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A PULSE ANALYZER 

I, Introduction. 

The pulse analyser is a device for determining the num¬ 

ber of electrical pulses within a given size, or voltage,ran- 

g§ which may be produced by any given source-; For example, it 

may be used to determine the number of pulses between 0.1000 

and 0.1005 volt§. which may be produced in any given interval 

of time 

Similar devices have been developed by A. Roberts^ at 

the Massachusetts-Institute of Technology, by S.N. Van Voor- 

his and J.B.H. Kaper2 at Princeton University, And by M.G. 
p 

Halloway at Some 11 University. However, the device to be 

discrlbed differs from that ofl Roberts - the omly one on 

which data has been published - in that the minimum range is 

smaller* Also,the total number of pulses of size larger than 

a definite limit'may be determined as well as the number com¬ 

prised within definite limits. 

II. Theoretical. 

A. General Theory of Thermionic Tubes. 

1. High Vacuum Tubes with Control Grid. 

It is a well known property of high vacuum tubes 

with a control grid that the current flowing between the anode 

and cathode (and thus dthe voltage drop across a resistance 

load placed in the external circuit between them - see Flg.l) 

can be controled, under certain conditions, by the potential 
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difference between the control grig and the cathode (see Fig. 

2). At'a certain value of the potential difference, called 

the cut-off voltage (EQ0 in Fig. 2), the flow of current be¬ 

tween the anode and the cathode is completely cut off. 

2. Gas-filled Triodes - Thyratrons. 

A gas-filled triode is somewhat similar to a high 

vacuum tr&ode in that a certain potential differencerbetween 

the grid and the cathode will prevent any current flow be¬ 

tween the anode and the cathode. However, they differ widely 

in one Important respect which is that once the current has 

started to flow the grid loses all control over that current, 

so that the latter can be stopped only by breaking the circuit 

between the, cathode and the anode (or plate), or by decreas¬ 

ing the plate. voltage a large amount. This difference in be¬ 

havior is becauseaof the fact that in the gas tube the cur¬ 

rent is carried partially by ionized gasj while in the vacuum 

tube it is carried almost entirely by electrons emitted therm- 

lonlcly from the cathode. In the hot-cathode gas tube ioniz¬ 

ation is started by electrons emitted from the cathode. The 

kinetic energy of these electrons after they leave the caiiodd 

is controlled by the potential difference between the grid and 

the cathode, Therefore, If the potential differencd?is such 

that the kinetic energy of the electrons is less than that 

required to ionize the gas§ no ionization takes place, thus 

no appreciable current will flow. 

The gas-filled tube has several advantages over 

the vacuum tube, the most important of these are that with 
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cut-off bias on the grid a small change in the grid potential 

will cause a large change in the plate current; and that the 

plate current obtainable is larger,.for the same plate volt¬ 

age, than that obtainable with a vacuum tube of comparable 

size. 

IHe gas tube has , however, some disadvantages which are 

of Importance in such an apllcation as the present. The most 

Important of these is that the cutoff voltage is a function 

of the temperature of the tube. Figure no. 3 is for a mercury 

filled .tube. The temperature coefficient is-.less in the argon 
♦ 

filled tube, but Is still sufficient to be detrimental. The 

reasons for this property is not quite clear the case of 

argon tubes, it is probably caused in part by^ abb’drbfed'gas 

being released from the glass walls and other tube elements. 

B. Application of Properties to This Device 

If we were to use e^bermlonic tube of either of the 

types discussed above and bi&sed the grid sufficiently beyond 

cut-off , then only those pulses of size such that Es ^ E-j—O 

(where Eg is the peak voltage of the pulse, and E-g is the 

biaeevoltage beyond cut-off) would have any effect on any 

circuit beyond the tube (see Fig.4). Thus, if’.?we use two such 

tubes, one biased E^ beyond cut-off, and the other biased E^i 

beyond cut-off, the first would pass all pulses EgjpE-g and the 

other all pulses E^E-gt * If we counted, by a suitable arrange¬ 

ment, the pulses passed by each tube then subtracted the two 

counts we would determine the number of pulses E^>Es>E-gi . 
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Thus, we need first&atube with a sharp cut-off charac¬ 

teristic in order to distinguish sharply between pulses of Es 

slightly greater than and slightly less than 5 and second 

we need a tube which can furnish the large current flow neces¬ 

sary to operate a counting device. A thyratron would be ideal 

for use here inasmuch as it posseses both of the desired pro¬ 

perties. However, as mentioned above, the value of its cut¬ 

off bias varies with temperature. Thus, it is necessary to 

use a vacuum tube. Yet, a vacuum tube with a sharp cut-eff 

characteristic is not capable of furnishing the large current 

flow needed. Hence, it was decided to use aacombination of 

IT} 
the two - a vacuum tube to act as the dlscrimator and a gas 

tube driven by the vacuum tube >-to furnish the current flow-; 

(see Fig.5). 

