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FOREWORD 

The proceedings of a three-day conference on Standards and Measurements of Radio­
activity, held at the Tidewater Inn, Easton, Maryland, on October 9- 1 1 ,  1 957,  are 
pres ented herew ith. The conference was organized by the Subcommittee on Standards and 
Measurements of Radioactivity of the Committee on Nuclear Science of the National Acad ­
emy of Sc iences - National Res earch Counc il. The invited participants included experts in 
the field of radioactive s tandards both in this country and abroad. 

In order to s ecure an informal productive atmosphere, the group w as kept small in 
s ize and the notes w ere edited in such a fashion as to reflect the give and take of each s es ­
s ion. These proceedings w il l  provide a comprehens ive record of the dis cussions for the 
benefit  of the many individuals whom w e  would have liked to have had as participants but for 
the s evere limitations of the conference size. 

We are indebted to the Atomic Energy Commiss ion for subs tantial encouragement and 
s upport and to Mr. J .  S .  Coleman, Executive Secretary of the Divis ion of Phys ical Sciences , 
and Mrs . Catharine Parrish, of the Academy - Research Council s taff, who w ere both e ffi­
cient and indispensable in organizing the support for the conference and for their aid in re­
producing this manus cript. 

i i i  

Leon F. Curtis s ,  Chairman 
Committee on Nuc lear Science 

George G.  Manov, Chairman 
Subcommittee on Measurements 
and Standards of Radioactivity 

.. 
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S ESSION I - ALPHA MEASUREMEN TS  AN D S TAN DARm 

L. F. Curtis s ,  Chairman 

Summary 

The absolute measurement of the dis integration rates of radionuc l ides decaying by the 
emiss ion of alpha partic les has not in recent years received the attention that its importance 
should command. Dr. Robinson des cribes the application of modern techniques to the pre ­
cis e meas urement of the rate of emiss ion of alpha particles from a radioactive source.  The 
result of his experiments is a cons iderable improvement in both ·the precis ion and accuracy. 
The over-all  accuracy of his measurements appear to be of the order of 0. 1 percent. One 
of the purpos es of s uch accurate meas urements on s ources of alpha partic les is the calib ra ­
tion of the rate of emiss ion of alpha partic les from s pecially prepared sources which may 
then be us ed in the calibration of other detec tors of alpha particles . 

Dr. Hayward des cr ibes the alpha particle s tandards now available from the National 
Bureau of Standards . The properties and limitations of thes e s tandards a re pres ented wi th 
a dis cuss ion of further poss ible improvements . 

The memory of the time when radium and its decay products w ere the principal sources 
of radioactive radiations dies out  s lowly in the face  of more recent advanc es.  Perhaps this  
tetlacity is  to be associated wi th the fact  that our unit for the measurement of  disintegration 
rates ,  the curie, is  defined w ith the aim to bring it  into agreement w ith the best es timate 
for the disintegration rate of radium, even though i t  is no longer tied di rect ly to this figure . 
1n the description by Dr. Kipfer of refined methods for measuring quantities of radium , the 
most significant contribution is the elegance of his method and the care obviously expended 
in the design of the equipment.  The method has pos sible applications e lsewhere . 

Dr. Mann presents data to show that radium standards have recently been compared 
w ith a precision of the order of 0. 1 percent to give agreement wi th the nominal values of the 
s tandards.  He also recognizes that the usefulness of radium standards is rapidly dec reas ­
ing an d  that cobal t-60  w i l l  undoubtedly take over the role i n  the future w hich i n  the past  has 
been assigned to radium. 

1 
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1. Alpha Standards 

H. P. Robinson 

A number of years ago we became inter sted in spec ific activi ty measurements on radio­
active materials, and in particular alpha millers .  After  a number of discouraging tries w i th  
small low geometry counters, we decided to build a large one w ith which we  could g e t  some very 
accurate measurements. 

As a result of this we designed a low geometry chamber that was about 40  inches long. 
There have been other chambers made that have been even bigger, but this was our first  large 
one. It was designed so we could measure all the important dimensions accurately and have a 
r asonable assurance that our measurements were reliable .  W e  decided at that time, also, to 
us a phosphor and a phototube for detecting the alphas , rather than an ionization chamber which 
w e  used before. 

Figure 1 is a photograph of th chamber mounted on the w all .  It is about 40  inches high, not 
including the pre-amplifi r, which is on top, and to the left w e  have the e lectronics mounted in a 
cabinet. We evacuate th chamber with an oil diffusion pump, but find that a mechanical pump is  
sufficient. We were a little concerned abou scatte ring of the alphas by the residual gas in the 
chamber. It turned out to be completely unimportant. Evidently there are jus t as many scat­
tered into the proper beam a s  there are scattered out . Even at ZOO  mic rons pressure w e  cannot 
detect any change in the counting rate. 

This chamber has a factor of about 2600, which means that it i s  l / Z6 00th of 411' geometry. 

z 

Figu re Z .  Schematic arrangement of  chamber.  

Figure Z gives a schematic diagram of the 
arrangement. At the low e r  end is the source of 
activity. Then at the upper end is the coll ima­
tor which is  simply a hole in a disk. The hole 
has a 3 - inch diameter and is measured very 
accurately.  Above that is a film w ith a reflect­
ing s ilver coating, and then phosphor deposited 
on glass ,  and above that oil connecting the photo­
tube.  The beam from the source is very accu­
rately defined by the collimator, and knowi ng 
the dis tances w e  can accurately calculate the 
geometry fac tor. 

I mentioned the si lver fi lm . That is  a very 
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important part of it. If it were not there, light from the phosphor would escape downward and 
this would reduce the intensity of the pulse. As you will  see later, it has a marked effect on the 
accuracy. 

Also, there is another thing that is important; namely, the use of baffles . W e  have eight 
mounted along the wall, and these are spaced to eliminate scattering from the w alls. If they are 
not there, the scattering accounts for almost one percent of the total count. That is intolerable, 
of course. 

Phototube and Preamplifier 

with 
Oil 

Figure 3. Collimator and gauge. 

011 

A l - inch collimator is shown in Figure 3. 
In the lower right-hand corner is the gauge by 
which we measure the diameter of the collima­
tor. It turned out to be a very simple system. 
The gauge is machined and ground to two or 
three thousandths of an inch smaller than the 
hole of the collimator, and the same thicknes s .  
W e  measure the diameter o f  the gauge b y  direct 
comparison w ith gauge blocks. Then we stick 
this gauge in the hole and measure the gap under 
a microscope, and this turns out to be a very 
convenient and accurate way of getting the di­
ameter of the collimator. Of course, this 
diameter is very important, since one percent 
error in the collimator diameter represents 
two percent error in the geometry factor. 

If all important dimensions are known to 
one part in 1 0, 000, or so, then our counting 
accuracy is mainly limited by statistics. This 
is quite a limitation because it takes one million 
counts to get a standard deviation of a tenth of a 
percent. We take ten to one hundred million 
counts in order to improve the statistics ,  and 
run a number of experiments to detect any irreg­
ularities in the performance of the equipment. 

Just recently we have designed a new cham­
ber, as shown in Figure 4, having a factor of 
about Z9. It will use a 5-inch phototube. With 
this chamber w e  can make precision measure­
ments on sources a hundred times w eaker than 
before. The important dimensions, which are 
the collimator diameter and.the distance from 
the source to the collimator, can be accurately 
measured with gauge blocks and other tech­
niques. So again we w ill know the dimensions 
quite accurately and, therefore, the geometry. 

Figure 5 shows the effect  of a silvered 
Mylar film. The middle curve was taken with 
the silver placed up so that it was the exposed 
silver surface that reflected the light up through 
the phosphor. 

The top curve was produced w ith the sil­
vered side down, which means that the surface 

Figure 4. Precision medium geometry chamber. of silver that was reflecting the light back up 

3 
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SILVERED FILM 

Badly wrinkled 
(silver dawn) 

Figure 5. Plate counting plateaus obtained 

was in contact with the Mylar, and, therefore, 
was presumably b righter or cleaner. I presume 
the exposed surface becomes tarnished a little 
and reduces the reflectivity of the light. 

There is also shown the effect of a w rinkled 
surface. You can see that the total effect is of 
the order of a half to one percent between the 
best and the worst. This is too much for pre­
cision counting. The disintegrations per minute 
are plotted against the phototube voltage. 

W e  now make the silver fi lm in a different 
manner. First of all, we deposit the phosphor 
by letting the phosphor settle out of a water 
suspension on to the glass plate. After it has 
settled completely and a layer of about 15 to Z 5  
milligrams per square centimeter i s  deposited, 
we drain off most  of the water so that there is 
about an inch left over the phosphor, and then 
form a Tygon film on the surface of the water, 
and when this is "dry, " w e  siphon off the rest of 
the water and that lowers the Tygon film onto 
the phosphor. This has to be done very slowly 
so that there is no disturbance.  The phosphor 
is not anchored to the glass plate except by 
gravity, and it is very easy to disturb it. 

under various conditions. When the film has settled completely and 
the water drained off, we leave it for a day or 

two until it is completely dry, and then it is quite durable. We silver the surface of the Tygon 
film in a vacuum chamber. In the one we made w e  overcoated with silicon monoxide, but I don't  
think this is  necessary. 

There is no difficulty from evacuation pulling the film aw ay from the phosphor. We were a 
little concerned about this, but it has held up very well for a couple of years. W e  have not had 
very much experience w ith this technique because w e  made one film for a test, and a second one 
for use, and w e  have not had occasion to make any more. 

... 
I 

Q 
.. 

E 
....... 
"0 

.....L 1.94 0.1% 
T 

1.93 

I. !It 

1.91 L--�,----'---,..L-,--J..___..,.L,----L---...J 
1000 1200 
H.V. 

Figure 6. Effect of "dirt" on counting rate. 

One of the things we encountered was a mat­
ter of cleanliness of the sources. After they sit 
around for a while, they acquire a small amount 
of dust or other contamination, and although it 
is almost invisible, it has a substantial effect 
on the counting efficiency. We found that we 
could very easily take care of  this by washing 
the source off with alcohol before counting it . 
The lower curve in Figure 6 show s how a "dirty" 

sample performs. The upper curve is typical of 
what we get when w e  use a clean source. Every 
time w e  run a sample, w e  take a plateau on it. 
This show s up many of the defects that can 
occur in our measurements. W e  have to get a 
plateau or there is something w rong. Here is 
one example of it. 

BORKOWSKI: What do you consider a 
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tolerable s lope on the plateau, and what portion of the plateau do you operate at if i t  does have a 
s lope ? 

ROBINSON: I really can ' t  tell  you what sort of a plateau we  wil l  tolerate . It is normally 
fiat to ±0 . 0 5  pe rcent or better. This one is satisfactory. W e  don ' t  like to use too high a voltage. 
We think the lifetime of the phototube wil l  be a little longer at  the low e r  voltage. At the same 
time we take a point which is wel l  above the knee of the curve. 

WATTERS: From what particular source is  the source material and how do you prepare 
these sources ? 

ROBINSON: This  is an ame ricium- Z4 1  source that was evaporated onto platinum. 

WATTERS:  Do you have any major particle size in the source ? 

ROBINSON: The sources in general are invisible. We could not assign any particle size.  
They go on presumably as atoms or molecules of ame ricium. 

SE LIGER: This dirty sample intrigues me. How dirty is it ? 

ROBINSON: This is hard to s ay. If you look at it under the microscope, you see little 
specks  of lint and other dust  which look like boulders.  An estimate of  the fraction of  the area 
covered sugge sts 0 .  1 percent in some cases .  Possibly some of the dirt here was not dust ,  but 
an adsorbed film of some kind.  

SE LIGER: The curve indicates that half a percent in this particular case is  completely 
adsorbed .  

ROBINSON: Near the peak it is  l e s s  than a half percent. It is  more nearly a quarter o f  a 
pe rcent. The alphas go through these dirt partic les ,  and lose some energy. The resulting 
spread in the size of the l ight pulse causes the plateau to fall off sooner.  

SE LIGER: I am surprised you don ' t  get any plateau at all wi th the dirty s ample.  

ROBINSON: Perhaps the plateau occurs above lZOO volts.  We don ' t  c are to run our photo­
tube any higher than that.  

BAPTISTA: You mean there c an be a self�dsorption of the quenching of the l ight in the case 
of the phosphor used ? 

ROBINSON: Why would there be any difference between the upper and low er curve ? The 
quenching would be the same in either case.  

BAPTISTA: In the clean source you don ' t  consider that you are jus t counting all the light 
emission inside the phosphor. All the alpha particles that s trike the phosphor are counted by 
the photomultiplie r. 

ROBINSON: I think w e  are counting all the alphas .  W e  have made some interlaboratory 
comparisons both wi th Hanford and wi th Harwell ,  and in general the checks are of the order of 
0 .  1 percent. Of course,  this is quite encouraging. So we would say if we are losing counts ,  
w e  are not losing more than o f  the order o f  0 .  1 percent, or else other laboratories are also. 
The phosphor i s  silver- activated zinc sulfide.  

PATE: What particle size did you get  this down to and do you have any idea how thick the 
Tygon film was ? 

ROBINSON: The Tygon film is probably not more than 1 00 mic rograms per square 
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centimeter in thickness. The silver deposited is of the order of one to two hundred m ic rograms .  
The Mylar film was about one milligram in thickness, but we no longer use this material . 

PATE: How about particle size? 

ROBINSON: I have measured this, but 1 just don't remember. It is the standard material 
supplied b y  RCA. It  is not a s  fine a s  one can use, however. 

CURTIS: How important is sample thickness, and did you take into account the s ample area 
when you were computing your geometry factor? 

ROBINSON: One of the reasons for choosing americium for standard sources is that it has a 
high specific activity. So for any activity that we want to use, the thickness will be  essentially 
zero. These same samples are used by the alpha spectroscopy group in determining alpha 
energies to about 5 kilovolts, so there is no appreciable self-absorption. They are for all prac ­
tical purposes weightless and usually are invisible. 

The answer to the second question is yes. We made the chamber long enough to reduce the 
effect of the sample size. With a 40-inch low geometry chamber, and a 3-inch diameter sourc e, 
the correction is only three parts in 2600, or about a tenth of a percent. It is quite easy to c al ­
culate. We don't even use the source size that large. It is mo·re like three-eights of a n  inch 
diameter. 

ln the case of the intermediate geometry chamber, this will be a more important correction. 
lt goes up as the square of the ratio of the source diameter to chamber height.  The correction 
for a l-inch source and 5-inch source-to-collimator distance is 0.  5 percent. 

GRUMMITT: 1f the thickness of the dirt in the dirty sample were very much greater than 
100 micrograms per square centimeter, lbis would indicate you were losing,. because of the 
Tygoo film. 

ROBINSON: Yes, although that Tygon film is much thinner than the Mylar film which w e  
used to use. The Mylar is about lOOO micrograms per square centimeter. We have used the 
quarter mil Myla.r satisfactorily with good results. That is another reason for believing that if  
w e  extended the voltage w e  would get a plateau. I f  the dust particles are not thicker than a milli­
gram, w e  should count the alphas that get through the dust particles. 

GRUMMITT: Would the Mylar shift the plateau to the right? 

ROBINSON: I am sure il would. These results are taken wilh a given setting of the gain  
control. 

BALAGNA: You have done no work where the phosphor is deposited directly on the phototube. 
Do you have any reason to believe that this is a better technique? 

ROBINSON: It is easier, although we have made some alpha counters in which we deposit  
the phosph'or right o n  the phototube. Having the phosphor away from the phototube has an advan­
tage in that it tends to make the pulses more uniform. 

rate. 
LAZAR: I don't understand how you can raise the voltage and get a decrease in the counting 

ROBINSON: I think that is probably a statistical variation. 

LAZAR: The point is that the increase in these so-called plateau curves indicates noise 
from the phototube entering into the counting rate, s o  increasing the high voltage wi th the dirty 
sample should increase the counting rate again. I don't see how you can get a plateau if one 
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doesn ' t  show . Inc reas ing the voltage should only bring in the noise according to the uppe r curve. 
It i s  not c lear in my mind what is  happening here, but i t  sounds to me that you are los ing counts 
due to some sort of absorption somewhere. 

BORKOWSKI: I think a really critical experiment in vacuum low geometry is to actually 
place absorbers on the sample source .  W e  did this  some time ago with a vacuum low geometry 
chamber. The re one i s  amazed, obviously- - one w ould expect  that there should be very little 
effect of absorbers over the source until  you get very c lose to the range of the particle .  If  you 
put a mil ligram per square centimeter of Mylar ove r the source ,  we found there was an unde­
tectable change in counting rate . So your experience with Mylar films rather checks this  type 
of thing. 

I think it would be interes ting to find out from an actual absorption measurement , not a self­
absorption, but to run an absorption measurement using mica or plastic film directly ove r the 
source in o rder to find where the threshold is for your device.  

ROBINSON: Yes .  Probably in the future, as interest  in this work grows, we wi l l  do more 
of this sort of thing. Perhaps this lower curve can be attributed also to changes in the ope rating 
characteristic s of the e lectronics . I jus t can' t say offhand. W e  know by experience that if w e  
get a bad curve, w e  can often improve the results by w ashing the sourc e w ith alcohol. 

LAZAR: If in fact  you do get dirty samples ,  it i s  not c lear to me why you don ' t  get dirty 
windows as wel l .  

ROBINSON: These do not  get dirty inside the chamber. It is  when they are stored away. 

LAZAR: When you pump on the system, pump oil could easily get on the photomultiplie r  as 
dirt on the sample . 

ROBINSON: I don ' t  think it was pump oil ,  although there is back diffusion of oil  in a diffu­
s ion pump. 

UNIDENTIFIED: Could this be ads orbed mois ture by any chance ? 

ROBINSON: I really don ' t  think so.  You cannot imagine a milligram, or even a tenth milli­
gram of moisture per  square centimeter adsorbed on the source. 

UNIDENTIFIED: You have monoenergetic alpha partic les and what you suggest  is  that 1 00 
micrograms per s quare centimeter reduces the ionization such that you need an increase of may­
be 400  volts in your high voltage with a resultant gas multiplication inc rease of maybe a thousand. 

ROBINSON: At the lower end of the plateau w e  are counting essentially 99 .  5 percent of the 
particles ,  so we are not losing on those.  W e  are losing only a small  fraction, but  the effec t  is  
exaggerated on this expanded scale . Does that answer  the question ? 

U NIDENTIFIED: No. I am not convinced, but that is  not relevant. 

BORKOW S KI: You mentioned 1 00 microgram s .  Dust partic les can be 1 0  milligrams pe r 
square centime ter.  You run into the same problem w ith your soft betas . 

GRUMMIT: If they are, they should be weighable .  

BORKOW S KI: It depends on the disposition of  the source itself. 

ROBINSON: We have not tried to make a research project  of this to see if they are dust 
particles .  If you have some doubts about i t ,  perhaps your doubts are justified. This set of data 
was obtained when we were experienc ing trouble w i th dust. We have just given thi s  tentative ex ­
planation, and it may be w rong. 
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GROSS: I wanted to ask you if you had done anything in the way of determining pulse height 
spectrum. 

ROBINSON: At the very early stages of the work we did. It happened that at that time we 
had not put the baffies in the chamber, and we got very poor results. Afterwards the pulse ana­
lyzer was not handy so we didn't use it extensively. The pulse analysis looks very much better 
than the results would indicate. In other words, the pulses fall within a narrow energy range, 
and we could not estimate even a tenth of a percent in the tail. So it is something we can't pick 
up with the pulse analysis. 

SEUGER: Approximately what resolution would you estimate you get? 

ROBINSON: It is not good compared with a solium iodide crystal or a homogeneous phosphor 
of any kind. The spread in the energy is zo or 30 percent. 

SELIGER: This is a zinc sulfide phosphor, so I assume your signal to noise ratio is tremen­
dous. What would you estimate is the cause for the plateau ris�ng at 1100 volts? 

ROBINSON: I don't know. Possibly it is noise. The other explanation is that our electron­
ics are not the best in the world. The scaler and amplifier that go with it may be producing 
spurious results by overloading. 

BORKOWSKI: What was the clipping time you used on this? 

ROBINSON: The pulse is of the order of a couple of microseconds in width, so the amplifier 
can be overloaded and that may be the reason for the short plateau. I must confess we have not 
,ane into that since we have found conditions where we could get good reproducible results. 

SELIGER: I wonder if anyone has tried using a detector, a simple proportional counter, 
rather than a phosphor? It seems the resolution would be much better. 

ROBINSON: Most people do use a proportional counter. We went to the phosphor because 
it eliminates some of the problems with the proportional counter. You don't have a gastight 
window; for example, this is a difficult problem with a 3-inch diameter collimator. 

SEUGER: For alpha particles you are essentially counting a lower energy alpha particle 
because your incidence is just about normal in the low geometry case. Thus, the average ab­
sorption of energy from each alpha particle would be about the same. 

ROBINSON: With the proportional counter. 

SELIGER: With the window. 

ROBINSON: Yes. It is here, too, or do you mean that the phosphor produces a greater 
spread? 

SEUGER: The phosphor produces a much larger spread. 

ROBINSON: I agree. 

BAPTISTA: I might say that in using radium sources, we count simultaneously the alphas 
and betas on a 4w counter operating in the Geiger region. The results are quite good. What 
happens is that the plateaus are completely gone when the ratio between alpha and beta is in­
creased. There is a deterioration of the plateaus in the Geiger region where it is completely 
flat for beta particles. If you count alpha particles in the 4w geometry, the plateau slope in­
creases. Of course, you can get some accurate results by extrapolation of the plateau to the 
threshold. I still get some valuable results. I have no experience in the proportional region 
where I think you can get the best results. 
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YAFFE: We have actually done this in the proportional region, and we have no trouble with 
plateaus. You get very nice alpha and beta plateaus, using4W" counting. 

ROBINSON: Hall and Glover at Harwell, on whose samples we made some measurements, 
used a proportional counter above the chamber. We checked to a tenth of a percent. We chose 
the phosphor and we have done our work with the phosphor, as an independent method. Whether 
it is best in the long run, I don't know. In the case of the proportional counter, there were some 
corrections that had to be taken into account, because of the support of the wire. 

CURTIS: We also have used a proportional counter in several low geometry measurements. 
We count Z x 10Z disintegrations up to the curie level, and we estimate :i:l percent accuracy. 

UNIDENTIFIED: I think it is important to point out that you have to be careful about over­
loading. People who have good counts either accidentally or otherwise have a good amplifier 
around. 

ATEN: Are there any special precautions to be taken in construction of baffles? 

ROBINSON: No. Our baffles were 1/16-inch brass. In the new chamber the size is large 
enough so that we don't need baffles. 

ATEN: Is the number of baffies very important? 

ROBINSON: No. We chose them very conservatively. We probably could have made use of 
half that number of baffles. We used eight. 

CAMPION: Could you tell us how you measured the quantity of material evaporated onto 
your sources when you use this for specific activity measurements? 

ROBINSON: The material was prepared not by vacuum evaporation but by depositing from 
solution, and evaporating to dryness. Jim Wallmann is the man who did this. He was interested 
in checking specific activity and, therefore, the half life of americium-Z41, which incidentally 
is less than the 470 years usually given. Wallmann has recently checked the figures of Hall and 
Markin, who got 458 years. 

CAMPION: Are the characteristics similar with dry aliquots as opposed to evaporated 
sources? 

ROBINSON: I can't personally say. I imagine they are, because Wallmann was satisfied 
with his results. 

PATE: It would be quite easy to put this source preparation on a quantitative basis. We are 
doing some work at Brookhaven on distillation processes essentially with a closed system. 

This is the same method we used at McGill for laying down evaporated sources on thin films. 
This is for the preparation of beta active sources for beta spectrum and 4W" counting, and things 
of this nature. It is possible to arrange for a system such that you put a certain amount of mate­
rial, a known quantity of your source material, into the furnace and transfer it quantitatively on­
to a suitable material, platinum in this case, the material setting itself down in a well-defined 
area defined by the geometry of the furnace system, and particle size something less than ZOO 

.lngstroms. 

Another remark that might be interjected on this question of amplifiers; somebody made the 
remark that you get longer plateaus for alphas and betas if your radiation is entering the count­
ing chamber essentially in a collimated beam. That is true. On the other hand, you can get 
yourself quite long alpha plateaus even with 4w geometry where your radiation is at low angles. 
We quite frequently observe, I think, 6 or 7 or 8 hundred volt plateaus, starting with Z kv in the 
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type of counters used at McGill. These were good ±0. 33 percent. So c learly, you have no 
trouble w ith plateau if you get yourself a good amplifier, whether by accident or otherwise.  

ROBINSON: Yes ,  this  is true. There is no pretense that this is anything more than the con­
ventional amplifier.  It has no extraordinary characteristic s .  We perhaps could extend the curve 
quite a bit if w e  had a good amplifier.  This other point of transferring evaporated source s  quan­
titatively is  a very interesting one. We would like to know more about that.  It i s  qui te important 
in preparing a good sample.  

PATE: We realize this is  quite important . W e  have quite a program going. W e  are s till in 
the early stages ,  however. 

KOFOED-HANSEN: I would like to inquire" about the spherical uniformity of the alpha part i ­
c les  coming off. If you are  talking about one part in a thousand accuracy, wouldn' t  there be a 
possibility of some back scattering ? 

ROBINSON: As I unders tand it ,  back scattering is  completely negligible if the angle is  
greater than 30 or 3 5  degrees.  

SELIGER: If you prepared a source of this nature and counted it and gave it to someone else 
to  count who counted it in a z .,  geometry, there would be a different answe r  by about 1 to  1-1/2 
percent. 

ROBINSON: Yes .  W e  don't think you c an do precision work in a 2., counter. In a 4'1f, yes . 
W e  use 2., counters,  and w e  use a source that has been c alibrated in the low geometry counter to 
calibrate our 2., counters. 

SELIGE:ij: I think you might offend some people who do 2., counting here. 

ROBINSON: I don ' t  think so, if the people have looked into i t ,  because you can't avoid back 
scattering in a 2., counter. We w ent to low and medium goemetry counting to avoid the problem 
or back scattering. 

PATE: If you are giving a sample for people who measured disintegration rates ,  and come 
back wi th a half scatter, this can ' t  be very good. They should be aw are of this.  The back scat­
tering is primarily at small angles,  smaller than you indicate. 

ROBINSON: Yes.  An angle of  30° is  conservative . 

PATE: If you are detecting w ith a device  like this ,  the back scatte ring increase s  with the 
energy; if you observe this phenomenon in an ionization chamber, the back scattering also in­
c reases wi th the energy. It becomes larger and larger as you observe it in angles closer and 
c loser. 

I agree w ith you if you wish to do alpha counting you should do i t  in 2'1f geometry or 2'1f geom ­
etry calibrated to the 4'1f geometry. 

SELIGER: The point I w as making was not the fact  that you w anted to know exactly how 
many alpha partic les w ere contained in your source, but in the use of alpha sources it is very 
interesting to know how many alpha particles are coming out of your source.  

PATE: I t  is just  a matter of semantics .  

REYNOLili: I have about three points . We have calibrated and have published an article on 
s aid calibration of an alpha 211' counter for alpha dis integration rate measurements and in 2., 
count ing the back s catter effect is clos er to 3 pe rcent than the 1 percent that somebody mentioned . 
In othe r words , the counting yield for polis hed platinum is 5 1 .  3 to 5 1 . 5 percent, according to our 
measu rements . 
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PATE: This depends on energy. 

REYNOLDS: We have not looked into the energy dependence because we are not interes ted . 

PATE: It is considerably more if you go into the 6 or 7 Mev region. 

REYNOLDS: Yes .  

Second,  w e  have noticed a considerable effect  on  s torage of standard plates for alpha spec ­
t rometry, if w e  store a set  of standards in reasonably tight plastic boxes.  The resolutions have 
gradually become poorer.  We have been afraid to wash these sources with alcohol.  We have 
flamed them and the resolution is then restored. 

ROBINSON: Apparently a lot of people have observed this deterioration. I do not think i t  
has been explained satisfactorily. Any c rystals that would grow would b e  microscopically small . 
They would be much smaller than any effect  you could detect .  

REYNO LDS: We think this is  probably pump o i l  or something o f  the sort,  al though w e  have 
not explained i t .  I t  may be probably a combination of effects ,  lint falling on the samples ,  pump 
oil ,  moisture, what have you.  

Thi rd,  and one very m inor point, w e  also used some low geometry counters w ith propor­
tional detectors.  The w indow could be made a milligram per square c entimeter which I think 
w as comparable  with your total figures . 

1 1  
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z .  National Bureau of  Standards Alpha Standards 

R. W. Hayward 

I intend to make this very brief report on the alpha standards that are available from the 
National Bureau of Standards ,  and try to get sugges tions from you on what s tandards w e  should 
add to our s tock. At the present time the Bureau puts out two types of standards.  One standard 
is  the uranium oxide sourc e with an emission rate of about 1 0  to 1 Z  alphas per second into the 
forward hemisphere . I s tated it  this way, because I have the ground taken right out from under  
me.  W e  count a l l  our·sources in  z,. geometry. · This  is  how w e  specify our activity. 

The other sources  can range up to strengths of a thousand alphas per second into the forw ard 
hemisphere and these are polonium - Z 1 0  s tandards.  Formerly the Bureau issued radium D plus 
E plus F.  These are lead -Z 1 0  plus bismuth- Z l O  plus polonium- Z l O  standards , s ince this  is  a 
very convenient w ay of getting energetic alpha partic le s with a long half life.  Unfortunately, 
these standards have to be prepared about three years in advance of their  calibration because i t  
takes about three years for the emission rate to  reach about one-half of a percent of the ultimate 
equilibrium value . 

The demand for these sources has increased so much in the past  few years that w e  have been 
forced to go to polonium- Z 1 0  sources,  where the polonium itself is elec troplated onto palladium. 
This is  really no disadvantage, because the half life of polonium-Z 1 0  is  know n  to five s ignificant 
figures. One can really get a massless source this w ay, while w ith radium E plus D plus F, one 
had to plate radium D dow n from a solution containing lead . One gets far les s s traggling in the 
spectrum of the pure polonium source than in the spectrum of radium E plus D plus F where the 
ac tivities are about the same and distributed over approximately the same area. These are cur­
rently the sources that we are issuing from the Bureau. They can be made in practically any 
specific ac tivity that one desire s .  

There is  one drawback. I am feeling ve ry uneasy at the present time about polonium 
sourc es.  We have taken some audioradiographs of polonium sources that have been elec troplated 
onto palladium, and looked at the same sources a year later by audioradiographs . These are 
shown in Figure 1 .  One can see that in  the plating operation the polonium was laid out unevenly 
but it is st i l l  a massless source and this unevenness  is of no consequence . But ove r a period of 

• 

Figure 1 .  Audioradiographs of polonium 
s ources . 

a year, the polonium has c rept and evened itself 
out a little bi t .  How ever,  I don ' t  think i t  is  due 
to free polonium salts , becaus e these sources 
are quite abrasion resistant . I actually wrapped 
a source in an envelope and carried it in my 
pocket for a year. At the end of that time I w as 
able to calib rate it and obtained a half l i fe that 
corresponded to the accepted half life .  

W e  are currently experimenting with differ­
ent  backings for polonium sources .  We are try­
ing at the present time to plate polonium source s  
o n  monel ,  which i s  qui te a corrosion resistant 
alloy of copper and nickel.  The electromotive 
potential between polonium and copper and nickel 
is  far greate r than that of polonium and palla­
dium, and perhaps we may get a more s table 
source this w ay. 

Anothe r  thing we are planning at the pre s ­
ent time is  t o  inves tigate the prepa ration of 
ame ricium - Z4 1  sources  of fairly low act ivi ty, 
let  us say up to a thousand DPS, which could be 
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supplemented by the very high activity sources that you have out in Berkeley. If there are any 
other sources that would be of value to people, we would like to know about it .  Some people like 
a mono- energetic alpha which is convenient for the checking of counters and energy calibrations.  
Something like americium- 24 1 ,  which has quite a number of alpha groups on the other hand, is  
equally acceptable in checking the response of certain detectors to  alpha energies.  

This is  really about all I have to say at  the present time on the Bureau program. 

ALLEN: May I point out something which is perhaps common know ledge ? W e  used to use 
polonium sources electroplated onto both platinum and onto silver in a long tube low geometry 
counter, and after a few months, particularly if the source had been under vacuum, there w ere 
up to a few percent of polonium on the w alls  of the tube. 

HAYWARD: Yes.  

ALLEN: It  might be better wi th polonium with monel backing. It would be rather interesting 
to kitow .  

SELIGER: I would like t o  throw one problem that w e  have open which is analogous t o  that 
which Dr. Hayward brought up wi th regard to the alpha standards ,  and the audioradiographs. W e  
have t o  go through a lot of difficulty t o  prepare radium D plus E sources, by electrodeposition, 
and at one time we thought it would be very nice to be able to deposit a small spot of radium D 
solution and alloy it w ith the palladium surface of the disk that we used .  We, therefore, took a 
very small spot, in this case lead nitrate, and passed hydrogen through a tube in w hich the sam­
ple was placed at about soooc, lead w as reduced and the c ritical tables say that a very small 
amount of lead can go into solution in palladium. This was actually the case. W e  prepared a 
radium D plus E source which w as extremely abrasion resistant which was essentially a point 
source,  and we w ere quite happy. We put these away. The size of this point �as about a milli­
meter. About six months later we re- examined these sources and w e  found that the activity had 
spread over a centimeter and irregularly, and there seemed to be about three or four times as 
much solids as we had seen originally. I doubt whether this is a diffusion process ,  but I assume 
that possibly tJ:iis activity has progressed along surface defects in the palladium film which is on 
the surface.  I just throw this open to people who are going to prepare sources this w ay, that it 
is rather difficult at the present time to prepare a source which will be stable over a long period 
of time. 

KIPFER: The pic tures you show ed w ere pure polonium sources ?  

HAYWARD: Pure polonium metal. 

KIPFER: And the backing of monel was for polonium sources or radium D sources ? 

HAYWARD: Polonium sources,  but we have only made the monel sources two months ago 
and there is  no evidence as yet of c reep. 

HAW KINGS: I w ould like to ask Dr. Selinger why he thinks that the spread in the polonium-
2 1  0 on palladium is not due to diffusion. 

SELIGER: I don ' t  think that it  is  due to diffusion in the sens e of atomic diffusion through the 
material itself. It is ,  rather,  possibly a travel of the material along defects in the surface of 
the material . I don ' t  know that at room temperature that metals have a diffusion coefficient so 
long as to give one centimeter traverse in six months.  

PATE: I would like to ask if there is  any information that exists concerning such phenomena 
being observed without polonium - 2 1 0. 

SELIGER: I would assume that if one proposes a process by which the polonium creeps , this 
should not be a particular property of polonium. 
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PATE: Unless you as sume some mechanism which depends on the chemical nature of polo ­
nium- -volatility of compounds has been brought up. How ever, if you have a polonium sample 
sitting under vacuum, i t  is not going to grow any line s .  Yet we observe this phenomenon moving 
around, and this  is the sort of thing we have observed in spectrometry. 

SELIGER: I should think that wherever you have a sufficient number of atoms so that they 
can agglomerate,  you wil l  have this process occurring. H you lay a polonium surface down so 
that the re is a fair distance betw een atoms,  and if you do this under high vacuum where your 
accommodation coefficient is rather low ,  then you should not observe this .  H you do i t  under a 
process  where you distill  your polonium, then you would tend to observe this  creeping more . 

ROBINSON: W e  have made autoradiographs of some of our ame ric ium-Z4 1 sources  which 
are several years old, and there is no evidence of any migration of ac tivity on the surface of the 
platinum. Has anybody done any work on any other material ? 

BA LAGNA: W e  have not noticed the contamination problem with polonium. This  is a point 
of information. 

ZUMW ALT: I remember at a previous subcommittee meeting, I think Dr. Patt and a num­
ber of others pointed out it was thei r  experience that the ame ricium- Z4 1  s tandards w e re very 
s table as they are prepared. So as far as experimental evidence goes ,  they would seem to be a 
good kind of standard from the stability point of view . 

PEACOCK: I w ant to make a comment on the radium E plus D plus F sourc es at the risk i t  
might be slightly off the subject a t  this point. I think one o f  the main purposes of this sourc e 
was for the purpose of getting the beta rays as wel l  as the alpha rays sources and for having the 
mixed radiation which is of some convenience in some laboratories.  I certainly urge that al­
though it may take t ime to restock on those sources ,  that they are available in quantities that 
are needed. I dare say they w ill be much more in demand as beta sources.  I expect the demand 
w ill go up very substantially. They are very handy. 

HAYWARD: You need to order a radium D plus E source from the Bureau and you get the 
alpha sources  with them. 

CURTISS: I think that Dr. Peacock was worried that you w e re going to discontinue the 
radium E plus D plus F sourc es .  

MANN: We discontinued them two years ago. 

SELIGER:  Not the radium D plus E .  You can wait a little while.  

PEACOCK: It i s  plated out. I am satisfied. 

HAYWARD: We can do that. 

MANN: We are not standardizing the accuracy any more. They are just  refe rence sourc e s .  
W e  don ' t  put them out as absolute s tandards.  I t  is  ±5 percent now . As a special favor w e  w ill  
prepare one that is ±Z percent.  W e  normally put them out as ±5 .  

MANOV: Do you contemplate plutonium alpha standards ? 

HAYWARD: I see no reason why they could not be prepared very simply. 

MANOV: I could foresee quite a demand for that .  

HAYWARD: The demand for alpha particle standards has been going up exponentially to our 
surprise ,  and w e  don' t  really know why. 
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l ike .  
MANOV: You may need a market survey team. I may give you some answers later if you 

REYNOLDS: On the matter of plutonium s tandards,  is americium- 24 1 accurate enough ? In 
other words ,  does one need plutonium as such?  The principal alpha energy is 5 .  5 Mev approxi­
mately.  In this  connec tion we are ve ry much pleased that the Bureau is contemplating the 
ame ricium- 24 1  sou rces .  This was suggested, I think ,  in an earlier meeting of the subcommittee 
as some thing very desirable.  The ame ric ium has the advantage of moderately long half life . not 
so long as to require the deposition of subs tantial amounts of mate rial . It also is  one of the few 
alpha emitte rs which has a substantial gamma emission also, and , therefore, this  could be 
alpha- gamma coincidence counted for accepted standardization independent of low geometry 
counting. 

HAYWARD: W e  would like to know what alpha s tandards  would be desired that are not pres­
ently is sued by the Bureau of  Standards.  For example, plutonium - 2 3 9 and americ ium - 24 1 ,  w hat 
s trengths ,  and this  sort of thing. 

PATE: You want alpha s tandards , do you not ,  for two separate purposes ? You w ant alpha 
s tandards as dis integration rate s tandards .  One also w ants alpha standards as standards for 
l ine energies .  It is desi rable to combine both functions in a single source for many experiments .  
But one usually runs into the trouble that many of  the materials which are  suited for one purpose 
are unsuitable for another purpose.  Many alpha line s  are too close for other purpose s .  That is  
whe re the consideration comes in .  W e  at Brookhaven would certainly welcome the appearance 
of s tandardized mate rial s which could combine the two funct ions if such could be prepared and 
would be avai lable.  

The americ ium lines are well  enough separated and the material is available and it  could be 
laid down; I think i t  would be very valuable to have i t  available. The same would apply to any 
other mate rials w ith different line energies that could be secured. 

W ATTERS: I would like to put in a vote of confidence  for the americium samples because of 
the nice gamma and coincidence figures .  

HAYWARD: Yes ,  it would be possible to calibrate them by independent w ays and really 
arrive at what is the alpha back scattering. 

WATTERS: The low energy gamma is a very sweet thing to have around. 

ROBINSON: At one time w e  thought that plutonium - 2 39 would be a nice standard to have a ­
round, but there are a couple of questions about i t .  One is that i t  is  a little hard to get plutonium 
w ithout some plutonium - 24 1 ,  and you have to worry about this . The second is ,  I suppos e ,  there 
is now , and wi l l  continue to be, difficulty about exchanging plutonium samples abroad. Is that 
right ? 

MANOV: I think I can answ e r  that.  W i th those countrie s  wi th which the United States has a 
bilateral agreement for coope ration, that agreement contains provision for getting up to , I 
believe, 1 0  grams of plutonium for research purposes.  There is at present, how eve r ,  no mech­
anism for exchanging small quantities of plutonium for counting purposes wi thout having to go 
through a lot of red tape . I think it would be extremely useful if this could be removed. I sug­
gest  as w e  get into so- called exempt quantities in this  country that we will be able to take this up. 

up. 
MANN: The same applies to polonium - 2 1 0 . W e  find our s tandards tend to get a little mixed 

MANOV: This  is  a silly si tuation but i t  is absolutely correct. The reason for this  is the 
w ay in which the Atomic Energy Act w as w rit ten; namely, that all naturally occur ring radio­
i sotopes are exempt from AEC rules ,  whereas the pile produced ones are not . You have to 
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decide between tweedle dum and tweedle dee when you separate out polonium - Z l O  from one 
source or another. It is amazing how the amount of natural polonium - Z l O  has risen to astro ­
nomical figures. We hope to get that machinery for interchange of research quantities of polo ­
nium as wel l  as other associated purposes.  

ROBINSON: One more point in that connection. When w e  received these samples from 
Harwell  for comparison, these were plutonium samples  and the State Department got involved.  
All  this had to be arranged through the State Department because these s ame samples had to be 
sent out  of  the country.  There was a lot  of red tape involved in getting the plutonium sample s  
i n  under conditions where we could get them out again. We would certainly like to avoid things 
like that . 

MANOV: We hope w e  can straighten this out in the future . 

ATEN: I would like to put in a word for plutonium standards.  Even if you distribute amer ­
icium s amples, most people would use them for measuring plutonium anyway. One could get 
around the difficulties if the Bureau of Standards,  which is  best equipped to make standards,  
would send out instructions for making your own plutonium standards, and possibly having 
abandoned them for calibration purposes.  It would not be essential that they be returned to the 
countries they came from. 

PUTMAN: The longer lived materials such as americium can presumably be measured by 
more than one method. One can. eithe r use counting methods or one can use calorimetric 
methods and sometimes these materials are wonderful standards for a calorimeter or in the 
case of half lives of a few hundred years, one could w eigh the sample and use accepted figures 
for half life.  After all ,  a millicurie of americium is  something more than four milligrams, I 
think. So this  should be w eighable and quite accurate . I wondered whether any intercompari ­
sons of different methods of measurements could be made for these alpha s tandards if they are 
proposed. So far w e  have only been hearing as absolute methods about high and low geometry 
methods .  I t  seems a pity t o  rely entirely o n  one method o f  measurement when unforeseen snags 
might arise.  

REYNOLDS: W e  have done alpha - gamma coincidence counting or. americium sources which 
have also been measured by low geometry counting. The re sults w e re w ithin our statistical un­
certainty in the coincidence counting. So w e  can say that depending on the source strength, bear­
ing in mind our coincidence equipment demands ,  that the source be at least as strong as a cer­
tain amount and not stronger than a certain other level, the agreement is betw een a tenth and 
one percent by two independent techniques of three or fou r different sources .  

MANOV: I would like t o  s e e  some plutonium alpha standards,  even if there a r e  problems 
connected with them, to match so we have pairs . A plutonium alpha and a plutonium beryllium 
neutron source would have useful applications.  This is  worth thinking about, particularly for 
laboratories in foreign countries that are setting up cascade accelerators or setting up other 
alpha end measurements - - a  set  of s tandards like that - - re lating to the same isotopes would be 
quite useful. 

Z UMWALT: As far as neutron s tandards go, you can use americium very nicely. The 
americium pairs would be even better. 
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3 .  Radium Standards 

W. B. Mann 

As the only member of the program committee who was fortunate enough not to have to go 
to Europe for the whole of September, I have not had time to prepare a formal talk. I grabbed 
up a few slides last night and some results which have been obtained in our radon testing labora­
tory and I am, therefore. very pleased that I will have the opportunity, as you mentioned earlier, 
of being able to edit these remarks. 

We recently c!lrried out some intercomparisons of national primary radium standards- ­
Honigschmid standards . 

