that an 

improvement in time resolution of at least a factor of five 

is possible by choosing a properly curved cathode* possibly 

the addition of another electrode such as the cylinder in 

H-6720-69 will be required to achieve a factor of ten. There 

Is certainly reason for believing that a factor of ten can be 

reached with relatively simple changes of electrode structure.



IV* Studies of Collection Efficiency

For optimum tube performance, it is essential that 

not only the time resolution in the photocathode region be 

improved but also that the collection efficiency be improved. 

Two tubes to investigate collection and the electron optics 

in the photocathode region have been completed* These tubes 

were designed to test the feasibility of examining the shape 

of the electron beam arising from illumination of various 

portions of the photocathode by slightly deflecting the beam 

with an alternating magnetic field and causing it to sweep

over a sampling collector placed at the first dynode position,i
Fig. 4 shows the electrode geometry of these tubes. One 

tube has a flat cathode, the other a spherical cathode.

Measurements with the first tube indicate that 

magnetic deflection is a practical tool which will be helpful 

in the analysis of performance in the photocathode region. 

The second tube, with a spherical cathode, has just been 

completed but no measurements have been made. The next step 

will be to construct similar but more flexible structures 

and examine their performance with this technique,



V. 9" Diameter Multiplier Phototube (H6690) "  : »
i

  , ' ' , ' , . ? ,,J ' '*'<;,'.'''' .'.

Earlier measurements on 9" tubes (of the type 

described in Quarterly Reports Nos. 17 and 19) indicated 

that the effect of the earth's magnetic field causes some 

non-uniformity in the electron paths so that the electron 

optical design of the tube could not be evaluated with
-; ... ^ ^

sufficient accuracy. An arrangement was therefore developed 

whereby the earth's field could be compensated within a 

volume of approximately 10 in^, A set of large Helmholtz

coils of square cross-section was used in which one ampere
' '  '. '  

produces a field of approximately one gauss*

In order to adjust these coils to optimum field 

conditions, means for measuring magnetic fields as small as 

0,05? gauss were required. For this purpose a rotating coil 

flux meter was built. A photograph of the meter is shown in 

Fig. 5* The coil consists of 1000 turns of #30 wire wound 

on a 1-1/2" fora and it rotates at 3600 rpm. This coil 

generates a voltage of 3 millivolts if it is placed in a 

magnetic field of 0.1 gauss.

Using this flux meter, it was possible to reduce 

the remanent field below 0.1 gauss within the space of the 

photocathode to first dynode region. This correction resulted 

in a great improvement in the uniformity of electron collection 

over most of the cathode area, provided optimum voltages are 

applied to the various focusing electrodes.



Utader these optimum conditions, several focusing 

electrodes have potentials below the first dynode potential. 

This introduces the possibility that some of the primary 

photoelectrons may produce secondaries from these electrodes 

rather than following a direct path to the first dynode. 

There is no simple means to find out experimentally if this 

effect occurs. A new tube is now in preparation with a 

large number of dynodes to obtain higher gain and thus to 

allow speed measurements similar to those described in the 

preceding section. These measurements should indicate whether 

an appreciable portion of the photoelectrons is delayed by 

intermediate incidence on one or more of the focusing 

electrodes*
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