Ill* Development of the Circuit. 

The first circuitftried was one using thyratrons alone 

(see Flg*6)v However, as would be expected, it was found 

that the discrimination of the circuit varied from time to 

time. Hence, the circuit was discarded and the one shown in 

Figure 5 was used. 

It was necessary to find a vacuum tube with a very sharp 

cut-off characteristic. Plate current vs* grid voltage- curves 

we re run f o r^^g^sl-^high^ mutual- conduc tance tiibe s (graph I), 

and, a typ© 57 pentode was chosen. The sharpness of cut-off 

was subs tan tialy the same for the type 6J7 but the flldment 

voltage of the 57 is 2.5v.or the same as that for the type 
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885 thyratrons used. 

Next the optimum circuit constants were determined. 

This was done by running platd*current vs. grid, voltage cur4 

vds for various plate voltages (graph II) and for various 

load resistances (graph III). It was found that the sharpness 

of cut-off Increased with decrease of plate voltage and with 

increase of load resistance. However, since, direct coupling 

to the thyratrons is used (see Plg.5 and page 6), the lower 

limit for the plate voltage is determined by;the voltage ne¬ 

cessary to cut-off the thyratron. this voltage-is in turn de¬ 

termined by the thyratron plate'voltage(see graph V - taken 

from the R.C.A. TubeelSanual).Thus since the voltage chosen 

for the thyratrons is 135 v., the plate voltage of the 57's 

must be greater than IJ.-^v.; but, as can be seen from graph 

III, the plate current vs. grid voltage curve is steepest 

atta voltage drop of about 10 to 30 volts. Therefore- it was 

decided to choose a a plate voltage for the 57*s of 45 v.. 

The value chosen for the load resistance of the 57*s is 0.2 

megohms. This value was chosen because it is large enough to 

give the added sharpness indicated in graph III and yet does 

not introduce too much resistance into the grid circuit of 

the? thyratron. 

It was suggested that the mutual-conductance of^pentode 

might be increased if the suppressor-grid were connected to 

the control-grid instead of to the cathode as is usually./donda 

(graph 17 shows the-f effect of such a connection compared with 

that effthe standard connection. As can be seen, no added 



6 

sharpness was gained in the middle port of the curve, whiles 

quite a bit was lost at the lower end; hence it was decided 

to use the standard connection. 

Direct coupling is used between the discriminator 

(57) and the thyratron (885), ,(see Pig.5)• This method/ of 

coupling* while highly critical with respect to battery volt¬ 

ages when used in an amplifier circuit,vis not especially so 

here because all that is desired here is sufficient voltage 

across the load resistance of the 57 to set off the thyratron. 

As can be seen from graph III a relatively large change in 

the plate voltage-of the 57 corresponds to only a small change 

c in the grid voltage of that tube, and that grid voltage is 

what we are interested in. ( It might be ad,ded here that it 

is this property that allows us th neglect the varation of t 

the thyratron cut-off with temperature). The advantages of 

direct-coupling here are/ihat it’ eliminates any coupling-con¬ 

denser loses, and that It reduces slightly the number of thee 

parts required. 

The^biasing arrangement for the discriminator (57's) 

consists of three potentiometers and is best explained by con¬ 

sidering Figure 7. There is one potentiometer (A) common to 

both circuits and one of the other two (B & B* particular to 

each circuit. A is for rough adjustments - between 0 and -135 

volts. B and B’are for fine adjustments,between 0 and -3 volts 

to set the upper and lower limits of discrimination. The res- 

sistance of each of th/potentiometers is Q.25 megohms, - high 

enough to keep low the current drain on the bi.<£s batteries. 
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The condensers 0 and O’ , which by-pass the biasing arrange- 