Date 

February 1 9 54 
Do 
Do 

November 1 95 5  
Do 
Do 

December 1 95 5  
Do 
Do 

February 1 956 

Average 

TABLE 1 

Intercomparison of Honigschmid Standards 

Standards 

A/ B 
A/ D 
D/ B 

A/ G 
A/ D 
D/G 

A/ C 
A/ D 
C / D 

A/ D 

A/ D 

Electro-
scope 

2. 44 1 
1 . 870 
1 .  305 

Z. 608 
1. 870 
1. 3 9 5  

1 . 578 
1 .  870 
1 .  1 8 5  

- - -

1 .  870 

Radiation 
balance 

z. 4 5 0  
1 .  873  
1 . 308 

Z. 6 1 Z  
1 .  869 
1 .  398 

1 .  583  
1 .  8 7 5  
1 .  1 84 

1 .  874 

1 .  87 3 

Honig-
schmid 

Z. 4 5 0  
1 .  8 7 0  
1 .  3 1 0  

Z. 6 1 7  
1 . 870 
1 .  400 

1 . 583  
l .  870 
1 .  1 8 1  

1 .  870 

1 .  870 

Ratio of 
radiation 
balance ra 
tio to elec-
troscope 
ratio 

1 .  003  
- - -
1 .  ooz 
1 . 002 
- - -
1 .  ooz 
1.  003 
- - -
1 .  000 

- - -

l . OOZ 

Ratio of 
radiation 
balance 
ratio to 
Honigsch-
mid ratio 

1 .  000 
- - -
0. 998 

• 998 
- - -

• 999 

1 .  000 
- - -
1 .  003  

- - -

1 .  ooz 

Ratio of 
e lectro-
scope ratio 
to Honig-
schmid 
ratio 

0 . 997 
- - -

• 996 

• 996 
- - -

• 9 96 

• 9 97 
- - -
1 . 003  

- - -

1 . 000 

Table 1 represents the American standard and B is the British standard. Just so you know what 
they are. we use A, B, C, D. A, American; B, British; C,  Canadian; and D, the second United 
States standard which conforms to the same mnemonic: We refer to it affectionately as the 
Damyankee. G is the German standard. 

W e  intercompared these standards by means of the gold - leaf electroscope which has been in 
us� at the National Bureau of Standards for a great many years, and also by means of a micro­
c alorimeter (the so-called radiation balance). 

In the last three columns are the ratios of the ratios of the standards to each other obtained 
by the three different methods of measu rement (including Honigschmid' s  w eighings) . You notice 
all ratios in the radiation-balance- to- electroscope- ratio column tend to be high. They are on 
the borderline or ou r precision with deviations from unity or the order or o. 1 or o. z percent. 
There is a definite tendency for these ratios to be greater than unity. The ratio of  the Canadian 
to the second United States s tandard is unity but these standards are approximately equal so that 
the self-absorption will be about the same. 

On the other hand, the ratios of the radiation balance to Honigschmid readings show a fairly 
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c lose proximity to 1 .  000,  at least to wi thin the precision of the measurements.  If you take the 
ratios of e lectroscope to Honigschmid w eighings then the ratios are all less than unity. So i t  
looks as though w e  are running into trouble with source self- absorption and that the micro­
calorimeter is the only w ay of  getting a really good comparison between these standards which 
does, in fact, agree w ith Honigschmid' s own figures. 

Table Z wil l  show the best masses that we  deduced. 

TABLE Z 

-
Values for Mas s of Honigschmid Standard 

Standard A 

Honigschmid ' s  mas s 38 . Z 3  

Mass derived from radiation 

I 
38.  Z 37 

balance and Honigschmid 38. Z4z 
38 . z z5 

Mass derived from electro-

I
38 . Z 1 6 

scope and Honigschmid 38 . Z l 6 
38 . ZZ 3 

B 

1 5 . 6 0  

1 5 . 605 - - -
- - -

1 5 . 6 z8 
- - -
- - -

c 

Z4. 1 5  

- - -

Z4 . 1 54 
- - -

- - -
Z4 . 1 77 
- - -

D 

Z0. 4 5  

Z0. 4 3 1 
ZO.  4Z 1 
z o . 4 s 0 

zo . 44z 
Z0. 44 1 
zo . 44 5 

G 

1 4 . 6 1  

- - -
- - -

14 . 6 Zz 

- - -
- - -

14 . 6 33 

As Mr.  Perry pointed out, these are "Honigschmid milligrams" because Honigschmid never 
compared his weights with the standard kilogram in Paris .  They w e re calibrated, however, in 
terms of each other .  So, for what it  is  worth, we agree with Honigschmid insofar as the mas s 
ratios are conce rned. 

When you get down to the very great precis ion that Dr. Kipfer has in his very beautifu l  meth­
od, one in 1 0, 000, I have a feeling that w e  are going beyond the point of reason with thes e radium 
standards .  In fact ,  I hope never to measure a radium standard again! The question, which I 
think Dr. Hayw ard is going to take up tomorrow in the gamma- ray ses sion, is whether or not i t  
would be more sensible to  try to make a break from radium and go to cobal t-60 .  Radium is  
very much tied to  the medical therapy, but radium clinically is being replaced by cobalt -60 ,  and 
it m ight be best to make the measure menta in terms of disintegrations per second . 

Dr. Hayward has already carried out a very nice comparison with Harwell  arid Chalk River 
in which I believe they used the same method of dis solving an approximately 30-millicurie 
source and measuring an aliquot by gamma-gamma coincidence counting. 

At Geneva last year at the meeting of Committee I of the International Commission on 
Radiological Units ,  we decided to compare cobalt - 6 0  s tandards internationally. They w ere to 
be sheathed in glass or metal- plated . Thi s  was left for National Physical Laboratory and 
National Bureau of Standards to work out. I am afraid w ith al l our other diversions,  especial ly 
for Dr. Hayw ard , who is going to try to look into this matter, we  have not gotten around to it .  
We have a deadline of next August  by which to do it .  

The last thing I wanted to mention, is that we  have recently prepared some radium solution 
s tandards .  Even though solid radium standards may have thei r  limitations and are awkward 
things to work w ith, we  do have to have solution standards for the assay of ores and so forth by 
the radon method. 

W e  recently used the calorimeter to prepare some standards which w e  call our 1 9 5 7  series 
of radium solution standards.  I t  may interest you to know the order of precision we have 
obtained .  W e  had  a special radium source prepared by the Radium Chemical Company in  a 
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glas s tube of approximately the s ame size of crystals in order that we could also make a gamma 
ray comparison using the National Bureau of Standards elec troscope. By spreading the source 
along the length of the tube by tapping we could make a gamma ray comparison which ·would not 
be too subject  to salt self- absorption corrections . With the mic rocalorimeter we obtained the 
fol lowing values for the rate of energy emission: 

October Z 3 ,  1 9 56 9 1 4 .  s4 uw 
November 1 ,  1 9 56 9 14 .  S uw 
November S,  1 9 56 9 1 4 . 6 3 uw 
Novembe r  ZS,  1 9 56 9 1 4 .  OS uw 

This corresponded to 6 .  l Os mg of radium element compared w ith 6 .  OS mg of radium element 
obtained by comparison w ith the primary s tandards us ing the N.  B. S. electroscope. 

We put these standards into solution and measured them by the method of radon analysis .  
We prepared some 1 0-microgram radium solution s tandards and w e  also prepared some 1 o- 9  
and I o- 1 1  gram radium solution s tandards . W e  compared these wi th our 1 947  1 0-microgram 
standards and also our 1 94 0  1 0-mic rogram s tandards and got good agreement wi thin the s tated 
errors . 

Measurements between the 1 940,  1 94 7 ,  and 1 9 5  7 1 0- ,  ZO- ,  and 50-microgram standards 
w e re now carried using the National Bureau of Standards 4 w beta-gamma ionization chamber and 
between the 1 940  and 1 9 5 7  1 o - 9  gram s tandards .  The initial results may be summarized by say­
ing that , to wi thin the precision or accuracy c laimed for the various series of standards , there 
was agreement betw een the 1 940 ,  1 947 ,  and 1 9 57  microgram series of s tandards.  These meas­
u rements were made by Mr. Garfinkel.  In the case of the I o - 9  gram standards,  however, the 
ratio of 1 9 57 /1 940  came to about Z. 5 pe rcent less than unity. This result was so surprising that 
we dec ided to check our procedures by taking s ix of the 1 94 7 1 0 - microgram standards ,  diluting 
these  down, by two different routes ,  to I o- 9 grams and comparing these w ith the 1 94 0  1 o- 9  gram 
standards.  The se dilutions were made by Mr. Schw ebel and Mr. Stockmann and the comparison 
carried out by the latter and Miss Mullen. Once again we got approximately the Z .  5 percent dis­
c repancy. The details of our experiments will  shortly be published but the final result for the 
1 9 5 7 / 1 940 ratio of I o - 9  gram standards is 0. 9740.  Our conclusion is that an error must  have 
occurred in the dilution down to I o- 9  gram standard in 1 940 as we cannot detect any Z. 5 percent 
disagreement between the microgram s tandards for these years.  

As I have said there was good agreement between the electroscope and calorimeter.  The 
c alorimete r is show n in Figure 1 .  It can sit  on a table covered wi th black paper but is  rather 
sensitive to fluorescent light and to drafts .  You can get of the order of half pe rcent precision. 
If you put it in a temperature - attenuating enclosure so that i t  does not fol low the temperature of 

Figure 1 .  Standardization calorimeter. 

1 9  

the room so rapidly, you can get a precision of 
0. 1 3  percent .  It is  based on the Pe ltier cool ­
ing effect .  You put a radium source, say, in 
the left cup and a dummy in the right . You 
compare the temperature by means of the six 
thermocouples,  and you balance by passing a 
cooling current i n  such a w ay as to cool the 
left-hand cup and heat the right.  You then 
interchange source and dummy and reverse the 
current, and quite simply the microwatts come 
out to be equal to twice the Peltier current 
times the Peltier coefficient. This is the calo ­
rimeter wi th which w e  have measured this new 
source in terms of the United States primary 
radium standards.  We have measured against 
the two primary s tandards and we will  be ac ­
cepting the microcalorimetric value for this 
new series . 
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ROBINSON: You mentioned these dilution errors. Do these  e rrors result from adsorption ? 

MANN: It may be simply an error in calibration. We have no idea. It was carried out by 
someone who was at the Bureau and is no longer at the Bureau. We are not quite clear what the 
procedures were. Where you have to dilute so _many times- - there are about four dilutions in 
the chain- - it is  possib le to introduce some error through calibration or lack of calibration. 

PEACOCK: Do I understand that the e rror is in the 1 o- 9  gram 1 94 0  standard but as far a s  
you know it  i s  not i n  the 1 0  mic rogram standard ? 

MANN: Yes .  We have some high activity standards from each year. 

ATEN: Is there a special technique for avoiding absorption errors ? 

MANN: We use a barium carrie r in acid solution. We believe we  have no absorption errors. 

ATEN: How much barium is put in and what acid solution, roughly ? 

MANN: Ac tual ly, Mr.  Schw ebel  did this  part, and I don ' t  have the figures he re. I can tell 
you later. It  was hydrochloric acid and in 1 947  nit ric acid. Apparently the hydrogen ion acts as 
well  as barium as a carrier. It prevents adsorption. 

PERRY: I would like to give one or two figures of comparisons of NPL solution standard s 
in the region of 1 0- 9  curies with NBS 1 o- 9 curie standard s .  W e  make two o f  our 1 o - 9  standards 
different by one percent. We differ by one pe rcent from the NBS value for one of their standards 
that we have; that is ,  w e  would make it  0 .  991  ins tead of  l .  W ith the second 1 o- 9  s tandard we 
only have two of  these NBS s tandards.  W e  would call it 0 .  979 ,  ins tead of 1 .  W e  would say NBS 
was one percent lower than we are, or we are one percent higher than NBS, and two percent 
higher in the other standard. 

MANN: This is worse, because we say our 1 940  standards are not so active . 

PERRY: W e  don ' t  claim precision better than ± 1 percent on these  measures .  W e  have done 
this by the integration technique and alpha particle count technique .  These differences,  perhaps 
w ith the exception of the two pe rcent I mentioned, are within the limits of our precision. 

MANN: I should mention for the record that Mr.  Stockmann and Dr .  Youden have done a 
very beautiful job in arranging these experiments on radon. We have gotten a precis ion of 0. 8 
percent. 

CURTISS: That is  remarkable for radon measurements . 

MANN: Yes .  It was first done by the method of bubbling nitrogen through sintered glass  
filters and removing the radon. W e  reinstalled reflux condensors and got identical readings .  It 
was a very thorough job .  

CURTISS: I would like to  say this about Honigschmid standards ,  because every time I hear 
the name of Honigschmid mentioned, I am uncomfortable.  Dr. Honigschmid actually determined 
the atomic weight of radium and had at his disposal five grams of radium. He was not interested 
in preparing radium s tandards , but he prepared ve ry high purity samples of radium and redeter­
m ined the atomic w eight and got essential agreement, and only s light improvement w ith previous 
value s .  He had this large quanti ty of very pure radium. He had to tube it  up and return it to its 
owners, which he did. I don ' t  think at any time he expected that it would be used as radium 
standards .  I don ' t  think he used any of the precautions that you ordinarily would use ,  but he 
tubed it up prope rly and returned it to the ow ners.  The owners after some time had this five 
grams of ve ry pure radium in terms of 1 00 and Z O O  mg and lesser  amounts of radium. They 
wanted to get rid of it .  They didn ' t want to put it all on the marke t as just  ordinary medical 

zo 
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preparations . So they decided to distribute it as standards,  subject  to calib ration by the Inter ­
national Radium Commission b y  the electroscope method. That is  how these standards got on 
the market and you may find the disc repancy in w eight in these standards which I think you w ill 
i nevitably find. 

MANN: I don ' t  think there are any disc repancies in the w eight,  Mr. Chairman. I think the 
w eight ratios are in extremely good agreement w ith Honigschmid ' s  results. You find that in 
v e ry few cases are they outside the precision of the experiments that we are carrying out. 

If I might add one further remark, the re was some suggestion that we might take the resi­
due of Honigschmid ' s  atomic -w eight material and prepare a new set of radium standards.  But 
I am "agin" i t !  I feel that radium has had its day! 

CURTISS: All right. We will have your slide. 

GEIGER: We just  had the opportunity two years ago to acquire one of those Honigschmid 
s tandards due to the kindnes s  of the various laboratories.  It could be prepared with the Honig­
s chmid standard and used with the forme r  Paris and Vienna s tandards.  The results are given 
in Table 3 .  

TABLE 3 

P reliminary Values for New Canadian Primary Standard No. 54 2. 5  
a s  o f  June 2., 1 9 34 

No. 542.5  � Devi-
Weight Measured ation 
mgm Value from Remarks 
Radium mgm W eight 

#542. 5  Honigschmid ' s  w eighting 2.4. 1 5 3 - - - - - - - - - - - - - - - - -

#542.6 (German) at PTB 14 . 608 2.4 . 1 2. 5 - 0 .  1 1  Corrected for absorption 
#542.6 (German) at NRC 1 4 . 608 2.4 . 1 4 1  - 0. 0 5  Corrected for absorption 
#542.8 (Vienna) at  Inst.  f. Radium f. 2. 3 .  407  2.4 . 1 2. 3  - 0 . 1 2.  No correction necessary 
#5 3 3 0  (Paris )  at Union Miniere 1 6 . 92.2. 2.4 . 1 2. 5 - 0. 1 1  Not corrected 
#543 2.  (U. K. ) at NP L 1 5 . 6 0 5  2.4. 1 2. 5 - o. 1 1  Not corrected 
#54 3 7  (U. S. ) at NBS 38. 2.2.8 2.4 . 1 44 - 0. 04 Radiation balance 
#5440 (U. S. ) at NBS 2.0. 446 2.4. 2. 1 6  +0 . 2.6 Radiation balance 
#5440 (U. S. ) at NRC 2.0. 446 2.4 . 2. 3 9  +0 . 36 Corrected 

Former International at Union Miniere 1 6 . 5 7 3  2.4. 1 78 +0 . 1 0  Not corrected 
Former Vienna at Union Miniere 2. 3 . 492.  2.4 . 2.48 +0 . 4 0  N o  correction necessary 
Forme r  Canadian at NRC 2.4. 2.56* 2.4 . 1 6 1  +0 . 0 3  Corrected 

* This is a measured value as certified by the International Radium Standard s  Commission. 

On the very top i s  the HOnigschmid w eighing of our standard of 2.4. 1 5 3  mil ligrams of radium. 
Then the measured weights by these various laboratories .  In the third column, you see the per­
centage deviation from weight. Except for two cases this is  better than 0 .  2. percent,  which I 
think is very good. If you read Honigschmid ' s  paper, he really does not claim that he could 
w eigh it  better than 0 .  3 percent. In most cases absorption corrections have been applied as far 
as feasible when ionization chambe r measurements w e re made. 

KIPFER: I would add that I compared some of Honigschmid ' s  s tandards deviations of the 
same order of magnitude, about 0 .  2. and 0.  3 percent. 

MANN: There is the problem, Mr. Chairman, that thes e  standards may be getting a little 
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dangerous now. We have to worry about them. We have now encapsulated our own at the Bureau 
in hermetically sealed containers. They can be radon tested. The air inside can be tested for 
radon. I am worrying about the permanence of these standards. 

CURTISS: Is it not true that over a period of some years very high pressures can develop 
in these tubes? I think it is remarkable that so few accidents have occurred. 

MANN: I believe that Honigschmid took extreme precautions to make sure they were not 
damp. So they may be all right. 

CURTISS: Small amounts of moisture can cause these things to blow up. But even without 
that, apparently over a period of some 3 0  or 40  years pressure does develop. It may not be due 
entirely to dissociation of water. 

NOVEY: Has anybody ever opened any of these sealed standards? 

CURTISS: Similar tubes were opened in Vienna, and the pressure was fairly high. It made 
quite a disturbance when it was broken. 

KIPFER: I would ask if standards of 1 9 1 1 are still living. 

CURTISS: I don't know . There may be slight differences in preparation. 

GEIGER: I may say that I think the radium in glass has the longest life time. We have a 
large number of encapsulated sources, and they don't seem to live more than 1 5  or 20 years. 
The glass sources definitely live much longer. 

CURTISS: It is more difficult, I think, to completely seal a metal preparation. I think 
there is no doubt about that. But when it comes to an explosion, the metal is quite a protection. 
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SESSION II - BET A MEASUREMENTS AND STANDARDS 

W .  B. Mann, Chairman 

Summary 

The second session is  devoted to a discussion of "Beta Measurements and Standards , " 
the discussion being initiated by two papers by Dr . Peter J . Campion and Dr. How ard H. 
Seliger. 

The paper by Dr. Campion is entitled 1 14 71'  Beta Properties" but deals essentially w i th 
the theory of 4 r  beta - gamma coincidence counting. New equipment that has been built at 
the Atomic Energy of Canada Limited Chalk River Laboratories for 4r beta- gamma coin­
cidence counting is  also described . The discussion that fol lows i s  concerned mainly w i th 
the questions of source preparation, source self- absorption and wi th the pos s ible use of 
l iquid scinti llators in place of sodium iodide c rystals . 

The paper by Dr. Seliger i s  on " Liquid Scintillation Counting. " The author at firs t 
extends some of the comments on the previous paper dealing with the question of 4 71' beta 
counting. In the scintil lation counting paper itself he first  describes experiments with 
the method of 4 71'  c rystal scintillation counting and then proceeds to discuss liquid s cintil ­
lation counting and the effects of wavelength shifters,  oxygen quenching and thermal 
quenching. By attention to these fac tors the speaker and his colleagues have been able to 
produce pulses in a liquid scintillator that are at leas t as good as us ing anthracene in the 
4 71' crystal scintillation counter. The initial discussion on this  paper is concerned w i th 
scinti llation counting but the session finishes wi th more general discussion on the prob­
lems of 4 71' beta source preparation. 
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1 .  4 11' Beta-gamma Coi ncidence Counting 

P. J . Campion 

It is generally accepted that the method of 411' beta counting is the mos t univers ally applic ­
able for the s tandardization of artific ial radio - is otopes . The fundamental phenomenon which 
lim\ts the accuracy of this method is that of s elf- absorption. The beta-gamma-coincidence 
method is in principle independent of the efficiency of either detector and hence free from any 
s elf- absorption correction. However, this merit is often outw eighed by the uncertainties in 
s everal corrections which mus t be applied before the true dis integration rate can be determined. 
The method of 411' beta-gamma- coincidence counting is , of cours e, nothing new but I would like 
to review i t  here, and attempt to demons trate that the corrections are w ell  defined, by which I 
mean readily calculable,  and that accuracies of the order of 0. 1 percent can be achieved by this 
method. 

I will s tart, therefore, by enumerating the various ccrrections which may apply to 411' beta­
gamma-coinc idence counting. Pe rhaps the mos t obvious advantage of this method is the fact 
that the correction due to any angular correlation betw eeen the beta and gamma rays is greatly 
reduced. For 1 00 percent efficiency the correction is obvious ly zero .  Furthe r, it is wel l  
known that the preparation of  sources by the evaporation of  aliquots of active s olutions generally 
yields depos its cons is ting of local aggregates as oppos ed to uniformly extended depos its . It is 
reas onable to as s ume,  therefore, that to a firs t approximation the s elf- absorption wi l l  be is o ­
tropic and hence there is no correction required even for efficiencies of les s  than 1 0 0 percent of  
the 4 ,.  beta counter provided that this loss is  due to  s e lf- abs crption . 

The next correction w e  wi l l  cons ider is that of poss ible internal convers ion of the gamma 
ray fol low ing beta decay. Again it  is clear that if the beta detector is 1 00 percent effic ient and 
the internal convers ion process fol lows the beta decay in a, time short compared to the res olving 
time of the mixe r c ircuit,  the convers ion electrons add nothing to the beta-channel counting 
rate . In the cas e  that the efficiency is les s than 1 00 percent a correction mus t be applied to 
take into account thos e convers ion electrons which produce a s ignal in the beta detector when 
t�e ass ociated beta partic le w as not obs erved . The relevant equations omit ting dead - time cor­
rections are the fo llow ing: 

N � = No[£ � + � {1 - £ � ) £ ce ] 
N = N � y 0 1 + Q 

Nc = No £13£
v 1 + Q 

where N�, Ny and Nc repres ent obs erved counting rates in the three channe ls res pectively, Q is 
the total internal convers ion coeffic ient and £ � and £y the over - all  effic ienc ies of the beta and 
gamma channels respectively, and £ce is the efficiency for detecting conve rs ion electrons . 
S ince thes e are mono- energetic £ce is generally indis t inguishable from uni ty. The s mall  value 
of (1 - £ �) coupled w i th the us ually s mall  value of Q cons iderably reduces the magni tude of this 
correc tion. As an example we may take the c as e  of m e rcury- Z 0 3  for which the total internal 
convers ion is about Z O  percent and, becaus e it has a low beta ray energy and therefore cons id­
erable s e lf-abs orption, the efficiency of the beta detector may be only 95 percent. Thus the 
correc tion amounts to one percent. 

Another correction to be cons idered is the gamma s ens itivity of the beta detector and pos ­
s ible gamma- gamma coincidences . For thos e is otopes which have a s ingle gamma ray trans i ­
tion and provided w e  make the ass umption that the gamma ray interac tion giving ris e t o  a s ignal 
in the beta counter cannot produce a coincidence ,  the equat ion may be w ritten as 
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= No [ 1 + 

where (E: I3)y is the gamma sens itivity of the beta detec tor. 

If, on the other hand, s uch coincidences can occur or if a second gamma ray is pres ent in  
the spectrum, w e  have the following s et ?f  coincidence equations : 

whence 

N 13 No [ E: 13 + ( l - E: 13) (E: 13)v] 
NV NoE:y 
Nc = No [ E: I3E:y + ( 1 - E:I3)E:c J 

::Nv z  No [l + ( l ��E:e
) { (E: 13)v - E:c / E:v } J 

where E:c is the probability of detecting a coincidence when the beta particle is undetected. 

We have measured thes e values as a function of gamma ray energy by covering s ources of 
known activity with polythene s ufficiently thick to absorb all the beta rays , and obs erving the 
response of the beta counter. 

Figure 1 shows the results for E: as a function of energy. We have us ed cobalt-60 as one 
point s ince the two gamma rays have131pproximately the same energy. The other four isotopes 
all  have s ingle gamma rays in their decay. 

The characteris tics of this curve are very s imilar to thos e obtained by earlier workers who 
us ed Geiger counters and external sources . In our case the beta counter was cons tructed of 
aluminum. 

The results for E:c are shown in Figure Z where the quantity £c / E:y is plotted agains t E:y for 
various gamma ray energies . The efficiency of the gamma channel was varied by adjus ting the 
w idth of the window of the s ingle-channel puls e-height analyzer, the larges t efficiency being 
obtained when the window was s et to include almos t all the puls e height spectrum. The value of 
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Figure 1 .  Beta detector efficiency for gamma Figure Z. Coincidence counting efficiency. 
rays . 
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From thes e two graphs it can be s een that the term (£ j3y - £c h ) is s mall indeed and thus 
the correction becomes negligible for mos t practical purpos es . It �ould be emphas ized that 
the results s hown in thes e figures are expected to depend on the experimental conditions and 
thus are s trictly applicable only for the ins trument wi th which they were meas ured. They do 
s erve to s how, how ever, the orders of magnitude involved. 

S E LIGER: For all  practical purpos es £c = 1 - £ 13• 

CAMPION: No . 

PATE: Times s ome coincidence efficiency. 

S E LIGER: All right. 

CAMPION: Yes . The walls of the beta and gamma counter are s ufficiently thick to s top the 
entry of beta partic les into the gamma detecto r, but it is poss ible that the low e r  bias of the 
puls e height analyze r  is s et at s ufficiently s mall  value to allow the detec tion of brems s t rahlung 
quanta in the gamma detector.  This condition will  obvious ly occur when the maximum beta 
particle energy is greater than the s ucceeding gamma ray energy or if  there is a branching to 
the ground s tate . 

WATTERS: Would you s ay what you jus t s aid again ? 

CAMPION: Maybe I had bette r read it .  

WATTE RS :  No, the las t s tatement . In which cas e wi l l  you detect the bremss trahlung in 
your gamma detector ? 

CAMPION : If the maximum beta ray ene rgy is greater than the s ucceeding gamma ray 
energy, you could poss ibly pick up a brems s trahlung quantum . Since the s ource in the 471" beta 
counter is usual ly mounted on a thin fi lm, and is its elf  thin, the only beta particles which are 
not detected are thos e having very low energy, and which thus give ris e to extremely weak 
bremss trahlung quanta which are not recorded in the gamma counter. It fol lows that any quan­
tum s o  recor.ded mus t be ass ociated with the beta particle which produces a s ignal in the beta 
detector, and this type of event s e rves to increas e the over-al l  efficiency of the gamma detec tor  
and requires no  correction. 

I wi l l  now turn to complex decay s chemes . Mr. Putman has s hown that the coinc idence 
method is valid for is otopes with s everal beta branches provided that the efficiency of ei ther the 
beta or gamma detector is the s ame for all branches . The us e of 471" geometry is the obvious 
approach to this condition and it is ins tructive to take a s imple hypothetical cas e  in order to ex­
amine the magni tude of the correction involved . Suppos e,  therefore ,  w e  have an iso tope which 
decays by two beta branches of fractional intens ity .!!. and .Q., s uch that a + b = l .  The co incidence 
equations and the counting rates in the three channels (again neglec ting dead - time los s es ) for 
this s ituation are the follow ing: 

whence 
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Here £ � and £ � are the e fficiencies of the beta detector for b ranches .!!. and .Q. res pectively 
while E"y!!. and E"yl) are s imilar quantities for the gamma detector.  Thes e gamma effici encies 
may inc lude �e contributions from s everal gamma rays in each b ranch. It can be clearly s een 
that the correction for N o is z e ro if £ �a

= £ � or £Y.a. 
= E"y� as was pointed out by Mr. Putman. 

An es timate of the max imum value of this correc tion can be made as fo llows : 

The efficiency of the beta detector is determined primarily by the s ource mount and s ource 
s elf-abs orption. The forme r  can us ually be made s mall compared w i th the latter by the us e of 
thin plas tic films rendered conducting by a vacuum - evaporated metal coating. Be low about 0. 3 
Mev s elf-abs orption effects become appreciable .  Dr. Se lige r has reported a 1 0  percent effe c t  
for cobal t - 6 0  and at Chalk Rive r w e  have obs e rved efficiencies as low as 8 5  pe rce nt.  Taking 
the mos t unfavorable cas e,  namely, maximum s elf-absorption in one branch and a negligible 
amount in the other,  we have £ � - £ �b = 0.  1 5 . 

:5!:. -
S ince the calcu lated efficiencies of s odium iodide c rys tals vary by l i ttle more than a factor 

of  two over the range of  gamma ray energies encountered in radioactive is otopes , i t  may be 
ass umed for this purpos e that the efficiency as sociated w ith the higher energy beta b ranch is 
1 0 pe rcent while that w ith the low er energy branch is Z O percent and hence ,  E"y.!!. - £Y.Q. 

= 0. 1 0 . 

It should be noted that if cas cading occurs w i th one or more gamma rays common to both 
b ranches , as is very often the cas e,  the diffe rence betw een thes e two efficiencies can be made 
much less . Finally the maximum value of .i!Q. is 0 .  Z 5, for a = b = 0. 5 .  Thus the correc tion in 
this rathe r extreme example amounts to about Z . 6 percent.  For all  prac tical cas es the cor­
rection is s maller by at leas t an order of magnitude and can generally be ignored for routine 
work.  The mos t pess imis tic values for the corres ponding efficienc ies , in the cas e of gold - 1 98,  
lead to a correction of . 01  percent.  Thus the s erious res triction of the beta- gamma coinc idence 
method to s imple decay s chemes is largely removed by the us e of 4 71' geometry in the beta de tec ­
tor. 

We s hall  now turn our attention to thos e corrections which are functions of the counting rate, 
that is to s ay, the accidental coincidenc e rate and the dead - time correction. Ow ing to the finite 
res olving time of the mixer i t  is alw ays pos s ible to obtain a coincidence puls e from two unre­
lated events unless both detectors are 1 0 0  pe rcent efficient.  An expres s ion for this accidental 
rate may be de rived as follows : 

It is ass umed that the background rates are negligible,  which is w ell jus tified fo r thos e in­
s tances in which the accidental rate is important.  The probability of detecting an event in the 
beta counter,  for example, when the as sociated gamma ray is not recorded in the gamma detec ­
tor is £ �( 1  - E"y )· The probability that a s econd event w i l l  occur and be recorded in the gamma 
detector (the beta channel being dead due to the previous event ) within T R' the res olving time of 
the mixer unit is No 'T"R E"y· Hence the accidental rate due to this type of event is 

RNoz £ �£Y{ l  - £Y )  

A s imilar express ion obtains for the type o f  acc idental coincidence in w hich the firs t event 
is recorded in the gamma detector and the s econd in the beta detecto r. Thus , the total random 
rate NAcc is  given by the s um of thes e two rates 

HAec = TRNoz £ 13 E"y (Z - £ 13 - E"y) 
The sum of the efficienci es of £ �3 and £ l ies c los e to unity.  Hence,  for a dis integration 

rate of 1 04 dps and a res olving time of 7 x Jo- 7 s ec the accidental coinc idence rate is about 0 .  7 
percent of the true coincidence ra te .  

For the dead - time correc tion, w e  s hall ass ume for s implicity that the dead-times of both 
channe ls are the s ame and e qual to T, and that the re is no dead- time ass ociated w ith the coin­
c idence channel greate r  than T ,  Fu rther,  the abs olute dis integration rate of  the  s ource �O is 
ass umed to be s uch that the probabili ty of two events occurring w i thin a t ime T can be neglected 
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compared with the probability of occurrence of one event, i . e. , Wo'T)�No'T· 

The probability of no event occurring in an interval is thus { 1  - N0T )  and the probability of 
detection in the beta channel, for example, is therefore 

€ �[ { 1  - !:l'o 'T) + !:l'o'T{l - € �) J = € �( 1  - No £ � '1") 

The firs t term in the s quare brackets express es the chance that there was no event in the 
preced ing interval 'T while the s econd term is the chance that there w as ,  but it went undetected 
owing to the inefficiency of the beta counter. Within the limits of the initial ass umption this ex­
pression for the dead- time correction is the same as that generally adopted, which in this 
notation would be {1 - !:l'�'T). 

By extens ion of the argument to the coincidence channel and remembering that a previous 
count in either channel occurring within time 'T will block the coincidence channel, w e  can w rite 

€ � €� {1  - !:l'o'T) + J':bT(l  - €�){1 - €y) 
for the probability of detection [ ] 
where the second term is the probability that there was an event in time .,. which was undetected 
by either counter. We have, therefore, the following equations : 

i. e. , 

NY = No £y( l  - No£y, 

N0 €y[l - ( 1  - L1 )N0 7']  where L1 = 

whence, s ince (N 0T')2«N 0 'T 
N N 

No:::: "W'v 1 � (1 - Ny TJ 

R 

for £ - 1 .  0 
J3 

• • •  

If now we make £ �  = 1 the dead- time correction for the coincidence channel is jus t that for 
the beta channel, and the correction appearing in the usual express ion for fu is that for the 
gamma channel. Further, no appreciable error is introduced if we adopt the more usual expres ­
s ion for the dead -time correction. In order to obtain a quantitative es timate of the error thus 
introduced, I have calculated the ratio, 

R = 

1 - No'T £13 €y 
1 - N 'T � 

for a range of values of JS0T, £ 13 and also €y· The res ults are tabulated in Table 1 which it is 
s een that, for the range of parameters chosen, the value of R differs from unity by about 0. 1 
percent for the mos t unfavorable cas e in which £ J3 equals 0. 8 and €y equals 0. 2 .  

0 .  0 3  
0. 02 
0. 0 1  
0. 005 

1 . 0000 
1.  0000 
1 . 0 0 0 0  
1 .  0000 

1 .  0003 
1.  0002 
1. 0001 
1.  0 0 0 1  

TAB LE 1 

1 .  0004 
1 . 0002 
1 .  0 0 0 1  

28 

1 .  0000 
1 . 0000 
1 . 0 0 0 0  

1 .  0006 
1.  0004 
1 . 0 0 02 
1 .  0 0 0 1  
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One c an go through a s im i lar argument as I have outlined here and s how that even for dead ­
t imes which are not equa l - -we have s tipulated that the dead - time of both channels mus t be the 
s am e - - if now you s ay that 'T13, where 'TJ3 is now the dead- time of the beta channe l ,  is not e qual 
to 'T y• one can s how that the s ame e quation holds provided you make 'T J3 greater than 'T'y. In 
o ther words , it is the dead - time of the beta channel which is determining the dead - time in the 
c o incidenc e channe l .  This c an c e ls out leaving you the dead - time of the gamma channel  as the 
only correction involved.  

As a check on the validity of thes e count ing- rate -dependent corrections , w e  have carried 
out two expe riments . But fi rs t I should briefly des c ribe the 41r beta - gamma apparatus us ed.  
The beta detector is a flow type proportional counter w hile  the gamma detector cons is ts of two 
3 - inch by 3 - inch s odium iodide c rys tals . A s ketch of the ins trument and shield ing is s how n in 
Figure 3 .  A more detailed draw ing is given in Figu re 4. 

The beta counter is a conventional pillbox des ign but in order to avoid regions of w eak 
e lec tric field s trength two s haped lucite pieces whos e s urfaces have been rend e red conducting 
h ave been placed in each pillbox as s how n .  This approximates cylindrical geometry. The two 
p i l lboxes are s eparated by a turntable on which s ource mounts may be placed and rotated into the 
counter.  A gas tight s eal is effec ted by two " 0" rings . The two s odium iodide c rys tals are 
mounted symme trically above and below the beta detector and are optically coupled to Dumont 
6 36 3  phototubes . 

A block diagram of the elec tronic c ircui try is s hown in Figure 5 .  The outputs of the photo­
mult ipl iers are each fed via amplifying s tages to s ingle channel puls e height analyzers , and the 
outputs of thes e are then added before being fed to the coincidence mixe r .  This unit has con­
tinuous ly variable dead - time cont rols on each input channel .  The res olving time currently us ed 
is 0.  7 mic ros econds and the dead - time is 2 .  0 micros econds . 

WATTE RS :  This 41r amplifier,  s ince you qualify it as nonlinear, I hope is also qualified as 
no nove rloadi ng. 

CAMPION: Yes . 

We w i ll return now to the experiments to ve rify the counting- rate - dependent corrections . 
The firs t of thes e cons is ted of follow ing the decay of a s ource ove r as great a range of ac tivities 

Figure 3. 4 1r beta-gamma coincidence counte r .  Figure 4 .  41r beta-gamma coincidence counter.  
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as practicable. For this experiment we chos e sodium - 24 s ince its large maximum beta ray 
energy enables sources to be made whos e efficiencies - are close to 1 00 percent, for which the ex­
press ion that was shown on an earlier s lide is exact .  It has a sufficiently short half life so that 
the obs ervations may be completed in a reasonable time. Further it may be readily purified by 
ion- exchange techni ques . However, the half life mus t  be well  known and although s everal meas ­
urements of this quantity appear in the literature it was felt that a more accurate meas urement 
could be made . The res ult of this determination was 14 .  96 plus or minus 0. 0 1  hours . 

A source of about 20, 000 dps of sodium-24 was prepared and the absolute activity of this 
source, corrected to a zero reference time, was measured in the 4 7T  beta-gamma ins trument as 
a function of e\aps ed time from zero. The results are shown in Figure 6 .  

Curve (a) was obtained when both dead-time and accidental-rate corrections are included in 
the calculations . Curve (b) was obtained without including the dead-time correction, while 
curve (c) is the result when neither correction is taken into account. It is gratifying to note that 
the absolute activity is essentially independent of the time of observation and therefore the 
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Figure 6 .  Effect of counting rate dependent 
corrections for sodium- 24.  

counting rate, provided that both the dead -time 
and accidental- rate correc tions are included. 

The second experiment does not rely so 
heavily on an accurate know ledge of a half life. 
The abso lute activity of a bromine-82  source, 
free from any bromine-SO  activity, was obs e rved 
as a function of the efficiency of the gamma de­
tector. This was achieved by varying the w idth 
of the puls e  height analyzer w indows and s ince 
there are s everal gamma rays emitted per dis in­
tegration of this isotope, the gamma detector ef­
ficiency could be varied from 2 to 40 percent. 

The results including all corrections are 
shown by curve (a) of Figure 7.  While curve (b) 
shows the result if the dead -time correction is 
not included. This is asymptotic to curve (a) at 
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low values of the gamma detector efficiency but 
deviates by up to one percent at large values , 
whereas curve (a) is independent of the gamma 
detector efficiency. For the sake of complete­
ness curve (c) shows the res ult obtained if the 
accidental-coincidence-rate correction is omit­
ted from the calculation. 

Figure 7. Effect of counting- rate-dependent 
corrections for bromine- BZ. 

Thes e two experiments serve to demon­
strate that the counting- rate-dependent correc­
tions propos ed earlier are correct and should 
be included in the calculation of abs olute activ­
ities by the 4w beta-gamma coincidence method. 
The dead- time correction may be ins ignificant 
in many cases where the gamma detector effi­
ciency is low, but it is difficult to reduce the 
accidental rate except of course by reducing the 
activity. 

Finally, I would like to compare the relative merits of 4 w  beta-gamma counting with thos e of 
s traight 4w beta counting on the basis of the corrections involved. Cons idering firs t the counting­
rate-dependent corrections we find that both methods are limited at the upper end of the us eful 
counting rate range by the fact that (!'!oT)Z<< � 0T unless s econd-order corrections are to be ap­
plied. In 4w beta counting the correction in this region is s imply that due to dead-time losses 
but in the coincidence method there are the two corrections as we have just  dis cuss ed. The ratio 
of the fractional correction in the two methods may ·be written 

4w 13-y = TR!io (Z - £� - £y) + T D �.O £y 
4 1r 13 T o .No £ 13 

• 

T R 1J) (1 - Ey) + €y for £13 = 1 - 0  

assuming that the dead-time, T 0, is the same in the two methods . Since the resolving time can 
be made somewhat s maller than the dead-time the corrections are of comparable magnitude 
with the coincidence method s lightly more favored. 

The lower limit of the counting rate range is s et by the background rates and for the 4 w  beta­
gamma coincidence method the controlling rate is that in the gamma detector, the background in 
the beta and coincidence channels being negligible. Since the efficiency of the gamma detector is 
considerably less than that of the beta detector any arbitrary s ignal to background limit is reach­
ed firs t in the coincidence method. Thus , in the straight 4 w  beta-gamma method the remaining 
corrections are usually very s mall (of the order of 0. 1 percent) and can be readily calculated to 
a fair degree of accuracy. On the other hand, in s traight 4 ,.. beta counting, there are corrections 
due to film and s elf-absorptions . The former correction has been treated by s everal workers 
and es timates for its magnitude can be made. The s elf-absorption, however, still  remains an 
unknown quantity. 

MANN: I had the benefit of s eeing this beautiful piece of equipment. Are there any com­
ments ? 

BAPTJSTA: It may be interes ting that we had the same proposal as this one, but w ith sod ium 
iodide crys tals s een by a photomultiplier or a plas tic scintillator crys tal, with another photo-
multiplier. 

· 

CAMPION : Does this exis t or is this what you propos e ?  
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BAPTISTA: As a matter of fact, I have only published the sugges tion and not the results be­
caus e I have trouble us ing the 47r plas tic s cintillator in extrapolation to zero disc rimination. As 
a matter of fact, I cons ider the correction for the full  absorption is quite easy becaus e you can 
make very thin fluores cent plas tic foils as a source mounting. Perhaps you can even put the 
source on the c rystal without any foil. But even for the betas of cobalt-6 0, us ing thes e very thin 
fluores cent foils , you can have a negligible correction by the absorption of the betas in the foil. 

There s til l  remains the problem of self-absorption of the source. 

PEACOCK: This may be the w rong time to as k the question, but do you have any intercom­
parisons w ith your calibration equipment and any of the others ? 

CA MPION: Not yet. 

PEACOCK: I trus t you are going to do that. 

CAMPION: Yes . We have done sodium- 24 w ith this equipment, but Dr. Mann tells me there 
are no results available as yet. 

HAYWARD: A good one to compare would be gold - 1 98 becaus e here is the poores t agreement 
betw een 47T beta and coincidence counting. It has turned out that Steffen in the las t few months 
has found that there is a 4 pe rcent angular correlation betw een the beta and the gamma radiation. 
This may wel l  explain the disagreement. 

too ? 

CAMPION: Yes .  

PEACOCK: You w ill  be able, I trus t, to publish some efficiency curves for the 47T counter, 

CAMPION: Yes . We have preliminary information on this . 

BAPTISTA: I found that in the plas tic phos phor w e  have, the extrapolation to zero was very 
s hort. I am jus t trying to s tudy this thing to get some results . I w i l l  send you thes e.  

YAFFE: I would like to  congratulate Dr. Campion on a very nice piece of work. At the 
s ame time I would like to quarrel w ith the us e of the word " es timates ." He may mean this a little 
differently, regarding film abs orption of 47r beta counting. I do not think thes e are really es tim­
ates now . They are experimental data. 

CAMPION: I am sorry. 

YAFFE: Perhaps I feel a little more s trongly about this becaus e I am involved in thes e 
things . 

CAMPION : I intended it in that s ens e. 

YAFFE: I agree that the remaining problem in 47T beta counting is s elf-absorption. We at 
McGil l  have extended the work which was begun by Dr. Pate when he was w ith us , and we have 
now covered a fairly extens ive range. We s tarted w ith tritium, and we have data for tritium as 
a solid source, nicke l-6 3 ,  carbon- 14 ,  sulfur - 3 5, mercury- 203 ,  cobalt-60, arsenic- 77, and 
phos phorus - 32.  This covers a range from 1 8  kilovolts all the way up to 1 700 ki lovolts . I only 
have preliminary data w ith me, but some of thes e are pretty fai r. I think the important thing is 
to realize the amount of s e lf-absorption that occurs in so-called thin sources . For example, 
carbon - 1 4; it takes only five micrograms to cut the counting rate down by 1 0  percent, from 1 00 
percent ess entially to 90 percent. If anyone would like to s ee thes e data afterwards , I have them 
here. I want to emphas ize that they are only preliminary data. I do not have thes e yet on an 
expanded s cale. I have tried to organize everything on one sheet. This is a little difficult to do 
because of the large energy range which we have covered. 
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CAMPION : I would like to add that our experience backs up Dr. Yaffe 's remarks , that the 
s elf-abs orption s ee ms to be much greater than one has been imagining in the pas t, perhaps . We 
have tried to ge t efficienc ies greater than 99 percent. It is rather difficult to do this . One has 
to go to cons ide rable extremes to get up there , even for s ources like s odium - Z4. We a re trying 
w ith s ome other is otopes . We have s atis fied ours elves that it is not a geometry effect,  and i t  

. does s eem to  be s elf-abs orption. 

REYNOLffi: Are you s peaking of volatile s o lutions ? 

YAFFE: All the data which I have here are s ources which have been dis tilled. You get very 
s mall particles and fai rly uniform. We have taken electron-micros copic pictu res of some of 
thes e .  They are indeed ve ry s mall.  

