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ABSTRACT

A simple device is used to obtain clipped pulses of short duration (~102°-10"11 gec.)
by mixing the anode and the tenth dynode pulses of an RCA.5819 photomultiplier tube. The
single and the clipped pulses are photographed on a Tetronix 545 oscilloscope with 53/54 K
input unit and also studied on a diode bridge fast coincidence circuit.

The photomultiplier pulses can be clipped by mixing the anode and the last
dynode pulses on the principle illustrated in Fig. 1. A negative pulse @ from the
photomultiplier anode arrives at a slight time delay with respect to a positive
pulse b from the last dynode at a common output point. The overlapped portions of
the two pulses (shaded) nearly cancel each other, leaving a clipped positive pulse ¢
of much shorter period than @ or b. This principle, though fairly well known, needs
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detailed experimental investigation for its wider application, because, if established
experimentally, this simple principle may be employed to produce very short period
pulses (~10710—10-11 gec.) without much difficulty. We studied the clipping of
the pulses by the following simple method. A fast scintillation-cum-photomultiplier
assembly was used. Negative and positive pulses were obtained in the usual way
from the anode and the 10th dynode of the RCA-5819 photomultiplier. The two
outputs through two 2 kV, 270 pf ceramic capacitors were connected to a 100 ohm
RG/7U coaxial cable as shown in Fig. 2. The two pulses of opposite polarities are
mixed at the common junction of the capacitors and the coaxial cable. The
negative anode pulses arrive a little later than the positive 10th dynode pulses at
this junction. Hence the resultant will be a clipped positive pulse of duration
~10-10 gec, or perhaps in the region of 10711 sec. ’
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F16. 2. Photomultiplier assembly and coincidence arrangement,

A Tetronix 545 oscilloscope with 53/54 K input unit having input impedance
1 megohm, 20 pf was used to photograph the slowed down clipped and the direct
anode and the 10th dynode pulses. Fig. 3 shows such photographs: a the positive
10th dynode pulses; b the negative anode pulses, and ¢ the clipped pulses. All
the pulses have apparently large periods because of the high oscilloscope input
impedance and its limited 10 Mc bandwidth. The gain of the oscilloscope was
kept the same throughout. The pulses were generated by Co® gamma-rays in a
trans-stilbene crystal scintillator. The marked decrease in amplitude of the pulses
in ¢ certainly means that these are the clipped pulses arising due to the mixing of
the anode and the 10th dynode pulses from the photomultiplier.

In order to study the structure of the individual pulses occurring at the anodes,
we tried to photograph single unclipped and clipped pulses with slow single sweeps
of the oscilloscope time base. After several attempts a positive 10th dynode pulse
of suitable amplitude could be photographed as shown in Fig. 4a. Similar attempts
with the clipped pulses resulted in the pulse photograph shown in Fig. 4b. Since
the same sweep speed was used in both the cases, these photographs indicate clearly
that the pulse period for the unclipped and the clipped pulses are very nearly the
same, as determinzd by the input impedance of the oscilloscope. Since the 10th
dynode pulses have a wide range of pulse amplitude distribution, it is clear that the
clipped pulse in Fig. 4b arises from a 10th dynode pulse of much greater amplitude
than that in Fig. 4a. Such unclipped single pulses of large amplitudes could be
observed visually, but were not photographed.

As an alternative test these clipped pulses were branched and fed to a germa-
nium diode bridge fast coincidence circuit (Saha and Pancholi, 1959) the block
diagram of which is shown in Fig. 2. Prompt coincidence counts using the same
Co®0 source as before were looked for, but no such coincidences could be detected.
Next, the positive 10th dynode pulses alone were branched and fed to the fast
coincidence circuit. A large number of prompt coincidences were observed.
Similar results were obtained by using the negative anode pulses alone. The non-
detection of prompt coincidences by using the anode-10th dynode mixed pulses
clearly indicates that the fast coincidence circuit is not sensitive to these clipped
pulses of extremely low amplitudes, although the latter are being produced all right.
Work is in progress by which we hope to measure the period of the clipped pulses
accurately.

The short period clipped pulses produced as above may prove to be of great
importance in determining extremely short half life of the excited states of nuclei
of certain radioelements, and their decay schemes, provided a very sensitive fast
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coincidence circuit can be designed which does not depend upon the equalization of
the pulses and whose fastness is limited only by the input pulse duration.
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