ment, minimize the. of the variation of the potentiometer set- 

tings on the preceedlng tube (the output tube of the amplifier 

see below, page 8). - The performance of a^tube depends,in 

part, on tha resistance in the grid circuit of the following 

tube.- 

For the counting circuit of the device type 885 thyra- 

trons were chosen because they are small in size and fit the 

standard five'-prong tube sockets, yet have more than suffi¬ 

cient current capacity for the present purpose; Also they are 

argon filled tubes with low variation of cut-off with tempe¬ 

rature; The grid cJtrcult of this section has been discussed 

abowm (page 6). ThCpplate circuit $see Fig.8) is a-standard 

counting circuit‘employing a mechanical counter. The counter 

is operated by the discharge of the condenser G thru the 

tube and the counter K in series. The tube is? extinguished 

by the drop in plate voltage caused by the IR drop across the 

resisterrRi. The current I is composed of two partsj one that 

flows thru the tube, and another that recharges the conden¬ 

ser. The maaimun^ounting rate of the circuit is determined 

byy£wo factors; the maximum counting rate of the mechanical 

counter; and the time required to recharge the condenser to 

an amount sufficient to operate the counter. The latter may 

be easily made negligible with respect to the former by de¬ 

creasing either R or G, since the time constant for charging 

a condenser thru a resistance is t ~RC. A certain minimum ca¬ 

pacity is necesssay to furnish the current needed to operate 
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the counter, hdnoe actually only the resistance R may be de¬ 

creased. In the circuit used C is 2 micro-farads and R is 

.20,660 ohms, hince t is 0.04 sec., and the maximum pulse fre¬ 

quency countable is 1500 per minute j where-as the maximum 

counting rate of the counter was found to be around 1000 per 

minute. 

It was observed that the limits of discrimination were 

independent of the size of the pulses, I.e. discrimination 

could be obtained between 100.0 and 100.5 volts, or between 

10.0 and 10,5 voltspulses, but net between 10,00 and 10.02 

volt pulses. This result would be expected since only the 

tops of the pulses affect the plate current of the discri¬ 

minator tubes. Hence,in>order to have as high a per-cent dis¬ 

crimination as possible, it Is necessary to have theh&ulses 

as large as possible; Henoe,if the pulses that are to be ana¬ 

lyzed are small, it is suggested that a high-gain linear pulse 

amplifier be inserted between the pulse source and the ana¬ 

lyzer. Such an amplifier, develpped b# J.R. Dunning^ for use 

in connection with a proportional-Geiger-counter tube, is be¬ 

ing constructed at the present and when finished will be in¬ 

corporated into the analyzer circuit. 

IV. Calibration. 

A curve was run to determine the discrimination proper¬ 

ties of the circuit.(see graph VI). The limit of discrimina¬ 

tion was found to be less thad 0.5 volt. The curve was obtain¬ 

ed by using the pulse generator Illustrated in Fig.9», It con- 
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slats of a shaft driven thru a variable speed frlstlon drive 

by an electric motor. To the shaft is attached a disk with am 

eccentric peg. The peg is connected by means of a spring to 

a tapping key whichja, breaks the electric circuit (see Fig.10),, 

when ijstls raised by the spring. The size of the pulses were- 

varied by means of the potentiometer P (Jbr rough variation) 

and the variabler resistor R (for fine varationf). 
A ; 

The three potentiometers A,B and B* in fig.7 were cali¬ 

brated (see "Calabration") by determining the per-cent of to¬ 

tal resistance for slumber of dial settings. These in turn w 

were converted to "bias voltages for bias-battery voltages 

indicated. 

It is suggested that,when an amplifier is used in con¬ 

nection with the analyzer, the amplifier gain control be cal¬ 

ibrated in terms of the setting required for a certain output, 

say 100 volts, for various in-put voltages. 

f. Operation. 

If the pulses to be analyzed are larges over 50 volts, 

or between 10 and 50 volts if the per-cent discrimination 

desired is not high, the pulses may be fed directly in to the 
h 

analyzer. However, if the pulses are small an amplifier sguld 

be used as suggested on page 8, and the discriminator bias 
as 

set at some certain value such^100.0 to 100.5 volts,then the 

gain of the amplifier varied in analyzing the pulses. 

" 
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VI Applications. 

This device, in conjunction with a linear amplifier, may 

be used to analyze plectrical pulses from any source. It will 

give the number of pulses as a function of the size of the 

pulses. 

As a particular example; it may be used in conjunction 

with a Geiger tube operated a proportional counter, to 

determine variation of number with energy of alpha or beta 

particles emitted.from any source, such as radioactive sub¬ 

stances. Thus, it can be used to stddy the energy level sys¬ 

tem of radioactive nuclei. 

Similaly it may be used in the study of cosmic-rays. 

VII. Agknowlef^ments. 

This device was developed at the suggestion of Dr. H.A. 

Wilson. 

1 wlsh t0 s/atPfully aoknomle8e the helpful aussestlons 
and advice given me in connection with this device by the 

members of the physics Department - Dr,Wilson, Dr.Heaps, Mr. 