PUTMAN :  If I could rais e one ques tion about this s elf-abs orption, I believe Dr. Campion 
s aid that the correction when us ing the coincidence method w ould be zero. H he meant zero to 
better than 0.  1 percent, I am a little unhappy about this . In fac t,  i t  is only s tric tly true if  the 
gamma counte r is e qually s ens itive to all parts of the s ource, or if there is s ome particular re­
lation betw een the errors of the gamma counter at one point and the d iffe rences in  the beta 
counter at that particular point integrated all ove r the source.  In fact ,  this is rarely realized . 

I am w onde ring whethe r the s ens itivity of the gamma sys tem which he us es is uniform all  
over the s ource.  I would like to s ugges t the us e of the liquid s cintillator which w e  have us ed 
comple tely s urrounding the s ys tem for giving better uniformi ty of gamma efficiency. 

May I rais e one othe r s mall  point in pas s ing which I think w ill probably be taken up later on. 
I was not ve ry happy about the plot of the beta detecto r  efficiency for gamma rays being taken by 
s ucces s ively s c reening the s ource w i th polythene. In fact,  wou ld not the gamma efficiency of 
the beta counter be affec ted the reby ? 

CAMPION : Yes . I did not quite tell  the whole s to ry there.  We did vary the thicknes s  of 
the polythene to check that no gamma rays were being converted in the polythene and the reby 
adding to the effic iency that w e  w ere t rying to meas ure .  This is t rue for thos e is otopes whos e 
gamma ray energy is much greater than the beta particle energy becaus e then the range of your 
photoelec trons is large compared w ith the thicknes s of the polythene that you are us ing, and 
therefore doubling it should produce an effect .  This we checked and the effect was negligible.  
The po lythene w as als o coated on the outs ide w i th a layer of go ld s imilar to our normal sourc e 
mounts in an endeavor to reproduce the s ame conditions . 

PUTMAN : Did this layer of gold i ts elf make a large difference ?  

CAMPION: No . 

YAFFE: We have actually done the s ame experiment w i th only one nuc lide, ces ium - 1 3 7 , 
and w e  ge t an effic iency, I think, of 0. 4 5 percent.  This is 6 6 1  kilovolts . I did a vis ual extrapo ­
lation and this looks as though i t  fi ts rathe r w el l  on you r  curve. 

PATE :  This is a very inte res ting paper and the technique is one which wi l l  c lea rly have a 
lot of applications in decay s cheme s tudies , particularly where you are inte res ted in determin­
ing abs olute b ranching rat ios . 

With regard to the appl ication to dis integration- rate determination on the type of s tandards 
dis t ributed by the Nationa l  Bureau of S tandards , I am wonde ring, in my ow n mind, whether you 
indeed gain as much from this 411' beta - gamma coinc idenc e technique as you would appear to. I 
had the impress ion that w i th the type of s pec ific activities that one had met in the cus tomary 
inte rcomparison s tandards , w e  w e re getting to the point where the s elf-abs orption correc tion 
was under control.  We could es timate it. We did do a few comparisons (from memory, gold -
1 98 w as one and s ulfu r - 3 5  was the other,  w i th s ulfu r  the more inte res ting of the two ), where w e  
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s eemed to be getting dow n  to a few tenths of a percent. When you go aw ay from the e legantly 
s imple 4 11' beta counter, and introduce the coincidence method, certainly you begin to free your ­
s elf from s elf-abso rption effects ,  but you introduce a lot o f  other things . W e  d o  a lot o f  coin­
cidence work at Brookhaven, particularly in decay s cheme s tudies and branching ratio s tudi es , 
and there are lots and lots of difficulties w ith this w.hich do not meet the eye . To s tart with, 
getting a coincidence efficiency which approaches 1 00 percent, even us ing the bes t available c i r ­
cuits and s o  on i s  difficult, and s o  i s  correcting your gamma rates w i th complex decay s chemes 
for s umming and the like. This is particularly true w i th a c los e  geometry, w i th two large three 
by three inch c rys tals . 

I am wonde ring whether one knows thes e sorts of corrections applying s pecifically to the 
coincidence method as w el l  as one was beginning to know the s imple s elf-absorption corrections 
in the s imple 411' beta counting method. 

MANN: I think we agree w i th you that the tool is completely adequate from the point of 
s tandardization, but it  is nice to know where you are. 

PATE: This w ill be extremely us eful where one does not have the s pec ific ac tivity. 

ALLEN: One might point out here that, when doing 4ll' beta-gamma w ork one should have 
the w all  of the 4,. beta counter reas onably thick or els e  bias fai rly high in the gamma channel. 
For example, w i th a nuc lide like mercury - Z 0 3 ,  if the gamma channel is bias ed fairly low , one 
can ge t internal convers ion X- ray coincidences quite eas ily. 

CAMPION : That is right.  

ALLEN: This can very eas i ly mess up the answer.  

C AMPION: I have derived an expres s ion for this and i t  reduces the correc tion due to inter ­
nal convers ion. I t  makes i t  even s malle r .  The express ion i s  rather complicated . That i s  why 
I did not include it in my talk. It is eas y enough to de rive i t .  

MANN : Do you have any comments on this ques tion, Dr. S e liger ? 

S E LIGER: I guess I can s ay s omething about that now . The nuntbers that Dr. Campion 
quotes are quite reas onable.  We have experienced the s ame s o rt of thing in cobalt - 6 0  and als o  
s ulfur- 3 5 .  In fact ,  for s u lfur- 3 5  i t  i s  very s imple t o  take a s ource which has been prepared i n  a 
normal w ay by jus t evaporation of an aliquot of s olution, count it ,  then manhandle it phys ically 
and chemically, count again and get a 1 5  percent highe r counting rate.  

YAFFE: This brings out the ques tion which I w ould like to as k which may w e ll be pertinent 
at this time, The ques tion is propounded both of igno rance and indignation. 

In my cas e i t  is ce rtainly both ignorance and indignation. We have received from time to 
time, s ent out by the National Bureau of Standards , samples of material for intercomparison. 
One of thes e w as the s ulfur- 3 5  which !Jr. Se lige r has jus t mentioned. 

PATE: This w as  a Chalk Rive r s ample . 

MANN: The indignation is Canadian. 

PA TE: I think the National Bureau of Standards counted it ,  neverthe les s .  

YAFFE: The point i s  this . I think i t  applies to a l l  o f  thes e .  I would like to know what 
happens to thes e results and what us e is made of them .  In the cas e of s ulfur- 3 5  which in this 
cas e w as s ent out from Chalk Rive r, I do not s ee much point in taking a s eries of 8 or 1 0  re­
s ults ,  and becaus e 8 of them happen to  group around a ce rtain figure to  s ay that this is  the "true" 

- ·-- ---

34 

Copyright © National Academy of Sciences. All rights reserved.

Measurements and Standards of Radioactivity:  Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http://www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


acc epted value, becaus e there is alw ays the poss ibility that the pers on who has a higher figure 
might have developed s ome new technique which may indeed be giving the proper answer.  With 
a l l  due modes ty, I think this is what happened in the las t s ulfur- 3 5  intercomparison. We could 
get values which agreed w ith what everybody els e  was ge tting by us ing normal techniques , . but 
by us ing proper sample mounting techniques we got values which w ere 1 5  percent higher.  

PATE: Not  quite as much as that, but s omething of that o rder.  It was s everal percent. 

YAFFE: Yet this value s tood out like a s ore thumb, and in everybody's mind it  was dis ­
carded as a bum value. 

MANN: In the Bureau w hen we give res ults of an intercomparis on we neve r quote a mean. 
We never attempt to average them. I think in this particular s ummary s ent out by Chalk River ,  
they d i d  give a n  average value. 

YAFFE: Thes e things w ere averaged. I jus t  do not s ee the point. 

S E LIGER: May I s ay s omething about this s ince I was " indignated" firs t ?  

YAFFE: The reas on I accus ed the National Bureau o f  Standards o f  this is that Dr. Seliger 
s ent me a letter s aying how come you got this value.  

S E LIGER: I never quite received an answ e r  to that lette r. 

I think that as far as the Bureau of S tandards is conce rned, if w e  dis tribute a s tandard of a 
particular radionuc lide,  w e  have to s tand behind the value that w e  obs e rve regardles s of w hether 
you may be correct or not .  That may be s how n later .  I do not think this applies in the cas e of 
s u lfur- 3 5 ,  becaus e w e  did not iss ue the particular s tandard of sulfur- 3 5  that w as dis tributed. I 
think this is the only w ay in w hich w e  can ope rate and dis tribute w hat w e  call dis integration - rate 
s tandards . If we find at a later date that we have e rred, then we can correct it. We cannot s ay 
becaus e s omebody gets a higher value that w e  had better change our s tandard. 

MANN : I m ight add that our value has also s tood up to the tes t of the Wai r meas urements . 
We made calometric meas urements and dis integration- rate determinations of the sulfur- 3 5 .  
Th e  calometric values w ere us ed a t  Columbia by Dr .  Failla, and als o  us ed by Dr. Seliger, 
Haro ld Wyckoff and z.  Bay at the National Bureau of S tandards . It w as  also tied in with the 4 ,.. 
beta counting. I think it w as  compared by s c intillation counting w ith the Chalk River s ulfur- 3 5 .  

S E LIGER: No. That w as  an ionization chambe r  us ing a fai r  number o f  s ources prepared in 
exactly the s ame way. 

MANN:  I w ant to point out that the meas urement does tend to s upport the fact that we are 
roughly in the right ball park and not 1 5  percent out. 

S E LIGER: This would tie in a good deal better w i th the mean energy of 5 0 . 4 kev which we 
c alculated bas ed on the calome tric meas u rement of sulfur- 3 5 ,  and our 4w beta meas urements of 
s ulfur- 3 5 ,  which compares w i th 49. 6 kev from the calculation from the Fermi dis tribution. This 
is w i thin the Z percent unce rtainty that we ass ign to our s ulfur- 3 5 .  

MANN: We are alw ays open t o  doubt but w e  d o  feel very confident about s ulfur- 3 5 .  

S E LIGER: Quite.  

HAWKINGS : I would like to answer this s ulfur- 3 5  problem, becaus e it has been a very im­
portant point w ith me for about two years . When I w as  working on s tandardization at Chalk 
River, . we dis tributed s ome s ulfur- 3 5  in an effort to compare the various m ethods us ed for 
counting sulfur- 3 5 .  At Chalk River w e  did this by differentia l gas counting of s ulfur dioxide. 
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S eve ral other laboratories did it by the bes t poss ible 4 ,.. beta counting technique . Although at the 
time of dis tribution of the res ults of the intercomparis on I did not have the National Bureau of 
Standards ' res u l ts ,  I have been recently advis ed by Dr. Seliger that the res ult that he got agrees 
very, very clos ely with the res ult we got by differential gas counting. 

Recently a paper by Jes s e  and Sadukas on the YJ.. value for air, as bas ed on 
s ources counted by Dr. Yaffe indicated that Dr. Yaffe 's counting of s ulfu r- 3 5  cannot be off by 
1 1  percent. Yet the Bureau 's res ults are als o in agreement. We cannot find anything w rong 
with the gas counting of s ulfur- 3 5 .  All the 4 w  beta determinations are equal t o  or low e r  than 
this . I wonder whether the McGill  determination of this w as not poss ibly in error at this time . 
I can not believe by any conceivable means that the gas counting technique could be 1 1  percent 

low. 

YAFFE: All I know is that w e  can duplicate the othe r meas urements w i thout any t rouble at  
all by jus t putting our sources dow n normally. Then you can show an inc reas e . In other words , 
you are cutting down the s elf-abs orption. You can show an increas e to what is es s entially an 
asymptotic value . 

HAWKINGS : Your res ults are not cons is tent becaus e the counting you did for J es s e  and 
Sadukas gives a reasonable value for Wair · The Bureau of S tandards agrees w i th us . 

YAFFE: The s amples w e re counted in the s ame ins trument. You are bringing s omething 
els e  in here. All w e  are doing is counting in exactly the s ame ins trument two s amples of s u lfur-
3 5 .  Are you implying that in one case w e  counted this correc tly and in the othe r cas e incorrectly ? 

HAWKINGS: This has been known to happen. 

S E LIGER: I would like to point out one thing about this �i r  measurement. We us ed the 
techniques that w e  developed fo r the 4 ll'  beta counting for the preparation of s ou rces for the 
meas urement of �i r • In this cas e  w e  meas u red the total ionization current from the s ources . 
The main reason for our entering into this was the fac t  that w e  thought w e  w ere able to prepare 
s ources from which we could dete rmine the amount of s e lf-abs orption . The counting meas ure­
ment that w e  made in the 4!1' be ta counter did not enter into the calculation of Li r  becaus e w e  
us ed the calometric meas urement . Lir  depends on the total ene rgy available, and the total 
ionization current meas ured . It does not depend on the 4 7r  beta counting meas u rement . 

MANN: When I s aid they tied in, I meant through the dete rmination of the m ean energy. We 
had good agreement there, w i thin two percent. 

PATE: With regard to reproducibi lity, I would like to emphas ize exac tly what Dr. Yaffe 
jus t s aid; name ly, you can move the dis integration - rate value up and dow n, by aliquotting from a 
s tock s olution and us ing the two methods of source preparation. The particular method we us ed 
in this de termination which gave the higher value - - !  s peak from memory - -was evaporation under 
an infra red lamp on a s urface treated w i th ins ulin w ith a s pecial rol ling motion of the film to 
maintain the who le area w e t  until the final moment. This produces a depos it  in w hich b rown 
interference colors are s een. You can, how eve r, reproduce a low or high value at w ill  by us ing 
the two methods . The low res ult has s ome s catter in it ,  but you can reproduce thes e things 
entirely as you w ill.  

MANOV: That ought to " indignate" s om ebody. 

GR(l)S : I w anted to s ay you can leave the � i r  meas urement out of this completely, as 
Dr. Sel ige r pointed out.  With the calorimeter meas urement integrated energy what ave rage 
energy was as s umed to us e the beta dis integration rate ? 

SE LIGER: 5 0 . 4 kev. 
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GR(l)S : The las t value I s aw was the Jes s e  paper, and he us ed 4 8 .  7 kev. 

MANN: What I am s aying is that we calibrated the sulfur- 3 5  in the c alorimeter. We als o  
us ed the s ame value for �ir• I t  tended to show that the calome tric value was right. The 4r 

beta counting als o gave a mean energy c los e to the Fermi calculation. 

GROSS : I think that las t s tatement is s ufficient rather than bringing the �ir  in at all. 

MANN:  I am s aying that i t  helped to give confidence in the calometric value. 

S E LIGER: May I add one point to that ? There may be a reas on for bringing the �ir value 
in at this time. We determined that the energy abs o rbed from a s ulfur- 3 5  s ource was approxi ­
mately one quarter as important as the particle abs orption. That means that for eve ry four 
particles that I do not  count in the 4 ,.. beta counter,  I los e one quarter of that effect in  terms of  
ene rgy. The refore,  if  the 4ll' beta counting results are 1 1  percent low , and s ources w ere pre ­
pared in exactly the s ame manner fo r !!air• Wair its elf should be three percent high o r  low - - I 
am not s ure how the fraction works - -and this three percent is a big number now in terms of 
other m eas urements . 

PERRY: I would like to revert to the s ulfur- 3 5 that was dis tributed by Atomic Energy of 
Canada Limited. We reported a value bas ed on 4r beta counting, and the sources had been pre ­
pared by prec ipitation of the s ulfur w ith barium chloride. Subs equently, w e  did s ome further 
w ork on the particular s ample in w hich we prepared s ources by various techniques , and as Dr. 
Pate s aid, one can get any value of a range of plus o r  minus 1 0  percent. 

We did eventually get what w e  w ould call an optimum value by us ing a w etting agent and 
evaporating in vacuo w i thout freez ing. That I think gave us a value which is s omething like 8 

percent abovethe value w e  reported o riginally. 

HAW KINGS : Your value reported original ly was 1 .  3 Z .  

PERRY: Yes . I rais e a ques tion about the 9 0  percent as w as s tated . 

MANN: He has been able  to rais e it by 1 5  percent as w as s tated. 

PERRY: Yes . We can get an optimum by repeated precipitation, and i t  begins to fall off. 

PATE: All of this tends to negate or s ounds as though it tends to negate what I was s aying 
about s elf- abs orption in 4!1' beta counting being something which we know s omething about. 

What I might emphas ize is the fol low ing. This w as ess entially tw·o years ago. The tech­
niques one us ed at that time for many s amples w as the s imples t one, namely, taking liquid 
aliquots , which we know how to do, to the required accuracy and mak ing sure of us ing a method 
which gives 1 00 percent mounting efficiency. If you w ant to do a real job of s elf-abs orption, it 
involves a res earch problem on each individual s ample that you w is h  to mount . 

Dr. Yaffe w ould doubtless be able  to demons t rate us ing a s uitable method - - from memory 
w e  did s ome work d is til ling s ulfur- 3 5 - -he may now have a better method - - laying down a s ource 
i n  this fashion w ith very much s maller particle s ize  than you can eve r poss ibly obtain w i th an 
evaporation proc es s .  You are going to do very much better than this dis cuss ion w ould appear to 
indicate . 

PUTMAN: Is i t  eas y  to lay dow n s uch a s ource quantitatively ? 

PA TE: No. Allow me to des c ribe an expe riment which is in the literature and which in­
volved a half- life determination of nicke l - 6 3  which appears under Dr. Yaffe •s and my own names . 
This involved, in our end of things , the determination by 4w beta counting of the dis integration 
rate of nickel - 6 3 .  The me thod of preparing the s ource was as follows : 
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We had a s tock nickel- 6 3  solution. We pipetted aliquots of varying s izes into a platinum c ru­
cible whos e aperture was more or less one s quare centimeter in area by accident. To this w e  
added acid, follow ed by alcoholic dimethylglyoxime and ammonia. W e  evaporated everything i n  
the c rucible t o  dryness by infrared. We placed this i n  a radio-frequency heated furnace, with a 
5 to 1 0  microgram / c mZ s ource mount in clos e proximity to the opening of the c rucible and 
rais ed the temperature to zo ooc .  In thes e conditions , the nickel dimethylglyoxime dis tills out 
of the mess in the c rucible quantitatively. We obtained a s elf-absorption curve for nickel - 6 3  in 
this compound by addition of inactive amounts of nickel from zero to 1 00 micrograms . 

The s catte r on the points was s uch that the reproducibility of the dis tillation mus t have been 
better than 0.  Z percent or  so.  

YAFFE: I think a proper answer to Mr. Putman's  ques tion is s imple.  I t  is  not  easy to do 
this , but  it certainly c an be done . 

PERRY: I would like to mention a method w e  are trying at the National Phys ical laboratory 
which derives from a method s ugges ted by Cardw ell  and Mils tead in which they prepared very 
thin alpha ray s ources by putting the solution in a s mall tube, and applying high voltage across 
the tube.  We did t ry to make that quantitative by w eighing before and after, but w e  found w e  
w ere getting dis crepancies o f  the order of 8 o r  s o  percent. W e  now think w e  will  try us ing 
gold - 1 98, which we can measu re fairly eas ily in the 41r beta counter, as a tracer for sulfur- 3 5. 
One would us e  a mixed so lution of gold- 1 98 and s u lfur- 3 5  and make two measurements at an 
interval to give one a fair  diffe rence in the two readings . One can derive equations whereby one 
c an get the dis integration rate of the s ulfur - 3 5  in the mixed source.  I t  does s eem that one can 
us e fairly high s pecific activity solutions which give you a fairly low s olid content and us e the 
gold · l 98 to determine the s u lfur- 3 5 .  

W e  have tried i t  wi th cobalt - 6 0  and phosphorus - 3 Z  as a sort o f  exercis e - in the technique, 
and it  does s eem to be fairly promis ing. This I may s ay is being done by a colleague of mine. 
It is not my own work.  

BORKOWSKI: I would like to  know how well  known is  the low energy end of the sulfur- 3 5  
s pectrum. Pres umably the s ame problems exis t in this area as in the thin source .  The average 
energy per dis integration is pres umably affected by know ledge of the low energy in the s pectrum. 

SE LIGER: This has been inves tigated by Dr. Wu and als o  by some people at Iowa State. 
They have found it  is an allowed trans ition down to about five o r  s ix kilovolts which is as far as 
they have been able to go. So we  can ass ume that it is pretty wel l  an allowed trans ition and w e  
can us e the Fermi dis tribution to determine the mean energy. 

PATE: I think Dr. Wu has it dow n to three now . 

SE LIGE R: I am not s ure.  

QUESTION: Is that a s traight line down to three kilovolts ? 

PATE: Yes . 

KOFOED- HANSEN: About the s traight- l ine Fermi plot, I would like to s ay that at the 
Is rael meeting, quite recently, s ome doubt was express ed as to the actual know ledge of the beta 
s pectrum s hape. Langer gave a report dealing w ith s everal cas es which are normally being 
dis cuss ed as having s traight- l ine Fermi curves where quite a little curvature was obs erved. 
Whether this applies to s u lfur- 3 5 ,  I do not know . 

Another thing about beta particles or rather electrons that come out of any s ource,  I w ould 
like to mention here, is that any s ort of dis integration tends to give a rather high ionization of 
the recoil nuc leus . This is evidenced by the measurements of Snell and Pleasanton at Oak Ridge. 
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There will be quite a few electrons more than the ones that are beta particles . In order to dem­
ons trate that quite clearly, I might mention they have obs erved in certain dis integration cases 
as high charge on recoil as ZZ. I think thes e things might go into this discuss ion. 

PATE: In reply to the las t point, if your beta geometry does approach 1 00 pe rcent, then the 
e ffect of thes e things is reduced. 

KOFOED-HANSEN: Certainly. 

PATE: I would like to ask a question about the nonlinearity of Fermi distributions . Is this 
not a function of what you ass ume to be an allowed s pectrum in calibrating the energy dependent 
effects in a spec trometer that you w ish to us e to meas ure whatever it is you are s tudying ? In 
other words , is there not a lot of dis c uss ion regarding what is your initial s tandard of an allowed 
dis tribution ? 

KOFOED-HANS EN: No, thes e measurements s how some curvature of the Fermi plot and 
one has tried to prepare as good sources as one pos s ibly could and tried to calibrate the beta 
counter efficiency and tried to ins ert all sorts of diaphrams of different s izes so one could s ep­
arate out effects from the edges of the diaphragms , etc. 

In thes e measurements one does not assume that certain decays have s traight-l ine Fermi 
plots . Here one tries to measu re the bas ic idea of the s pectral shape. 

NOVEY: Aren' t thes e effects of the order of a few percent of the Fermi ? These are not 
really large effects . 

KOFOED-HANSEN : Sure. Although there is no experimental bas is for the following form ­
u la you may get an idea of the order of magnitude involved by s tating that the s pectrum might 
have the form £EF(E, Z )(Emax - E )2( 1  + b/ E) with b � 0. l Z .  Carrying out an integration here 
you can see how much it would affect the calculations in question. 

NOVEY: This does not mean a l Z  percent error. 

KOFOED-HANS EN :  No, by no means . You have to sit  down and calculate it out. 

BORKOWS KI: I would like to as k whether any of the 411' beta counter us ers have measured 
the s ulfur counting rate as a function of pressure in the counter. We made such meas urements 
s ome time ago and we found that for low energy electrons the counting rate was affected by the 
pressure. One obtained a higher counting rate at lower pres sures of gas , indicating that the 
lower energy electrons , at leas t on the s urface, and the fields around the surface, were quite 
important. As s oon as you got the elec trons in the volume, the probability of collecting thes e 
events became higher. I wonder if any other people had experience for that. 

BAPTIS TA: Not for sulfur. I have some results for cobalt. I varied the total pressure 
from two centimeters to about 50 centimeters of mercury in a mixture of alcohol- argon. 

BORKOWSKI: This was in the Geiger region. 

BAPTISTA: Yes . 

HAW KINGS :  We have done s ome _measurements like this . I cannot recall which nuclides 
they were on. I think cobalt-6 0 was one . 

PATE: You did s ulfur, too. 

HAW KINGS : We varied the press ure of the methane from two centimeters of mercury up to 
two atmospheres and we could obs erve no detectable change in counting rate. 
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BORKOWS KI: I think this effect wi l l  only be apparent on films in which you do not depos i t  a 
conducting fi lm. 

HAWKINGS : That is true. 

MANN: We found the s ame thing at the National Bureau of Standards by doing a mirror­
image experiment. We forced the lines of electric force through the nonconducting fi lm. Do 
you remember what the change was ,  Dr. Seliger ? 

S E LIGER: About 3 percent in the cas e of iodine . 

BORKOWSKI: The point I was getting at is whether one can then get ess entially the same 
dis integration rate by not us ing a conducting film but ope rating at a lower pres s ure if  s uch an 
effect  exis ts . I do not know whether this would be reproducible . 

MANN: After all, without a conducting fi lm, the l ines of force bend aw ay from the s ource .  
You can get over i t  by lowering Ute pres s ure or putting a conducting film on the s ource.  We 
found it  eas ier at the Bureau to  do  the latter.  You can  show this effect  by  the mirror- image 
experiments . 

HAW KINGS : Could I as k Dr.  Borkowski what advantage he s ees in e liminating the conduct­
ing fi lm ? 

BORKOWS KI: None . I was curious to know whether there was any s ignificant diffe rence 
found in  thes e low energy ranges , becaus e we  obvious ly ran into this . This was with nonconduct ­
ing films . 

HAW KINGS : We found you have to be extremely careful  with thes e conducting films be ­
caus e many times you think you have a conduc ting film and s ome time later it wi l l  become non­
conduc ting. 

PATE: We too found this effect .  The gold in fi lms is a different element than in aluminum. 
The Montreal air being humid, one obs e rved quite d ras tic effec ts . The color changed from nice 
purple to a horrible looking pink and the counter would misbehave. V'e got over this by s toring 
all the films to the moment we us ed them over s i lica je l l .  That eliminated the trouble forthwi th. 
I think w e  communicated this res ult to you. 

HAW KINGS : We have been doing the s ame thing for a number of years . Also ,  i f  you s ubject 
thes e conducting films to any heat s uch as from an infrared lamp in an effort to has ten the drying 
of the s ource, you w il l  end up with the s ame condit ion. 

PATE: That is contrary to our experience.  

CAMPION: Talking about conducting films , s ome time ago we  perform ed an experiment to 
determine how much gold one should put on thes e films . The experiment was to aliquot given 
s amples of thallium - Z04 over the fi lm of know n thickness and known thickness of gold coated on­
to them . The res ults are s how n in Figure 8.  

HAWKINGS: How thick w ere the films ? 

CAMPION: Five micrograms . With thin gold coatings the curve tai ls  off to about 0 .  9 S .  

The interes ting point w as that i n  this region w e  were able t o  get,  occas ionally, good plateaus . 
Sometimes they were at the correct point on the voltage ordinate. If a typical plateau curve is 
as show n  in Figure 9, then occas ionally one can determine a plateau w i th thin gold coatings 
which is at the expected s tarting potential, but its abso lute value may be as much as five percent 
dow n  as show n by the dashed curve (a ) . More us ually we find that the plateau has shifted away 
up in voltage and ge t a counting rate curve which looks like curve (b) in Figure 9 but s til l  low in 
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plateaus obtained with ins ufficient gold coating. 

counting rate. As Dr. Seliger said, in his talk, it  is no criterion to s ay that you have a good 
looking plateau to comfort yourself that you have the correct conditions . 

PEACOCJ(: How do you evaporate your gold ? 

PATE: Perhaps I can answe r this point. This is old history repres enting an argument be­
tween McGill and Chalk River. We too have published these curves . With regard to this figure 
of 30 that Dr. Campion quotes, in our case it is approximately, as I recall, something of the 
order of 0. 8 micrograms per s quare centimeter where these things turn ove r. This critically 
depenas on the s peed with which you do your distillations . We have a series of electromicro­
graphs with a gold depos it. If you put the gold on with fast dis tillation rates the aggregate s ize 
you observe is  cons iderably larger. Pres umably the conduction effect from one aggregate to 
another is less and it takes more gold plas tered on to give you a conducting film. We specify 
dis tillation rates which, if you s tick to them, give you fi lms which conduct in the sense defined 
here, giving you good plateaus in the correct position, at 0. 8 micrograms per s quare centimeter. 
If you conduct an experiment in which you continue to add gold, the moment you go pas t 0. 8 
micrograms there is no further increas e obs erved in the counting rate, right up to and including 
higher figures s uch as this . Cons equently we adopted a safe figure of between two and five 
mic rograms of gold for our working number. 

I might say in connection with this ques tion of comforting yburself with the fact that you get 
a fiat plateau, it is true that you have to be aware of the obs ervation of a plateau. If, however, 
you can get yourself a plateau of several hundreds of volts in terms of a percentage, say 30 to 
4 0  percent longer than your starting voltage, if the counting rate remains cons tant over this 
plateau, if you change other conditions of the experiment, and the dis integration rate you com­
pute from this does not vary more than a tenth of one percent or so, then indeed, I think you can 
s tart having confidence in the number you are getting here. 

CAMPION: I would like to comment on that, s tarting at the tail end firs t. I think perhaps 
one of the firs t things one should vary as Dr. Pate s ugges ts is the thickness of the gold you 
evaporate on. If you get a difference there, naturally one should go on until one does not get 
any difference. 

Second, we als o investigated this difference of the rate of evaporating the gold and could not 
get any significant diffe rence between films as we varied the rate of evaporation. Further, I 
believe Holland,* in his book on thin films , s uggests that aggregates are more readily formed 
when you evaporate s low ly. 
*Holland, L. "Vacuum Depos ition of Thin Films" page Z07 ff, Chapman and Hall, Ltd. , London, 

1 9 56 .  
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PATE: I might s ay w e  repeated the experiments on the speed of evaporation of gold and the 
thickness requi red for conductivity at Brookhaven after I arrived when we w e re s etting up a 
production line for making thes e films on a routine bas is by completely uns ki lled hands . The 
res ults w e  obtained w ere ess entially in agreement with McGil l .  Here w e  have a one to one cor­
relation between Upton, New York, and McGill .  

YAFFE: I merely want to re -emphas ize what Dr. Pate s aid, and I think Dr.  Campion mus t 
have miss ed, and that is that the ess ential c riterion in our cas e was to prepare a s ample and to 
keep piling gold on until  you got no increas e in counting rate.  This is es s entially what the curves 
which we have shown are.  That was the ess ential c riterion. We took plateau, incidentally .  

CAMPION: You depos ited your s ource, your active material, and put the gold on top of i t .  

YAFFE: We did  two things . We depos ited gold, put a s ample on there, and wi th an ener­
getic beta emitter,  depos ited more and more gold on  top of  this . 

MANN : You thi.nk it is the nonuniformity of the field you are e liminating? 

YAFFE: Yes . As Dr. Pate was careful to point out ,  he s aid conducting in this s ens e. W e  
have tried experiments and found them very difficult t o  d o  w ith our rudimentary equipment. 

MANN: I think if this is the ques tion, that i t  should be checked wi th plain plas tic film. I 
do not know whether I made mysel f  clear before.  The re is a powerful method of checking this 
ques tion. All you have to do is to take two halves of 4w beta counte r  and replace one of the in ­
s ulated loop anodes wi th a l i ttle s phere and give it negative polari ty s o  that you s imply force the 
lines of force through your nonconducting film. There can be no uncertainty whatsoever .  So d e ­
pos iting extra thickness es o f  gold should check w ith this fundamental experiment. You take the 
counting of both halves and the total ,  s ubs titute the s phere in one half and determine the cor­
rection for that half. Then s ubs titute the s phere in the other half of the counter and determine 
the correction for that s ide. There is abs olutely no uncertainty then. This is an experiment 
that we did, and Dr. Seliger and I got a 3 percent correction. 

• 

PEACOC K: What thickness are you recomm ending ? 

MANN: None.  

S E LIGER: I would recommend a thicknes s s uch that the back s cattering is negligible. What 
that means is that we  have been us ing s omething ve ry s imple .  We prepare a thin film and de­
pos it our source on this thin fi lm. If you evaporat aluminum on this film, rega rdles s  of which 
s ide you evaporate the aluminum on, the acid solution as we us e i t  in mos t cas es wil l  soak 
through the plas tic and interact wi th the aluminum. We perform all  our chemis try on the thin 
plas tic fi lm, and lay on an aluminum leaf which is Z4 0 mic rograms per s quare centimeter.  

For cobalt - 6 0  and su lfur- 3 5, then, w e  evaporate afte r we prepare our s ou rce,  i f  we want to 
be really carefu l .  

YA FFE: You found no trouble wi th this evaporated aluminum from oxidation ? 

S E LIGER: We meas ured the sources within s everal hours after the evaporation. I do not 
know that we real ly can give you an answer  to that .  

MANN: Thes e c ross check with other experiments . 

ROBINSON:  I had a couple of little points in connection wi th the conductivity of  thes e fi lms . 
I unders tand that during the war cons iderable work was done wi th conduc tivity of thin films with 
gold in connection with the preparation of glas s s urfaces to make them conduc ting for us e  in ai r­
plane w indows and s uch. It was found that the nature of the s ubs trate had a tremendous effect  
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on the effective res is tanc e of the gold. In other words , it had a large effect where the gold 
formed into aggregates . One of the things that helped to give you a good continuous film was 
b is muth oxide .  In the cas e of  thes e thin films of  organic materials , i t  may be that one pers on 
is us ing one type of material and another, another type, and the amount of aggregation is differ­
ent betw een them. 

Another thing I have als o heard, but  have no experience  with, is  that carbon when evapor ­
a ted does not do this . If you want to take the trouble to evaporate carbon, i t  is a good w ay of 
avoiding this 

_
aggr�gation. 

PATE: I think what you s ay is perfectly correct .  The difference between the obs ervations 
at Chalk River and our own, so to s peak, may be something other than the rate at which gold 
actually arrives on the surface per s e .  I think what it could w ell  be is the temperature at which 
the s ubs trate s i ts as the gold arriveS. As I recall Holland 's book, it is a ques tion of surface 
mobility of material arriving on the surface from the vapor phas e.  

There have been s ome very interes ting electron-micros cope s tudies of things like inorganic 
c rys tals dis tilled onto s urfaces , obs erved as a function of the temperature of the s ubs t rate . It 
is  largely a ques tion of the mobility. For ins tance,  in this cas e, that which the gold atoms 
would have as they arrived on the surface  of the film .  In the McGill  apparatuS we had l ess bare 
fi lament showing, so  that the films would heat les s  by infrared and if our s urface temperature 
had been low , we would have achieved s maller c rys tal s izes than in another apparatus . 

HAWKINGS: May I as k  what film dis tance you us ed in your apparatus ? 

PATE: At McGil l  w e  had a hemispherical dis tribution of s ix films around the filament at 
about 1 0 centimeters ·from the filament. 

MANN: I wonder if Dr. Vinc ent has any comments . 

VINCENT: We generally evaporate about 20  micrograms of gold and we found thes e to be 
c onductive . That  is about all.  

CAMPION :  Did you find them conducting at less than Z O  micrograms ? 

VINCENT:  We actually have not tried that,  becaus e we  wanted to be on the s afe s ide, and 
w e  thought the 2 0  micrograms per s quare centimeter would not do any harm in low energy 
e mitters . 

CAMPION : I gathered that Harw ell confirmed this figure of 2 0  to 3 0  to 4 0  micrograms . It 
is not exactly fixed at 3 0 .  

PUTMAN: Could we  ask you t o  b e  a little more pers onal about Harw ell ,  there being 6 ,  000  
o r  more people there.  

HAWKINGS: With res pect  to the poss ible temperature of the s ubs trate, I am not exactly 
c ertain of the film dis tance in the apparatus at Chalk River, but I s eem to recall that it is s ome ­
where of the order of 3 0  to 4 0  centimeters from the filament. 

PATE: What about the ques tion of bare filament area ? 

HAWKINGS : The bare filament area would be about a quarter of a s quare centimeter. 

PATE: You have the gold s itting on the filament and the infrared radiation is cons iderably 
down on thes e areas compared to the bare filament i ts e lf. 

HAW KINGS: The bare filament area is quite s mall  becaus e as you know , the gold spreads 
over the whole heated area of the filament. 

4 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

M e a s u r e m e n t s  a n d  S t a n d a r d s  o f  R a d i o a c t i v i t y :   P r o c e e d i n g s  o f  a n  I n f o r m a l  C o n f e r e n c e ,  E a s t o n ,  M a r y l a n d ,  O c t o b e r  9 - 1 1 ,  1 9 5 7
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 8 4 0

http://www.nap.edu/catalog.php?record_id=18840


There are two other points I would like to make. We have found that thin films of aluminum 
tend to appear to oxidize immediately on expos ure to air. This is evidenced by the fact that a 
thin plas tic fi lm wi l l  remain quite taut in the evaporator, and have a mirror-like finish. The 
minute you let air into the s ys tem to remove it, it becomes quite s lack. 

YAFFE: On that I mus t s ay Chalk River and McGill do agree . 

HAW KINGS: A third point on which w e  do not agree with McGill  is that a plateau even of 
s everal hundred volts is not a suffic ient c riteria that you are getting maximum detec tion effi ­
ciency. 

PATE: No. We agree. There is no disagreement about that . 

YAFFE: No one has pos tulated this . 

HAW KINGS : I thought you made a remark a short time ago to that effect.  

PATE: Not jus t the plateau. Many other things . 

WATTERS : Whe ther you could get a conducting fi lm of les s  than Z O  micrograms , I think, 
w as Dr. Campion's ques tion. We did s ome work at the Radioactivity Center at M. I. T. deter­
mining this with evaporated go ld on metal s lides , and then meas uring the conductivity. Once 
you get up above 8 or 1 0  micrograms , then eve rything s e emed to be very nice. Naturally you 
get a little more conductivity w ith a l ittle more gold, but it is quite acceptable above 8 mic ro ­
grams . This was at about 1 5  to 1 8  centimeters from the filament. 

CAMPION: On metal s lides . 

WATTERS: No, on glass s lides . 

PUTMAN: I wanted to c larify whether in fact  Dr. Campion was refe rring to our ow n group 
or some other group at Harwel l .  

MANN: I was going to s ugges t that you might have s ome comments to  make anyhow , or 
Mr. Perry. I think we should res e rve a little time for both of you gentlemen. We w ill  resume 
the Chalk River- McGill func tion in a minute.  

CAMPION: Cunningham. 

PUTMAN :  I do not know his res ults . We us ed Z O  mic rograms per s quare centimeter of 
aluminum. We have not found any difficulty there. W e  have not found any difficulty w ith the 
conductivity falling off with time. This is a fairly thick aluminum layer. We are wo rking in the 
Geiger-Muller region. The c riteria of conduc tivity are at leas t different in the Geiger- Muller 
region. 

PERRY: I have a little comment on this thin film technique. We have not done any experi ­
ments on variation of respons e wi th the thickness of the film. What we tried to do is to get a 
uniform method of preparing the fi lms . In order to do that, w e  inc lude in the evaporating unit 
an ins ulator which i ts elf  gets covered with gold. The res is tance of that is measured . That gives 
us a control of the amount of gold that is put on. As far as the preparation of the V. Y. N. S. film 
i ts elf is concerned, we have adopted a centrifuge method. It briefly cons is ts in mounting a glass 
plate on the s haft and a s mall quantity of the V.  Y. N .  S .  solution of the right s trength is put onto 
the glass plate, and the centrifuge in operation caus es the liquid to spread very quickly and to 
evaporate very quickly. Then the plate its elf is put in the evaporation unit and w e  depos it gold 
on that. Eventually we  are able to cut the film wi th a razor blade and float them s ix or  eight at 
a time. There is a li ttle gradation in thickness from the center of the plate towards the edge, 
but that only amounts to Z or 3 micrograms per s quare centimeter, and when we cons ider the 
eas e wi th which we make thes e films , it is probably worth it .  

44 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Measurements and Standards of Radioact iv i ty:   Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http: / /www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


HAWKINGS: Jus t to keep the record easy, V. Y. N . S .  is a t rade name for a mixture of 
copolymers of vinyl chloride and vinyl acetate, 8 5  percent chloride. 

YAFFE: It is put out in this country by the Electrolyte Corporation in New York. 

PATE: I have two remarks to make. I think this McGill-Chalk River controversy is be­
coming faintly vulgar. With regard to the ques tion of having an insulator in the evaporator, we 
tried that.  We ran into a lot of trouble w ith thermo- electric effects . We eventually went over, 
and I think it  has been publis hed, to a method of visual inspection, watching color changes , and 
w e  individually calibrate each film s ince the amount of gold each film receives is dependent on 
its pos ition relative to the filament. 

I have been puzzled for a whi le about a dis cuss ion of absorption corrections . People s ti l l  
think it is  difficult. In light of the pres ent dis cuss ion, I unders tand why. If  you can prepare 
films with the appropriate conductivity of five to ten micrograms of V.  Y. N. S . , plus e two to five 
mic rograms of gold per s quare centimeter, then your absorption correction for w el l  nigh every­
thing is  ess entia lly unity. For nickel-63 ,  as I recall,  it  is less than one percent. If you have 
thicker films , you s ti l l  need to apply a correction. 

One las t word on this ques tion of conductivity.  What the film has to do is to conduct the re­
turn current from the dis charge to  an extent s uch that the voltage drop betw een the area im­
mediately adjacent to the anodes and ground s hall be s uch s o  that there is no dis turbing influence 
on the field. You can compute what the resis tance for this wou ld have to be for this to occur. 
The films we us ed at McGill  are Z - 1 / Z centimeters in radius . There are Z to 5 micrograms of 
gold per s quare centimeter which w as more than enough by a cons ide rable factor to s atisfy this 
condition accord ing to the way w e  prepared them. It is reproducible by w itness of the experi­
ence of the National Phys ical  Laboratory. 

WATTERS: I was jus t  going to bring up an old dog. I s ti l l  prefe r  the old archaic w ay of 
d ropping collodion in acetate on a water surface and packing the film out when you want it. You 
c an make a couple of dozen an hour, wi th no trouble,  of any s ize you w ant. I do not s ee the 
necess ity for the centrifuge technique.  I think it is a lot of trouble.  

PUTMAN: Could I at  this late s tage s ay s omething that is probably going to "indignate" Dr. 
S eliger,  which is that he made a remark, which w as allow ed to pass a little further back, that 
the thickness of his films is s uch that the back s c attering is negligible. It is our experience that 
the back s cattering of a s upporting film is never negligible unless the absorption its elf is also 
negligible . We would back this up with two s e ries of tes ts , one in which the counting rate in the 
two halves of our 4 ,.  Geiger counter w e re compared, and compared wi th the total rate and it w as  
found that the ratio o f  the two halves was ten times more removed from unity than the total loss 
in  the added count, which indicates that at leas t at firs t the s cattering of the radiation is the 
mos t important means by which it is removed from its original direction. 

PATE: McGill  confirms . 

PUTMAN :  Added to this , I now want to s ling mud at the s andw ich method of correction, if 
I may. If one s tarts to make a s andwich method of correction by placing on top of the s ource 
one film which is the s ame thickness as the one underneath it,  one does not in effect  double the 
reduction in counting rate. One does something quite different from this . If you inc reas e the 
s iz e  of your s andw iches s uccess ively on both s ides of the film together, you can get a continu­
ous abs orption c urve . Yet a point corres ponding to a foi l  on one s ide does not correspond to 
the absorption you get w i th half the thickness on both s ides . 

HAW KINGS : I would like to agree w ith what Mr.  Putman s ays on s andw ich technique.  I do 
not endors e this any longer in the s ens e  it was a technique developed originally to attempt to 
evaluate film abs orption before ve ry thin films were developed. I think it is a s tage in the de­
velopment of  the 471'  beta counting technique which has pas s ed.  I do  not think anybody belabours 
it any longer. 
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PUTMAN :  I thought Bryan Smith had shot this three years ago and I was a bit appalled to 
hear it was s till  s upported, but maybe I was mis taken. 

S E UGER: Maybe I s hould define what I mean by a fi lm abs orption correction so that we can 
dete rmine what is negligible and what is not.  Us ual ly our film abs orption correction ranges 
from a half percent to one percent. I think under thos e conditions the s andw ich technique is valid. 

HAWKINGS: As an approximate es timate .  

S E UGER: When we  make a one percent correction I would s ay that is  good to  ten  percent. 

HAWKINGS : Very true. 

S E UGER: Yes . 

PUTMAN :  The s maller the correction the wors e is the s andw ich technique becaus e the low 
energy electrons are beginning to play a part in the s cattering. 

S E LIGER: When the correction is s maller you forget  that the percentage of the low energy 
elec trons is s maller and, therefore,  of less cons equence.  

PUTMAN: The over-all  correction is  okay, but  not proportional ly. 

S E LIGER: The area of uncertainty the re remains extreme ly s mall .  

PATE: I cannot fo r the life of me unders tand what Bryan Smith w ill  s ay, but w e  s how ed 
quite c learly that  if  you w ant a quick method of es timating your film abs orption correc tion, put 
your s e cond fi lm on the other s ide from the s ource.  It gives a s traight-l ine extrapolation and it 
is quite accurate.  Why do people ins is t on the s andw ich me thod ? It is not more difficult to put 
it on the other s ide.  When the film is on the s ame s ide,  the back s cattering effect  is not a ltered. 
You have a very, very s imilar s ys tem to the original film. A s imple s traight- line extrapolation 
gives you a very accurate es timate of the fi lm absorption. You can us e the fi lms of Dr. Pate 
and Dr. Yaffe . 

S E LIGER : May I s ay one las t thing on this ? We have done this both w ays . We have done 
this up to five layers on each s ide.  It is linear. I agree with you. On your comment for s ulfur-
3 5 ,  we agree in our final results . I cannot s ay that the s mall correction that is made,  even i f  
you w ant to cons ide r the fairly large uncertainty in this s mall  correction, i s  worth a l l  this dis ­
cus s ion. 

PATE: It is worth it  becaus e if you put them both on the s ame s ide ,  the answ ers are always 
right. If you put them in a s andw ich arrangement, the answer  can quite definitely be w rong by 
9uite a bit if  the energy happens to be low . If you happen to be us ing extremely thick s ource 
mounts , you can run into tremendous e rro rs . Thes e errors are not liable to be s mall .  We at 
McGill  were shooting for one - tenth of one percent on favorable materials . When you are s hoot­
ing for that clos e an answ er, then thes e errors you are talking about are by no means negligible.  

PUTMAN :  I would s ay it s tarts to be worth it ,  at s ulfur- 3 5 ,  and if you are s tarting to push 
the pow er by counting below thos e energies , it becomes worth more . 

S E LIGER: In our original dis cuss ion of the s andw ich technique,  w e  only talked about this for 
energies as low as iodine - 1 3 1 .  When w e  went to cobalt - 6 0, w e  us ed evaporated gold films of ZO 

mic rograms pe r s quare centimete r and I s ti l l  do not s ee where the dis cus s ion aris es .  You are 
applying a s andw ich technique to nuclides and to thickness es of films whe re it  s hould not be us ed. 

PATE: We are not applying it. We are implying you are.  
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Z .  Liquid Sci.ntillation Counting 

H. H. Selinger 

I had one or two comments ,  but I thought there were other things t_hat had to be "de­
i ndignated" first .  I thought I would save them until I got up  to  talk and had the floor . 

I agree with Dr. Pate that the main problem is source preparation. I think for the most 
part, although there are these isolated cases such as sulfur- 3 5  where w e  seem to be at opposite 
e nds ,  that thi s  is  w here we  should concentrate in order to do accurate s tandardization. Then I 
think the 411'  beta -counting technique i s  really the most universal method for s tandardization. 
That includes its use for electron- capturing sources .  

One suggestion that I have , and that to  me seems to eliminate a lot of  the difficulties ,  is one 
which interested me about a year ago. I have not yet had a chance to work on it ,  but plan to do 
so.  We have always s tarted with a solution of a c ertain radionuclide,  have taken a definite 
aliquot of it and then tried to prepare a source in  a w ay that it  could be counted properly. The 
main problem is the delivery of a quantitative amount of this original solution to a source mount . 
It s truck me, and because,  I think , that we  are all c reatures of habit ,  it should have struck me a 
good deal darlier, that it would be much easier to concentrate on a rather s imple method for 
evaporation of a high- specific-ac tivity source onto a source mount within any definite limits of 
ac tivity that you want. Let us say wi thin 1 00 dps up to 1 0 , 000 dps, not caring exactly what you 
have, which would depend on the specific act ivity, but in such a w ay that you get something even 
less  than a mono -molecular or mono- atomic layer of activity on your fi lm. 

Then after counting this in the 411'  beta counter,  it should be a relatively simple matter to 
take the source and dis solve it completely, bring it up to known volume , and you have what you 
w anted to have in the first  place ,  wi thout the attendant difficulties ,  it seems to me , of trying to 
make your deposition method quantitative. 

This method we intend to work on in  the s tandardization of iron- 5 5 , for example .  I think i t  
i s  much more appropriate than working backw ards the w ay we have been. 

NOVEY: This then becomes only good as a reference .  Someone cannot take this and put it 
�n his counter and see if he is using the proper technique. Obvious ly then, they have to mount 
an aliquot of that quantitatively and you c an ' t  do that .  

SE LIGER: The que s tion becomes one of  purpose .  As far as the Bureau of  Standards is  con­
c e rned , for example ,  I think this technique would be sufficient for us . If you w anted to find out 
not how your counter  worked, but what ac tivity you had, you could use any relative method you 
w ant if you have one of our solutions . 

NOVEY: Provided you trust the solution. 

SELIGER: There has been enough work done that has ended up in disagreement. 

PATE: It sounds as though you are trying to put a stop to the disagreement. 

SELIGER: A little less disagreement might not be out of l ine . 

MANN: If w e  are not accurate scientifically, w e  are right legally. 

NOVEY: You would eliminate competi tion, in other words.  

SELIGER: Yes .  

PUTMAN: Could one raise the point that while this  method is probably highly desirable for 
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something for which you need a particular method for standardization which relies on producing 
a thin source ,  you may be able to intercompare sources by some other property, like gamma 
ray emission. 

SE LIGE R: Yes .  

PUTMAN: It does not apply so well  for inte rcompari son of  sources which rely on the form­
ation of a thin source.  You are sti l l  up against the same problems in intercomparing which you 
had to face in your original determination. 

SE LIGER: No, one then uses essentially infinite thickne s s e s .  I shall  b ring that out in  my 
discus sion of liquid scint i l lation counting but this technique el iminates th is problem. 

CAMPION: One fu rther difficulty which I foresee ,  but  to which you may have an answ e r ,  is 
that you are rather limited in the amount of activity you can produce:  You cannot count curies  
or  even millicuries in  any counte r .  

SE LIGER: No,  I don ' t  intend to  do that .  

CAMPION: As I unders tand it, you take the source which you count in your 471' beta counter 
and dissolve i t ,  and therefo re you only have that amount of material  to distribute.  

SE LIGER: No,  w e  neve r dis tribu te a primary solution. We shall then prepare secondary 
solutions for distribution. 

CAMPION: I beg your pardon. 

SE LIGER: l have me t several people who have been doing 471' beta counting, and they have 
said to me,  " Bob Hawkings and you recommend the sandw ich technique for the dete rmination of 
fi lm absorption, but this is not any good because Yaffe did not get any good results wi th i t .  1 1  

YAFFE: That is  axiomatic,  but  t rue . It is also the fact that  yours is theoretically a little 
difficult  to swallow .  

PATE: Also, i t  doe sn' t work. 

YAFFE: And the fac t that i t  doesn ' t  give the right  res u lt .  If you add al l o f  those u p ,  I 
believe this  is true.  Dr. Mann, Dr.  Seliger,  if you use up all  the time in  discus sion there wi ll 
be none left for you r paper.  

SE LIGER:  This  to me is  extremely interes ting. I shal l be glad to w rite this  paper up for 
the symposium if I don ' t  ge t a chance to talk about i t .  

I think the main thing that we stated ,  at least  in our paper,  when w e  talked about a sandwich 
correc tion was that thi s  w as valid provided the back scattering could be considered negligible . 
W e  did not propose i ts  use  for low energy beta emitters .  W e  never proposed using the thickness 
of fi lms that we spoke abou t  for nicke l- 6 3 .  W e  should amend our pape r; in fac t, we should call 
i t  back and put on the bottom, " Don' t use nickel- 6 3 � ' But for those nuclides that w e  did use ,  the 
method worked admirably. 

As one of the European contingent , I took a lit t le bit of time to arrange my slides out of 
the i r  random orde r.  I would like to report on some scintillation counting that we  have done, 
the main object of which has been to see whethe r other methods of detec tion of partic les could be 
used for absolute counting, and in add i t ion to determine, as we have for the 471' beta counter, 
those charac terist ics of the scint i l lat ion counting technique which would give you some idea- ­
would give us  some idea- -of the intrinsic sensitivity of the method and i ts  range of appl icability. 
We never intended,  and w e  never shall ,  I should think , replace the 411' beta counter  w ith any of 
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e ither of the solid- or liquid- scintillation-counting techniques. However, we thought it was quite 
an interesting problem to see how far we could push the methods and whether we could determine 
thei r intrinsic sens itivity. 

We became interested in liquid scintillation counting several years ago. We thought it 
would be quite interesting to put some activity into a liquid scintillator and measure the counting 
rate. Of course, this would give us what we thought would be the answer, because the problem 
of source self-absorption is eliminated, everything occurring on a molecular level and the re 
being no aggregates or crystalites . As you know , this is  not the ideal method. It is  a substitu­
tion of a method w ith more attendant difficulties than the original 411' beta counting. We decided 
to go ahead anyw ay just to see how far we could push the method. We divided the problem into 
two parts, the firs t being the mastery of the electronics requi red to do the standardization. 

I might mention that Dr. Mann and I spent many unhappy hours- -some w ere happy, at least 
the final ones- -working out coincidence and dead- time or coincidence- resolving- time and dead­
time corrections similar to those which Dr. Campion has reported, although they are in a dif­
ferent form. I leave it to the reader to bring the two together. Sufficient to say that both 
methods seemed to work quite well.  

We decided to start by using anthracene crystals rather than a liquid scintillator in order to 
develop the electronics required for the absolute beta count. The main problem here is a little 
different from that which you encounter normally in scintillation coincidence counting. That is ,  
the coincidence equipment is  used not to determine the efficiencies but only to  limit the effect of 
the thermal noise due to the phototubes used. It is still absolutely neces sary that the crystals 
detect eve ry beta particle which is emitted because the "true" coincidence measured is not be­
tween a beta particle and a subsequent gamma ray, but is between the outputs of two phototubes 
looking at the same beta particle in the same crystal; thermal noise in the one phototube being 
non- coincident, in general, with the thermal noise in the second phototube is not recorded in the 
coincidence channel.  

Figure 1 show s the experime ntal arrangement that w e  used for the 411' c rystal coincidence 
counting. The anthracene crystals were approximately one inch in diameter and they ranged be­
tween one- eighth of an inch and one- quarter of an inch in thickness. The source was deposited 
directly on the face of the anthracene crystal in some cases and in other cases on extremely thin 
films so that the film could first be measured in a 411' beta counter, then transferred to the c rys­
tal counter and measured again. W e  thus had measu rements on the identical sou rce so that we 
could compare the 411' c rystal counter directly with the 41!' -beta- counting measu rements. We 
made measurements "in addition" in which case the outputs of both phototubes were added to­
gether. This is a more efficient method since the criterion of each phototube seeing the light 
pulse is not present. But this runs into difficulties w ith phototube noise at some of the high gains 
required. 

The data that we obtained is shown in Figure Z where the counting rate - - that is coincidence 
counting rate- - is plotted as a function of the phototube voltage. The plus es and crosses indicate 
the obs erved values of coincidence rate and the solid line, the circles , indicates the corrected 
value based on both the approximate and rigorous calculation for coinc idence - resolving-time and 
dead- time that Dr. Mann and I worked on. 

There is one important point to bring out here. We were able to count thallium - Z 04 w i th 
99.  5 percent effic iency compared to the 4w beta count. We were not able to count cobalt- 6 0  with 
the crystal counter with the same efficiency as the source was counted in the 411' beta counter. 
This does not include anything regarding self-absorption, because it was the same source that 
was counted . Yet you will notice that there is an approximately flat plateau. This is one of the 
pitfalls that one has to be careful about in the coincidence-counting setup. It is pos sible to get a 
plateau and still not be counting at 1 00 percent effic iency. So you have to be quite careful in 
knowing what the intrinsic sensitivity of your system is, and in know ing the spectral distribution 
of the beta particles you are trying to measure in order to determine whether this is close to 
1 00 percent efficiency. 
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Figure 1 .  4 11'  c rystal coincidence counting arrangement. 
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In order to test these rigorous and approxi­
mate derivations that we used for correcting, 
w e  devised the experimental setup shown in 
Figure 3. The 411' crystal counter consists of a 
phototube on top and a phototube on the bottom 
of the two crystals with the source between. The 
true counts which are due to the source occur 
and are indistinguishable from the the rmal noise 
of the phototubes. But in this experimental ar­
rangement we arranged to fool our coincidence 
analyzer and make it  think this was the case 
when we put into it three separate sources. The 
first two were just two phototubes. The thermal 
noise of these was measured and fed through the 
mixing circuit. The third w as a phototube 

Figure l. Coincidence counting characteristics. 

with a sodium iodide crys tal and a cons tant 
source. This supplied "N011 ,  the true count­
ing rate. We meas ured the coincidence 
counting rate as a function of the nois e counting 
rates in either channel. This shows that even at 
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Figure 3.  Experimental arrangement for test- Figure 4.  Comparison of counting rate correc-
ing counting rate corrections. tions. 

very high channel counting rates due to thermal noise, our corrections were valid. 

The results that we obtained up in counting rates of the order of ZO, 000 counts per second 
. are shown in Figure 4.  That is 1 0, 000 counts per second in each channel .  You see the correc ­

tions that w e  did derive are quite valid. For example, the dead- times that we used in each 
channel- - these are electronic dead- times- -which we made slightly larger than the maximum re­
solving time of the electronic amplifiers, (which were non-overloading because again we had a 
terrific spread in pulse height distribution), were about 1 0  microseconds. The coincidence re­
solving time was about 1 microsecond. So we felt that we had a fairly good arrangement for the 
e lectronic side of the s tandardization in any case, except that we w ere a l ittle disappointed to 
find that the anthracene c rystal itself- -perhaps not "disappointed" as w e  knew about this before- ­
had such a high energy c ut-off. We were conce rned w ith the fac t  that the liquid scintillator was 
even less efficient than the anthracene. 

YAFFE: Could you estimate where the cut-off occurred ? 

SELIGE R: It requires about l lO to l40 electron volts. I can give you that more accurately 
later. For the liquid scintillator, it is twice that. It is l4 0 electron volts for anthracene. I am 
getting a little ahead of myself. It is 480 electron volts per photon for the liquid scintillator. 
This depends on the liquid scintillator. Now, we came upon something else. We started to put 
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Figure 5. Variations of phototube noise. 

5 1  

some liquid scintillators together and w e  were 
playing around trying to make some measure­
ments, and we found the following effect in our 
phototubes. Let me explain how the c urve 
shown in Figure 5 was obtained. Starting at 
point A, we would increase the voltage in dis­
c rete steps. This is purely noise. This is no t 
a source. This is the thermal noise of the 
photo tube. We would measure the thermal 
noise as a function of voltage. We would expect 
it  would go up from A to B. From A to B took 
about 4 or 5 minutes. We let the phototube 
stand at voltage B and w e  waited for a while and 
lo and behold, it increased to point C. This C 
was a constant value, independent of time. That 
is,  independent of any time longer than about an 
hour. When it  reached point C,  we took the volt­
age down the same way and we obtained curve 
C - D. If the phototube rested, and by rested I 
mean if voltage was removed from it, the count­
ing rate, when one started again, would be at 
point A. This was reproducible. 
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GROSS: You were using Dumont phototubes ? 

SELIGER: Both Dumont and RCA. 

GROSS: I have some information on this to tell you. 

SELIGER: We found this with RCA also. 

FROM THE FLOGR: Is this independent of the dynode structure? 

SELIGER: Yes, because we got the same effect w ith the 5692 and the 589 1 .  This effect is 
not visiable at room tempe rature. It is only visible at a temperature where the cesium vapor 
molecules do not cause any spurious counts, which is  around 0°C.  It is only visible when you 
are looking at the noise with a gain of about ZO, 000 .  

Thi s  was fine. At least if  they were going to vary on us ,  we wou ld know how they varied so 
we could get reproducible counting rates .  The suspicion that we have is  that this is a surfac e 
effect due to the fact that there is negative voltage on the photocathode surfac e. 

Now , I will get to the place where I can answ er Mr. Putman's  ques tion. The arrangement 
shown in Figure 6 was used for the intercomparison of act ivities in the l iquid sc int i l lation count ­
er.  Thi s  i s  a blown up version of the sl ide arrangement in the spectrophotometer. You can see 

Figure 6. Spectrophotometer sl ide a rrange -
ments.  

the little s lots on the bottom of the s l ide.  They 
fit ove r a sc rew so that the pos itioning i s  re ­
producible. We observe these with an ordinary 
phototube. We take care to reduce the reflec ­
t ion of the back surface of the s lide and of any 
othe r surfaces so that we try to observe a vol ­
ume i n  the cel l  i tself. These are pyrex glass 
abso rption cells with optical flats. We make 
our comparisons with the various samples in a 
Latin s quare arrangement to eliminate sl ight 
changes in efficiency or s l ight changes in even 
the reflectivity of the glass surfaces.  We were 
able  to compare t ritiated water standards from 
Chalk River and Los Alamos with our own w i th 
a precision of about 0 .  Z of a pe rcent. This i s ,  
I think, quite good for the l iquid scinti l lation 
counter, as those who have worked with it, 
mos tly people in biological work, wil l ,  I believe, 
agree. It is necessary to work in a refrigerator 
and to be careful about the normal things, such 
as long-term fluoresc enc e in the glass and sta­
bi l i ty of all the electronic components. 

W e were abl e to do this  but with air- saturated solutions. The next problem was to see how 
stable our liquid scintil lator was, and whethe r we could make it any more effic ient than i t  was, 
because we knew this would be necessary. 

Figure 7 show s an arrangement similar to the 411' c rystal counting technique with a l iquid 
scintillator in its place. 

The fi rst thing we investigated was based on some articles by Dr. Arnold that indicated that 
the removal of oxygen is quite important in a l iquid sc int i l lator. We later found out that while 
this was a rather new effect as appl ied to nuc lear d � tection, the people who were interested in 
fluorescence had realized this  about 27 years ago. We were a l i t tle embarrassed to point it up 
as a new effec t, or even to be working on i t  as a new effect.  
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W e  prepared our sources or our liquid scin­
til lators in the numbered cells and xylene or 
toluene was distilled into these cells under vac ­
uum using liquid nitrogen so that all gases were 
pumped out. These cells were then irradiated 
with a collimated gamma ray beam and the light 
output was measured in one of several ways; 
either by measuring the integrated current from 
a phototube or by using a rather high gain ampli­
fier and low discriminator setting and measuring 
the integral number of counts observed. These 
quantities were measured as a function of con­
centration. 

We obtained a set of curves such as show n 
in Figure 8. Just to show that what w e  were 
doing seemed to be in line with what other people 
w ere doing, particularly Kallmann, who is really 
the father of present day scintillation counting, 
we took Kallmann's data, the black dots, and 
compared it w ith our data, and the agreement 
w as fairly good. We felt fai rly confident that at 
least when we made a measurement we were 
noticing the proper trend. A, B, C, and D indi­
cate the different things that were done to the 
liquid scintil lator. 

MANOV: What is a-NPO ? 

SELIGE R: a- Naphthyl phenyloxazole. It is 
used as a wavelength shifter. We noticed some­
thing peculiar in analyzing the data from the 
previous set of curves.  If we plot the pe rcentage 
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Figure 7. 411' type liquid scintillation counting. light output. 
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increase due to the addition of a.-NPO for the 
degassed solution prepared under vacuum, 
and for the air- saturated solution, we noticed 
that there is a bigger increase on adding 
a.-N PO to an air-saturated solution than to the 
degassed solution. If this were the case, it 
seemed to us, at first sight, that perhaps the 
a.- NPO is competing with the oxygen, which is 
doing the quenching. 

We approached the problem in reverse. 
We determined the difference between no 
a.- NPO and a.-NPO for degassed solutions and 
w e  found something again which indicates that 
the oxygen in an inverse sense i s  affecting 
the a.- NPO. Th is is show n in Figure 9 and 
Figure 1 0. 

It has usually been thought that the effect 
of oxygen- - that is, the quenching effect of 
oxygen- -was on the solvents . I say this is 
not incorrect, because Dr. Furst and I had a 
discussion about this at Northwestern Uni­
versity a month ago and we came to good 
agreement on both of our diverging results, 
which might be a good place to start. This 
line of research interested us.  We have not 
done any s tandardization yet, but this w as  all 
very interesting. We performed the follow ing 
experiment. 
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Figure 1 0. Effect of air and a.-NPO on s cintil­
lator light output. 
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Figure 1 1 .  Experimental arrangement for 
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Figure 1 1  show s a black box arrangement. It w as really a very simple type of experiment. 
We irradiated a pyrex cell containing a sample with ultra violet light and looked at it with a 
phototube at right angles. We used Corning sharp cut- off filters, such that only the long wave ­
length end of the solutes could be excited. 

For those who have not been concerned with liquid scintillation counting, let me draw a very 
simple picture here. If the energy is transferred from the solvent to the solute, it  usually 
means that there is some overlap between the emission spectrum of the solvent and the absorp ­
tion spectrum of the solute. The emission spectrum of the solute will be at a higher wavelength 
side to its absorption spectrum. 

In Figure 1 Z you see the absorption spectrum of diphenyloxazole, which is what we. used. 
The sharp cut-off filters are the 7 - 54 and the 0- 5'1 .  The absorption spectrum of the solvent, in 
this case xylene, is away over to the left at lower w avelength. So just the shaded area of spec­
ral range was incident on the cell. The slight intersection of the long wavelength end of  absorp­
tion of diphenyloxazole w as the only region irradiated. So we think in this case that it was not 
possible for us to e�cite the solvent. In B of Figure l Z  light is emitted at only the wavelength 
region above 4, 000 Angstroms, which is the emission spectrum of DPO, and you notice that it  is 
shifted to the right of the absorption spectrum. We think here that what we were doing was ir­
radiating only the solute . If the solute would fluoresce, we would see it, and we would not see 
anything e lse. 

We, therefore, decided to investigate this effect with oxygen saturated solutions and with 
solutions in which all the gas es had been removed . If the oxygen affected only the xylene or 
solvent, then we should observe no increase in light output when oxygen is removed in this case. 
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Figure 1 Z. Observed incident and emission 
spectra. 
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Figure 1 3 . Comparison of gamma and ultra­
violet excited light outputs. 

Figure 1 3  show s what we observed. Let us 
look at the light-excited case first. The dashed 
curves represent the light output with all gas es 
removed. The gamma- ray- excited curves now 
are the curves obtained in the ordinary way 
when gamma radiation is incident on a solvent 
and you measure the light output. The frac­
tional increase in light output at the particular 
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concentration involved seems to be the same for the solute as it is in the case when the solvent 
is irradiated itself, which means that at these concentrations the oxygen quenching does occur in 
the solutes. Dr. Furst agreed that according to his determinations, the shapes of his light out­
put versus concentration curves are determined at very low concentrations. It is particularly at 
these low concentrations of solute that the oxygen mainly affects the solvent. But at the concen­
trations normally used for s cintillation counting, the quenching by oxygen occurs in the solute it­
self. 

We had a method for increasing the light output of the liquid scintillator by removal of the 
oxygen. We found in Pringsheim that this oxygen effect had been noted for a long time so w e  
decided Pringsheim w ould b e  a good book to read. 

We found there that there is also a thermal-quenching effect. So quickly we investigated the 
the rmal-quenching effect. We decided to investigate this thermal-quenching effect w ith gas free 
solutions. If you have a solution exposed to air and you reduce the temperature, you increase 
the solubility of oxygen in it and the additional quenching could very w ell negate the increase in 
light output due to the reduction in quenching by temperature. 

We used the same sort of gas- distillation system to prepare our sources. We d id one 
further thing. We took a gold trident and we dipped one tip of it into a polonium solution so w e  
had essentially a point source of polonium on the gold trident. We w e re then able to measure a 
pulse height distribution of these alpha partic le s  when the polonium w as placed in the liquid 
s cintillator. In this w ay w e  had our polonium in one place and w e  could look at it quite w ell. We 
did this for a gas -free solution, and therefore all that was necessary was to plot the relative 
position of the peak of the polonium pulse height distribution as a function of temperature to see 
whether this thermal quenching actually w as present. 
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Figure 14  shows the results we obtained for 
several of the liquid scintillators that w e  meas ­
ured. We actually found that, in the case of 
gas -free solutions, as you reduce the tempera­
ture you do indeed reduce the thermal quenching 
and you can get a fairly large increase in pulse 
height. It was brought out at one time that it is 
possible that decreasing the temperature really 
does something e lse, because these are alpha 
particles that ionize very heavily. 

Maybe this effect w as only good for alpha 
partic les and not for beta rays. It was really 
for beta rays that we w anted to use this.  So we 
performed the same set of experiments except 
in this case w e  used a collimated beam of 
gamma rays and w e  observed the integrated 
current from a phototube- - again from the 
sources which did not at this time contain any 
polonium. We got curves which w ere very s im­
ilar except that they seemed to rise a little 
more steeply at the beginning and then to level 
off around Z60 or Z700K. 

Figure 1 4 .  Thermal quenching effects. 

In any case we did observe the fact that we 
w ere able to increase the pulse height appreci­
ably by lowering the temperature. So therefore 
w e  had found a method of making our liquid scin­
tillator at least as good and in some .cases bet­
ter than the c rystal anthracene in our 4,- c rystal 
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counter. So while w e  were not happy because the anthracene itself cannot be used for low energy 
beta particles, and therefore neither can the liquid scintillator, at least we said w e  should be 
able to standardize roughly the same energy particles with it. 

We have just started to do this. Before w e  did this I thought it would be very interesting to 
determine the intrinsic sensitivity of their liquid scintillator. You know that, similar to the 
internal gas counter, you would have a w all effect if you used beta rays. Let me start at the 
beginning. You would w ant to use a line spectrum. These are fairly energetic. You w ant to 
absorb all the energy in the liquid scintillator. In the same w ay as you have a w all effect in the 
internal counter with beta rays, you w ill have a w all effect in the liquid scintillator and this will 
spread out the resolution curve. 

Therefore, to determine w hat the optimum resolution would be, w e  used alpha particles. 
The w all effect for alpha particles w ill be very much less.  We put polonium alpha particles into 
our liquid scintillator without low ering the temperature or removing the air. We used just a 
simple pyrex glass cylinder sitting on the face of a phototube. 

Figure 1 5  show s the type of pulse height distribution that we get for polonium alpha particles. 
Curve (b) i s  the integral pulse height distribution and curve (a) i s  the differential. It i s  possible 

by using a non-overloading amplifier to obtain 
quite flat integral counting rate curves. There­
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Figure 1 5 . Pulse height distribution for 
po lonium alpha particles. 

fore, it is quite possible to standardize alpha 
particles with not much difficulty at all in the 
liquid scintillator. We did this by preparing 
sources first for the liquid scintillator, and 
then for our 4!1' counter which gives an 800-volt 
plateau for alpha particles, but it does work 
quite nicely. 

ALLEN: The alpha source, is this a dis ­
solved polonium source?  

SELIGER: It  is polonium nitrate in alcohol 
in toluene. Using phosphorous- 3Z and strontium-
90, w e  w ere able to obtain better than 99. 5 per­
cent efficiency as compared with the standardiz ­
ation made in the 4 71'  beta counter. A t  least w ith 
this technique it is po ssible to standardize high 
energy beta particles. One has to be quite care­

ful, though, about the handling of the liquid scintillator because it is extremely sensitive to 
quenching, time, changes in temperature, light and just about anything else. For most purposes 
relative counting, if I w ere to expose a liquid scintillator to light, I think I could even make up 
the 1 1  percent for sulfur- 35.  

One other thing I might mention. Thes e results s eem to be  in  agreement with the results 
obtained from puls e height dis tributions for ces ium- 1 37 gamma rays in sodium iodide in this 
way. This is all qualitative. If one takes the resolution from the liquid s cintillator as an indica­
tion of the original number of photoelectrons at the photocathode- -that is , jus t a s ample case 
where you say the resolution is  equal to __ l_ - -and as s ume for all practical purpos es 5 percent 
photocathode efficiency. In any cas e, '\fT it  doesn't  matter with the correlation betw een the 
ces ium- 1 37, sodium iodide res ults and thes e.  If we assume this , then we can get the figure that 
I s tated before, about 480 electron volts - - ! am sorry, let me not jump the gun. I find it  requires 
5. 3 kilovolts per photon for alpha particles in a liquid s cintillator. Then I took ces ium- 1 37 
which has a 6 Z4 kilovolt line s pectrum and I put it in. I was not as in teres ted in resolution as I 
was in the pos ition of the peak relative to where the alpha peak was with exactly the s ame exper­
imental conditions of gain and I found that for beta partic les it requires 480 elec tron volts per 
photon, a factor of 1 1  relative to alpha particles . I believe this figure has been obtained by other 
people as well. 
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If I can take 6 percent as the best resolution available experimentally for c esium- 1 37 in· the 
sodium iodide crystal, and work backwards in exactly the same way as for sodium iodide, I get 
l ZO electron volts per photon in sodium iodide . We know from other measurements that anthra­
cene puts out half of the light that sodium iodide does .  We know also that the l iquid scintillator 
puts out approximately half the light that anthracene does .  Our number o f  4 8 0  electron volts 
arrived at completely independent of this is  just four times that. I think our results are quite 
consistent and what we have been able to do i s  reaffirm our faith in the 4w beta proportional 
counter. We have been able to show what the intrinsic efficiency of the scintillation counting 
technique is, and ! . think that it can be used as an alternative method for those cases where it 
might be impractical to use the 411' beta counter for a good many routine measurements or in those  
cases where w e  have high energy beta particles and it would be quite simple to  put them in a 
l iquid scintillato r rather than to prepare 4 11'  beta counting sources.  

ARNO LD: I want to say that was a very interesting paper. I saw a lot  of data I had never 
seen before, and I am very interested. There were a couple of questions . One w as that now a ­
days almost eve rybody uses thi s  thing w ith the awful name of popop as the spectrum shifter and 
if you combine all  these virtues,  you c an get up to, according to Haye s,  in the neighborhood of 
8 0 percent of the pulse height of anthracene .  Qualitatively it makes life better .  It takes you 
from 800 to 700  vilovolts as the minimum energy you can get away with without loss . Did I 
understand you to s ay that early in the game you avoided the use of reflectors ? 

SE LIGER: Yes .  

ARNOLD: That seems t o  b e  a very high price t o  pay. You lose  a tremendous amount of 
l ight that way. 

SELIGER: Yes ,  but w e  found the reflection from the back surfaces only made more trips 
through the glass .  Since the glass of the cells does vary in reflec tivity it is  better to avoid this .  

ARNO LD: You mean the consistency is improved by removing the reflection. 

SELIGER: Yes . We are not interested in  measuring low activity sources.  We have the 
range at our disposal and can choose the specific activity we w ant. 

ARNO LD: That is right. I w as not thinking of that ,  but of the rough energy cut-off. If you 
can push that down, you can measure more beta particles.  If you can collect more light in 
principle you can push this energy cut- off dow n. 

SELIGER: Yes .  

ARNOLD: I wondered about this .  I have not looked at it from the point o f  view you have. 
W e  used reflectors. We get a lot of consistency with carbon- 14 .  We use  relative standardiza­
tion. We have a few thousand counts at the end in our counters .  These  are fairly consistent al­
though not perfectly consistent. 

I think your limits of energy have got to be  very high. There was one other rough remark I 
wanted to make which I think is of no interest to people who are interested in as  precise s tandard­
ization as you are, but  it  has been know n for years in the trade,  I think everybody who worked in 
the fie ld had independently done this - - it is a c razy thing to do- - if you take the counting rates in 
individual channels and square them, on the extremely naive assumption that the probabilities 
for observing a pulse in one of the two phototubes is uncorrelated wi th the probability of observ­
ing it in  the othe r phototube ,  which is clearly w rong in any detailed analysis,  s till  one gets quite 
excellent agreement in what one observes in coincidence .  For tritium you might expect this to 
work fairly w ell because when the efficiency is very small,  the as sumptions become better. Even 
for carbon- 14  where you are counting 60 or 70 or 80 percent of the betas,  this is roughtly true. 

We used to use it in the old days for approximate standardization. I once worked through the 
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theory of this .  You can see it works a trifle  better than you expect  naively, but I think it is  worth 
reporting that to w i thin a few percent for a particular i sotope, this i s  a rather reliable technique,  
i f  you have a high enough counting rate.  

LAZAR: This figure of 5 .  3 ki lovolts per photon of alpha on the resolution being proportional  
to  + for sodium iodide,  apparently is  not the case .  We found that there seems to  be an  in­
t rinSic resolution in sodium iodide which l imits you to about six percent.  In other words, if you 
take resolution from the total number of photons measured w ith a light pulse ,  and take the 
observed resolution and take them in quadrature such that the c rystal resolution is equal to the 
observed resolution minus the phototube resolution, you get something left over for the so- called 
intrins ic  resolut ion. This  w as reported a couple of years ago.  I was wondering whether you 
have observed such an effect  with anthracene or any of these  solutions . You do not know what 
the number of photons are from a measure of the resolution of the peak. 

SE LIGER: I thought this effect  w as similar to the one that Morton introduced for the relation 
betw een the numbe r  of photoelectrons at the photocathode and the resolution, and when you are 
dealing w ith approximately 5 0  photoelectrons at a photocathode,  i t  was not important enough. In 
this  case n is large enough so it would not enter.  I have not looked fo r this,  and I cannot say 
anything about this  being true for the liquid scintil lator or for anthracene .  I do not know . 

LAZAR: I am not clear.  !! is small  and so the resolution is dependent on the numbe r  of 
photons .  When !! i s  large, then the resolution should be dependent only on the intrinsic resolu­
tion. 

PATE: That is right. 

LAZAR: The better the resolution that you have, the more photons you have, the more you 
el iminate the phototube and the greater the resolution of the phosphor, if there is any. 

ARNOLD: Can ' t  one s imply say that the resolution of l iquids is always poorer than the reso ­
lution of good c rys tals so that intrinsic resolution is never imp<rtant ? If the best resolution you 
s e e  for alphas is this  1 7  percent, then something that causes a 6 percent resolution cannot be 
very important. 

LAZAR: What you say is  true if the numbe r  of photons is  small enought so that it deter­
m ines the 17 percent. If the 1 7 percent i s  not determined by the number of photons, but by the 
phosphor, then you have an indication as to possibly why all the resolutions are poorer than you 
should expect .  

ARNOLD: Maybe I should say - - Dr. Seliger can defend himself- - that I know of at least two 
independent s tudies which have arrived at e ssentially this same ratio for the amount of light 
emitted by alphas.  

LAZAR: I do not question the ratio.  I question the absolute number.  

ARNOLD: Wouldn' t  these numbers fal l  down completely ?  Certainly 5 kilovolts or so is 
about right for alphas in liquid scintillators. At least that seems to be the consistent number 
that people get by a number of different methods . If that is true , that would tend to confirm in 
an independent w ay the kind of analysis that Dr. Seliger has done. If you can get this number, 
not from looking at the square root of !!• but a measure of the total light, which is what these 
other s tudies are,  then the agreement of the two numbers is an argument that the analysis  is 
roughly right. 

5 9 

Copyright © National Academy of Sciences. All rights reserved.

Measurements and Standards of Radioactivity:  Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http://www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


S ESS ION UI - GAMMA MEAS UREMENTS AN D S TAN DARJl3 

W. E.  Perry, Chairman 

Summary 

During this s ess ion papers are pres ented dealing with the application of gamma ray 
meas urements to the determination of gamma ray intens ities and dis integration rates of 
s ources . Dr. Lazar shows how the res pons e of sodium iodide phosphors to gamma rays 
can be interpreted quantitatively w i thin a few percent to provide data in the form of effi ­
c iency vers us energy curves which can be us ed to es timate the abs olute intensities of 
gamma rays . Thes e curves vary w i th geometry much les s than w i th s ize  of crys tal, and 
the method des cribed s hould prove us eful for many applications . Mr. Putman deals wi th 
a number of aspects of absolute and s econdary s tandardization bas ed on gamma ray meas ­
urements , including the extens ion of the range of calibration of sources to the multicurie 
level by a technique employing small  ionization chambers of the type us ed for the radia­
tion monitoring of pers onnel .  He als o refers to a gamma ray tw in s pectrometer incorpo ­
rating two s odium iodide phos phors , and having a s ubtraction device,  for the analys is of 
mixed sources and sugges ts that this technique may be us eful for the detection of impuri­
t ies in radioactivity s tandards . 

Dr. Hayward's cons ide ration of the cobalt - 6 0  decay s cheme and of the accuracy of 
the gamma-gamma coincidence method for d is integration rate measurements leads him 
to s ugges t that cobalt - 6 0  is more s uitable than radium as a primary gamma ray s tandard. 
Here one mus t compare the complications in  the decay s cheme of radium and the s elf­
absorption problems assoc iated w ith radium as a gamma ray s tandard w ith the uncertainty 
in the half life of cobalt - 6 0, as revealed by meas urements of s pecimens of this mate rial. 
There mus t inevitably be a trans i t ion period during which the claims for cobal t-60  can be 
inves tigated, in  particular from the viewpoint of the radiochemical purity of s amples . 
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1 .  Measurement of Gamma Rays 

N. H. Lazar 

It is  fortunate for me that the subject of this conference inc ludes both measurements and 
standards,  because the work I am going to discuss will  c ertainly not cove r standards in the same 
sense that we heard about in an earlier session. Measurements of gamma rays w ould certainly 
be a better des cription of the subject  matter which I w ill  cover. 

The order of accuracy and precision which we have been able to attain with the scintillation 
c ounters, about which I w il l  talk, has been from three to five percent up to as high as you w ish. 
This certainly is an order of magnitude poorer than what you c an measure with such beautiful  
techniques as Dr .  Kipfer described yes terday. How ever, the scintillation counter approach to 
measurement of intensities does serve a purpose,  even in this company, in that it is an inde­
pendent method for determining the accuracy of the measurement of gamma rays, although the 
precision in itself is not particularly good. Since the accuracy is independently determinable , 
these results should give an indication as to whethe r these other very precise results are also 
accurate . 

I would like to desc ribe our methods for determining the efficiency of sodium iodide c rys ­
tals for gamma rays of various energies .  This will  involve two different approaches to show 
the attempts we have made at checking the se effic iency determinations . 

I would then like to go on from there and desc ribe some intens ity measurements.  I believe 
that will  probably lead us well  into the subject and probably any questions during the discussion 
w il l  bring out spec ific applications . 

The first method that w e  used i s  based on the following set of circumstances.  You know 
that the pulse height distribution which you obtain from a sodium iodide c rystal contains a peak 
(which people call  all sorts of things , and which I w ill usually call the full energy peak) and a 
Compton distribution. In order to determine the intensity of particular gamma rays of complex 
s pectra, one must interpret the number of gamma rays in te rms of the peak area or peak 
height or something at least related to the peak, because the Compton distribution is  very 
strongly a function of the surroundings and the particular experiment you are doing. Usually 
lead surrounds the c rystal, and your spectrum w ill then show a peak at 7 5  kilovolts from lead 
fiuorescent X- rays . If you have a thick backing for the source ,  you end up with a back scatter 
peak ,  and the Compton level is also inc reased due to gamma ray scattering from the surround ­
ings.  Just  a measure of the total area in the spectrum (either from integration of the s pectrum 
or electronically) obtained in some particular geometry is not a sufficiently accurate method of 
determining the intensity of any one particular gamma ray unless that particular setup has been 
calibrated in advance.  

The method which we have been using for determining the intensity of unknown gamma rays 
is independent of the particular surroundings and geometry in which these  measurements are 
made,  but rather depends entirely on the c rystal size i tself. I think it has some universal ap.:. 
plication. 

Consider a cylind rical c rystal of sodium iodide of radius , r, and thickness ,  t .  If you place 
a source on the axis a height, h, above the c rystal, then one may c alculate what w e  c al l  the 
total efficiency for the detection of a gamma ray. By thi s  I mean the probabil ity that a gamma 
ray will  be detec ted if it strikes the c rystal. The resulting pulse may fall anywhe re in the 
spectrum even if the o riginal interaction w ere a Compton inte raction s ince multiple Compton 
scattering in the c rystal followed, possibly, by absorption of the gamma ray results in any 
pulse size up to the full energy peak.  In fact ,  most of the full energy peak i s  due to this mul­
tiple scattering. 

However, we ask only what the probability is ,  if a gamma ray strikes the c rystal; i . e . , 
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that it will be detected, and do not concern ourse lves , for the moment, with the puls e height 
dis tribution. For this purpose if we take an element of solid angle, dD , at the angle, 9, then the 
path length through the crystal w iil be x, and the amount trans mitted is exp( -Tx), where 'T is the 
absorption coefficient of sodium iodide in cm- 1  and is know n to about one percent. This , pe r­
haps , is not very accurate in this company, but it is accurate enough to give us the precision we 
are interes ted in for thes e meas urements . If exp(-'TX) is the trans miss ion, ( 1 - exp(-Tx)) is the 
probability of absorption of the gamma ray, and the absorption times dD is the probability that a 
gamma ray entering dafrom a point source at height, h, above the crys tal will  be 9etected in 
the crys tal. 

Now, x is a function of 9, but they are related by straightforward trigonometric express ions. 
What we have done is to integrate this function numerically over the entire face of the crys tal .  

This involves a numerical integration becaus e as you get outs ide the cone defined by the 
bottom edges of the crys tal and the source, x becomes a rather complicated trigonometric rela­
tion and the integral is not given in a clos ed form. 

This integral repres ents the total efficiency, t:: T' times what I will call the solid angle, D . 
From the way in which the integral is taken, D is s imply the solid angle s ubtended by the top face 
of the crys tal. What we have done at Oak Ridge is to calculate this product for various values of 
'T and various heights , h, above the crys tal. t:: T• its elf, is a very strong function of the height 
above the crys tal. When you get farther away there is less corner penetration s ince most of the 
gamma rays are going straight down, and so, since the path length is , on the average, long, the 
efficiency is large. Thes e values have been tabulated for the three by three inch cylinders and 
the one and a half by one inch cylinders . 

Since that time, Wolicki, at the Naval Research Laboratory, has done a more complete job 
and calculated these functions for all s tandard crys tal s izes made by the Harshaw Company. The 
report number is NRL-4833  by Wolicki, Jas trow and Brooks . 
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Figure 1 .  Zinc- 6 5  gamma ray spectrum. 

Unfortunately, this does not give the ans wer 
you are interes ted in becaus e this is the total ef­
ficiency which tells you, again, what the prob­
abi lity is of getting a puls e but it does not tell 
you what the probability is that the puls e will 
fall in the peak . 

To solve that problem a number of spectra 
were meas ured under conditions in which there 
was no obs ervable scattering. From the spec­
trum, the ratio of peak area to total area was 
determined. Figure 1 shows what I mean by this . 
This was not one of the samples that w ere meas ­
ured, however, the shape is typical of what you 
get from a sodium iodide three by three inch 
cylindrical crys tal. The shape of the Compton 
dis tribution is drawn in as a s traight line. We 
now know what the shape is from the other gam­
ma rays near this energy. It probably tails 
down a little bit. Actually the difference is of 
the order of only one or two percent in the total 
area. In any c as e, this is typical of the type of 
spectrum that we would get,  although the back 
s catter peak was not pres ent for the s pectra that 
we meas ured. We s imply took the ratio of the 
area in the full energy peak to the total area and 
multiplied this by t:: T to determine t::p' the peak 
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efficiency. In thes e measurements w e  w ere careful that the dial s etting for zero puls e height of 
the multichannel analyzer that was us ed to take this data was w ell known, s o  you knew how far to 
extrapolate in order to include the total number of counts in the s pectrum. 

In addition, other precautions were taken to eliminate spurious counting in the region of the 
Compton dis tribution. For example, an attempt was made to use beta ray emitters in which the 
b eta ray energy was very low , or better s till  K- capturing isotopes . For thes e cas es , the 
b remss trahlung contribution is cons iderably reduced below what you would normally get from 
high energy beta rays s topping in your absorbers . So we s elected as bes t w e  could, and luckily 
w e  w ere able to find s ources s uch that the amount of bremsstrahlung was quite s mall, or at 
leas t unobs ervable, in mos t of thes e measurements . 

The room in which the meas urements were made was completely cleaned out of everything 
except the crys tal, the tube and the source. The meas urements w ere made in a s hielded counter 
room; the walls were two feet of concrete. The floor was something like s ix feet from the crys ­
tal. The ceil ing was s omething like ten feet away, and the walls w ere also s omething like ten 
feet away. In this c as e  the only appreciable s cattering that you get w ith gamma rays which 
s tarted off in the w rong direction is that from the air. 