Long, Mr.Mandeville,and Mr.Little; and ofthe Electrical En¬ 

gineering Department - Mr.Wlschmyer and Mr.Goddard. 
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CIRCUIT CONSTANTS 

Resistors 

R^ . w.wslwt 0*1 megohms 

R2 . .w.w. Iwt. 0.05 '* 

Rj .Potentiometer. " 

R4. . .Metalized.... ' ” 

R5* %1* •triable. 5000 obms 

Rg . Low end- w. w, Iwt. 20000 
High " -ww; lwt.50000 " 

^7> ■ ^9»• ?13> %5* * %9* * 

,, .wvw. .lwt*.... 0.65 megohms 

R^Q* .Metslized.... 0.25 11 

R^ . • sam©'sas ■ Rg, ■ : 

R^i.w.w,-' lwt..... .0.25 " 

^16> ^21* ^22> ^24 * * 

..po tenfciome te rs.0 * 25 " 

RX7.. .W.W. lwt.... 0.35 " 

R^g*..w.w. 2wt.... 3000 ohms 

**20* R23* .carbon... 0.1 me gohms 

Rggj Rgg..w.w. 2 wt.0.2 " 

R27» Rgg..w.w.lOwt.20000 ohms' 

Condensers 

Cx .... mica .... 0 

C2 ...200v.electro. 

Gij .. 200v» u 

..... same as C2 

C^ .. 60Gv...oil... 

Cg.. 600v..paper.. 

C^j Cu.. same as C 

C8 ..... .•same as Og 

°9 ...... same as O5 

C^Q..,...same as Cg 

C-^2 f * O13 . .mi can ... 0 

cl4* ^15••paper.♦.0 

C-^g.......paper... 

j C^g..paper... 

Abbreviations 
used above 

mf. ..... microfarad 

w. w. .... wire' wound 

?/t.   watt 

electro.elegtrolytic 

.005 mf. 

4*0 mf. 

2.0 mf. 

* * ♦ 

4*0 mf. 

4.0 mf. 

.02 mf. 

.25 mf. 

2. Onpf. 

2.0 mf. 



CALIBRATION OF POTENTIOMETERS 

Potentiometer A. 

Dial Resis¬ % of Bias3, 

setting tance" total 
ohms volts 

5 
10 
15 

0 
0.11 
0.16 

0 
4.5x10' 
5*9x10" 

•5 ® 1 0 5
 o 

20 1452 0.54 0.726 
25 9210 3.38 4,56 
30 26100 9.66 13.05 
35 50400 18 #7 25.2 
40 71700 26.6 35.9 
45 90900 33.7 45.5 
50 112000 41.5 56.0 
55 134000 49.6 67.0 
60 159000 58.9 79.4 
65 179000 66.3 89.5 
70 199900 74.0 99.9 
75 220000 81.5 110.0 
80 245000 90.7 122.4 
85 256000 95.0 128.2 
90 269000 99.7 134.6 
95 270000 100.0 135.0 

Potentiometers# Potentiometer B* 

Dial 
setting 

Resis¬ 
tance 

ohms 

% Of 
total 

Bias*3 

volts 

Dial 
setting 

Resis¬ 
tance 

ohms 

% Of 
total 

Bias® 

volts 

5 . 0 0 R 0 5 0 0 .,5 
3.3)xlO 2 

0 
10 0.11 4.6xlO~£ 0 10 0.67 0 
15 0.18 7.5x10“? 

2.5x10“^ 0 15 6. ll 4.9x1012 0 
20 6.10 0-. 20 79.20 3*5x10 ihom 
25 1730 0.# 0.022 25 4943 2.18 0.665 
30 IO87O 4.50' 0.135 30 18760 8.25 0.247 
35 31430 13.1 0391 35 37100 16.8 0.504 
40 53500 22.3 0.669 40 58000 25.5 0.765 
45 71000 29.6 0.792 45 75900 33.4 1.002 
50 86900 36.2 1.022 50 94400 41.5 1.245 
55 108200 45.2 1.356 55 114200 50.4 1.512 
60 129300 53.9 1578 60 134000 59.0 1.770 
65 145900 6O.7 1.821 65 151000 66.5 1995 
70 170000 71.0 2.13 70 172000 75.9 2.28 
75 195100 81.5 2.45 75 193000 85.0 2.55 
80 218000 91.0 2.73 80 211000- 93.0 2.79 ■ 
85 232000 96.6 2.80 85 222000 97-9 2.94 
90 238000 99.2 2.988 90 227000 100.0 3.00 
95 240000 100.0 3.00 95 227000 100.0 3.00 

NOTE j 
a .... with 135#Ov. across potentiometer 
b .... with 3•00v. " M 

c .... with 3-OOv. ” 11 
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