We did not evacuate the room, although this was the obvious next logical s tep. It is a s tep 
that you would have to take to improve the accuracy. At Arco, they have gone part of the way to 
the next s tep in that they put the source and crys tal in a big balloon and filled it with helium. 
Their results agree pretty w ell  with ours ; thus , the scattering does appear to be quite s mall. 
What we meas ured, then, is the ratio, R, of photopeak area to total area in the spectrum and 
multiplied €T by R, thus obtaining Ep, the peak efficiency. I have simplified matters to a great 

extent. I have indicated that we use only iso­
topes in which there are single gamma rays . 
Unfortunately, you cannot find is otopes emitting 

10• only s ingle gamma rays of high energies . So 138 MtY 
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Figure Z .  Sodium - Z4 gamma ray s pectra. 

we did actually us e s ome s ubs tances , s uch as 
sodium- Z4, which emit s everal gamma rays . 

Figure Z shows the puls e height spectrum 
obtained from sodium- Z4. The upper curve is 
obtained with a one and a half by one inch crys ­
tal, and the other with the three by three inch 
crys tal. The tremendous improvement that is 
obtained with a three by three inch crys tal is 
c lear. This is the reason we now use, almos t 
exclus ively, three by three inch crystals . 
Thes e s pectra were determined with h = 9 .  3 
centimeters . In this case,  we are interes ted in 
the efficiency for the Z.  76 Mev gamma ray. It 
is clear that the peak to total measurement as I 
des cribed above is not s ufficient to obtain €p 
(Z. 76) becaus e of the contamination of the s pec­
tra by the 1 .  38 Mev gamma ray. Firs t, we 
s imply added up all  the counts in  the s pectrum. 
Then, in order to determine the contribution 
from the 1 .  38 Mev gamma ray, the extrapola­
tion of the Comptons from the Z. 76 Mev gamma 
ray under the 1 .  38 Mev peak was drawn in. 
Notice, the extrapolation is over a very s mall 
dis tance, indeed. We have also obtained spec­
tra from gamma rays w ith energies near Z. 76 
Mev. For example, ThC11 emits a gamma ray 
of z. 6 Z  Mev, and w e  also have obs erved gamma 
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rays near this energy produced at the Van de Graaff machine in  (p, a.) and (p, p ' ) reactions which 
tell  us approximately how this regipn should look. If one s imply measures the area of the I .  3 8  
Mev peak after  s ubtraction o f  the extrapolation o f  the Compton dis tribution and then us es the 
previous ly determined value for the peak area to total area, R, one may determine the total 
number of counts due to the 1 .  38 Mev gamma ray. This was then subtracted from the total 
counts in  the s pectrum to get the total counts from the Z.  76 Mev gamma ray. The determination 
of the peak area for the Z .  76 Mev gamma ray could eas i ly be performed and thus one has R 
(Z .  76) .  

This was done for s odium- Z4 and als o  fo r yttrium- 88 ,  which emits gamma rays of I .  8 5  Mev 
and 0 .  9 0  Mev.  I believe thos e were the only two cas es in which a measurement of this type was 
needed . 

This , then, was the method originally us ed to determine the peak efficiency. I might jus t 
s ay in pass ing, you may notice that this does not require a know ledge of the decay s cheme.  The 
peak to total ratio and ET are j us t  functions of the c rys tal and geometry. The peak area for an 
unknown is also  jus t a function of the s ize of the c rys tal although the Compton dis tribution may 
now be depend ent on the s urroundings . The full  energy peak is necess arily undis torted by, for 
example, abs orbers . If there is any s cattering of the gamma ray directed tow ard the c rys tal,  i t  
can only remove counts from the full  energy peak. You now , s imply, us e the known abs orption 
coeffic ients for the abs orber and; d ivide the peak area, by the trans mis s ion to determine the 
number of gamma rays which left the source. 

CAMPION : Is this true if you have a phototube wi th poor res olution ? 

LAZAR: It is t rue depending on the poorness of the res olution, in a s ens e .  What you are 
s aying is that w i th s mall angle s catte ring, gamma rays , s catte red in the forward direction, s ti l l  
fal l  in the peak and you count them, ess entially, tw ice- -once in the peak and once by the correc ­
tion for s cattering. This is true. How ever,  you fi t a Gaus s ian to the peak and the s mall angle 
s cattered gamma rays would dis tort the shape of the peak. To about a percent the fi t is very 
good wi th no s cattering. When you us e very thick abso rbers , you have to worry about this prob­
lem and to that extent the precis ion is l imited, and you have to recognize this . 

The ques tion was rais ed about how to inc lude the area of the pair peaks s e en in s pectra. We 
s imply add up all  the points in the s pectrum to get the total number of counts and this automat­
ically inc ludes thes e peaks . 

The ques tion was as ked whether R was independent of the dis tance from the c rys tal,  and the 
answer  is "No, it is not . "  It is very nearly independent of h, how ever.  We have measured it at 
two dis tances , 9 .  3 centimeters ( that happens to be the height of our s tands that w e  normally us e) 
and 3 centime ters . The reason we chos e 3 centimeters is that i t  is very nearly the wors t pos ­
s ible pos ition. For a three inch diameter crys tal, a s ource three centimeters from the face 
gives you, nearly, the maximum corne r penetration. When you get very much c los e r  than three 
centimeters , you have rather thick corners s een by the s ource.  If  you get very much further 
than 9. 3 centimeters ,  the corners again thicken s ince the gamma rays are moving nearly in a 
vertical d irection. R should be very much less s ens itive to dis tance at greater dis tances . For 
thes e two dis tances , the difference in R is of the order of 1 0  percent or less . I think it wi l l  be 
c l earer from Figure 3 which is a s pectrum from a 7 .  5 Mev gamma ray obtained from the 
Be9 (p, y)B I O reaction w ith one Mev protons . The s ame ratio was determined as previous ly but, 
unfortunately, the s cattering conditions were not nearly so  c lean. Als o  you can s ee artifacts of 
what appear to be othe r gamma rays . The 7. 5 Mev gamma ray is a capture gamma ray, and 
there is probably s ome cascading to the ground s tate through other levels ; thus , Ep determined 
from this s pectrum is not as accurate as the other values . 

Figure 4 shows € vers us energy. For the three by three inch c rys tal there is a variation in 
efficiency between 3. 8 and 9. 3 centimeters . As a matter of fact,  the variation is more a function 
of ET than R. If we at tempt to determine the intens i ty of a gamma ray obtained at other than 
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Figure 3. Spectrum from 7. 5 Mev gamma 
ray obtained from Be 9 (p, y )B 1 0 reaction. 
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Figure 4. Peak efficiencies for various 
sodium iodide crys tals . 

thes e dis tances , w e  choose the photopeak to total 
ratio by interpolation; for dis tances comparable 
to 9. 3 centimeters or larger w e  us e R dete r ­
mined for the 9. 3 c entimeter data, and then cor­
rect ET for the different height above the crys tal. 
Notice that the points do not s catter greatly from 
the curve which was drawn. The point farthes t 
from the curve was three percent off. We think 
w e  know the efficiency up to Z. 76 Mev, let us 
s ay, to the order of three percent. Certainly to 
one Mev, a three percent uncertainty would be a 
cons ervative es timate; at Z. 76 Mev it may not be 
very cons ervative. However, I think the three 
percent value is valid over the entire region to 
z. 76 Mev. We used the value s hown on the 
c urve for the determination of the thorium half 
life. The Z.  6Z Mev gamma ray in ThC" was 
measured in s amples in equilibrium w ith the 
parent thorium, the samples were w eighed, and 
the half life was found to be in agreement w ith 
that of Kovaric and Adams (t l / Z = 1 . 4Z x l o l O y) . 
We felt that thes e efficiencies w ere correct to 
three percent and this s eems to confirm that. 

We made another s eries of experiments 
which is a check on these values . It is an in­
dependent check and depends on the decay s cheme 
only in the s ens e  that we ask that all beta transi­
tions proceed through the gamma ray. This was 
a coincidence experiment betw een beta and gam­
ma rays in which we used a very s ma ll 4 .,  
counter (split anthracene crys tal) to detect the 
beta rays . This was done by mounting two 
anthracene crystals , each of the order of a 
quarter inch s quare by about an inch thick, on 
the s ame phototube, and placing the s ource be­
tween them s o  you ess entially have 47r geometry. 
The necess ity for the small s ize c rystals will be 
indicated shortly. 

Coincidences w ere taken betw een beta rays 
detected in this geometry and gamma rays . If 
the decay s cheme is s uch that every beta ray is 
followed by a gamma ray, the beta s pectrum in 
the anthracene c rystal w ill look something like 
Figure 5. The tail res ults from the summing 
of the detected gamma rays with s ome of the 
beta rays . Since ess entially every beta ray is 
counted, whenever a gamma ray is detected in 
the anthracene, it removes a puls e  from one 
portion of the beta spectrum and replaces i t  
s omeplace els e. 

The area of the gamma ray peak obs erved 
w ith the Nal c rys tal in coincidence with beta rays , 
P(y), may be w ritten as 

P(y) = C(l3) Ep !J A  
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Figure 5.  Beta s pectrum in anthracene 
crys tal for beta-gamma coinc idence 
meas urements . 

where A is the absorption in anthracene and C(�) 
is the counting rate in the beta channel. Now, 
you can s ee why we made the crys tal s mall. We 
can meas ure the peak area accurately. We can 
meas ure the geometry accu rately. We can even 
determine the absorption fairly accurately s ince 
the abs orption coefficient for anthracene is very 
well known.  However, in this experiment a 
portion of the beta s pectrum was s elected by 
means of a s ingle channel analyzer and coinci­
dences with these pulses were recorded. Thus 
a correction for puls es in the selected pulse 
height interval which arose from the summing 
of s imultaneous beta ray and gamma ray de­
tection is required . The thinner the anthracene 
crystal, obvious ly, the s maller the correction. 

Consider electrons which are emitted at 
some energy, say E - a  (s ee Figure 5) and which 
sum w ith gamma ·rays so as to raise the pulse 
height to E. The number of counts in the window 
at E can not s imply be determined by placing a 
beta ray absorber between the anthracene and 
the s ource, becaus e doing so removes the s um­
ming effect. In addition, the s cattering of gam­
ma rays is increas ed. However, the probability 
for an electron in the window to be s ummed w ith 
a gamma ray to give a puls e in .1E at E is jus t  
the probability o f  gamma ray detection ( 1 -e - tJ.X lS2y· 
where u is the absorption coefficient of anthra­
cene, x, the thickness of the c rys tal and Q the 
solid angle for gamma rc..y detection (assum"td = 
1 )  times the probability the gamma ray puls e s ize 
s ize w ill  be 6 .  If this is multiplied by C(E- a), 

(the number of electrons at puls e height E - a )  and then integrated over a froma = E to a =  0, the 
result gives the number of puls es in the puls e height interval in ques tion which aros e  from elec­
t rons of lower energy. 

To facilitate performing the integration, a nat rectangular dis tribution for the gamma ray 
s pectrum was assumed. This ass umption is not bad for anthracene where you have almos t pure 
Compton s cattering and in whi ch the probability of multiple Compton collis ions is negligibly 
s mall. Under thes e circums tances the Compton dis tribution is , in fact, very nearly rectangu­
lar. It turns out that with this ass umption, all terms are independent of 6 except C(E - a) and 
the integration is s imply the area under the beta spectrum from zero to E. Fortunately, the 
correction is only a few percent w ith the s mall crystal used and this procedure is then quite 
reas onable. To s um up, the number of counts in the w indow is mostly determined by the num­
ber of electrons of the energy in ques tion and then there is a s mal l correction for the gamma 
rays which s um with elec trons to give pulses in the w indow . 

This type of measurement was done for a series of isotopes . In fact, E'p was found for 
mercury-Z03, scandium-46, niobium-95 ,  sodium- Z4,  gold - 1 98, and sodium- Z Z  for the two dis­
tances . The results are show n in Figure 5.  One can see the order of magnitude of the s catter 
of points that was obtained. Thes e results checked with the values obtained from the peak to 
total measurements and gave us a feeling of confidence in our values to the order of precis ion 
that we have quoted. I might jus t mention that the efficiency of a four and three quarters inch 
sodium iodide c rystal is plotted on the same curve. This data was obtained relative to the three 
by three inch c rys tal efficiency for a source in the center of the larger c rys tal. 
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I would like to take a few minutes to des cribe the methods we have used, with these efficien­
cies , to determine the intens ities of gamma rays . To determine the intensity of a gamma ray 
is a s traightforward problem, but is not alw ays recognized as being somewhat more complicated 
than one might naively expect. 

If you have a single gamma ray of energy, say, y, then l(y) t::
P

D A = P(y) where I(y) is the 
intens ity of the gamma ray; "P-' the peak efficiency, ,a ,  the solid angle subtended by the face of 
the crys tal at the s ource; the factor A represents the absorption of the gamma ray by any ab­
sorbers that are placed betw een the source and the crystal and, P(y), the full energy peak ob­
s e rved for the gamma ray. This express ion is correct only, however, if there is no summing 
of cas cading gamma rays . Cons ider, however, the cas e exemplified by s odium- 24 in which you 
have a beta transition feeding two success ive gamma rays , y1 and y2 (Figure 6).  

In this cas e, three peaks are obtained. The third peak is the coincident sum peak and 
aris es when both y1 and y2 are completely absorbed in the crystal. The probability for this 
(neglecting factors like A) is 

w (oO) 
where W (0° )  is the angular correlation of the two gamma rays evaluated with 0° between them 
(both enter the crys tal )  and corrected in the manner described by Ros e for finite angular reso­
lution. The intens ity of  the coincident sum peak is  jus t the dis integration rate, N0, times this 
probability. 

If we are interes ted in the intens ity of y1 only, from its particular full energy peak, then 
(again dropping factors like A )  
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Figure 6. Decay scheme for sodium- 24. 
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N
0 "p .a = P(y1 ) + N0 "p .a " T Q w (oo) 1 1 2 

or 
P(yl ) = No t::Pl.a [1 - "T2 

D W(oo) ] 
With the s econd term in the bracket zero, this 
is jus t  what you have for only one gamma ray, 
thus the bracket represents a " correction 
factor" for coincident summing. This correc ­
tion factor i s  i n  fact very s mall if D is s mall. 
But in any cas e it is finite and should be taken 
into account when precis e gamma ray measure­
ments are made. In fact, it may eas ily be as 
high as s everal percent. For example, in  2 11'  
geometry, Q = 0. 5 0  and for " T -=:: 0 .  5 this cor­
rection could be as large as 0. 2 5 .  At 9 centi­
meters ,  D is of the order of 0. 04, " T is s till 
of the order of 50  percent, so the correction is 
jus t of the order of a couple of percent. 

If the two gamma rays are in cas cade, but 
if there is a branching ratio between them, i. e. , 
if there are two beta groups s uch that the inten­
s ity of one gamma ray is greater than the other 
one - - then an extra factor has to be multiplied 
in the express ion, which takes into account the 
branching ratio between the two gamma rays . 
Again one mus t be careful what one means by 
this factor. If you as k  "What is the intens ity of 
y2 ?

", you mus t remember that for every y2 
there is a y1 and the "branching ratio" factor is 
actually unity. These cons iderations are rather 
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s traightforward in the s ens e that it is fairly c lear what has to be put in here. Very often thes e 
corrections are not applied, how ever, and the intens ities , then, are not accurate to that extent, 
although they may be very precis e ly dete rmined. 

I be lieve that is about all I have to s ay about the determinations of intens ities in this way. 

S ELIGER: We have available s tandards of zinc - 6 5 .  I jus t wonder if you have had occas ion 
to check this intens ity meas urement with the dis integration rate s tandards of zinc. 

LAZAR: We have not checked it in that way. We have checked it in other w ays , how ever. 
One approach is to s imply check them agains t the res ults of other people in the laboratory, and 
this w e  have done and always find a good agreement. 

Usually, thes e cons iderations are applied in decay s cheme s tudies and in thos e c as es con­
s is tent res ults are the only real meas ure of the precis ion or accuracy of thes e calculations . 

As you imply, w e  have not tried to push the method to its ultimate precis ion. We probably 
should attempt to measure s ome National Bureau of Standards s amples . We have never done 
this . Incidentally, mos t of our intensities are quoted to the order of - five percent becaus e of the 
uncertainties in solid angle and s tatis tics op top of the three percent uncertainty in efficiency. 

PATE: I found the las t remarks in your paper quite interes ting. We have been doing meas ­
urements of this s ort, not particularly w ith s tandardization in view, but in decay s cheme s tudies 
whe re one wishes to determine branching ratios and K- capture to pos itron ratios and things of 
this nature. What you s ay about the importance of s umming effects is quite t rue. It is partic­
ularly true when you are doing gamma-gamma coincidence measurements . 

I might mention here a technique that we us e to make thes e corrections a bit more directly 
more in an experimental fashion. One cannot claim this is new . It is a fairly obvious s ort of 
technique,  but it might be worth mentioning he re . It s tarts off in a s imple fashion when you 
wish to extrapolate,  as in your s odium- 24 s pectrum, the Compton dis tribution from your highe r 
energy gamma ray underneath the photopeak of your low energy gamma ray in order to do an 
accurate s ubtraction. The method we us e to make s uch corrections is to us e coincidence tech­
nique . You gate a s ingle channel analyzer on the low er energy gamma ray in the cascade pair, 
and dis play what the 1 00 channel analyzer s ees in coincidence with the gate.  If  there is a cas ­
cade trans ition c learly you would dis play jus t the upper energy gamma ray. If you us e the 
Compton dis tribution obtained unde r thes e ci rcums tances , you can do an accu rage s ubtraction, 
provided, of cours e ,  you worry about the random coincidences . 

LAZAR: If I may inte rrupt for jus t  a minute ,  that approach would be fine except for the 
efficiency determinations I have dis cus s ed, becaus e placing anothe r c rys tal nearby would caus e 
s catte ring which wou ld change the total area. 

PATE This is true . 

LAZAR: Each problem has to be looked at individual ly.  There are prac tically an infinite 
number of problems each one of which would have to be done s eparately under thes e conditions . 
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Z .  Gamma Ray Measurements and Standards 

J. L. Putman 

We may divide the subject  of gamma ray measurements and standards into two sections.  In 
the first, let us consider briefly those methods in w hich gamma rays alone can be used for prim­
a ry measurements of radioactivity, that is absolute measurements of disintegration rate.  The 
second section is concerned w ith relative measurements of activity by the comparison of gamma 
r ay measurements. It is upon measurements in this second category that I would like mainly to 
c oncentrate, but perhaps a few words on absolute measurements would not be out of place.  

The use of  Geiger type counter tubes for primary measurements, using gamma rays only, 
is obviously very limited because of thei r  intrinsic low sensitivity and the difficulty in determing 
this sensitivity ei ther theoretically or by direct methods involving only gamma rays . 

Scintillation counters can be made to approach an efficiency of 1 00 percent for low energy 
gamma rays and so do offer means of direct measurement of gamma rays incident upon them, 
w ithout the necessity for calibration by other methods . 

The other w ays in which gamma rays alone might be used for absolute determinations in­
c lude the gamma-gamma coincidence method, and for this the scintillation counte r  is the obvious 
choice of detector; particularly since its energy discrimination can be used to overcome difficul­
ties of spurious coincidences caused through scattering. 

Our general feeling is that when another method for s tandardizing a nuclide is available, 
this is  generally prefe rable to the direct measurement of gamma rays, at least  for primary 
measurements.  Most  nuclides which emit gamma rays do so following the emission of some 
o ther type of radiation which is easier to measure; that is, alpha particles, beta particles, 
positrons or X- rays. So in making absolute measurements we try, whenever possible, to use 
these other radiations either directly or in coincidence w ith gamma rays . The only exception is 
in  the internal conversion of isomers and very few of these s eem to be of practical importance .  
One glaring exception to this generalization i s  metastable barium - 1 37 fol low ing cesium- 1 37 with 
a half life of Z. 6 minutes .  The importance of barium- 1 37 is that cesium - 1 37 is a pure beta 
emitter, and gamma rays are only emitted from the daughter produce barium- 1 37 .  The use of 
4 r  beta counting methods is valid for beta- gamma emitters because corresponding beta and 
gamma rays give rise  to a single impulse unless  the gamma ray is delayed by a time greater 
than the resolving· time of the detector. If i t  were simply a delayed gamma ray, corrections 
could be made by screening the source and counting the residual gamma rays; but this gamma 
ray is also internally converted, and so far we have not been able to get any very definite figures 
as to the degree of internal conversion. Therefore, I submit that the direct measurement of 
cesium- 1 3  7 by some other method such as the direct measurement of gamma rays would make 
an important contribution tow ard the standardizing, at least,  of this isotope . 

In using scintillation counters for absolute determinations, one drawback is  the need to cal­
culate the efficiency of the phosphor from absorption data. As an experimental approach, the 
efficiency might be determined by progressive thickening of the phosphor and extrapolation to 
1 00 percent efficiency. This is  rather an expens ive business ,  especially when using sodium 
iodide phosphors . It is  also complicated by the fac t  that thickening of the phosphor not only in­
c reases the intrinsic absorption of gamma rays, but also increases the internal absorption of 
photons . A correction for this effect  would be necessary at least when using high energy gamma 
rays and consequently thick phosphors.  Evidently, even if the phosphor thickness is increased 
until  a maximum counting rate is achieved, there is no guarantee that this  maximum represents 
1 00 percent effic iency. We have not done this ,  incidentally, but the method may have possibil­
ities ,  especially when using liquid phosphors. 

Let us now turn for a moment to the absolute determination of radioactivity by indirect 
measurements ,  that is ,  those which do not involve direct counting of the radiations. These 
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include the use of ionization chambers and calorimeters.  Ionization chambe r  measurements un ­
fortunate ly depend on a number of factors which have to be determined independently. They 
depend on W, for example. Although I think temporary agreement has been reached on values of 

W, there seem to be periodic s torms about this particular constant which tend to leave the ex­
perimenter w ith little confidence .  Of course, the measurements also depend on the energy of 
the radiations, absorption coefficients,  and on the material of the chamber. But it  is of such 
importance to radiologists to know the radiation at a distance from a source that in some w ays, 
for radiologically used isotopes ,  the source s trength is  more important than the disintegration 
rate itself. 

Perhaps one of the most important reasons for measuring absolutely the disintegration rate 
of radiologically used isotopes is in order that the appropriate K factors can be evaluated; from 
these,  the radiological doses can be calculated under various conditions, given the actual 
amount of isotope in use.  

Let us now turn to the kind of measurement for which I think gamma rays are principally 
suited. This is  for the comparison of sources which have been absolutely measured by other 
means . 

Since the gamma rays are very penetrating they lend themselves naturally to a comparison 
of sources under conditions of negligible self- absorption. Also, since they are penetrating, 
they suffer very little absorption or scattering by air.  Therefore, they lend themselves to 
measurements under conditions of large distances betw een source and detector, where the 
geometry of the arrangement is not c ri tical.  Gamma rays are also convenient for routine meas ­
u rements approaching 411' geometry, in which a source is placed inside a reentrant detector and 
the radiations penetrate the w alls without much absorption. 

This has bearing, I think, on the important problem of extending absolute measurements to 
the higher levels of activity. It is well  know n that ordinary counting measurements and even 
some of the so- c al led absolute ionization chamber measurements concern themselves mostly 
w i th sources of fairly low activity, and direct counting determinations are generally confined to 
the microcurie level.  

How ever, s tandard sou rces are now required wi th activities from one to s everal curies. If 
w e  can accurately compare the radiations from gamma ray source!l, w ith those which have been 
standardiz ed by other means, we c an work our w ay in steps from microcurie or  millicurie 
levels right up to the curie levels .  This is  the method which we,  and probably many other 
people,  have been using. For example, w i th cobalt - 6 0, we s tarted off w ith two sources,  one 
about 1 6 0  millicuries ,  and thes e  w ere compared wi th ionization chambers some years ago. 

Then the ZO millicurie source w as dissolved and measurements w e re made on dilutions of 
the solution. Having made the gamma ray comparison, the activity of the nominal 1 6 0  milli ­
curie source could then b e  determined, and this w a s  used t o  calibrate a further ionization 
chambe r  for high flux gamma ray measurements in a machine .  This was done three or four 
years ago: the problem of calibrating large· sources has since become more acute . My col­
leagues in the Isotope Division at Harwell have been working on a simple system for intercom­
parison of relatively large gamma ray radiographic sources .  

For this the commercial type BDl l ionization chamber is  used.  I t  i s  normally intended for 
personnel monitoring and has a graphited plastic coating and a graphite c enter electrode insu­
lated with polyte trafluoroethylene (Teflon) . The chamber is open at the bottom so that i t  can be 
s c rew ed into an electrometer for measurement . The measurements w e re made by my colleague, 
R. L. Otlet,  who arranged thirty of these chambers at a dis tance of one meter from the sources 
he w i shed to compare . Radiographic sources in aluminum capsules w e re used.  These w e re 
mounted at the top of a transparent polymerised methyl acrylate plastic (perspex) pillar about a 
quarter of an inch in diameter. The BDl l chambers were s c rew ed on to separate pe rspex pil ­
lars, mounted on a perspex frame in an arc one meter from the source mounting, at which dis­
tance the inve rse square law can be relied upon very accurately. 
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In fact, these  comparisons do not rely on the inverse square law,  but this provides another 
variable at our disposal. To minimize scattering, the whole arrangement w as mounted on a 
bench in the middle of an otherwise empty large room. Tw enty- eight chambers w ere actually 
used for the comparisons, and measurements were taken, not by comparing the loss  of charge 
in the detectors over a fixed time interval, but by varying the time so that the loss  of charge 
was almost  exactly the same for two different gamma ray sources . Thus,  the chambers w ere 
operated under identical conditions for the different sources,  using the electrometer on the same 
part of the scale so that variations in its efficiency over the scale did not affect the comparison. 
Twenty millicuries of cobalt- 60 was found, at the distance of one meter, to discharge a BO l l 
chamber from an initial 300  volts down to 2 5  volts in 1 5  hours . 

The chambers were found to saturate at about 1 2  volts so were always operating under sat­
urated conditions . The low final potential of 2 5  volts was chosen to reduce errors which might 
arise in estimating the sharing of charge betw een the electrode of the ion chamber and the 
electrometer. By leaving only a small residual charge in the ion chamber, the effect of the 
charge sharing errors on the total discharge measured was made small .  

No correction was made for humidity. The original charging potential of 300 vo lts was only 
accurate to plus or minus a half percent. 

Tests were made with the 28 chambers, using two cobalt - 60 sources , each of activity about 
20 millicuries,  to check the reproducibility obtainable.  Five measurements were made, three 
on one source and two on the other, and they were interspersed in time. Since 1 5  hours w ere 
required to obtain a measurement, variations of conditions over this period could be significant . 
They w ere reduced to some extent by taking measurements on either side of a mean time.  The 
net result of this w as that by taking, for each chamber, the average of the ratios found between 
the two sources in the five measurements a root mean square statistic fluctuation of ±0 . 3 5  per­
cent was obtained. 

On statis tical grounds, a mean of the ratios obtained with the 28 chambers should now yield 
a root mean square error of about ±. 07  percent in the comparison of the two sources .  I think it 
is interesting that by using commercial chambers under such relatively crude conditions one 
can compare gamma sources with. this sort of accuracy, and I can see no obvious source of 
systematic errors.  If comparison is possible with this accuracy one is  justified in taking a 
series of s teps from a relatively low activity source,  dissolved for standardization, up to curie 
or multicurie standards . Otlet has applied this technique for measurements of activity of separ­
ate sources up to 40 curies .  

Let us consider how the accuracy might be further improved. First,  the charging potential 
of the chambe rs was only measured to plus or minus one -half percent . It was only by averaging 
over five chambers that the reproducibility reported could have been achieved, on this account 
alone . Obvious ly, the accuracy of charging can be improved w ithout great difficulty. Second, 
humidity changes could affect accuracy, and errors could be avoided by enc losing the chambe rs 
in a thin plastic envelope containing silica gel. 

Third, no particular care was taken to arrange that the orientation of the chambers was 
always the same . Any departure from axial symmetry in the efficiency of the chambers could, 
therefore, introduce an error, and this could easily be avoided simply by marking one s ide of 
each chamber as a guide to orientation. 

We hope that b;y taking such simple precautions as these, the deviation of 0. 3 5 percent 
between individual chambers can be reduced by a factor of three. So we now have quite a simple 
and reliable method of comparing sources up to very high levels .  

I shou ld like now to consider another aspect of  the use of gamma rays for comparing 
sources of like isotopes :  that is the desirabi lity of using gamma ray reference chambers for 
the maintenance and comparison of substandards . A good deal of work has been done in seve ral 
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Figure 1 .  Ionization chambe r for secondary 
standardization of beta and gamma ray 
sources. 

Figure Z.  Ionization chamber for secondary 
standardization of beta and gamma ray 
sources. 

countries on this problem, and a chamber has been des igned in Great Britain, jointly by the 
National Phys ical Laboratory and Atomic Energy Res earch Es tablishment for routine measure­
ments . This is a compos ite ionization chamber which can be us ed either as a gamma or beta 
chamber. It happens that our Chairman, Mr. Perry, is an authority on this subjec t .  May I 
therefore sugges t, Mr. Chairman, that you speak about this chamber. 

P ERRY: Figure 1 and Figure Z il lus trate the chamber. The firs t is a diagram which is self­
explanatory. The gamma ray chamber cons is ts of three coaxial cylinders ; the beta ray chamber 
occupies the lower portion of the collecting electrode. The beta rays enter the chamber through 
a 0 .  68  mg/ cm2 duralumin window . The design is a compromis e between that required for accu­
rate s econdary s tandardization and that for routine measurements in hospitals . The diameter of 
the central cavity which takes the gamma ray source is rather larger than one would choos e for 
accurate work. Als o it seemed des irable to provide for the measurement of beta ray sources in 
liquid form; hence, the thin window to separate the chamber from the polythene dish holding 1 ml 
of liquid. The outer cylinder is covered with an ins ulat ing material becaus e i t  is at high voltage 
(i .  e. , 1 00 volts ). 

The original idea was to make a simple inexpensive chamber but i t  has not proved as cheap 
as w e  expected. It also took much longer to get into production than was anticipated. We made 
and tested the prototype at National Physical Laboratory in a few weeks, but it took about Z - 1 / Z 
years to get the produc tion model. We received the fi rst batch of ten chambers in March of 
this year. The tests of these chambers with a few gamma ray sources (sodium - Z4, cobalt-60, 
iodide- 1 3 1 ,  gold - 1 98, and radium- ZZ6) showed that different chambers agree i n  their response 
to gamma ray sources to within ±1 percent. For beta ray sources (including sulfur- 3 5) the 
limits are ±3 percent. We have now received 40 of these chambers, 30 of which are at the 
moment being tested; they appear to have much the same characteristics as the first ten. 

Figure Z show s the chamber with the polythene dish on the slide and the jigs which take the 
standard National Physical Laboratory ampoules containing 1 ml and 4 ml of solut ion, respec­
tively. Another jig has been designed to take the 1 0  ml  bottles in which solutions are normally 
supplied in the United Kingdom. 

PUTMAN: In the beta gamma chamber just described the sensit ivity of the gamma chamber 
is to some extent dependent on position of the source along the axis, but Mr. Perry has said why 
a chamber of this shape was chosen. As might be expected, an absorber placed in the bottom of 
the gamma source well can be used to produce a region of nearly constant response near the 

7Z 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Measurements and Standards of Radioactivi ty:  Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http:/ /www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


m iddle of the wel l .  We have found that with a brass absorber one centimeter thick, a two or 
three centimete rs w ide flat response curve can be obtained for gamma rays as different in energy 
a s  cobalt - 6 0  and gold - 1 98 .  An objection to such a system is  that the actual efficiency o f  the 
chamber over this regon is quite a sens itive function of the absorber thickness ,  and is also a 
func tion of the length of the source, if this is ove r 3 or  4 centimeters.  In the interests of sim ­
plicity and reproducibi lity, absorbers were omitted from the present design, i n  which the meas ­
urement of an accurately centered source is more i ndependent of its length. 

I should like to mention one other technique which may be of interest in determining the 
radiochemical purity of s tandards . We have found it convenient to use a simple gamma ray 
spectrometer for this purpose.  Furthe r advantage has been gained by qsing a twin  spectrometer,  
incorporating two sodium iodide phosphors,  as nearly identical as possible, connec ted through 
photomultipliers and exposed to diffe rent sources .  These  two detectors are connected to a sub­
t raction device  which merely switches over their  responses every half second, and subtracts 
one from the other.  The difference spectrum thus obtained w ith a single - channel kicksorter is 
plot ted automatically. The electronics is  identical wi th that used by D. H. Peirson for elimin­
ating the Compton spectrum by subtracting the output of an anthracene phosphor from that of a 
sodium iodide one exposed to the same source . In the present arrangement , ins tead of using 
two counters measuring the same source ,  we use two counters exposed to different sources ,  and 
w e  can now subtrac t the gamma ray spectrum of sou rc e  B from that of A.  

We have found this  valuable for analyzing mixed sources,  in which any component, once 
recognized, can now be e liminated by subtraction. The method w as deve loped in the first place 
for industrial applications involving small quantities of impurities determined by activation 
analys is .  Its application to s tudies of radiochemical purity is illustrated by some measurements 
which were done by my colleague,  W. H.  Taylor. A composite source of seleni·um - 7 5  and 
mercury - 203 was  s imulated by placing togethe r samples of the two isotopes on separate foi ls .  
In  this way a composite spectrum was obtained, in which the mercury - 20 3  spec trum was com ­
pletely obliterated by that of the selenium. This composite source w as placed in front of the 
first detec tor of the tw in spectrometer,  and a pure selenium - 7 5  source w as placed in front of 
the other detector .  By adjusting the dis tance of the pure selenium source from its detector, 
the difference spectrum w as arranged to give zero response at ene rgies above those of mercury­
Z 0 3  gamma rays . The result  was a beautiful reproduction of the gamma ray spec trum of 
mercury- 20 3 ,  which was  correlated w ith the spectrum obtained on removing the selenium com­
ponent of the composite source.  

The agreement between the ampli tude of the difference spectrum and the true spectrum of 
the mercu ry- 203 w as ,  in fact ,  quantitat ive wi thin 5 percent . I think this is  qui te a reasonable 
method for finding relatively small impurities which may otherwise  be sw amped in  a complex 
spectrum of gamma rays . 

KOFOED -HANSEN: Since 1 5  hours of irradiation time w as used in comparisons w i th the 
pocket chamber, what was the RC value of that chamber ?  

PUTMAN: An attempt was made to measure the leak.age during the 1 5  hou r period and i t  
w as found too small to  measure. 

KOFOED- HANSEN: The radiation may damage the insulator. We once had some small 
chambe rs of that kind and in Z O O  days under normal condit ions , they show ed no leakage. But 
after  heavy radiation, they w ere discharged in 1 0  days . This w ill  make qui te  a diffe rence .  This 
is  visible after you remove the sourc e. 

PUTMAN: I believe that no spec ific  tests for this  affec t  have been made,  . but one w ould have 
expected this to be evident in the analys is of result s .  I am not sure whether po lytetrafluoro ­
e thylene (Teflon) insulation is  affected in this w ay. 

PEACOC K: In polystyrene, you can get leakages during irradiation of the order of Z percent 
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per week where the separation is of the order of a millimeter. Actually, over a considerable 
radiation range, it tends to improve rather than get worse. I do not know whether that holds if 
you get up to many millions of roentgens, but it probably holds up beyond 30 million roentgens . 

GROSS: We have done a few experiments along these lines with ionization chamb ers, par ­
ticularly in trying to make high dose chambers. We have tried practically eve ry insulator we 
could find commercially available, and w e  find, especially ·at high dose rates that the leakage is 
just terrible . It does continue afterwards,  but decays away so that they ultimately return to 
good insulating properties.  

GEIGER: I have an additional remark about the source comparison measurements . We 
have made comparison measurements on a similar basis,  essentially using cobalt sources, and 
we obtain different ratios when we use air equivalent chambers for the measurements and when 
w e use our radium measurement machine which is an aluminum chamber lined with lead. This 
can give differences up to one or two percent. This seems to be due to a difference in the 
source encapsulation. The source encapsulation is very important when you are making meas ­
urements with air equivalent chambers . You get additional Compton scattering. This you 
would not get w ith the heavily shie lded radium measurement chamber. For this  reason when 
we measure cobalt sources routinely we report the strength in roentgens per hour at one meter 
output and not in millicuries .  This is something that people who buy the sources are mainly 
interested in anyway. 

PUTMAN: In the measurements which I have been describing, the primary interest is also 
in the effective activity of the source. In fact, in order to reduce it to absolute activity figures 
one has to be sure that the source size and encapsulation, besides the distribution of activity 
throughout the source, is the same in both cases . Of course, in making a cobalt- 60 source by 
neutron irradiation, the internal screening of the neutrons produces a non- uniform dis tribution 
of activity through the source. All of these aspects enter into the picture .  But provided one is 
comparing sources of the same type, of the same isotope, and provided they are physically 
identical, that is of the same size and shape, and identically encapsulated, I do not see how one 
can get variations in this way. 

GEIGER: That is correct. I just wanted to point out that one has to be rather careful. 

SE LIGER: I would like to inquire of Dr. Hayward if he has any opinion why there should be 
so much difficulty in the determination of the conve rsion coefficient for the barium- 1 37 gamma 
ray. There is a large disc repancy in this value and it does not seem to be too complicated a 
decay scheme . 

HAYWARD: Offhand, I do not see why it would be difficult. There is a high energy beta 
group in cesium - 1 3  7 that goes to the ground state which has to be subtracted off from the beta 
group that goes to the 660 kev level in barium- 1 3 7  and this may lead to some trouble in dete r ­
mining the conversion coefficient. Other than that, I d o  not see why a good job could not b e  done. 

NOVEY: I do not think it is as easy as it appears on the surface, because you have the 
problem of determining the total area under the spectrum as measured on a spectrometer be­
cause you cannot go to zero energy. You have to make some sort of a normalization . If you 
know that the boundaries of the conversion coefficient are 1 0  � :t 1 � or Z � this means ZO percent 
error in the conversion coefficient, but only a one or two percent error in an area measurement. 

SELIGER: The conversion coefficient has been reported from six to nine percent. That is a 
rather large discrepancy. 

NOVEY: I think figures have settled down somewhat bette r than that. It is true that nowa­
days one ought to be able to determine the absolute gamma ray emission. It is just not an easy 
problem. When you look into it, you find it is much more difficult than it  appears . This  i s  true 
in generai of conversion coefficient measurements.  
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SINC LAIR: There was mention of the agreement- that now exi s ts on W .  I wond e r  i f  you 
could say what the agreed value i s .  

PERRY: I d o  not know that there is a n  agreed value b u t  the International Commission on 
Radiology now recommends 34 ev. 

SINC LAIR: I am sure Dr. Gross will  hardly agree w ith this.  A numbe r  of other measure­
ments that have been made during this year s eem to be coming out at around 3 2 . 7 ev. 

GROSS: No, I am sorry. My value is 3 3 .  6 ev. 

SE LIGER: I think possibly Mr. Perry might point out that the 34. 0 is a rather arbitrary 
value a rrived at around a conference table and not in a laboratory. 

PERRY: I think that has been the case for a number of years. 

GROSS : The three mos t recent values I h.ave s een are the National Bureau of S tandards ' ,  
ours and Jess e ' s .  I think J es s e  gets 3 4 .  1 ,  which is right on the 34 . 0 value. The Bureau got 
3 3 .  7, and we got 3 3 . 6 .  

SINC LAIR: There is a value that is o f  fairly high precision. I think it w as 3 3 . 1 . 

SE LIGER: You are correct. 

SINC LAIR: This w as done again w i th slightly better precis ion still and I w as told unoffi ­
c ially it w as 32 .  7. It is not published yet. I just w anted to point out that there is still  some 
doubt about this number.  

VINC ENT: I have a question w ith respec t to the National Phys ical Laboratory chamber. 
Have you done any tests on this chambe r with a gamma emitter having the same activity but a 
d iffe rent amount of liquid to test the dependence of the activity on the amount of liqui d ?  

PERRY: There w ere one or two limited tests on th e  National Phys ical Laboratory proto ­
type, but since that diffe rs in some respects from the commerc ial one, w e  are making tests on 
the commercial model now . 
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3 .  Gamma- gamma Coincidence Counting 

R. W. Hayward 

I intend to make this a rathe r brief report on some of the gamma- gamma coincidence count­
ing measurements that w e  have made on cobalt- 6 0  and then end up wi th a provoking remark .and 
try to escape quickly. 

Cobalt-60 at the present is rathe r unique in that its decay scheme i s  kinetically qui te wel l  
understood compared to  many other radioactive isotopes which, presumably, have settled decay 
schemes, and then something new turns up. I think cobalt- 6 0  is  in rather good shape . It decays 
by the emission of a beta group wi th maximum energy of 3 1 0  kilovolts or thereabouts,  followed 
by two cascade gamma rays of l .  33 Mev, and 1 . 1 7  Mev. 

The spin of cobalt -60  and nickel - 6 0  are both know n. The measured spin of cobalt - 6 0  i s  5 
and that of nicke l - 6 0  is 0 .  The spins of the two intermediate states have been determined inde­
pendently by several means, and of course they are based on the ground state spin of nickel- 60 ,  
and wil l  have spins of  Z and 4 . That means that al l  the radiations involved here are  pure radia­
tions. 

The lifetimes of these  intermediate s tates are known to be les s than 1 o - 1 Z seconds, so that 
the angular correlation betw een the two gamma rays can be, to a very high degree of accuracy, 
the theoretically expected one . 

There is a problem in  counting cobalt- 60  by gamma- gamma coincidences because  there are 
some secondary effects that one has to take into account if  one really wants to get precision in 
coincidence counting. The first of these is  the fact  that the two gamma rays are very c los e to 
one anothe r in energy. You cannot in general dis tinguish one gamma ray from the other.  If you 
w ere to be able to look at the pulse height spectrum of these two gamma rays separately- - this,  
of course,  is an impossibi lity, but by looking at such things as zinc - 6 5  and sodium - Z Z  one has a 
pretty good idea of what they look like - -you would get a pulse height spectrum versus intensity 
for the 1 .  1 7  Mev gamma ray that would look like the figu res that Dr. Lazar show ed. You have a 
total absorption peak whe re the full energy of the photon is  dissipated in the c rystal, then a 
Compton distribution where some of the photon energy escapes ,  and then you usually have a back 
scattering peak from the photons interacting w i th the w alls of the room o r  o ther objects and 
scattering photons back into your detector. You might say that the spec t rum of the l .  3 3  Mev 
photon is quite s imi lar. 

Actually if your resolution is good you can resolve these two peaks fairly w e ll .  But the 
point is that one can make a rough effic iency calculation and determine that the total area under 
the 1 .  33  Mev spectrum i s  less than the area under the 1 . 1 7  Mev spectrum. So if one i s  going to 
do coincidence counting, one w ants to know the re lative efficiency of both counters for each of 
these two gamma rays . 

One c an allow for thi s  by, say, looking at the pulse height spectrum integrally whe re you 
bias at a certain point and look at only the pulses larger than a certain he ight, and you arrange 
this  bias so that the relative areas under these two curves are approximately equal .  You also 
adjust you r bias high enough so that you completely e liminate the pos sibi l i ty of a photon go ing 
into one of your coincidence counters and scattering back into the other and regis tering a coinci ­
dence .  This wi l l  usually turn out t o  correspond t o  a puls e height corresponding t o  3 0 0  o r  4 0 0  
ki lovolts . 

We would like to see what sort of e rro r is  introduced if you do not set  this bias quite cor ­
rectly. The expression which can be derived for the disintegration rate is  
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whe re N 1 and Nz are the counting rates in counters number 1 and Z, respec tively. Nc is  the 
coincidence counting rate . z 1 and Z z are the ratio of efficiencies for the two gamma rays in 
counters 1 and Z ,  and E (11) is a term taking into account the angu lar correlation betw een the two 
gamma rays . When z 1 = Zz = 1 ,  you have set  your bias correctly, and you c an s ee that this 
term reduces to one -half. But say you did not set your bias correctly and Z 1 = 1 .  1 ;  i t  turns 
out that if  it  is 1 .  1 this term will be one over Z.  004 .  In other words, you have made 0 .  Z percent 
error in your dis integration rate due to the missetting of the bias . If you are as far off as 1 .  Z, 
then you make about a one percent error in this factor. 

So really this i s  not too sensitive to the bias if you set  your bias so that the relative efficien­
cies are approximately equal, say, wi thin 10 percent. Then you make a 0.  1 percent error in 
your determined disintegration rate . 

At first  sight, it looks as if thi s  angular correlation term is a complication, but really i t  is  
very nice .  It allow s you to  make several independent determinations of  the disintegration rate 
under diffe rent geometries .  Say you have a s i tuation where your two counters are opposite one 
another and the source in between, you wil l  have one value which gives you a low dis integration 
rate, and then you have another s i tuation where you count coinc idences between two counters 
oriented at 900 wi th respect  to one another,  and you get a different disintegration rate. One 
should be able to get a ratio of these apparent disintegration rates that would be just equal to the 
theoretical angular correlation between the two gamma rays . If you get this ,  it is an indication 
that you are not being bothered by scattered gamma rays and things of this  nature, which is  the 
chief reason why in the early days of angular correlations, people did get spurious angular cor ­
relations . 

One has to evaluate the angular correlation term to take into account the finite resolution of 
the counters - - the finite angular resolution. There wil l  also be certain facto rs that attenuate the 
angular correlation from the theoretically expec ted one. These can be taken into account in  a 
s imi lar manner to the calculations that Dr.  Lazar mentioned for determining the efficiency of a 
scintillation counter.  

When this is  done, i t  is  possible to consistently get  results that agree wi th one another 
within a tenth of a percent. Various members of the radioactivity section have done coincidence 
counting and can get a tenth of a percent accuracy for the absolute disintegration rate of cobalt-
60 sources in the range of about 1 o4 or  1 o6 disintegrations per second. One can actually go up a 
s trength of the o rder of 1 0  millicuries, but there you really have to use very fast  electronics and 
you get into difficulties of mis s ing true coincidences .  

We have been quite successful  in getting internal agreement between absolute disintegration 
rates as determined wi th 4w beta counting and gamma- gamma coincidence counting and beta­
gamma coincidence counting, which i s  a third independent method that one can use. Of course,  
there i s  a fourth independent method for determining cobal t -60  just by observing the gamma 
rays, such as Dr. Lazar mentioned . So with cobalt-60  we  have a readily understood disintegra­
tion scheme. We have approximately four independent ways of determining i ts disintegration 
rate.  Because cobalt - 6 0  now far outw eighs radium in its uses for radiology, industrial applica­
tions and such, i t  s eems to me that i t  is  high time that w e  did establish standards of cobal t -60  
gamma ray emitters in the region of  millicuries up  to  a curie. 

It seems to me that wi th the complications of the radium disintegration scheme, which even 
to this  ·day people really do not understand, I would like to have something simple that can be 
understood . A problem such as self- absorption in a thick source can really be handled quite 
easi ly in the case of cobalt -60  because you know precisely what the radiations are that are pres ­
ent . This  is the question or the provoking remark that I would like to make . Should w e  es tablish 
cobalt - 60  as a primary gamma ray standard and abandon radium or maintain the two for a while 
unti l everybody gets convinced, or forget about the whole thing ? 

There is one ques tion that I know somebody wi l l  ask - -what about the half life for cobal t-6 0 ?  
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It is 5 .  Z5  years with an uncertainty in the second decimal place .  If you established it as a stand­
ard, everybody would be looking at this for the next few years, and in time the re would be a good 
value for the half life .  The ease of intercomparison of cobalt- 6 0  sources, as outlined by Mr. 
Putman, makes it a really valuable standard. 

MANOV: I want to second Dr. Hayward ' s  idea of a cobalt standard for the curie range. I 
think this is an excellent idea. Whether you get up to high strengths and you standardize the 
source or standardize an instrument as proposed, are two alternative approaches . But in indus ­
try and in the Atomic Energy Commission w e  are considering one source of Z million curies of 
cobalt - 6 0  in one place for i rradiation in the preservation of foods.  We have to get beyond the 
millicurie range . I w ant to put in a very strong second to your suggestion that we go ahead in 
this direction. 

ATEN: How good is the half life of cobalt at present ? 

HAYWARD: It depends on who you believe.  It is much better than it was a few years ago. 
I said I think it is 5 .  Z 5  years with the last figure uncertain. 

MANN: It does not matter anyhow . You can calibrate to 0.  1 percent. As Dr. Hayward 
said, this can be done any time, every six months or every year. This is a minor exercise.  

MANOV: At one of our meetings of the subcommittee last year, we looked over the half life 
of cobalt -60  in the literature and we  found a range of values as you intimated. But w e  found 
something else that puzz led us, and I am not quite sure how the story came out; namely, for a 
given sample of cobalt-60  the half life w ith the time seemed to be getting shorter, not longer.  I 
think the people who were at the meeting will remember that.  I would like to ask what was in 
chapter Z of this very interesting story. Does anyone recall what happened ? 

HAWKINGS: I think w e  were probably the instigators of this in the sense that in the year 
' 1 9 5 3  there was an intercomparison of cobalt- 6 0  and the agreement, as I recall, w as within 0. Z 
percent. At that time w e  remeasured one of the original National Bureau of Standards cobalt- 6 0  
standards that w as issued i n  1 947 . If we can believe the measurements which w ere made a t  that 
time, this source must have decayed with a half life shorter than 5. Z years . When this came up 
for discussion at the last subcommittee meeting, the arrangement was that we would try to get 
another intercomparison of cobalt- 60 ,  and if agreement was as good as it had been in the last ,  
we would undertake to remeasure the previously is sued standard of 1 9 5 3  and thereby get another 
check on the half life . 

SE LIGER: We retained at the National Bureau of Standards several samples of primary 
cobalt solution which w as standardized in 1 9 53 ,  and we have during the past several years been 
measuring the half life of these solutions . We have found that the half life has been increasing 
slightly as a function of time.  At  the present time it appears to be fairly stable and the half life 
comes to, I think, either 5 .  Z7 or 5 .  Z8 years . The half life over the firs t six months of 1 9 5 3  or 
maybe the last six months of 1 9 53 - - this w as just at the time when we had our 411' gamma chamber 
in operation- -was about 5 .  Z years . That is,  5 .  z o .  The precision of  these measurements is 
much, much smaller than the difference between 5. ZO and 5. Z8. It is about 0.  01 or o. OZ. 

So there does seem to be something in the cobalt, and I have not any idea what it could be,  
that does make the half life increase s lightly with time.  I think this has been noticed by some ot 
the people at Oak Ridge who have been measuring cobalt half life . 

PERRY: If I may add to what Dr . Seliger said, w e  have also made measurements of the 
solution that was distributed in 1 9 5Z  by the National Bureau of Standards .  These measurements 
w ere made over a period of 4 - 1 /  Z years . 

SELIGER: That is quite good. It is in fairly good agreement with our own. 
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PERRY: This compares very favorably with the result of measurements w e  have made on 
cobalt- 60 from Harwell, which w as 5. 26 0 ± 0 .  0 34 years; the 0. 0 34 is  the s tandard deviation from 
the me an of the measurements of six sources over a period of 7- 1 / 2 years .  The method is the 
gamma ray ionization chamber comparison w ith radium sources unde r  fixed geometrical condi­
tions . 

SELIGER: That was the same condition as our own. 

REYNOLDS: The lates t  value that we have for Oak Ridge is also 5 .  30. This is  not a very 
recent value .  The measurement is sti l l  going on. I do not have the mos t recent value.  I might 
remark that the earlier  value w as a little higher, if the members of the subcommittee remember.  
The value moved down to 5 .  3 0  from 5 .  38  earlier.  But the 5 .  38 value was on a rather  short time 
span. 

GEIGER: We have measured the half life of cobalt over the last 7 years in comparison w i th 
radium and the latest value w e  found is 5 .  24 ± 0 .  0 34 and two years ago w e  found 5 .  2 1 .  

PEACOC K: Do you have a value based on the lates t  two or three years ? 

GEIGER: No. 

SELIGER: Our value is based on the last two years,  I believe. 

GEIGER: This value is based on the last seven years . 

HAYWARD: I should like to point out that all these values quoted, I think, are based on the 
gamma ray intensity. If there is something increasing over the years,  it looks like the re might 
be a ve ry w eak shorter l ived impu rity which w ould tend to give you a change in value .  I think 
some effort should be made to observe this decay by various methods which might not depend on 
the gamma emitting impurity. 

KULP: How much care has been given to the radiochemistry in each of these ? Has every­
one done the same thing? 

HAYWARD: I haven' t  the s lightes t  idea. 

MANN: We had a very new and very old specimen of cobalt-60 to try to find out what this 
peak contribution might be. 

PERRY: We can supply one of our sources for that purpose .  

MANN: We might be able t o  pick up something that w ay. 

HAWKINGS: We have examined the spect rum of a number of cobalt s amples of various ages 
and as you might expect you cannot detect any difference ; This is  not too surprising in that an 
impurity of less than a few percent w ill  hardly be detectable in the spectrum. 

Another thing is  that any future measurements of the half life of cobalt - 6 0  should be made on 
cobalt that has been purified by radiochemical procedures because cobalt is now being made in 
higher and higher neutron fluxes all the time. If there is  any s ide reaction which is  interfering 
with it ,  the si tuation is going to change . 

REYNOLDS: One possibility for an impurity is  actually an isotopic impuri ty, cobal t - 58 ,  
which would show up if one happened to get some cobalt which had been produced in a high fas t 
flux and not been cooled very long. The half life of this isotope is 7 1  days.  

HAWKINS: This is  far too short to be of any consequence over a period of seve ral years . 
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REYNOLDS: If one bases the value on all of the results over a period of several years 
starting when you had cobalt- 58 present, then the over-al l  value would be different. 

KIPFER: I would like to ask if Dr. Mann thinks that such a cobalt s tandard wil l  replace the 
radium standards .  A lot of people would be very glad to get rid of the radium standard because 
the problems involved seem qui te insoluble. 

MANN: I think that radium does still  have one use. We had some discussion earlier about 
the requirements of the people who put out radium commercially- - they are usually not more than 
two percent diffe rent from the calibrated values given by the Bureau of Standards, and I think 
this whole thing is a hangover from another age . I know that antibiotics ,  where you pay $ 1 6  for 
ten chloromyecetin pi lls,  are far more expensive than radium, and I am sure i t  i s  not precisely 
two percent. It does not go to the Bureau of Standards to be measured . I think it is  completely 
ridiculous wi th respect to radium. It does have one use and that is in calibration of calorimeters.  
We did have the recent interesting application in which Lord Rothschild in England w as doing 
some work, and in wanting to calibrate, he asked our advice .  We suggested that he take a radi­
um source and get  Mr.  Perry to  compare i t  wi th the British Honigschmid standard which has 
been measured in microw atts.  This has been known and has been tied in w i th more s tandards .  
Microw atts i n  m y  view is  a much more fundamental unit than a Honigschmid milligram, which i s  
not even tied to the s tandard milligram. 

PERRY: Whi le we are discussing this half-life business we are losing sight of the main part 
of Dr. Hayward ' s  pape r. I do not know whether there are any questions on the gamma- gamma 
measurements .  

PUTMAN: Might I raise  the question as  to  whether the reproducibi lity which Dr .  Hayward 
quoted of ±0 .  1 percent, and then in the same breath quoted the accuracy, are neces sarily the 
s ame thing ? Is the accuracy of ±0. 1 percent of cobalt-60 ,  to which Dr. Mann referred, a real 
accuracy or is  this  reproducibi li ty ?  

HAYWARD: I wou ld say it  w a s  the reproducibi li ty. 

PlJTMAN: Could I make one othe r point about the use of cobalt - 6 0  as a s tandard ? This 
raises a little the philosophical question of what is a s tandard. A s tandard I would have thought 
w as not something which has to be set  up and remeasured every six months as Dr. Mann sug ­
gests .  Surely there is  a place for radium or some long lived high energy gamma emitter in 
maintaining refe rence chambers for measuring the cobalt- 60  and such isotopes which can be 
checked by absolute measurements periodically but which should stil l  have a refe rence which can 
be referred back to previous years not depending on half life . 

MANN: I was making the same point in my discussion earlier that w e  s ti l l  have use for 
radium for maintaining calibrations. I do feel  this  other use of s tandards is the proper use of a 
s tandard because the measurement in one country in microw atts is used in another country to 
calibrate the calorimeter. I think this is a proper use of the s tandard. I also agree we do w ant 
to continue our calibrations and w e  indeed are at the National Bureau of Standards and I am sure 
you are at National Physical Laboratory. 

PERRY: Yes .  

PUTMAN: Could w e  ask, t o  what extent in this case an ionization chamber can jus tifiably be 
calibrated or even held to its calibration by use of a gamma emitter emitting different gamma 
ray energies from the ones which we  are trying to measure ? In other words, are w e  justified in 
using radium as a long lived standard in the sense that it  wi l l  maintain the behavior of an ioniza­
tion chamber over a period when the ionization chamber is  to be used for measuri ng cobalt-6 0  
o r  cesium- 1 3  7 ?  

MANN: Yes ,  assuming constant geometry of the gamma ray chamber, I think this is 
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justifiable, and also provied that you do measure the current and keep a check on the current. 
That is,  the value of the current and K constant do not change with time in radium, let us s ay. 
I believe this i s  your practice,  Dr. Seliger. 

SEUGER: Yes .  We essentially use a double check o f  measuring the abso lute current and 
also the ratio . 

MANN: Here you are pretty s afe . In a sense the chamber plus the radium is the s tandard. 
The radium i s  not the standard; neither is the chamber by itself. 'Ibis is  the only w ay we c an 
maintain a primary standard. 

PUTMAN: Suppos ing the chamber charac te ris tics were to change, how ever. A propo rtional 
change in the radium response would not necessari ly refiect in a proportional change in the 
iodine . 

MANN: That is right. We check every so often. We do preliminary 4 w  beta counting and 
check our chamber s .  So far we have not run into this difficulty. It would be a catas trophe if w e  
did. I t  would b e  a serious error. 

SE UGER: I would like to point out that due to the nature of the ionization which is produced 
inside the sensitive volume of the ion chamber that aside from changes  in geometry the only 
othe r changes w i th time, it seems to me, that could occur might be possibly a surface effect  
whe reby th e  secondary emis sion from the surface might change w ith time, either due to  oxida­
tion or some other proces s .  I think that the fact that i t  may not b e  in the same proportion, that 
it may be energy dependent, w ould give a second order effect  in the ionization chambe r  measure ­
ments . At the pres ent time I do not believe that it is our purpose to m ai ntain these chambers to 
give a long te rm preci s ion any better than 0. 5 perc ent .  We have not had any difficulty doing 
this for the past fou r  years . 

PERRY: Perhaps if I attempt to sum up, the idea seems to be that radium as a fundamental 
s tandard is rather unsati sfactory. Cobalt is probably the real answer to the fundamental radio­
activity standard. But there may be a transition stage where w e  shall have a radium source as 
a reference source rathe r than a fundamental standard and in that trans ition period we may be 
able to es tablish cobalt to displace radium .  I do not know whether that is  a fai r  summing up. 

MANN: With one addition, if I may remind you, at the International Commission of Radio ­
logical Units meeting 1 8  months ago National Phys ical Laboratory and the National Bureau of 
Standards were given the task of producing such s tandards for cobalt. As far as I know , nothing 
bas been done. 

PERRY: We have done a little but not for that specific purpose.  
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S ESS ION IV - E LECTRON -CAPTURE NUCLIDES AN D  
E MITTERS OF LOW - ENERGY RADIATION 

S .  A. Reynolds , Chairman 

Summary 

One may attempt to measure e lectron-capture nuclides in three ways :  ( 1 ) by counting 
auger electrons ; (Z) by counting X- rays ; and (3 ) by meas uring X- ray - internal brems ­
s trahlung coincidences . The counting of X- rays is the technique which has been s tudied 
mos t, and i t  appears to be bes t .  The principal uncertainties are due to lack of knowledge 
of K fluores cence yields and K capture / L  capture ratios . Groups at Harw ell  and Chalk 
River have us ed high-press ure 4,.. counters successfully.  End -w indow counters have also 
been used, and a few intercomparisons betw een 4,. and end -w indow counters have s hown 
good agreement. X-gamma coincidence counting data confirm the measurements . Meas ­
urements wi th ionization chambe rs have also  been made.  

Some detai ls of inner brems s trahlung s pectra w e re dis cus s ed.  It appears improbable 
that elec tron- c apture nuclides can be s tandardized by counting X- ray - brems s trahlung 
coinc idences in any s imple w ay. 

Improved techniques for meas u rement of beta activity in  the gas phas e have been devel ­
oped and employed for measurement of krypton- 8 5 .  They wi l l  also be us ed for carbon - 14  
and sulfur- 3 5 .  

A n  intercomparison o f  meas urements o f  promethium- 1 47 has been made . The mean 
deviation of valid results w as about four  percent. 

Our subject  is meas urement and s tandards of electron-capture nuclides and nuclides 
which emit low - energy radiation. We shall hear of techniques where the accuracy, at 
leas t in terms of intercomparisons , is of the order of a few percent, in contras t to the 
numbe rs around 0 .  1 percent reported in the firs t three s ess ions . 
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1 .  Elect ron Capture Measurements 

R. A. Allen 

I would like to remind you first  of the problems involved in attempting to standardize elec ­
t ron capture nuc lides .  Electron capture is followed by the emission of e ither an X-ray from the 
K or L shell or an Auger electron. In certain cases the X-ray is accompanied in coincidence by 
an inte rnal bremsstrahlung quantum. We therefore have three types of radiation which we might 
at tempt to measure in order to standardize such nuc lides.  

The Auger electrons from low Z nuclides have very low energy. For example,  the elect rons 
emitted from chromium - 5 1  have e ne rgies of the order of four to five kilovolts and less.  There­
fore,  using normal source preparation techniques, it is  very d ifficult to get all  the Auger elec ­
t rons from the source into the counting volume of a gas counter or  into a c rystal. 

X- rays eme rging from electron capture nuclides  are mono- energetic.  They are of fai rly 
low energy. W e  feel  there is more chance of determining the number of X- rays accurately than 
i f  one tries to m easure the number of Auger electrons . 

Finally, one may, as suggested by Dr. Rasmussen, at tempt to measure the coincidence rate 
between K X- rays and internal bremsstrahlung. This is in princ iple a very elegant method but 
one must have exceptionally pure samples of material. There must  be no gamma radiation 
emitted, it has been calculated that in i ron- 55 ,  for example, the presence of 0 .  01 percent of 
i ron- 59 ruins the method . 

W e  at Harwell dec ided to concentrate on measurements of X- rays from the low e r  atomic 
number nuclides (chromium- 5 1 ,  manganese- 54, iron- 55  and z inc - 6 5) in tbe first instance.  With 
the exception of i ron- 5 5  these nuclides have the advantage that some or all of the electron cap ­
ture transitions are fo llowed b y  gamma radiation, therefore one can make X-ray gamma coinci­
dence measurements and so get two independent methods for determining the source strength. I 
wi l l  desc ribe the piece of apparatus which we used to determine the numbe r  of X - rays which are 
emitted by these various materials .  We used a 4ll' counter which consists of a cylinder sub­
divided by a plate onto which the source could be mounted. We, therefore, have in effect  two D 
shaped cylinders wi th a counter wire  passing lengthwise through each half. 

The procedure was to lay down a source- - an evaporated deposit  from an aliquot of the s tock 
solution- -onto an aluminum foi l  about 0 .  8 11 (microns) thick and cover this source w ith another 
s imilar aluminum foil .  In the case of chromium and manganese this thickness of foi l  is suffi­
cient to absorb out all the Auger electrons emitted by the source .  We have 4w- geometry for 
counting X- rays and w e  w e re pleased to find that even in  this rather awkward geometry the reso-
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Figure 1 .  Pulse height spectrum of Mn- 54 
K X- rays in 4w- proportional counter.  

lution w as quite good. A graph, plotted auto -
matically, relating number of counts and energy 
is shown in Figure 1 .  

The fil ling gas w as a mixture of 90 percent 
argon and 1 0 percent methane. The pressure in 
the counter w as s low ly increased and repeated 
runs of the spectrum w ere taken, adjusting the 
voltage to give the same peak pulse height at 
different pressures . The number of counts w ith 
bias set at VA and also at VB w e re measured; 
the difference w as taken as the number of K X­
rays detected. The logarithm of the number of 
X - rays counted w as plotted as a function of the 
inverse of the filling pressure and w e  obtained a 
series of points lying on a straight line as shown 
in Figure Z.  
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Extrapolation of this straight line back to 
zero is in effect an extrapolation to infinite 
pressure when all the X-rays will be stopped in 
the counter, and therefore will all be detected. 
This extrapolation, then, gives us the total num­
ber of X- rays NK being emitted by the source .  

ARNOLD: W e  did make up  another large 
411' counter. The one w e  used is approximately 
one and a half inches in diameter and about four 
inches long. We made one which was six inches 
in diameter and about 14 inches long, this should 
have had 100 percent efficiency at one atmos­
phere or so for chromium or manganese X- rays. 
In fact, the counter w as so large, and the count­
ing losses seemed to be rather large, that the 
apparatus was not really accurate at all and w e  
abandoned the idea o f  using a large counter. 

BORKOWSKI: You can in effect do the same 
thing by changing the gas. 

ALLE N: That is true. We had to do that a 
little later in fact. 

BORKOWSKI: We performed a similar ex­
periment using both krypton and xenon, and in 
effect the same linearity and total absorption 
was observed in xenon gas. 

Figure Z. X- ray count rate versus inverse of 
gas pressure. 

ALLEN: Having determined the total num­
ber of X -rays, to get the total disintegration 
rate, one has to assume some figures for the K 

to L ratio, and for the K fluorescence yield in each of the nuclides concerned. One simply mul­
tiplies NK by 1 /� and (K + L) / K  to give the total number of disintegrations. 

At present we have used only the theoretical figures for D_K as are given in Burhop' s book on 
the Auger effect, and K to L ratio s as given in the article by B; L. Robinson and R. W. Fink in 
"Review s of Modern Physics" ( 1 9 5 5) .  

In order to check the results, we made K X- ray gamma coincidence measurements on  the 
three nuclides. The 4ll' counter was used as the X- ray detector, and a one - i nch sodium iodide 
c rystal was used as an external gamma ray detector. This coincidence arrangement very nearly 
satisfies the criterion that one of the counters shall be equally sensitive to all parts of the 
source, provided the source is fairly small in diameter and the crystal is at a reasonable dis ­
tance from the source. 

The agreement of the results obtained by this method and those obtained by the pressure 
method using theoretical constants was between one and three percent. This can be considered 
two ways. One can either look at it as a confirmation that the pressure method is  correct or 
one can look at it in the light that the product of theo retical value of (K + L) / K  times .QK is not 
wrong by more than one or two percent. 

There is one other correction. The source is sandw iched between two thin pieces of alu­
minum, and these, of course, absorb some of the X- rays . We bel ieve the sandwich technique 
is, in general, suspect,  but in this particular instance, where the radiation emerging from the 
source is mono- energetic and where all the energy loss is due to photo effect- -in other words, 
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s ingle scattering- -we considered that the sandw ich method w as jus tified in determining the los s  
in one sandw ich foil .  Th e  los s i n  0. 8 I' aluminum i s  approximately 10 percent for chromium 
going down to approximately one percent for zinc - 6 5 .  The los s  can also be calculated by evalu­
ating Gold ' s  integral . 

In the case of manganese- 54, we did both x - gamma and Auger electron- gamma coincidence 
measurements; these two and the pressure method agreed to within about three percent. We feel,  
therefore, that w e  can supply s tandards of i ron- 5 5 ,  whe re w e  cannot check by the coincidence 
m ethod, to bette r than ±5. 0 pe rcent. 

The next thing was to try to use the method for higher Z numbers and we considered 
s t rontium - 8 5; again the result can be checked by x- gamma coincidenc e measurement s .  There is 
a 0.  9 mic rosecond delay between strontium - 8 5  electron capture and the succeeding gamma ray. 
The coincidence resolving time mu st be inc reas ed until there is no further increase in t rue co­
incidence rate; we used an ove r - al l  resolving time of about 8 microseconds . 

W e  t ried strontium - 8 5  with an argon filling in the counter and obtained a curve rather than a 
s t rai ght line on the pressure plot; this curve was extrapolated back (as a smooth curve) to zero. 
This extrapolation w as of the order of 50 percent. The straight line extrapolation in the other 
nuc lides varied from ZO percent for chromium - 5 1  to 4 0  percent fo r zinc - 65;  it was decided to 
t ry using a heavier gas in the counte r.  The next obvious choice is  krypton; krypton is the daugh­
t e r  element from the decay of strontium and the refore is on the absorption edge and is trans ­
parent to its ow n charac teristic radiation. W e  used xenon and obtained another s e ries of points 
which now lay on a straight line. This time the extrapolation was only about lO percent and the 
e nd point was 1 5  perc ent highe r than that obtained us ing argon. The K X - ray gamma coinc idence 
results agreed to w ithin Z pe rc ent w i th the xenon extrapolation. 

We are now t rying to standardize cesium - 1 3 1 .  We have not yet p rogres sed very far w ith 
this problem . The K X- ray energy is about 3 0  kilovolts and the L X- ray has an ene rgy of about 
4 kilovolts . We found that w i th  ou r small 411' counter no K-photopeak was observable . We can 
only pressurize our counter to about 4 atmospheres .  Krypton does not have a much higher ab ­
sorption coeffic ient at 3 0  ki lovolts than argon, so fo r K X- ray measurements we may go to a 
long counter and defined solid angle arrangements in the way that Dr. Reynolds indicated. 

The L X- ray peak, how eve r, doe s show up very well in the small counter on top of the K 
Auger electron b ackground . If we knew the t rue K to L ratio and further,  if we knew how many 
K X- rays w e re follow ed by L X- rays then, it being a comparatively simple matter to determine 
the numbe r of L X- rays i t  would be comparatively simple to es timate the sourc e strength. What 
w e  are going to do is to measure the number of K X- ray - L X- ray coincidences and so attempt 
to find the numbe r  of t rue coinc idenc e s  which occur. These can be added to the L/ K ratio and so 
give a me thod of obtaining the source s trength. We have obtained, so far, one cu rve of K- L co­
incidences which show s up the L peak qui te well.  

PUTMAN: W hy do w e  not use 4'11' sc intillation counters for these levels ? At this sort of 
level, whe re it  becomes difficult to count your K X- ray in the proportional counter, you could 
change ove r to the scintillation counter. 

A L LEN: W e  hope to do some thing along these lines .  

PEAC OC K: I a m  sure eve rybody understand s what a n  escape peak i s ,  but I thought it  might 
as well go into the record .  You mentioned that you have an escape peak a s  w el l  a s  th e  full 
energy pe ak .  

BAPTISTA: I have s t i l l  some doubt about t h e  values at each value o f  the pre s sure. I n  view 
of the counting geometry is i t  not to be expec ted that as the voltage is inc reased you will  not get 
a flat plateau but a slight inc rease of counting rate due to the end effects ? 
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ALLEN: W e  have not found this in our experience though w e  have not done very extensive 
measurements on thi s  effect.  Our real c riterion was that the pulse height curve should be at 
z e ro below and above the X - ray peak .  When this was the case we as sumed that the number of 
counts was correc t. 

SE LIGER: I should like to make one comment on the method itself. I think the x - gamma 
or the Auge:r- gamma coincidence measuremerts are quite applicable for standardization, but I 
would hesitate to depend completely on a method that required so large an extrapolation as i s  
the case for i ron- 5 5 .  Even though you have i t  bracketed I would b e  a little uncertain about i t .  
At leas t  more than maybe 5 pe rcent. 

ALLEN: It is unfortunate that we have not been able to pre ssurize this counter to a pressure 
greater than three atmospheres or so and so reduce the extrapo lation. We mus t  try using a 
heavier gas w ith the low Z nuclid e s .  

PEACOCK: You mentioned the me thod proposed b y  Rasmussen on the inte rnal bremsstrah ­
lung X- ray coincidences.  Have you tried that too ? 

ALLEN: No, we have not tried that method, s imply because w e  have no i ron- 5 5  which i s  
less than 0 .  0 1  percent pure in iron- 5 9 .  Rasmus sen, himself, arrived a t  this maximum perm i s ­
s ible impurity figure. 

SE LIGER: For strontium- 85, what resolving times did you use for your coincidence meas ­
u rements ? 

A L LE N: An over- all resolving time of about 8 microseconds.  We did several measure ­
ments of coincidence rate at increasing resolving times until the rate was statistically constant. 
W e  w e re quite sure that no delayed coincidences w e re being missed. 

SINC LAIR: What values of .OK and K/ L w e re you using for iron- 5 5 ?  

ALLEN: The. figure o f  0 .  3 5 1  was used fo r .OK for i ron and 0 .  0 9 7  for the ratio o f  probability 
of L capture to 

K 
c apture. 

SINC LAIR: How do you arrive at this accuracy es timate of three to five percent the n ?  

ALLEN: It is s imply the fac t  that the pre ssure results agree w i th the coincidence measure­
ments to three percent or so. Using the s ame s e t  of theoretical values for the constants and 
remembering that the iron curve is bracketed by chromium, manganese and zinc. we tentatively 
assume that the accuracy of the i ron result should be about the s ame as the other three. 

SINC LAIR: Your total fluore scence yield would be out by about this percentage, your total D 
is about 0. Z7 or so. We have s tandardized i ron - 5 5  w ith an accuracy that we thought w as of the 
order of 5 percent by counting both Auger electrons and X - rays . A literature search has given 
an ave rage value of 0 .  Z97 for the i ron value.  Experimentally, we obtained a value of 0. 3 0 5  
which i s  quite a bit higher.  

LAZAR: I might say that thi s  is  just the region where the data on fluorescence yield show s 
the most scatte r .  The latest  K/ L ratios (theoretical) that I know of a r e  those of Ros e  and 
Brysk which w e re published in an Oak Ridge National Laboratory report. I do not know whether 
Robinson and Fink ' s  data inc lude it. This is  ce rtainly the most extensive calculation that I know 
of. 

REYNOLDS: Dr. Campion has a short presentation on a s imilar subject.  
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Z .  Gamma Measurements and Standards 

P. J. Campion 

I feel like an intruder since I don' t appear on the agenda at this point, but at Chalk River we 
have fallen into some pitfalls which Dr. Allen avoided, so if anybody is going to enter into this 
game, they might as well know these traps and take heed. 

Figure 1 shows Ol.lr first high pressure counter. It consists of an eight- inch sphere divided 
into two halves by a plate across the center. To begin with, we designed this to have a conven­
tional loop type of electrode in both halves, but we found that the large voltages required at high 
pressures cause the loop to extend physically to the grounded plate containing the source. We, 
therefore, adopted the horseshoe shaped electrode w ith a thin wire stretched across the ends of 
the shoe as shown in Figure 1 .  

As you can see this results in a considerable dead space in some parts of the counter, which 
meant that higher pressures were required in order to compress the X- rays into the sensitive 
volume of the counter. Our philosophy at Chalk River is to cover up the source, in order to 
absorb out the Auger electrons and to count the X- rays. We also require that we get up onto a 
"pressure plateau." That is ,  that the counting rate does not increase as we further increase 
the pressure. 

A typical counting rate plateau, that i s  counting rate against counter potential, for iron- 5 5  
i s  shown i n  Figure Z .  Th e  gas used was 90 percent argon, 1 0  percent methane. This plateau 
was taken at 40 pounds per square inch. By varying the pressure the value of the counting rate 
on the plateau can be increased until essentially all the X- rays are absorbed in the sensitive 

H, T TERMWAL 
GUARD RING 

HIGH PRESSURE COUNTER . 

Figure 1 .  High pressure counter. 

volume. Figure 3 shows a pressure plateau 
where the abscissa is absolute pressure in 
pounds per square inch, and the ordinate is the 
observed counting rate along the (conventional} 
plateau at each pressure. It can be seen that 
above about 5 5  pounds per square inch there is 
no increase in the counting rate, and this rate 
is assumed to be the X- ray counting rate from 
this particular source sandwich combination. 
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potential data taken with the counter shown in 
Figure 1 .  
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Figure 3. "Pressure plateau" for a source of 
Fe - 5 5  data taken with the counter shown in 
Figure 1 .  

Figure 4 .  The cal culation of the X- ray absorp­
tion in a fi lm over Zlf steradians . 

Intensity oJ transmitted radiation at angle i is 
N ,.  N0 f� I Z  cos e exp(-�d cosec /f ) di . 

To s olve
\ 

put x • s in9 , whence 
N • N0 f 0 exp(- �/x)dx 

and making a s econd substitution �d/x • y w e  
obtain exp( -y) 1 
N ,.  N0 , exp( -�)-�d J;d y dy . 

This last integral is defined (see for example 
Jahnke and Emde) as - Ei(-�d). Hence 

N /N0 
= exp( -�d) + �d Ei( -�d) 
= f(�d). 

There there is the problem of absorption in the aluminum foil,  which is illustrated in Figure 
4. This is quite an age -old problem. It w as first discus sed by Gold in 1 9 08. We found this out 
only after we had gone through the calculations shown in Figure 4. The calculation is given here 
in a form more applicable to the present problem than the form given by Gold. 

You have an X- ray source situated on one side of an absorber foil  of thickness d and absorp­
tion coefficient, �. and it is necessary to know what is the amount of radiation which is trans-

" .. 
•• 

.. � .. 
.. 

o• ar .01 .D4 01 .oe .ar oo .C::. 10 II II .II .14 Ja 

Figure 5. The bottom curve shows the func­
tion f(�) plotted against (�). For compar­
ison the usual exponential function is given 
by the top curve. 

mitted through this foil. The intensity is given 
by the first expression in Figure 4, which one 
has to integrate between zero and I" I z. One 
goes through the calculation and w inds up with 
an expression as indicated in Figure 4. This is  
defined in Jahnke and Emde as - Ei(-�d). We 
have calculated this expression as a function of 
(�) and the result is show n  in Figure 5. Just 
for comparison the normal exponential absorp­
tion which one would get w ith good geometry, 
i. e. , a source a long w ay from the absorber is 
also shown. There is a large difference as you 
see even for quite thin absorbers. We have 
tested the validity of the equation shown in Fig­
ures 4 and 5 by varying the absorbe r thickne ss 
and plotting the observed c ounting rate N against 
the function f(�d) . The results are shown in 
Figure 6. The points lie on a straight line w ith­
in experimental errors. The two dotted lines 
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are conside red reasonable extrem e s .  Extrapo­
lation to zero absorber thicknes s ,  i . e .  , f{j.LCI) = 
1 .  0, yields the absolute X- ray counting rate of 
the source • 

We w e re no t satisfied with the fi rst counter 
that w e  built, which w as designed to w i ths tand 50 
atmospheres pressure .  We tried i t  w i th zinc - 6 5  
and did not get any plateau a t  all. This w as 
attributed to the dead space mentioned earlier 
and the fact that zinc - 6 5  emits radiations such 
as positrons and gamma rays which produce 
ionization across the whole vo lume of the counte r. 
So another counter w as designed to get rid of 
this, and a sketch is show n in Figure 7 .  This is 
the high pre ssure counter in use at present at 
Chalk River. It is cylindrical, being essentially 
two D shaped counters w i th a w i re dow n the mid­
dle of each D. The inte rnal dimensions are 
roughly six inches in diameter and nine inche s 
long. The source is situated in the middle of 
the source tray. This counte r is des igned to go 
to Z, 0 0 0  pounds per square inch, although w e  
have not ope rated the counter above 5 0 0  p s i  as 
yet .  

Figure 6 .  The observed counting rate, meas ­
ured on the pressure plateau as a function of 

Gratifyingly e nough, we can now count z inc -
6 5  with this counte r, and Figure 8 show s a (con ­
ve ntiona l) plateau obtained w ith zinc - 6 5 .  The 
plateau has a s lope of one - tenth of a pe rcent per 
1 0 0 volts.  The high tension is now plotted in 
kilovolt s .  This data w as obtained w ith 1 0 0  f(j.LCI).  

6" 

�-------------- ·· --------------� 

G A S  HANDLI N G  SYSTEM 

A LUMINUM L IN E R  

T O  GAS HANDLING SYST E M 

Figure 7 .  Chalk Rive r high pre ssure count e r .  
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Figure 9. "Pressure plateau" for a source of 
zinc-65. Data taken with the counter shown 
in Figure 7.  

pounds pe r square inch of P- 1 gas. P - 1  gas, that is argon w ith 1 0  percent methane, does not 
give a very good plateau, or reproducible results. If the amount of methane present is reduced 
quite satisfactory operation can be obtained. We expect as we go to higher pressures still, we 
w ill have to reduce the amount of  methane still furthe r. 

Finally, Figure 9 shows a pressure plateau for zinc-6 5  which is flat to quite a high degree 
of accuracy ove r a range of ZOO pounds per square inch. For some reason the plateau seems 
to tail off at high pressures. This is possibly due to the fact that there w as a small cavity in 
our source sandw ich. As the pressure is inc reased the gas in this cavity absorbs an increasing 
fraction the X- rays and hence the plateau tends to drop off at ve ry high pressures.  That is all 
I have to comme nt on at this moment. 

LYON: Since we have heard about the internal counters somebody should mention that at 
Oak Ridge there are exte rnal counters for X- ray counting of the type developed by Dr. 
Borkowski. We have done this for a number of years . We have a beryllium w indow type argon 
or krypton-methane filled counter. Some of the results which we obtained were published in a 
paper which followed Dr. Allen's paper. We have used this counter to calibrate an iron- 5 5  
standard. 

Recently Dr. Lazar and I, in connection with some othe r work, had occasion to make a ve ry 
thin sodium iodide crystal w ith a be ryllium window on it. Using this in conjunction w ith some 
very excellent electronics supplied by his group and a ZO- channel analyzer  we made a calibra­
tion of this c rystal using coincidence counted X- ray sources of chromium, manganese, and 
zinc. We then measured this iron sample and found it checked within the experimental error 
which we would expect, indicating that our previous calibration using the external be ryllium 
window argon-methane counter was quite satisfactory. 

It is true, as Dr. Sinclair brought out a while ago, that pe rhaps the biggest uncertainty in 
all of these determinations is the fluorescent yield. However, as far as the reproducibility of 
these counters using any one fluorescent yield value is concerned, we are quite happy with the 
external type counte rs, although I will say we have not had any experience w ith the internal 
type. 

SINCLAIR: I can add something to that. I don ' t  know whether you are corresponding w ith 
Dr. Cole or not. We did this work. The agreement between his samples and ours was about 
3 percent, as I recall. I don't  remember the extent of the disagreement, but it w as pretty con­
siderable with this other X- ray-internal bremsstrahlung coincidence method. 
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REYNOLDS: I understand the latte r method was 4 0  perc ent lower.  

BORKOW SKI: The re w as one point on X- ray counting w hich might be of some interest.  This 
is with regard to nickel - 5 9.  One of the methods w e  used to determine the abso lute numbe r of X­
rays was w ith a 411' proportional counter, where one varies the pressure ve ry much as desc ribed 
previously. How ever, the other method w as an ionh:ation chamber technique whe re one essen­
tially measures the ionization current produced by the X- rays . Since they are all  mono ­
e ne rgetic and the W facto r  for argon is in less dispute than W i n  air, one can dete rmine the 
absolute numbe r of quanta being abso rbed by the gas ,  assuming one bas a geometry w he re essen­
tially all of the X - rays are absorbed. The geometry was the following: 

An ordinary sphe rical glass flask w as used for the ionization chamber. It bad a standard 
tapered joint on it. The source was mounted in the c ente r of the sphe rical Vblume . This was 
about a two liter flask, I be lieve. The source w as mounted very much as one mbl.tnts a sourc e 
for a 411' counte r - - using the sandw ich technique in this ins tance to cut out the Auger el.c!c t rons - ­
tbe collec ting electrode itself was a ve ry thin piece of stainless steel. The X- rays esse hti.ally 
a re radii from the c ente r  of the sphe re. One measures the current, and from that computes l:hc- _ _  
number of quanta being absorbed in the gas .  In this particular instance it  w as argon at atmo s ­
phe ric pressure .  Krypton w a s  also used. Th e  agreement between the ionization cur rent meas ­
u rement and the proportional counte r measurement was within about three percent. This w as 
rather interesting to us because the value of W for argon at that time was not, I think, held in 
quite the confide nce that it bas now . 

The other point I would like to make is that pos s ibly this same technique may be used to 
determine the Auge r elec t rons . If one uses a spherical ionization chamber, and introduces the 
source as a gas - - suppose one introduces i ron carbonyl - - it may be possible to measure the total 
disintegration rate of the source. There the wall effect would enter into it, but I believe with 
soft electrons, (four or five kilovolts) ,  and by making the chamber large enough, one could 
minimize the wall effect to w he re the absorption by the w all would be ve ry small.  

One could also use othe r gases.  For example,  if one used helium, the X- ray absorption in 
the helium could be calculated, and i t  would be ve ry small. One w ould be essentially the n  meas­
uring only the Auge r electrons . Then by counting ano ther aliquot in a gas having a high absorp­
tion coefficient, one could measure the quanta separately. 

SE LIGER: I might mention one thing about using helium . You have to be extremely careful 
about purity. 

BORKOW SKI: That is right. Hydrogen could be used. 

SE LIGER: That would be better. 

GROSS: Yes ,  but you would be just as well  off if you would add your impurity to the helium 
when you come to the low level,  and then you w ould not have to worry about the purity of the gas . 

BORKOW SKI: You run your own W measurement. Run the alpha and electro n  source in the 
two gases you are going to use . 

SINCLAm: Did you measure the fluorescent yield ? 

BORKOW SKI: No, w e  did not in this case . 

9 1  
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3.  X- ray Internal Bremsstrahlung Coincidence Measurement 

R. W. Hayward 

I am going to comment on some measurement& that we have made on internal bremsstrah­
lung and perhaps try to illustrate why these measurements of X- ray internal bremsstrahlung co­
incidences may not be entirely reliable •. 

Internal bremsstrahlung is a -second order process where an orbital electron makes a transi­
tion to a virtual intermediate . ...d tate from which it is captured by a nucleus. In making this transi­
tion to the intermediate state it radiates part of its energy in the form of a photon while the 
remainder of the disintegration energy goes off with the neutrino after the electron has been 
captured by the nucleus. 

Some.PSiculations have been made recently by Glauber and Martin of Harvard University 
taking-tnto account the capture from the K and the L shells. They in particular looked at the 
x;- 1 and L-Z shells, i . e . , the ZS and the ZP l / Z electrons. 

For the capture of K or l S  e lectrons, one gets an energy distribution of the photons that has 
an intensity distribution I =  constant x E( l - E/ Emax>•  where Emax is the total disintegration 
energy for K capture. For the ZS electrons, you have a similar situation except the spectrum is 
about a factor of 8 lower in intensity. This is just from the reduced overlap of atomic wave 
functions at the nucleus. When one takes into account the ZP electrons, the spectrum is com­
pletely different, for it blends right into the normal K X- ray spectrum and it can be considered 
as the wings of the K X- ray spectrum. 

What happens here is that a ZPl / Z electron w ill make a transition to a virtual S state and be 
captured from the S state. It will emit electric dipole radiation in the process just as a normal 
K X- ray would. This spectrum should blend right into the normal K X- ray spectrum except that 
in the internal bremsstrahlung spectrum this unique K X- ray energy is forbidden because the ZP 
electron cannot make a transition to the precise lS state, because that is occupied, and dual­
occupation is forbidden by the Pauli principle. Glauber and Martin have worked out the energy 
and intensity dependences of these different spectra, and we have applied this theory to some 
measurements that we have made on the internal bremsstrahlung spectra from vanadium-49 and 
cesium- 1 3 1 .  

I might also say that I can justify speaking about this because i t  involves a technique of 
gamma ray measurement that has not been mentioned yet. The technique is one of measuring a 

continuous spectrum, which is quite a bit more 
involved than the observation of disc rete lines.  
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Figure 1 .  Spectrum from vanadium-49.  

I would like first to show the results and then to 
mention how we measured the spectrum. 

Figure I show s the lS spectrum which 
would normally be used in the calibration of an 
electron capture isotope by the coincidence 
method. The main contribution ove r most of 
the energy range is due to the l S  or normal 
bremsstrahlung which would be in coincidence 
with K X - rays. The ZS and the ZP 1 L Z would 
not. Since the re lative intensities of these 
spectra are very Z dependent and energy de­
pendent, the ZP l / Z spectrum would be greatly 
enhanced if the disintegration energy was much 
smaller and the atomic number of the nuc leus 
was highe r. 
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Figure z. Spectrum of the inner bremsstrah­
lung from the cesium- 1 3 1 .  

In Figure Z the I S  and ZS spectra are ve ry 
similar to the previous case, but the ZP I / z 
spectrum i s  greatly enhanced. If one w ere to 
make coincidence measurements, one would 
really have to be careful to apportion that frac­
tion of the inne r bremsstrahlung that is  due to 
the IS state which is in coincidence w ith the K 
X- rays. This is where the difficulty w ill lie in 
standardizing Ut.e K capture emitters by X- ray 
inner bremsstrahhmg coincidence. 

It is also interesting ·to note that due to the 
recent developments of the riQn-conservation of 
parity that the IS spectrum is c�pletely cir­
cularly polarized, where the ZP I / z Bpectrum is 
a non-polarized spectrum. So in principl&..One 
could separate out the I S  from the ZPI /Z• but 1' 
doubt that in our lifetime w e  will see K capture 
emitters standardiz ed in this w ay. 

There is the problem of analyzing a continuous X - ray spectrum, taking a pulse height 
spectrum which one observes and converting it into a true energy spectrum. One needs to know 
what the diffe rential response of your counting system is for photons of discrete energie s.  As 
w e  saw earlier, for any particular energy you have some sort of distribution. It means that if 
you have a continuous distribution, you have to start at the high energy end and take a small 
interval and say that the pulses at the high end are really due to photons of this maximum energy, 
and then subtract off what pulses you would say these photons are contributing at the low er pulse 
heights . By this process you can continue to subtract off groups of pulses due to photons of suc­
cessively dec reasing energy and arrive at a true spectrum. It is sometimes very difficult be ­
cause the errors made in such a procedure are quite large. But in a spectrum that tails off at 
the high energy end, it is a fairly re liable process. 

The measurements that we made on vanadium-49 were made in a w e ll type sodium iodide 
crystal, three by three inches,  with a quarter inch well extending down into the interior of the 
crystal . Such things as back scatte ring peaks and escape peaks are completely eliminated be­
cause your photons, if they back scatter, go right back into the crystal at the opposite side of 
the w ell.  So one merely needs to correct for the absorption due to the w alls of the w ell at the 
low e r  energy end. 

You have to artificially introduce some absorber because the K X- ray is in time coincidence 
w ith the K inner bremsstrahlung, and you would get into some difficulties if you did not absorb 
out this X- ray. 

In the cas e of vanadium-49 where your X- ray is 4. 5 kilovolts and your spectrum extends all 
the way up to 6ZO kilovolts, there is no problem whatsoever. But in the case of c esium - 1 3 1  
where the X- ray energy is about 3 5  kilovolts and your upper limit of the spectrum i s  3ZO kilo­
volts, there is not much difference between the absorption for these two energies. Here you 
have to go to a geometrical situation where the source i s  outside the crystal and introduce 
enough absorber so that you reduce to a high order of magnitude the chance for addition of the X­
ray and the inne r bremsstrahlung. This usually has to be done in a geometry where the source 
is located far away from the counter so that the chance for any time coincidence between the X­
ray and the inner bremss trahlung is greatly reduced. 

These are e s sentially the only remarks I wish to make on inner bremsstrahlung. I might 
add a few remarks on the K to L capture processes. 

For low Z elements, where the energy available for K capture is of the order of 50 kilovolts 
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or greater above the K binding energy, the K to L capture ratio is nearly cons tant . But as you 
go up in atomic numbe r to, say, the region of 5 0, you already begin to deviate from this constant 
by as much as a fac tor of two. Even when your energy is as much as 500 kilovolts above the 
disintegration energy and in regions around u ranium, the correction may be as .rreat as a fac tor 
of 1 00 .  

There are c alculations o f  Ros e  and Brisk who have done in detail the probability for K cap­
ture, L- 1 capture, L- Z capture, and so forth. 

I might also remark that these calculations are in some doubt becaus e they are fraught w ith 
the same difficulties that the calculations of inte rnal conversion coefficients are. There are 
such things as the finite size of the nucleus that s till a re not fully unde rs tood. 

There is certainly disagreement in the theoretical internal conversion coefficients and the 
experimental values ,  and it is expected that the same order of disagreement shou ld occur here.  

BEAR: I would like to say that in dis cus s ing Dr. Rasmus sen' s measurements with him he 
m entioned that he w as able, in his inne r bremsstrahlung channel, to see this ZP effect,  and to 
set his discriminato r level so that he w as at the point where the ZP w as only 6 percent of the 
total bremsstrahlung. 

HAYWARD: In an isotope like i ron or other low Z e lements where the disintegration energy 
i s  high, o ne could account for the ZP 1 / Z contributions very accurately. In high Z elements,  the 
ZP spectrum is the dominant part of the spectrum and one w ould have to be very careful.  
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4. Counting-of Low Energy Radiation 

W. B. Mann 

What I have to say is mainly about instrumentation. I want to describe the internal gas 
counters we have recently assembled at the National Bureau of Standards with which we hope to 
standardize low -energy beta emitters and also electron capturers that can be put into a gaseous 
form for internal gas counting. Some ten years ago at Chalk River I suggested the use of com­
pensating gas counters. Those were the good old comfortable days at Chalk River when we had 
only the bears to contend with and Leo Yaffe was on our staff, and presumably on our side, too. 
Bob Hawkings and I assembled a number of such counters. They were rather primitive ones, 
but they served to standardize carbon- 1 4  w ith what we thought then w as a fairly good accuracy, 
but which we have rathe r greater doubts about now , because of the discrepancies in the half life. 

There was not anything particularly original about the suggestion of compensating gas count­
ers because lots of people before had used internal gas counters of different diameter and dif­
ferent length, but nobody seemed to have used them together at the same time with the same 
diameter but different lengths . If you use two counters of the same diameter, as nearly as you 
can make them, but of quite different lengths, then you may hope to eliminate the end effects. 
If you try to c lose off the end as identically as poss ible and you assume you have the same 
spread of field- - in other words, if you have a field distribution, as show n in the solid line of 
Figure 1 ,  along the length of the long counter and the field distribution shown in the broken line 
along the short counter- - then you can assume that the fall-off at the ends of the counters is the 
same, and although you will lose counts by the fact that you have a weaker field at the ends, you 
will lose the same in both counters. In fact, at certain points on the plateau the counts you lose 
by the weakening of the field may be just compensated by the number of extra counts you get by 
beta particles corning into the counting volume from the end volumes. Thus in some cases you 
can work out the end corrections from the readings obtained from two counters and you find you 
have zero correction. 

You should never have a flat plateau because your field is always extending out further and 
further as you increase the anode voltage. The last thing in the world you want to get with gas 
counters, although some people seem to strive for this, is a flat plateau. If this counter is so 
short that you have no flat portion in the middle of your field distribution curve, then you don' t 
get compensation. So when I went to the Bureau of Standards, I set myself the task of trying to 
make some precision gas counters. We decided that we would make three of three different 
lengths so we could see whether in fact the shortest counter was long enough to give compensa­
tion. This can be tested because if you take the long, the medium and the short counters, you 
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Figure 1 .  End effects i n  gas counters. 
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can determine the difference in the volumes 
very accurately. You cannot determine these 
actual volumes very accurately but you can 
determine the differences in the volumes. We 
just  used a simple method which will  be illus ­
trated in one of the figures.  You can get the 
difference in volume of the long and the medium 
counters and also of the long and the short 
quite accurately. 

The criterion which I think is sufficient to 
test whether or not you have true compensation 
is that the ratio V L-M IVL-S should be equal to 
the ratio of the counting-rates N L -M I NL- S· If 
you have that condition satisfied, then-you know 
that your shortest counter is really long enough 
to give a finite length of field which is the same 
intensity as in the middle of the long counter, 
and that you have compensation. You can then 
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Figure Z .  Stainless s teel counters. 

throw away the middle counter and do all  your counting with the short and the long. 

We made some stainless steel and copper counters. Figure Z show s three s tainless steel 
counters with the ends as nearly as possible the same. I picked out some pieces of glass and 
had them ground and matched them up in diameter in two different di rections; these three we re 
roughly the same in lengths , and those three were roughly the same. Here we have micrometer 
threads, Z5 to the inch. These end pieces consist of essentially a recessed disk and another 
one which is screwed in. This one has a biggish hole so as to c lear the wire and this one has a 
very small hole to locate the wire and there is another hole off- set here so you cannot see into 
the counter, but through which the gas can enter. 

Dr. Seliger, Mr. Schw ebel and I assembled those counters. It took a lot of work to 
assemble this particular set of counters.  We tried to set the c ritical distances the same on a 
traveling mic roscope in each case to about two or three thousandths of an inch. 

We thought i t  would be nice to const ruct another set of counters from copper. These are 
shown in Figure 3 .  I thought it might be possible to get away from the difficulty of the glass 
counter end-ass embly and to throw the precision work onto the workshop by designing insulators 
which could be machined, with close tolerances, from teflon for the ends of the counters. There 
is a stainless steel shield around the teflon so that the counter sees the same outside world in 
each case. These counters are very easily assembled. They are simply screwed togethe r and 
the wire mounted. It is easier to see the chamber in Figure 4. To measure the volumes we 
used a tungsten needle and a telescope. We then shone a light on the point of the needle and 
filled with w ater up to the point.  Mr. Schw ebel and I made these measurements and we obtained 
very nice reproducible results. We could not ,  how eve r, get reproducible results until we put a 
wetting agent in. Then we observed when the surface of the water touched this very fine 
tungsten needle in the microscope, we got a reproducibility of one in 1 0, 000 in the difference in 
the volum e. Using a tungsten needle mounted on a flat plate that sits on the end of the counters, 
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Figure 3.  Copper counters . 
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Figure 4 .  Mounted s tainless s tee l  and copper counters . 

as  long as you measure up to the point in each case ,  gives YL- M  and V L- S  which i s  all you w ant . 
You don' t need absolute volumes .  

Th e s e  a r e  the counters mounted - - three stainless s t e e l  counte rs,  three coppe r counters.  
The s tainles s  steel  counters also have shields ove r  the end volumes so that they do not see the 
outs ide world .  The fie ld is the same . After we  had gotten the sys tem pressure t ight w e  found 
i t  would retain a vacuum for the order of three months , so we  can go on counting for a w eek 
wi thout any worry about leaks.  

Figure 5 show s the assembly which is  a l i t t le complicated. Dr. Seliger kindly provided al l  
this electronic equipment. I don ' t  unders tand elect ronic s,  and am highly suspic ious of i t .  This 
i s  a s table high voltage se t  whose meter,  due to elec tros tatic charging of the glass ,  does not 
alw ays read the same.  I t  w as once  said that even ins truments do  not alw ays te l l  the truth! It is  
much better to change the lead wi thout cutting the high voltage ! Dr.  Se liger  does not l ike my 
going in and changing things w ith the high voltage on,  but  I w as doing this while he was away. I t  
i s  much bette r to set  to a given voltage and then to leave i t  there and then to count a t  the same 
voltage on each counte r in turn. 

This is  a non- overloading amplifier and various auxi liary equipment .  As I said , I only 
unders tand the d ials and the face  of these .  Here are the gas counters and thes e  are metal - Teflon 
valves .  
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Figure 5 .  Experimental counting arrangement. 

Here is  a valve system of five valves and here an automatic Toepple r  pump. Here is the 
gas handling equipment and a calibrated volume of five liters.  We had to cover them w ith plastic 
to reduce temperature fluctuations . 

He re are the barometers . We can get a reproducibility of about one or two parts  in 70 ,  000 
w ith those.  We try to keep everything in the gas handling and in the determination of volumes 
and gram molecules of gas to  a precision of one in ten thousand so that w e  are then limited only 
by the s tatistics of counting. 

We had to the rmostat the room and keep i t  at constant temperature.  Once you have the 
gases enclosed i n  the counters i t  is  all right, but while you are trying to meas ure the number 
of  gram molecules you have, or  when you are mixing- - ! should have said w e  admit c arbon- 1 4  or 
krypton- 8 5  to the right-hand side of the equipment, and its pressure i s  measured on the right­
hand barometer. We admit  our methane on the left-hand side,  and measure its pressure on the 
other barometer .  W e  know these volumes t o  a precision o f  three or four parts  in 1 0 ,  000,  and 
we can thus calculate the total amount of methane and krypton. We mix them w ith the automatic 
Toeppler, back and forth. This  i s  the point we noted at Chalk Rive r, that you cannot easily get 
complete mixing. You can leave two gases for a w eek and they do not mix. You have to force 
them back and forth about a dozen time s .  Each time you expand you check the counting rate on 
one of the counters and then expand it back and forth until  the counting rate stays constant. It  
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takes eight or nine such operations before you have it completely mixed and you have a constant 
counting rate . This is something almost  unbelievable. You can wait a week and not get this 
constant. 

SELIGER: I think that you might mention that in spite of the fact that this is the United 
States, we thermostated our room quite inexpensively. 

MANN: Yes.  We had an estimate of $ 1 5 ,  000 to do it, and I think we did it ourselves for 
$1 50. 00.  We could do it only during the w inter, because we had to wait until the temperature 
w ent down. We have a fan bringing cold air from the outside and electric heaters to heat it  up, 
and a thermostat which switches on the heaters or the fan. The entire room keeps constant to 
about a quarter of degree Fahrenheit. 

Figure 6 shows some results that Dr. Seliger and I got for carbon- 14.  As you see, they do 
not have a flat plateau. There is a definite slope. I was very pleased to find that I could go to 
a drawing board and force a line of the same slope through all three plateaus, which means ,  I 
think, that you have compensation. If y6u take NL- S you can plot a voltage plateau. If you take 
NL- M  you get a series of counting rates which would be smaller, but you can multiply by 
�L-st:�:L-M' You should get the same values of �L -S and this I called "L- S" in Figure 6.  
The se are the values, and you can see that the two sets of points overlap. 

Figure 7 shows the results for the copper counters with the same pressure with a slightly 
bigger slope to the plateau but again quite rice compensation from 3 1 0 0  to 3 500 volts. 
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Figure 6. Stainless steel compensated gas 
counters . Pressure: 750 . 92  x 1 0 3 
dynes/cm 2. 
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Figure 7. Copper compensated gas counters . 
Pressure: 750. 92 x 1 03 dynes /cm 2. 

Figure 8 show s the equipment for preparing krypton- 85.  We are trying to  make up some 
krypton-85  standards. Krypton- 8 5  and inactive krypton were carefully mixed and transferred 
to the bank of 1 00 ampoules which were then fused off. 

Table 1 is a summary of the results for krypton- 8 5  to date. These are about the worst of 
the three pressures . This is for the stainless s teel counters, NL-M counts per second, NL- S 
counts per second, and N L-M counts pe r second multiplied by the ratio of the volumes so these 
are the figures you compare giving the average counts pe r second per ml. , which becomes 
0. 8209 for the s tainless steel counters. The procedure for the copper counters is similar. The 
two figures you compare are the average counts pe r second per m1. , namely 0 .  825  as against 
0 .  8 2 1 .  This is at 6 59 . 97 dynes /cm2. 
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Counters 

Stainless Steel  

Stainless Steel  

Stainless Steel  

Copper 
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Figure 8 .  Equipment for preparing krypton- 8 5 .  

TABLE 1 

Summary of Results for Krypton- 8 5  
6 5 9 . 97 x 1 0 3 dynes / cmZ (49 .  74 8 em H g  a t  Z4. 1 8°C) - --�;-· 

Voltage � L- M !'iL-S 
c / s  c / s  

3 ZOO 48 . 9 64. 1 

3400 50 . 9 67 . 0 

3600 49 .  1 6 5 . 9 

3 1 00 84 . Z 1 06 . 0 

3 3 00 86 . Z 1 06 . 8 

3 500 84 . 0 1 06 . 6 

1 0 1 

V L-S 
N ) ---( L- M  x VL - M  

c / s  

64 . 9 

67 . 6 

6 5 .  z 

1 05 .  z 

1 07 . 7 

1 05 . 0 

Average c /  s per ml  

0. 8Z09  

0. 8Z 54 
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TABLE Z 

Summary of Results for Krypton- 85  
Counts per second per ml  

Pressure in Counter- seal ing Counts pe r second pe r m l  corrected to P and T o f  
dy_nes / cmZ temperature (OC) first  reading 

Copper Stainless Steel  Copper Stainless Steel  

86Z.  74 x 1 0 3 ZZ . 1 3  1 .  08 1 1 . 09Z 1 . 08 1  1 . 09Z 

6 59 .  98 x 1 0 3 Z4 . 80 0. 8 Z 54 0. 8Z09 1 . 089 1 . 08 3 

54 1 . 40 x  1 0 3 Z 5 .  3 7  0 . 6 7 5 9  0 . 6 7 1 8  1 .  089 1 .  08Z 

Table Z show s the results at different pre ssures ,  namely at 65  centimeters,  50  and 45 
c entimeters of mercury. These are the results  summarized from the previous table,  togethe r 
w ith those at lower  pressur'es . If you take the ordinary gas law ,  you have to correct for the 
temperature of the counter at sealing and the pressure, and I have corrected back to the tem­
perature and pressure of the firs t  set  of readings so that these remain the same. 

Thi s  i s  not a Van der Waals correction which might be better but I did not have time to 
make this .  I ordered 1 00 millicuries of krypton- 8 5  which I thought should have given me about 
1 0  microcuries in my counters,  and I cou ld have made the measurements in two days . How ­
ever, there appears to be a discrepancy of a fac tor of 3 between the Oak Ridge and the National 
Bureau of Standards measurements which necess itated a much longer count. The factor of 3 
makes a very big diffe rence in the time you take . I would like to ask you,  Dr. Reynolds ,  how 
k rypton- 8 5  is as sayed at Oak Ridge . 

REYNOLDS: The Oak Ridge National Laboratory Analytical Chemistry Division is not 
responsible for that measurement so w e  cannot answ er the question. 

MANN: At thi s  point i t  looks as if we can abandon the stainless  s teel  counters and jus t  use 
the large copper one, and the smallest  copper one which happened to be a bigger d iameter wi th 
better counting rates and s tatistics,  and do our s tandardization wi th these  two, as i t  does look 
as though we have compensation. The only thing that bothers us is that we do not seem to be 
able to get a w all effect .  If I remember rightly, we used counters of one inch and three inches 
in diameter at Chalk River for carbon- 14  and could not find a w all effect .  We calculated i t  was 
possibly Z percent. We had hoped to plot  counts per second corrected to s tandard temperature 
and pressure against 1 / P and extrapolate to 1 / P equal to zero. 

HAWKINGS: I do not think w e  got any posi tive effect .  

MANN: It  is  rather strange . I feel there should be a w al l  effect ,  but there does not seem 
to be.  

HAWKINGS: What was the length to diameter ratio in your counters ? 

MANN: The copper counte rs are one inch in diameter and the s tainless steel three­
quarters of an inch. The long stainless steel is  about 1 Z inches in length, and I think the long 
copper counter is 1 8  inches long. 

HAW KINGS: You said that the s lope on the ·plateau for each counter w as the same . I c an 
see how a counter c an have a s lope , but I should think on a percentage basis the longer counter 
should have a lesser  s lope because the contribution from the ends is  considerably reduced. 

MANN: No, the addition of each is  the same. These are absolute counts.  If thi s is  flat 
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and you add the same amount here, using the end effects ,  you get the same slope, wherever it i s .  
I should have said that I personally do  not like the idea of  trying to  put guard tubes in .  You try 
to put a tube along the w i re to reduce the field to zero. In my opinion this  is a very delicate 
ope ration, getting this tube centered at the right distance.  But  in this way we can m ake counters 
which are so s imple, you just screw them together and you have no adjustments to make . I 
think Bob ' s  last  counters did have guard tubes ,  but I don ' t  quite approve of this !  

P EACOC K: Did you check even roughly to  see  whether or not the explanation for the Oak 
Ridge disc repancy versus yours related to the reported number of gamma rays per disintegra­
tion. If you have not done i t ,  you probably are the ones that are nominated. 

MANN: How w ould this  come in ? I am just counting electrons.  

PEACOCK: I unders tand . They are calibrating and certainly they are likely to shift on the 
bas i s  of the gamma ray abundance .  

MANN: I d o  not know how they are calibrating. I w ondered i f  they calibrated initially by 
beta counti ng and maintain by means of gamma rays . But then that wou ld not affect  i t .  

PEACOC K: They probably have a calibrated gamma chamber and on the basis  of  the re ­
ported number and ene rgy of the gamma rays in a particular decay scheme estimate the dis ­
integration rate .  Since you probably have all the equipment necessary, i t  might b e  helpful i f  you 
would determine the gamma ray abundance . I do not mean after correcting it for internal con­
vers ion, ei the r.  I mean the gamma ray to dis integration ratio. 

MANN: I d id  mean to add that Dr. Seliger and I are planning to use these counters for 
carbon- 14  restandardization and w i sh to t ry to get a high- specific - activity source .  We would 
like to get a new value of the half l ife .  We are planning t o  c alibrate sulfur- 35 ,  krypton- 85 ,  and 
we have qui te  a program ahead of us .  

BORKOW SKI: One should not be surprised if  there is  no w al l  effect in gas counters,  be­
cause the back scattering from these surfaces  is ve ry high. It c an be as high as 80  percent, 
depending on the counter wall .  

In addition, you have the secondary emission probability of soft electrons from w alls.  So it 
is exceedingly hard , and one has to work very hard indeed to t ry to have an electron impinge on 
a surface and not get at least one e lectron in return. So I think if one operates at a low enough 
bias (at several ion pai rs ) , he w i ll indeed observe no wall  effect .  

SE LIGER: I might comment that this i s  ext remely reasonable . Let me put it  the other w ay. 
Seve ral of the papers which have appeared where carbon- 1 4  has been measu red as C02 in the 
gas phase have show n thi s  w all  effect .  Therefore, there is st i l l  this discrepancy to resolve. 

BORKOWSKI: It is  a small effect .  

SE LIGER: At about 30  c entimeters in  the one- inch counter w ith C02 and argon, it is  about 
one to two percent.  You can calculate it. There is only one set of data which has good enough 
prec is ion to show this .  I thi nk these are Libby' s  data. It show s about a one percent correction 
which can be ext rapolated at 1 / P. Manov' s data I think has too much of a spread to show the 
wall effec t .  At least I tried to look for i t .  

MANOV: My data  are about nine years old .  I am sorry I cannot remember that in detai l .  
If I may add parenthetically, I am ve ry happy to  hear Dr. Mann ' s  comments that work i s  going 
on to do the counting over again. 

PEACOCK: This is  a less than scientific comment but I want to comment on the w all effect ,  
too, under the heading of shop notes ,  and not unde r the heading of science .  
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We have, among others,  built  for our own purposes a counter w ith a half-mil center wire 
and a diameter of about four and a half inches .  We happen to  use  this in low background counting 
work. We have occasion to fi ll  these counters over and over again. We have found that there 
seem to  be ,  as far as  w e  can tell, unaccountable variations when either air  or perhaps pump 
oil- -we are not quite sure which- -contam inates the fi l l  in such a w ay that w e  get what we refe r  
t o  as an insensitive fill .  In order to avoid th e  inaccurate result which would come about because 
we are actually assaying activity, we have corstructed a little w e ll in  the side of the counter, 
about three- eights of an inch in diameter with a thin window over the end of it .  Before actually 
counting a particular sample for the determination itself, we insert two separate sources into the 
counte r  well .  The first is a collimated strontium source so that the beta rays include a lot of 
these which will tend to go clear across the chambe r  w ith relatively low specific ionization, and 
we know from a diffe rent counter what additional counting rate should come from the strontium 
source which is calibrated. Then we wi ll put a thallium source in wi th an absorber ove r i t  
which tends to  produce more or  less  the softest beta rays which w e  can practically get into this  
counter,  and also requi re that this have the proper counting rate. So w e  can get something very 
close to a w all e ffect  and note that the w all in this case would be at the extreme becaus e you 
have a large ratio of diameters here. If the fill is  an acceptable one, the re seems to be no 
appreciable difference from one fill to the next, even w ith COz, w ith its proper gas mixture, at 
seve ral different pressures all the w ay from a frac tion of an atmosphere to two atmospheres .  
This may account for some of  the w all effects that were  previously reported . 

BORKOWSKI: You are particularly sensitive to electron attachment, because your fields 
are so low at the wall.  

PEACOCK: The reason I brought this up is that i t  i s  most extreme.  We have bad these in­
sensitive fills c rop up over a period of years . By now we have gotten to a point where w e  are 
pretty well sure bow to m ake a counter fill but it  is  not to a point where we can rely on it 1 00 
times out of 1 00 .  

BAPTISTA: I wonder,  and it is more in the nature o f  asking for information, if somebody 
considered the use of external c athode counters to study this  problem ? Even if I foresee som e 
disadvantage , certainly it is a very simple method to change the sensitive volume of the counter 
by just changing the painted carbon cathode . I wonder if the re are obvious disadvantages to this 
method . 

YAFFE: Changing the which ? 

BAPTIST A: Using an external counte r with a relatively spft glass you c an change, and w ith 
reasonable care, limit exte rnally the sensitive volume of the counter and just in one filling you 
can study the variation or the influence of these dead ends on the counting rate. 

BORKOW SKI: You s till have only one surface where the electrons are striking that one 
surface .  That is, you are not changing the actual diameter.  

BAPTISTA: Not for the w all effect.  

BORKOWSKI: You are changing the electric field,  are you not,  wi thin the counter?  

BAPTISTA: I have a counter of  just ordinary glass filled with gas that I want to  count. I 
can limit the sensi t ive volume by painting carbon outs ide and defining the sensitive volume by 
painting the extremities wi th carbon and connect to the high tens ion unit.  I can define here, if  
I take certain care,  the sensit ive volume. For this same fil l ing I can clean the counter and 
change the sensitive volume for the same fil l .  

SE LIGER: I do  not think in a sense that this is  true compensation because you have a differ­
ent volume exte rnal to your sensit ive cathode from w hich you can get counts . 
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BAPTISTA: Yes, but if the range of the beta particles is always maintained, that is,  if I 
m aintain the range infinite as compared to the beta count, the influence must  be the same. Then 
I can study the influence of the electric field. 

SEUGER: For carbon- 14 that would necessitate a rather long counter. 

BAPTISTA: You can work with very long counters. 

MANN: The people using different counters and varying the c athode lengths and so forth 
are never measuring at the same time w ith the same filling. I forgot to come back to the point 
when I was talking but I even found it a good thing to take all the points on al l  three counters at  
3 Z O O  volts and all  at 3400 volts and not to run a plateau on each one separately. Take three 
counts with the same voltage . With different counters you are doing two diffe rent experiments  
at two different times.  The thing that is  nice about the compensated gas counting system i s  
that you get your results with the same fil ling at the same time wi thout changing anything. This 
proposal by Dr .  Baptista is  going back to the method which I feel is a little uncertain. 

HAW KINGS: I think what is  being proposed would not involve changing the filling. 

MANN: I see. I misunderstood Dr. Baptista. 

HAW KINGS: I should add that counters have been built wi th adjustable s leeves that slide in 
on a wire and thereby limit the sensitive volume of the counter. 

BAPTISTA: I s till  feel that you c an limit more accurately by this painting method than by 
the s leeve . 

MANN: The re is a tremendous amount of preliminary work that has gone into the volume 
determinations of these counters which I do not think would be so accurate w i th a sys tem like 
that. Mr. S chwebel and I determined thes e  volumes by one in 1 0, 000 reproducibility in pre­
cision and accuracy. I am not sure you would get that kind of precision by painting. I think 
there would be uncertainties .  It is a good idea but I do not think I would like to give up our 
counters now ! 

MANOV: I am very pleased to hear about krypton- 8 5  coming up. Could you tell us any 
more about availabi lity or probable s trength and so on ? 

MANN:  On the availability, I made 1 00, as you saw .  I tried to get about 1 0  microcuries 
per ampule. I carried out these  measurements under rather pres sing circums tances last week 
because I hoped I might have them in time for this meeting. As I mentioned before, I was work ­
ing wel l  into the night every night . From my initial calculations , I thought I would have a count­
ing rate that would enable me to do the job in two days . From the fac t  that I took three times as 
long, I have roughly about a third of that ac tivity ( 1 0  microcuries per ampule) . I have not been 
able to make the complete assay or  c alculate the number of dis integrations per second per gram 
molecule of gas .  We also have to remove the krypton ampule from the equipment and measure 
its volume up to the point be low the break.  I can s ay roughly that  i t  is  about three or four 
mic rocuries .  I only showed the results for counts in the counters because I was interes ted in  
showing that they appear to  give adequate compensation. I have not obtained the final value . 
There are about 8 ml  of krypton at roughly atmospheric pressure in each ampule .  

MANOV: You might be interested in knowing, w e  of the long hai r  group, how quickly some 
of the results of the standardization are put into practice. Krypton- 8 5  is now beginning to re­
place s trontium- 90 for vehic le and deck markers and rai lway signal lights .  You a r e  familiar 
with the semapho re lights.  An attempt is  being made, successfully, to use krypton in  a phos ­
phor . Obviously we w i l l  need s tandards for measuring k rypton. W e  have heard from two 
manufacturers that the total quantity of krypton which they can use in the next two years comes 
to between Z O O ,  000 and 500, 000 curies of this  material. You can see how quickly and how 
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important it wi ll be to get some standards available and how big a dollar value bas ic research 
l ike this can have. I am very happy, Dr. Mann, that  this work is  going on. 

MANN: Thank you, Dr. Manov. Actually, as to the speed, I am amazed myself, because  
w e  ordered this from Oak Ridge , and I also ordered some inert  ordinary pure krypton from a 
local  company, and I had not mentioned it to more than a few people that we are going to 
s tandardize krypton- 8 5  and the next week we  had an inquiry. I said who is  asking for this one 
now ? It w as the company who sold us the inert krypton! 

PUTMAN: Mr. Chairman, would it  be in order to ask Dr. Manov if the Atomic Energy 
Commission is in any way embarrassed by these orders of large quantities of krypton ? 

MANOV: In these amounts , no. 

KULP: I would like to make two remarks .  First, regarding carbon- 14 ,  those of us in the 
radiocarbon dating business  are extremely interested in the redetermination of the half life .  
However, if  w e  have to b e t  o n  i t ,  I think w e  will  point o u t  that the dated s amples back t o  about 
3 , 000 years ago measured by the more recent, more accurate gas counting technique , make it  
quite unlikely that the present half life can be w rong by more than 5 percent unless  there are 
entirely compensating effects ,  such as cosmic nux changing. 

Second, I would like to point out that one w ay to measure the decay constants of ext remely 
soft emitters as we were discussing earlier is  not to measure them at all ,  but measure some 
daughters and products . In this  regard we have recently made a determination of the half life 
of lead- Z 1 0  by a so- called geological method . 'Ibis requires that we  have secular equilibrium in 
the age of minerals.  Essentially what we have done is to determine the efficiency of a counter 
by the indirect method of counting the polonium- Z 1 0  alphas from a mineral of know n age . 
Through the equation you see you can get the efficiency providing you know the age of the mineral 
and providing i t  was in equilibrium. Then you proceed to take a know n amount of radon, let  i t  
decay t o  a known number of lead- Z 1 0  atoms,  and measure the know n polonium- Z 1 0  alphas . In 
this  w ay one can get a half life which appears to be correct to a few percent . This seems sig­
nificant because the last two reported values of this constant varied from 1 9 . 5 years up to Z5 
years . We get about ZZ .  Z years.  

REYNOLDS: I would like to present the results of an intercomparison on promethium- 1 4 7 
which was initiated by Oak Ridge National Laboratory. In Novembe r 1 9 56 we dist ributed 
portions of a solution of promethium- 1 47  containing about 1 . 4 x 1 07 disintegrat ions per minute 
per milliliter. We received measurements from seve ral groups .  

ARNO LD: I d o  not remember the radiations o f  promethium- 147 .  

REYNOLDS: I t  i s  a pure beta emitter. The half life is Z .  6 years, approximately. The 
beta energy is  0 .  ZZZ Mev. 'Ibis nuc lide is  a little difficult to measure. At least it seems to us 
to be difficult.  The results received from seve ral groups are show n in Table 3 .  I wil l  not 
identify the groups except the Oak Ridge values .  These disintegration rates w e re all corrected 
to November 30 ,  1 9 56 ,  using a half life of Z.  6 years.  By the w ay, I have taken liberties wi th 
some ot: these es timates of uncertainty. One person reporting said that his precision w as a 
c ertain value , but his es timate of the true uncertainty in the value was quite a bit larger and I 
have used the latter es timate. 

A word about the proportional counter result . 'Ibis was a Z71' proportional counter using 
copper disks as mounting support.  This  value is  not entirely dependent on 471'.  It i s  partially 
so, but in addition to the 471'  result, the interpolation on Z71' efficiency curves from two othe r 
reports was made, and the efficiency for promethium was es timated to be 70  percent . 

The raw mean of these  results is 1 .  36 ± 0 .  1 6 ,  where the 0 .  1 6  is a mean deviation. It i s  not 
particularly significant. If we discard the lower results - - !  am beginning to be arbitrary here -.-
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TAB LE 3 

Assays of Pm - 147 

Organization Instrument 

A G - Mb 

B G - M  
c 411' 
D 411' 
E 471' 
F 411' 

ORNL pee 
ORNL 411' 

a Unce rtainties not  defined 
b End-window G - M  counte r  
c Zll' proportional counter 

Pm Ac tivitya 
dpm/ ml x 1 0 - 7  

o .  9 9  

1 .  1 0  
1 .  3 9  ± o .  0 3  

1 .  3 9  ± o .  04 
1 . 4 1 ± 0 . 0 1 
1 .  5Z 
1 .  5Z 
1 .  53  ± o .  04 

this becomes 1 .  46 ± 0 .  06 .  I am sure I will  get some objections on this point .  I regard this  as 
the temporary or interim standard value.  

HAW KINGS: Whe re did you cut off ?  

REYNOLDS: Between 1 . 1 0  and 1 .  3 9 .  

MANOV: Of course ,  you realize you are i n  a spot cutting off those two. 

REYNOLDS: Yes ,  indeed.  

MANOV: Do you have any explanation ? 

REYNOLDS: Yes ,  I think so . This  is very tentative . These were both GM results and 
were presumably obtained by some sort of extrapolation technique to correct  for air and w indow 
absorption. In these low energy beta spectra the re are very many low energy electrons - - a  
larger proportion o f  low energy elec t rons,  if you wi ll,  than in a high energy beta spectrum. 
Therefore,  the approximately straight line extrapolation which one makes for a high energy 
beta is  no longe r valid , but one must extrapolate along the curve. W e  have seen effec ts of this 
magnitude several years ago in the extrapolation of c alcium-45  absorption curves . We made up 
at one t ime an essentially windowless counter with an absorber ring which could be rotated so 
that successively larger but ve ry thin absorbers were passed between the source and the detect­
ing volume in the counte r, and we were able to  show experimental ly the break from linearity in 
the absorption curve in regions of two or three milligrams total absorption, and you realize,  
using a window counter ,  one does not even see this region. The total absorption i s  usually 
several mill igrams . I think this i s  probably the explanation- - that one has made l inear extrapo­
lations when ac tually there should be a rather sharp break upward at the low e s t  points.  

PU TMAN: Can you say whethe r these measurements labeled 471' measurements are all the 
same sort of 471' measu rements or are they partly Geiger- Muller and partly proportional or 
partly sc intillation ? 

REYNOLDS: I should have spec ified . None of these i s  a scintil lation counter result .  
Although I am not absolutely ce rtain, I think they are al l  411' proportional. W e  have some more 
correspondence on this ,  but I do not have i t  wi th me.  

PUTMAN: By cutt ing out  resul ts  A and B,  you have based your s tandard on one method of  
measurement only. 
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REYNOLDS: Yes, that is a valid objection. 

MANOV: Do you know what isotopes w ere used for comparison purposes in the GM counting ?  

REYNOLDS: One o f  these groups reported efficiencies based o n  a previous intercomparison 
of promethium. This ,  I believe, was a limited intercomparison and was based on essentially 
neutral water dilutions of promethium. This leads us into chemistry. We do not believe that a 
neutral aqueous solution of promethium is stable. Therefore, the fac t that the group would get a 
low result would not, I think, be surprising. Also, I believe the same group A said that they 
had also used a comme rcial ly available promethium standard. This I know nothing about .  
Group B made a rather e laborate attempt a t  gaining a n  efficiency for 0 .  ZZ  Mev betas from i ron-
59 which has , as you know , 0. Z6 and 0 .  46 Mev betas . This perhaps w as a little questionable.  
I t  was an attempt, of course,  to avoid the linear extrapolation. I have not talked to thes e  people 
in detail. The technique appears at the moment not to have been successful .  

HAW KINGS: I do not think i t  i s  really fair to  conside r these GM counter results in here at  
all .  W ith all due respect to  the people who attempted i t, this is  an  almost hopeless extrapola­
tion. 

GRUMMITT: As a user of Geiger- Muller counters for low background counting- -incidentally 
our total absorption is one milligram- - ! would hate to be given the job of stand ardizing this 
solution in those counters . I would certainly s upport Dr. Hawkings and go to a more realistic 
method. The extrapolation even over the one milligram would be a very difficult thing to do. 

MANOV: This situation is  not as bad as it was with iodine some years ago where we 
started 75 samples,  got back 82  answers and nobody got the ave rage. 

YAFFE: Did the people who did the Geiger counting quote any error ? 

REYNOLDS: No. 

YAFFE: In normal absolute counting with end window s,  one i s  a little loath to put anything 
better than plus or minus ZO percent unless he really has a great deal of confidence in this . 

REYNOLDS: On a low -energy emitter such as this I would certainly agree wi th you.  

ALLEN: Can you tel l me,  in the 4 11'  results , whether in certain cases calculated corrections 
have been added to any of the figures or whether the re are supposedly thin sources on thin 
films w ith no correction ? Is there any explanation of this trend from 1. 3 9  to 1 .  5 Z ?  

REYNOLDS: I do not recall that any o f  the people outside Oak Ridge reported such correc­
tions . However, my memory may be faulty on  that point.  

LYON: Did you mention how many samples w ere sent out ? That is ,  what percentage return 
you got ? 

REYNOLDS: The percentage return was rathe r good. We failed to get answers from only 
two out of a total of nine . This is probably par for an intercheck. We realize that this is a very 
limited number of results and any attempt to apply statistics or select  the best value is question­
able .  

ALLE N: May I point out  that in the intercomparisons which we  occasionally do in England, 
when we send in our results,  w e  invariably give the value as determined from the actual count­
ing rate as well as any value which we might de rive by any corrections .  So at  least you can see 
whether people counting by the same method got the same answe r  from their straightfo rward 
counting. 
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SESSION V - LOW LEVEL COUNTING 

W .  E. Grummitt, Chairman 

Summary 

When one considers the reasons for including a discus sion of low level counting in a 
symposium such as this on methods of standardization, one expects to examine in detail 
the similarities in methods and measurements which the groups have in common. It i s  
not too surprising then t o  discover that the requirements are in fact  parallel an d  that 
the re is a common interest in such things as the design, construction, and operation of 
suitable equipment. Both groups must apply much the same criteria in resolving prob­
lems such as the choice of detectors or of amplifiers of requisite stability. 

It might be said that the distinguishing feature of a low level  counting arrangement 
is  the shield of anticoinc idence counters used to c ancel the effect of cosmic rays, though 
this is not strictly necessary with a low level scintillation counter. With this possible 
exception, i t  is  a common meeting place of all  laboratories in this  field. Further prob­
lems of general interest to all are those of the selec tion of inactive counter and shielding 
materials and of contamination at a leve l where monitoring is difficult.  

Various methods of meeting these  problems and many of the more specific ones 
which occur in the measurement of nuclides such as carbon- 14 ,  beryllium - ?, strontium-
90, radon and tritium are discussed in detail in the papers which fol low . 

In the two papers of this session Dr.  Arnold and Dr. Kulp wil l  explain the techniques 
which are important in low level counting. 
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1 .  Low Level Counting 

J. R .  Arnold 

I am not planning to cove r al l of the problems in this field for the excellent reason I do not 
know much about some of them. It has been a little difficult to decide just  what this sort of 
group wishes to know about low level methods .  The easiest  thing to do is  to not decide this at 
all, but to begin by making some remarks and having people interrupt me as you have othe r 
speakers,  and thereby hold me down. 

The first topic I shall treat is the general des ign approach that one uses for expe riments in 
which ve ry small quantities of radioactivity are involved . After you reach the conclusion that 
you have only about one disintegration per minute as the total activity of some source ,  you are 
forced as your first s tep to consider the choice of detectors.  In the radioac tivity fie ld there is  
a rather embarrassing choice .  There may s t i l l  be some people who are  not aware of the 
formulas that one applied to the choice of detectors, so far as sensitivity is conce rned, but this  
is  not the only c rite rion. With regard to sens itivity, there are some very s imple parameters 
which we apply. These parameters are measures of the counting preci sion which is attainable 
w i th a given technique in  a given time.  

There are two possible cases of interest .  The first  case is  whe re the s ample counting 
rate S is small compared to the background . This is  the unfortunate case.  It is  the case w ith 
which we frequently have to deal. In this cas e the parameter which one wi l l  maximize for 

sensitivity is � • Some people prefe r  to use  � gZ • The rank order w ill  be the 
B B z 

same in either case . As betw een two detectors,  the one which has the larger value of +, 
wil l  be more sensitive . I call your attention to the fac t that the sample count rate appears as 
the square and the background in the denominator only as the first  pow er .  This  means that  i t  is 
eas ily possible to exaggerate the value of background reduction in the improvement of the 
quality of the detector. I think all of us who have worked in this field for a whi le have been 
particularly subj ect  to this particular neurosis .  We have overemphasized the importance of 
background reduction. If one is  talking about ZO or 30 percent reductions of background , these  
are  desirable, if they are  easy to  do ,  but  the improvement in  performance w i ll not be very 
startling. Increases in the sample count rate which are attained by better geomet ry or reduc ­
tion of absorption or  something of that kind are tw ice as valuable.  

The other case of inte res t  is the othe r extreme where w e  have succeeded in  reducing the 
background to the point where the sample count rate, although small, is sti l l  conside rably 
larger .  In this case,  the figure of merit is simply S. Here the count rate is even more impor­
tant. 

The other major c ri terion for choosing a low level detector is  stability .  People w i th you r 
experience are very w el l  off when i t  comes to understanding the problems here. The same 
c riteria for s tabili ty have to be applied .  Often one w ants to control the s tability w ith more 
accuracy than the accuracy of the final count just  for comfort .  Beyond this ques tions of the 
availabi lity of equipment and of taste begin to enter the picture.  

Those would be,  in summary, all  the criteria.  Given thos e c rite ria w e  are led for each 
problem to certain detectors.  

I would l ike to talk first  about beta particles .  I do not w ant to make the clas sification too 
rigid, but the re are two different kinds of beta counting problems, depending upon whether the 
material to be counted is of low or of high specific ac tivity. Le t me il lustrate thi s .  

In  carbon- 1 4  dating, the specific ac tivity of carbon- 1 4  i n  contemporary carbon is about 
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1 5  disintegrations per minute per gram. Dr. Kulp might like 1 3  disintegrations per minute a 
l ittle better. This is quite a low specific activity. We are interes ted in age determination in 
going back some 6 ,  7 ,  8 half live s .  When one gets to specific activities which are very much 
lower, there is no point in using a counting method which does not have the pos sibility of 
introducing a large sample and counting wi th high efficiency to overcome the self- absorption 
p roblem. 

On the other hand, in the work which w e  are now doing wi th beryllium- !  0 in  nature, we 
have an isotope of an element which is  very rare in nature. Although there is  very little 
beryl lium- 1 0  around, the specific activity of beryllium- 1 0  in a sui table deep sea core is in the 
neighborhood of thousands of counts per minute per gram. Since w e  are fortunate in having a 
sample of high specific activity,  we  are led to a very different choice of detector. 

Then, too, there is the distinc tion which one can draw somewhere in the carbon region- - in 
the region of 1 50 to 200 ki lovolts of energy- -betw een soft and hard beta particles ,  between 
energies where self- absorption and window absorption are extremely acute problems and 
energies where these things tend to become secondary. For all of these things there are differ­
ent solutions . 

Perhaps the hardest case to solve would be the one w ith low specific ac tivity of soft beta 
emitters . This happens also to be the one which has been most studied because carbon dating is 
so popular, and also because tritium has become a very important isotope and its situation 
absorptionw ise is  even worse.  The two techniques which are most w idely used for low level 
counting of these soft betas are gas counting and liquid s c intil lation counting. Gas counting of 
carbon has been done in a great variety of ways . It has been done in the Geiger region. Dr. 
C rane at Michigan has a carbon- 1 4  apparatus that runs in the Geiger  region. I think the pre ­
ponderance of numbers is ove rwhelmingly on the s ide of counting in the proportional region. 
People who actually take the plunge and do this  s eem to report uniformly the stability is better, 
the plateaus are flatter .  

One other great advantage is  that one has greater flexibility of counting gas . One can us e 
pure hydrocarbon gas es . One can us e really pure carbon dioxide, which one cannot do in the 
Geiger region. The re are many advantages to proportional counting, although the w eight is not 
entirely on that s ide.  For example, to count tritium, the technique of us ing an argon- ethylene 
fil l ing with hydrogen in the Geiger region is quite competitive w ith other methods . 

Here again it is a rather high specific activity application. Gas counters have been devel ­
oped which take a very large sample- -which take several gram s  or m any grams of carbon- ­
either in the form of carbon dioxide, acetylene, or methane . They have produced the great 
bulk of carbon- 1 4  dates that have been measured. 

All  these detec tors are used with a ring of counters in anticoincidence .  This is probably a 
good place to stop and talk about the electronic s  and the kind of shielding that one uses for the 
enti re device. 

Seen end on, a typical arrangement wi l l  consist  of a gas counter, quite frequently sur­
rounded by a mercury shield about one inch thick which is in turn surrounded by a dozen or so 
Geiger tubes arranged in anticoincidence .  There are many variants of this .  One which should 
certainly be mentioned is the variant in which the outer anticoincidence ring is in the same gas ­
tight shell as the inner counter and in which one has only a very thin w all  separating the two .  
This is  something that has been worked o n  by Houtermans ,  Curran, and others . It i s  reported 
to give a conside rable greater reduction in background because the re is no chance for gammas 
to make secondaries between the outer counters and the central chamber.  It has a few prac ­
tical disadvantages .  

The mercury shield is not absolutely essential .  I t  is designed to  absorb radioactivity from 
the counte rs in the ring- - secondary electrons that might be produced in the w all  of the outer 
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counter if the cente r one is quite thin- -but chiefly i t  is designed as a further step for removing 
the effects of general gamma contamination. Outside of all this w ill be a fu rther shield, which 
will be as thick as the laboratory can afford, and made of materials as pure as they are lucky 
enough to get .  The outer shield is  normally of steel and is perhaps normally eight inches thick.  

The reduction of background is considerable in such instruments .  A factor-of 5 0  might be  a 
rather typical figure for the reduction of background as betw een the central counter w ith the 
anticoincidence rin.,g off and w ith it on. A hundred counts per minute might be reduced to two 
counts per minute.  

The liquid scintillation counter gets its background reductim in an entirely different w ay in 
general. You have had an introduction to l iquid techniques in Dr. Seliger ' s  talk in Sess ion II. 
Our low level counter looks simi lar to the one he described . One has a liquid cell  betw een two 
phototubes ,  but it is often rather larger than Dr. Seliger ' s cell because of the low specific 
activity of our samples . The associated coincidence elec tronics to get rid of thermionic nois e  
o f  the phototubes i s  more important to u s  than to him. 

The the rmionic noise of the phototubes is further reduced by cooling. All of the low level 
apparatuses that I know, with one exception, operate in a deep freeze at about - 1 5°C .  The 
shielding problem with liquid scintil lation counters is in one sense s impler in that the detecto r  
is  a great deal smaller than i n  gas counting. It begins to become economic to do all one ' s  
shie lding with mercury, and this has been our own choice . 

W e  have a s imple two- inch mercury shield surrounding the central apparatus that we  use .  
The source of  background in l iquid s cintillation counter is  quite different than in  the gas counter .  
The re the gamma sensitivity is  low . The main things we count are mesons and a few other 
cosmic ray induced events .  In any condensed phase one has a much higher gamma sensitivity. 
The gamma counts ,  even when one takes every possible pain to reduce them, s till  are more 
frequent than the meson counts .  

There is a further reason why the meson counts are l e s s  impo rtant. The pulses which are 
produced  by mesons traveling through a cel l  of any size are quite large . The pulses caused by 
the soft radiations we are interested in counting are small, and pulse height selection is used,  
although for beta particles w e  employ very w ide w indow s .  In this way w e  get reduction of back­
ground by eliminating Compton electrons from gammas when they happen to be hard enough and 
also by el iminating the effects of the mesons . There is little advantage in using Geiger tubes  in 
anticoincidence in connection w ith a liquid scintillation counter.  There may be some advantage 
in us ing a much large r  liquid scintillator tank in anticoincidence .  As far as I know, no one has 
tried this .  

For carbon- 14  one might give some indic atim a s  to what i s  currently possible w ith this 
method . We have been able to ge t a background in a 3 0  cc  liquid detector,  using a w indow such 
that 50 percent of the carbon- 1 4  betas are detected, of five to s ix counts pe r minute .  That is 
about a factor of four better than our published values .  Most  of the reduction is based on the 
fol lowing perhaps s lightly unexpected phenomena. 

The re is bound to be a good deal of clear mate rial a round this sys tem which is not fluo re s ­
cent. This material is  ac ted on by potass ium beta rays i n  the glass o f  the phototubes and by the 
general flux of local  gammas . These  fas t  e lectrons may produce Cerenkov puls es which are 
quite small cons ide ring the s ize of the original ene rgy pulse .  Unfortunately, they are about the 
right s ize  to give a pulse comparable to a small carbon- 1 4  or a tri tium pulse .  One cannot 
eliminate these  things by pulse height selection. One c an do what one would do anyw ay; name ly, 
reduce the loc al radioac tivi ty to the low est  poss ible level .  Second ,  one  c an reduce the amount 
of clear non- fluo rescent material which c an be seen by the detector.  We do this by putting a re ­
flec ting coating ins ide the t ransparent cel l  in which the liquid is contained so that the cylindrical 
part of this  cell cannot contribute pulses ,  by us ing thin end window s,  and by putting black tape up 
and a round the shoulder of the phototube so that any light which originate s below the flat face is 
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absorbed on reflection. These things make a big diffe rence,  and they are essentially responsible 
fo r the reduction I am now desc ribing. 

With the liquid scintillation counter  one has the advantage that the cel l  is now external to 
the actual detection system. This makes it possible to make certain background comparisons 
w hich are not easy to make wi th gas counters.  It also results in a compensating disadvantage; 
namely, that the background over very long periods in a liquid scintillation counter varies a good 
deal more than in a gas counte r  which sits  in plac e .  

The other feature which is  ve ry useful  for low (evel work is that one can vary the cell ' s  
s iz e ,  and the refore the background to suit the size o f  the sample with which one works .  Since 
thi s  may well  vary over one or two orders of magnitude the ability to use a cell  from one c c  to 
s eve ral hundred cc ' s  in size without any modification of the system is an advantage . 

I would like to s ay a word about chemistry. The liquid scintillation counter has a solution 
consis ting essentially of toluene or another aromatic solvent in which various organic dyes are 
dissolved. At first s ight it  would appear that this would restrict i ts usefulness to carbon and 
hydrogen compounds which can easi ly be made into organic compounds .  However, I have just 
attended a conference at Northw estern University on liquid scintillation counting, after which we 
concluded that nearly all substances  of interest can be counted in this medium by one trick or 
another. Even proteins can be dissolved in useful l iquid scintillation solutions . As for heavy 
metals ,  w e  have put 6 percent manganese into a liquid scintillation solution. Each c ase is a 
special one , but the proceedings of this confe rence contain enough i nformation to solve most 
problems.  

There are many c ases in which it  is more difficult to  make the counting material into a gas 
for gas counting. 

I would like to mention the technique for counting tri t ium in liquid s c inti llation counting at 
low levels without the problem of dissolving w ater directly in the liquid scintillators. One can 
dissolve a few percent of water in several systems fairly easily but there is this l imitation. Dr. 
Ni r of the W eizmann Ins titute in Is rael has developed a clever technique which improves on this ,  
based on some old work of Ingold, who finds that the hydrogen atoms in benzene w il l  exchange 
w ith 1 00 percent D2so4 and presumably, therefore,  w i th other isotopes of hydrogen. Nir took 
both benzene and toluene and was able successfully to equilibrate the hydrogen atoms with 
water through which sulfur trioxide had been pas sed from a tank to make sulphuric acid. The 
exchange can be accomplished by shaking 5 0  cc or 1 00 cc in a shaking machine . When I first 
heard about this I thought it  was the complete answer  to low level tritium counting. It has a 
general utility, but one should be w arned- - this has not yet been published but is in press - -that at 
the same time as the exchange reaction is going on sulfonation of these aromatice compounds is 
also going on. The re is some difficulty in the adjus tment of conditions , concentrations and so 
on, so as to get the exchange to proceed to virtual completion w ithout losing an excessive amount 
of material.  How ever, these workers in Israel have used this method fo r natural tri tium with 
low e r  amounts of enrichment than is customary in  the gas counting methods , because one c an 
handle larger  samples . They seem to find it rather useful.  

PEACOC K: Can you give us any range of values for carbon- 1 4  which w ill indicate the 
numbe r  of grams of sample that would be included in some of the solution us ed in scintillation 
counting ? 

ARNOLD: This depends on a lot of things . We are able  to get about 1 5  grams of carbon into 
such a system by synthesizing before from living carbon dioxide .  The counting rate of contempo ­
rary carbon- 1 4 in this system is  about l ZO  counts pe r minute. This is  no longe r  a low level 
problem perhaps in the literal sense .  

Let me say another word on sensitivity. To give an example of  the difference betw een old 
and new methods ,  the first w ay that any of us learned to count carbon- 1 4  was to count a barium 
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c arbonate solid sample under an end window counter. If one has a low specific activity, one 
w il l  choose to count an infinitely thick sample in order to get the largest  poss ible numbe r  of 
counts . If one takes contemporary carbon- 1 4  and puts i t  under such a detector, the background 
would be about 20 counts per minute inside the shield. The counting rate due to c arbon- 14  from 
l iving sources is 0. 006.  Thus ,  with mode rn counting techniques, 

C!2 nnL 2 2 
"""']t- has increased from � to � . 

Similar improvements have been made in gas counting. This  is quite a few order of magnitude 
inc rease in sensitivity. • 

In the easier case of counting harde r betas or some of these soft betas at high specific 
activity, there is an even larger variety of techniques avai lable.  Here one can deposit the 
sample externally to the counter or in a w i ndowless counter w ithout too much self- absorption. 

A simple commercial end window proportional counter put inside an anticoinc idence shield 
wi l l  have a background of about one count per minute . Considering that some of our other 
detec tors have lower backgrounds for the same volume, I suspect that some of this is  due to 
radioac tivity in some of the materials of the counter. One might be able to do better.  But a 
reduction from 20 to 1 0  counts a minute to one count a minute is certainly very useful  for many 
purposes.  

One advantage of having available any of  these anticoincidence instruments is that you can 
take out the center counter and replace it with a whole variety of other devices .  Any laboratory 
that plans to do many different low level problems should des ign its shield so as to have inside 
the umbrella a volume s everal  times what is needed immediately, for this reason . Many differ­
ent types of counters have been used inside an anticoincidence shield.  The one w ith which I have 
had the most experience,  and that I like best,  probably for this reason, is another device in­
vented by Libby, the Mylar thin wal l  counter.  These things are s imply a plas tic frame wi th a 
shoulde r  around which a me tali zed Mylar film is w rapped .  You can flow through P - 1 0 gas 
(A+ l O %CH4 ) if  you want to count in the proportional region, or Q gas for the Geiger region. The 
sample is  mounted on a plas tic split cylinder, saw ed in half lengthw ise,  which is taped around 
the counter w i th Scotch electrical tape - - not ordinary Scotch tape which is fairly radioactive. 
The sample can be changed easily.  It i s  easy also to have around your labo ratory a collec tion of 
these counters of varying size and to choose a size appropriate to the sample.  To give some 
idea of the background in a device like this ,  the one which we use most frequently, whose diam ­
eter i s  about 1 .  5 centimeters,  and length 6 centimeters,  has a background o f  0 .  1 5  to 0 .  4 counts 
pe r minute.  This  is  largely because of the low Z and c leanliness of plastic material s .  

The geometry in the counter is  about 3 0  percent. One does not dare bring the sample 
cylinder closer in  than a millimeter  or so. Geometry can be calibrated wi th a stand ard source.  
I t  is  quite reproduc ible by our 1 0  percent s tandards,  as Dr. Grummitt pointed out .  Even 
carbon- 1 4  can be very usefully counted in a detector like this .  The w indow thickness is a milli­
gram per square centimeter or a li t tle less .  The absorption w ill be about 30 percent for 
carbon- 1 4 .  A vers ion of this counter which has also been used is to surround this wi th another 
jacket and make a jacketed gas flow counter.  Someone I know has us ed this for studying very 
small quantit ies of hel ium - 6 that he makes in a nuc lear reaction. It is a very flexible sort of 
detec tor although I do not w ant to c laim unique advantages for it .  The re are many others used 
similarly.  

MANOV: Would you identify P- 1 gas a l i t tle  furthe r ?  

ARNOLD: P- 1 gas w as spoken o f  earlier. It i s  1 percent methane and 99  pe rcent argon. 
P- 1 0 gas is  1 0  percent methane and 90 percent argon. I do not know that Q gas is.  It  has been 
various things at various times .  

Let me i l lustrate the problems you run into in low level  work. W e  had some trouble getting 
the aluminized Myler when we started. We had an evaporator three laboratories down from us ,  
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and w e  arranged wi th one of our friends to evaporate some aluminum on the film for us. The 
film c ame back with two or three counts a minute of alpha activity, and w e  were puzzled until 
we learned that this unit bad been used for shadow casting in electron microscopy. Uranium is a 
favorite metal for this .  Ensuring purity of materials and reagents is a major problem. It helps 
to buy them in large batches at infrequent intervals , checking each time.  Lists of approved 
suppliers circulate privately, but this does not guarantee that the next batch wi ll be free from 
activity. Everything should be exposed to circulating laboratory air only b riefly, especially in 
bomb test periods .  

Let me move on then to gammas.  The first  thing t o  say about gammas is  that almost every­
body owns a low level instrument for gamma rays . You c an do very wel l  indeed w ith an ordinary 
single channel s c intillation spectrometer, not for the very highest energy gammas where the 
effic iencies are rather low , but for that particular ideal region up to four or five hundred kilo­
volts where the efficiency for a smallish c rystal is  quite high, where a large fraction appears in 
the photopeak . 

We have used this  instrument very extensively for beryll ium- 7 ,  which has a gamma of 47 9 
kev. We have also used it  at low e r  ene rgies and occasionally higher ene rgi e s .  What precau­
tions should one take to make this as low a level ins trument as pos sible ? 

I think the only precaution that has to be taken very s erious ly is  that it is much better not to 
use the lead shie lds that have been customarily used. Mercury shields on the average are a 
good deal better than lead shields and do not, for such a small detector, require prohibitive 
quantities of mercury. Mercury ought to be surrounded by some further shielding mate rial. 
The best thickness of heavy metal is probably at least four inches . A very common design is to 
surround the two inches of mercury w ith two or  four inches of lead .  The great advantage of 
mercury and the reason we have never been tempted to go to more exotic shielding materials ,  is 
that mercury is one thing that a chemist can purify for himself. It is quite easy to get free of 
base m etals . 

The reso lution attainable in the ins trument is re latively unimportant, because of the rela­
tive unimportance of the B parameter.  If you improve the resolution from 1 0  to 8 percent in a 
detector you just get that fractional gain of reduc tion of background. The background in our ex­
perience does not show peaks at any energy. One sees a general fall off with energy indicating 
that many gamma rays are contributing. At the extreme upper end the background s eems to be 
contributed by cosmic ray events . Our background does not seem to disappear even above the 
hardest  gamma ray known to occur in nature. Some figures might be helpful here . With a two­
i nch w ell c rystal , which we used for reasons of  geome try, the background under the beryllium- 7 
pbotopeak w ith a c rys tal canned by Harshaw, is about 1 0  counts per minute in a mercury shield.  
Thi s  is w ith a 4 Z  volt base setting and an 8 volt w indow . In the past  w e  have run with quite wide 
w indow s to increase stability, but  this is now less necessary. It is best  to set the base line 
accurately where the count rate for the particular peak is  at a maximum. 

This background is considerably reduced if one gets a can of the proper kind , as Marinel l i  
firs t  pointed out. W e  have a c rystal prepared for us by the Argonne National Laboratories 
which was canned in stainless steel and bas a background of five counts per minute. It is tradi­
tional that aluminum is  a rather radioactive material. However, someone recent ly told me 
about a very c arefu l  study in which a large amount of aluminum was  used and found not to be  
radioact ive . I c an only say this is quite typical of the way the experience goes in the low level 
business .  Copper is often a very much bette r material.  

BORKOW SKI: It might be useful to know when trying to evaluate the relative backgrounds of 
various mate rials ,  that, if you happen to have access to a reactor, one of the fastest ways of 
dete rmining radium containing materials is to dete rmine the fis sion counting rate .  A source 
which gives you one count per hour in a geometry like this  m ay give you 1 04 fis sions per minute 
in a flux of 10 - inch neutrons / cmZ / sec.  If one makes a s c reening tes t of many material s ,  one 
can very rapidly eliminate unsuitable materials ,  provided the neutron flux is available.  
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ARNOLD: This leads very naturally, I think, to the topic of evaluation of materials on 
which w e  have had a lot of progress in the l as t  couple of years. Two other excellent tools  c an 
be used for this purpose. One is the Los Alamos human counter. This is  a liquid scintillation 
device in which a hundred phototubes look into a chamber in which a human being is inserted. 
This  device can count the amount of potassium in a human body to 1 .  5 percent in a hundred 
s econds.  Nothing is ever counted in counts per minute but  in counts per second. I t  is  a very 
useful device for checking shielding materials .  

We have had aluminum and various sorts of  steels looked at  in this  device.  I t  is a great 
comfort to have them look at something before you build up your unit and find it has been con­
taminated. 

An even more sensitive tool for this purpose, is the technique that Marine lli and his group 
have developed at Argonne also for the purpose of s tudying radioactivity in human beings . This 
consists simply of a very large sodium iodide c rystal in a room which has the requisite eight 
inches of iron surrounding it  completely.  The advantage of the Marinelli technique i s  that i t  is  
possible to  do  pulse height resolution and thereby to  identify the undesired contaminants .  

There is  one further point that should b e  made o n  the matter o f  testing. Dr. Grummitt w as 
one of the redis coverers of what had become a lost  art; namely, doing radiochemistry on the 
shielding materials before one uses them. One dissolves them up and extracts various of the 
obvious contaminants . This pushes your sensitivity to a very satisfactory level .  

I t  is  also very helpful, if you have one around, to use a multichannel analyze r  for gamma 
work. You w i ll accumulate your statistics a great deal more quickly and you wi ll have a great 
deal more control over impurities . 

LAZAR: We have looked at some sources of background and have found that the main 
source of background in scintillation counting was, as Dr .  Arnold has said, the construction 
materials in the phototube. We have looked at the gamma ray backgrounds from c runched up 
phototubes .  

Dumont supplied us with the glasses and the const ruction materials which they used, and 
then we c runched them up. 

We found that the tube bases,  mica filled bakelite,  were notoriously hot .  I do not have 
figu res available with me,  but the phototube bases were a major source of activity. 

When we attempted to do low level work, and this is not at all comparable to the work that 
Dr .  Arnold has described, the bases w e re the first thing that w e re determined to be hot .  
Second, the glass on some of the phototubes is hot .  Here it depends on which section of the 
phototube you are talking about. They use seve ral kinds of glass .  The face pl ates they use are 
not particularly hot .  When I say hot,  what I am referring to i s  mainly potass ium and radium 
and some thorium contamination. 

ARNOLD: You have been looking at them wi th gamma techniques .  

LAZAR: Yes ,  Z'll' geometry, es.sentially, wi th a n  anticoincidence m antle in  a lead surround ­
ing shield. The bases themselves contained mostly radium and potas s ium. The face plate 
glass w as relatively cold and we could not determine the nature of the activity. 

The tube s ides of the photomultiplie rs w e re relatively w arm. They were not nearly as hot 
as the bases .  The hottest  glass that is used is the lead glass inse rts that are used to allow the 
w ires to come through. They use lead glass because the expansion coefficient compares w ith 
that of the metal wire .  This w as found to be very hot and Dumont knows it is hot. They m en­
tioned at the last sc intillation conference a couple of years ago they w ere going to try to change 
this but I have heard nothing further.  
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I might mention that the aluminum that w e  use does not seem to be hot. One thing which we,  
surprisingly, found to be reasonably hot was a piece of w ax  which w e  used to s eal the aluminum 
phototube. It turned out that this contained quite a bit of radium. 

GRUMMITT: Does this apply to RCA tubes ?  

LAZAR: I do not know where RCA gets thei r  glass .  We have not c runched up  any RCA 
tubes .  

ARNOLD: Th e  u ll e  o f  lead glass is a pretty universal practice i n  the indus try and I think 
the RCA phototube bases are also the same material, at least by appearance .  

LAZAR: If you can substitute th e  black bakelite which is not mica filled, this is  not a s  hot.  
The refore, w e  are now making our own bases.  

CAMPION: What reduction in the background can you get by removing the bases ? 

LAZAR: This is a difficult ques tion for me to answer for two reasons.  One, I do not have 
the figures here, and two,  it is a function of energy. When you go above 1 .  5 Mev, then the re ­
duction is quite small. But the potassium content gives you a 1 .  46 Mev gamma ray, and you 
can observe a very distinct decrease in the potassium background. We have obtained reduction 
factors greater than two in potassium. This is just for the potassium-40 ray. At low energies 
the spectrum comes up rapidly and w ill be much less sensitive to this .  I do not think that 
answe rs your questions but that is the best I c an do. 

ARNOLD: I am reminded of one item I did not cover and this is the question of counting 
time,  although I think it w as implicit  in the earlier discussion. 

The firs t thing that one has to get used to in low level work is counting for a long time. 
Forty- eight hours seems to be a common counting time.  It has been distressing to me to dis­
cover that one of the great barriers to getting people to adopt low level techniques is that the 
idea of counting for longer than ten minutes is somehow repugnant to them. It  is certainly neces ­
sary for any of these purposes to get over that particular repugnance. I have known people who 
counted for two w eeks and even months on particular samples . Obvious ly, since the improve ­
ment in statistic s goes only as the square root of the counting time, one must  s top somewhere. 

BAPTISTA: In this connection, can you be sure about the constancy of the background ? 

ARNOLD: This is a c rucial problem. It can be tackled in different ways with different 
sorts of detectors . In the liquid scintil lation counter where the cell  is external and easily re­
moved, one s imply changes back and forth w i th sufficient frequency to have a running account 
of the background through the run and you are not then dependent on guesswork in that matter. 
Dr. Kulp will discuss this problem in gas counting. Certainly the constancy of your background 
and the constancy of the sensitivity of your detecto r  must be checked, if poss ible, by external 
means . All questions of stability are c rucial. This  group surely has had some experience w ith 
stability, since for different reasons people concerned w ith standards also w ish to have their 
units ex�remely stable in every respect .  

BEAR: I jus t want to  m ention that, so  far, most  of the large scale shielding materials you 
have spoken of have been i ron. At the rad ioactivity center w e  w ere thinking of building a low 
level walk- in room. We investigated a number of different materials and found some fire bricks 
made out of a material called " Dunite" which seemed to be good. We got a sample of these 
bricks and have built a tes t room with 1 8- inch walls and find that w e  get backgrounds , by l ining 
this  w ith a small amount of lead, that compare favorably w ith the results that Marinelli  gets in 
his nine inches of s teel .  We think that this material wi l l  be less costly than steel . 

KU LP: If you have the volume,  Libby' s  suggestion of sugar i s  s till  the best. 
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ARNOLD: I heard an  Oak Ridge suggestion of  water which I think is  very interesting. Sea 
w ater is not so good because of its potass ium content. We did some c alculations as to what you 
could get by s inking a counte r  about 1 5  feet  in Lake Michigan. The only thing you have to worry 
about i s  that your containing vessel  for the equipment would have to be clean. But the figures 
are very impres sive. Even five feet  of water is  really pretty good. Maybe I should mention 
some detectors that have not been really fully worked out.  

One thing that w e  are anxious to try for very low level applications is  a device which has 
been studied at Oak Ridge, as Dr .  Lazar mentioned- - the scintillation c rystal surrounded by a 
large tank of l iquid in anticoincidence .  These people use it to sharpen up thei r  spectra primarily 
but it  has some potentialities as a low level gadget.  I have spoken of these very large detecto rs 
in a s lightly kidding w ay but in  all seriousness they are potentially very valuab le,  not only as 
detectors for very low specific activities of gamma rays and material inserted in the center of a 
large detector, but also in solution. 

Ernie Anderson and I had a little joke that went this  way. For $ 1 00, 000 we undertook- - this  
was five years ago- - to build a gadget which would go back 1 00, 000 years for carbon- 1 4, that is  
a dollar a year. This is  a joke because the carbon- 1 4  method wil l  break down for other reasons 
before one can get to such sensitivities.  A specific  activity of a soft beta emi tter of l o- 5  dis ­
integrations per minute per gram is surely wi thin the present range of technology, if enough 
material is available.  

PUTMAN: In defense of low background neurosis ,  this  particular merit of fl· depend s  
on the supposition that the background is in fact random. Depending o n  the origin o f  the back­
ground this may well not be so. Doesn' t this mean that i t  is  quite a good thing to reduce the 
background to the lowest  possible level ? 

ARNOLD: Yes .  In fact,  one good excuse for reducing the background is i n  o rder to make i t  
easier to determine the origin of the remaining background. I would not like to leave everyone 
w ith the impression that the background does not matter. It matters for reasons, as you quite 
properly say, which go beyond the simple statistical limitation. Certainly non- statis tical 
sources  of background are one of the very largest  and deepest  "booby traps" in this busines s .  
The lower  the background is reduced, the more easily sources o f  spurious counts , which tend to 
come in bunches ,  w il l  tend to show up, and then they c an be e liminated. 

PEACOC K: One should emphasize that in low background counting you can go to great 
lengths to be sure that your pulses are random. 

ARNOLD: That is  c ertainly true . My students learn s tatistics  before they learn anything 
about radiochemistry. We are always doing tes ts of significance .  

A n  interesting type of instrument is  the screen wall counter, although the device actually i s  
not in very w idespread current use.  I think anyone who has read Libby' s book has some idea 
what i t  is. It is  s imply a counter in a totally enclosed chambe r, making provis ion for a direct 
sample - to-background comparison. A solid sample can be moved back and forth, in and out of 
the sensitive volume.  It should be used more than it  is because of thi s  virtue which gas counting 
methods,  w ith all their other advantages,  lack. 

GRUMMITT: I would like to describe two new approaches to the problem of counting external 
beta sources .  

As both Dr. Arnold and Dr .  Kulp mentioned, it  is  very easy to  get  an  exte rnal counter down 
to one count per minute .  Perhaps with effort down to one-half count per minute, but to go below 
that, and some of us s eem to w ant to go below that, requires a great deal of effort. 

One approach to this problem developed by W. Cross at Chalk River was to take a thin 
anthracene c rystal wi th anticoincidence and i ron shielding, and put the sample below it. The 
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geometry of his system is the fol lowing: A 0. 0 1 5 - inch thick anthracene c rystal is mounted on a 
quarter inch of lucite, attached to a one and a half inch photomultiplier. This is surrounded 
with an anticoincidence shield which consists of a c rystal and photomultiplier placed in anti­
coincidence w ith the first one. 

The source can then be introduced betw een the two c rystals through a s lide arrangement. 
In the best shield, and with a small amount of mass betw een the c rystals , the bes t background to 
date is 7 counts per hour.  He has made seve ral attempts to reduce this ,  including putting it  in 
the mercury- iron shield urder Z8 feet  of concrete, but so far nothing brings it  down below that 
value . 

Because we had Geiger tubes available for anticoincidence and associated electronic c ir­
cuitry, we prefe rred to set the thin c rystal on a tray of 10- x 1 0- inch cosmic ray Geiger tubes . 
We also placed one around the side to provide a little better shielding. With lead surrounding 
the top, our background is 1 5  counts per hour, so it is fai rly easy to get down into this region 
w ith this  arrangement. I am pretty c ertain that this arrangement would give 7 counts per hour 
if w e  desired to change the shielding. 

This system is fine for high energy betas . For yttrium - 9 0  the efficiency at this level of 
background is  30  percent,  so it is satisfactory for the strontium problem, but I would not advo­
cate it for anything of energy less than l Mev. 

The other approach w as to apply the cosmic ray telescope techn ique to the s tandard end 
window counter. If we start w ith an end window Geiger tube surrounded with some sort of anti­
coincidence shie ld, then one can place under this  a thin double window counter. Coincidences 
are counted betw een the double w indow and the end w indow Geiger tubes with the source placed 
so that beta rays traverse both counters . The geometry of the system can be kept quite high. 
One can inc reas e  the diameter of the counters without affecting the background appreciably. 
Again one achieves a similar reduction of background . 

One advantage of this system is that it is relatively insensitive to gamma rays so one can 
use lead for shielding. The background that we obse rve is  1 5  counts per hour at 30 percent 
efficiency. 

ARNOLD: What would be the background of the upper counter in the anticoincidence ring 
but w ithout the lower counter?  

GRUMMITT: The background of the counter was high as  I purposely used one that was 
slightly contaminated- - 3 . 3 counts per minute in the lead shield. Normally w e  would expect  i t  
to be 1 .  8 .  This difference is  presumably contamination, or spurious counts from the w ire, I 
am not ce rtain which. 

ARNO LD: That would really be eliminated by such an arrangement. My ques tion was 
prompted by a l i t t le  puzz lement that this w as so effective in eliminating gammas .  Compton 
elec trons might be expected to behave very much like your electrons or even photoelectrons 
might penetrate from one unit into the other.  

GRUMMITT: If  they do penetrate , the efficiency of counting i s  the product  of the two .  

ARNOLD: No, because i t  is  an electron. The electron goes through. 

GRUMMITT: These electrons have a relatively short range. 

ARNOLD: It depends on what you count. 

PEACOCK: What kind of w indow s do you have in the region betw e en the two counters ? 

1 1 9 

Copyright © National Academy of Sciences. All rights reserved.

Measurements and Standards of Radioactivity:  Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http://www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


GRUMMITT: They are Mylar window atmospheric pressure counters.  The gain here,  of 
course, is not startling. Neutrons wi ll count in  this  system as in the other one because they wil l  
trigger both counters. Any uncancelled cosmic rays also wi l l  count. So one has to have a per ­
fect  cosmic ray shield, which we did not have i n  this c ase .  There w a s  a small escape area 
above. 

SELIGER: You are counting strontium here .  

GRUMMITT: This w il l  count anything w ith reasonable efficiency. On e  can count down to 
moderately low ene rgies with this arrangement, b�cause one is only l imited by the choice of 
window s and the mass of gas in the counter which is perhaps a half to one milligram per square 
centimeter. 
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2 .  Low Level Counting 

J .  L. Kuln 

The pres sure to develop low level counting techniques has come from disc iplines othe r than 
pure physics and chemistry. The most important immediate applications of these techniques 
have been in the fields of geology and archaeology although the potential contribution to medical 
science is  equally great. In all cas e s  the pow er of the technique lies in the extreme sensitivity 
that is available.  For example ,  at the Geochemistry Laboratory at the Lamont Observatory 
such exotic measurements as one or two dis integrations per minute of tritium pe r 3 0  gallons of 
sea water or a disintegration per minute of carbon- 1 4  in some ancient piece of wood re sur­
rec ted out of a lake bottom are made.  

Ou r  expe rience in low level counting began w ith the construction of a system for the black 
c arbon method for radiocarbon dating in 1 9 50 wi th the help and advice of Drs . W.  F. Libby and 
J. R. Arnold. The need for greater sensitivi ty and freedom from fission produc t  contamination 
led to the conversion to propo rtional counting techniques in 1 9 52  and 1 9 5 3 .  The development of 
thes e  rather neat proportional counting methods , particularly for carbon - 1 4 ,  i s  largely a result 
of major break - throughs mdde by Dr. G. J . Fergusson in New Zealand and Dr. H .  DeVries in 
Holland . These two men quite independently showed that proportional counting of carbon d ioxide 
was possible.  About the same time Dr. Hans Suess developed a method for the proport ional 
counting of carbon- 14 us ing acetylene . 

During the next two to three years a number of academic and comme rcial laborato ries de­
veloped different subspecies of these low level techniques based on  proportional gas counting. 
Dr. Arnold has very well covered the background and general principles involved in low level 
counting. Therefore, it might be useful to describe in some detail the Lamont apparatus and 
technique which represents a typical modern carbon dioxide proportional counting system and 
discus s some of the parameters so that you c an see the kinds of problems involved, and the 
leve ls of precision and accuracy that are possible . 

The key to most of low level beta counting is an anticoincidence ring. Figure 1 gives the 
view inside the Lamont shield which consists of 8 inches of iron, successively inside of which 
are ant icoincidence ring, the half- inch of mercury enc ased in a steel container,  and two five ­
liter proportional counters made of copper.  

The proportional counter has the advantage of near 1 00 percent detec tion effic iency for soft 
beta emitters that can be put into gaseous form. By using a fai rly large volume the sample 
count rate can be maximized .  Using carbon dioxide at two atmospheres about five grams of 
carbon are contained in the counter which yields something on the order of 60 counts pe r minute 
for a oontemporary carbon sample . 

In low l evel beta assay the se lec tion of  the counting gas is important . If carbon- 1 4  is the 
isotope to be measured there are quite a variety of choices.  Methane behaves well  in the pro ­
portional counter but is fairly difficult  to prepare. Acetylene has twice as many carbon atoms 
per l i ter and is rather straight- forward to  make, but  considerable ski l l  is  required to prepare 
this routinely w i thout accidents . With both methane and acetylene the chemical preparation 
produces minor isotopic fractionation, hence carbon- 1 2 / carbon- 1 3  measurements must also be 
made to monitor this e ffect  if  high prec is ion (one -half of one percent) is  required. 

Carbon dioxide is attractive from the point o f  simplicity of preparation but apparently w a s  
avoided before 1 9 50 ,  as  reports i n  the literature sugges ted that i t  w as a po o r  gas for proportional 
counting. Fergusson and DeVries found that this problem w as one of traces of electronegative 
impurities and if these were removed, carbon dioxide was a good counting gas . 

Dr. Manov asked about the purification procedure .  Actually in principle i t  is ve ry simple. 
The most common offending gases are oxygen, water, hydrogen chloride, nitric oxide ,  and 
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Figure 1 .  Lamont low level gas counting equipment . 

sulfur dioxide .  Chlorine, i f  it  w e r e  present, would interfere,  but w e  have never been able t o  
identify i t .  

ARNOLD: W e  once thought w e  got some. 

KU LP: The chemical procedure for preparing the pure carbon dioxide is  about as  follow s :  
If the material i s  combustible,  i t  is  burned . If i t  i s  i n  the form o f  carbonate,  pho sphoric acid is 
used to liberate the carbon dioxide.  Once the carbon dioxide is  obtained the gaseous impurities 
must be removed . The removal of water is relatively simple ,  because the gas goes through a 
d ry ice trap and a phosphorus pentoxide drying tube before it goes to the counter. Oxygen con­
tamination at c ertain levels is not a problem. It has been determined that oxygen at the level of 
about five parts per million or less does not give a s ignificant dec rease in counter sensitivity. 
In fact ,  if  a limited amount of air is mixed w i th pure carbon dioxide and i f  the carbon dioxide is 
s imply frozen out w ith l iquid air, the system evacuated, and then the process repeated a few 
times, the carbon dioxide is perfectly suitable for counting again. If too much air i s  used, ap ­
parently sufficient sulfur dioxide is added to contaminate the carbon dioxide to a concentration 
such that purific ation by this  procedure is  not possible . 

The real difficulties appear w ith hydrogen chloride and sulfur dioxide,  particularly in 
s amples which are prepared from burning where these gases commonly reach the parts per mil­
l ion level .  It seem s  that they are or the order of at least one hundred times worse in their effect  
on the sensi t ivity of the counter than pure oxygen. 
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The purification consists of passing the carbon dioxide through two bubblers,  s ilver nitrate 
solution to remove hydrogen chloride and a cleaning solution to pick up sulfur dioxide.  The 
partial ly purified carbon dioxide is absorbed in ammonia, precipitated as c alcium carbonate 
w hich is then thoroughly washed , and carbon dioxide is released again w ith phosphoric acid. 
After  this ,  still another step is  requi red because although this  carbon dioxide is quite pure, it  
stil l c ommonly contains tens to maybe hundreds of parts per mi llion of things l ike sulfur d ioxide . 

The las t step of purification is  to react the carbon dioxide w i th pure calc ium oxide at about 
7 0 0  degrees,  low e r  the temperature to SOO, evacuate,  and then raise the temperature to about 
9 0 0°C, at which temperature the carbon dioxide is  again released, this time w ithout the electro ­
negative impuritie s .  This  last step cannot b e  used alone since excess  sulfur  dioxide or hydrogen 
chloride wil l  sufficiently contaminate the calc ium oxide that subsequent purification w il l  not be 
effe c tive . The total purification process  reduces these  impu rities below the parts per million 
level ,  yie lding carbon dioxide w ith excellent proportional counting characteristic s .  

One othe r point about this chemical procedure conce rns radon contamination. Th e  effect of 
radon can be eliminated electronically, which Fergusson has done by a rather elegant system . 
It i s  s impler  to get rid of any radon by carefully selecting c alcium c arbonate for the calcium 
oxide .  Me rck ' s  reagent grade calcium carbonate that is very low in barium has proved adequate.  
The particular lot  of calc ium carbonate that is  selected is  analyzed in our l aboratory for its 
radium content by low level methods to insure that the amount of  radium in the calcium oxide is 
suffic iently small s o  that,  for the time in which the carbon dioxide is in the calcium oxide fur­
nace ,  the amount of radon gene rated would contribute negligibly to  the radioactivi ty of the 
sample gas .  

Tritium i s  gene ral ly counted a s  molecular hydrogen mixed w ith othe r gases .  Argon-ethylene 
fil l ings have been used as a Geige r gas , but subsequently it was found that consistently better 
perfo rmance could be obtained by proportional counting of hydrogen gas in  me thane. Tritium 
c an be analyzed in natural w ate rs at the level of  0 . 1 x l o- 1 8  T: H ratio, provided that a Z ,  000 fo ld 
pre - enrichment by electrolysis is effected. The problem he re as first worked out by Libby was 
to s tart out  w ith gal lons of w ater and electrolyze dow n to  a few cubic centimeters,  monitor the 
tritium enrichment by the deuterium enrichment, and then count hydrogen gas at the level of 
l o - I S  T:H. 

MANOV: How can you be sure that your tritium is  retained quantitatively on such an 
elec trolysis ? 

KULP: The enrichment of the deuterium is  determined quantitat ively, and from that the 
amount of tritium which is retained can be calculated. 

MANOV :  But you have to make certain assumptions regarding your electrolysis of tritium 
versus deuterium versus hydrogen which may not hold as your electrolysis  proceeds . 

KULP: Yes , but ce rtain samples have been run w ith tritium spikes that indicate that the 
theoretical fractionation is  about right. The e rror from this source  does not exceed five percent 
which is  quite adequate for the precision of absolute tritium determinations in natural sampl e s .  

Turning t o  the counter characteristics ,  a counter such a s  is  show n in  Figure 1 has a back­
ground of the order of Z,  000 counts per minute on the laboratory bench. By putting that inside 
our iron shield, thi s w ill  be reduced to  about SOO  counts per minute . Then by placing it inside 
the anticoinc idence ring, the background is  reduced to about ZO  counts per minute .  Final ly,  by 
putting an inch and a half of mercury around it ,  this i s  reduced to about 1 S counts per minute . 
The routine counters shown in Figure 1 give a mode rn carbon sample count of about 60  counts 
per minute over a background of I S .  For standard laboratory procedure a ZO  hour c ount is used 
for most of the low level work at Lamont. This i s  convenient because the system c an count all 
night and the sample is changed during the middle of the day. 
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In order to determine the stability ci the elec tronics ,  two sorts of things a re done.  First ,  
an external cobalt -60  source is  used at  the beginning and end of a run. The stabi lity of the 
electronics now in use is such that the variation due to this source is less than 0. Z percent of the 
count. 

A less precise ( 1 - Z  percent) but continuous monito r of the sensitivity is obtained by counting 
the total counts in the detector, i . e .  , cosmic ray mesons plus background plus sample,  and 
comparing that wi th the cosmic ray meson flux for the run as determined from the total mesons 
from the ant icoinc idence ring. By subtraction the meson count in the sample counter and thus 
the average sensit ivity can be determined. Such a measurement provides for the de tection of a 
series of spurious counts particularly during the night .  In prac tice it turns out that the electron­
ic stability is not a significant problem, and day after day the same sensitivity is maintained 
w ithin a few tenths of a percent providing the gas is  pure.  

The midpoint of  the steep portion of the count rate versus vol tage curve is  extremely sensi­
t ive to gas purity,  hence measurements at this point are made at the beginning of each run.  Ten 
parts per million of oxygen w i ll only affect the plateau value on the order of  about a half percent,  
whereas i t  w ill change the count rate at the purity check point by 40  percent.  If s ignificant im­
purity is present the sample is reproce ssed prior to counting. At the present level of ope ration, 
this occurs about one out of ten times .  

I n  trying to give some comparison o f  the different systems that have been used, keep i n  
mind the count rate o f  60  over a background of 15  in the present Lamont system. At Berne, 
Professor Houte rmanns and co-workers have developed a system which employs the sample gas 
in the anticoincidence volume .  The center w ire is surrounded first by a cylinder of aluminized 
plastic which forms the c athode of the sample counter.  In betw een this aluminized plastic and 
metal cas ing a series of additional w ires form the anticoinc idence ring. 

This  sys tem has certain advantages because electrons that are kicked out of the metal w all  
w ill  not enter the sample counting space ,  resulting in a reduction of background of about ZO per­
c ent. Both the sys tem employed at  Be rne and the system that DeVries is us ing in Holland w il l  
give something l ike 15  counts per minute for modern carbon wi th a background of  1 - Z  counts per 
m inute . 

It can be shown that as far as --i:- (the usual " figure of merit" )  is concerned, there is not 
a great deal to choose betw e en these fwo systems . In the case of carbon- 14 ,  using either system, 
i t  is poss ible to go back about 4 5 , 000 years, a time of the order of 6 or 7 half lives .  In the c ase 
of modern samples,  these systems are a bit  superior for a Z O -hour count, i . e . , a statistical 
error of ±. 3 - . 4 % as compared wi th ±. 5 - . 6 %  might be obtained .  

These conside rations point up the problem which several asked about during Dr.  Arnold ' s  
lec ture conce rning the statistical distribution of the background. The important thing is to de­
fine the constancy of the background . If  i t  is  a random distribution in  t ime then an accurate 
background can be defined by continued counting, and the erro r  w ill at al l times be dete rmined by 
the uncertainty i n  the sample count. In reality the re are step fluctuations in the background due 
to cosmic rays.  W i th the large Lamont counters,  it is somewhat easier to obs erve this  phenom­
enon than w ith the smaller counters that have more limited background. It was first observed 
that there w as a consistent fluctuation in the background as a function of barometric pressure . 
It was not a one to one correlation for two reasons : First,  the barometric pressure at sea level  
i s  not direc tly related to  the total mass of ai r above, and second, the nature and o rigin of the 
part icles that caus e these variations w ould be expected to be independent of barometric pressure 
which w as indeed the case.  The next step was to examine the relation of background variation 
w ith fluctuations in total meson count .  It was found that the correlation w ith this parameter w as 
much closer than w ith barometric pressure.  Except for the night of the solar flare in early 1 9 57 ,  
where the background w ent up  by a fac tor of two or three, these variations amounted to  ±0 . 6 
counts per minute on the background of 1 5 . 0 counts per minute.  
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It was found , how ever, that by applying a correction of z .  2 percent change in background 
for every one percent change in  meson flux, that the variation of background was reduced to 
±0. 2 counts per minute,  whe reas the statistical variation jus t due to the counting of the back­
ground is ±0.  1 counts per minute . So at the present t ime,  by taking the anticoincidence rln�t 
count and applying this linear correction, the background unce rtainty has been reduced � a 
factor of three.  

DeVries observed this phe nomenon independently and decided that i t  looked like a neutron 
phenomenon. He proceeded to put boric ac id filled paraffin inside the iron shield. In doing 
this ,  the background was reduced in s everal of his counters , depending on s ize ,  shape, and wal l  
thickness ,  by Z O  to  30  percent and, possibly even  more impo rtant, almost completely eliminated 
the background variat ion. He found that by putting the paraffin on top of the shield, he did not 
get as good improvement indicating that a good proportion of these neutrons were being formed 
by events in the shield . DeVries has also put a neutron detector  inside the shield to monitor 
the total neutron flux, and has used this  as a direct correction. This is  sat isfactory, although 
it w ould appear preferable to el iminate the problem rather than employ addit ional expensive 
elec tronics .  

One other obs ervation w a s  that whenever methane w a s  used in these counters ,  the back­
ground w as consistently higher than when w e  used carbon dioxide. This pointed to a neutron 
phenomenon, but it w as not pursued furthe r until DeVries came out w i th a rather complete des­
c ription of the si tuation. Most  wo rkers in  low level counting have at one t ime o r  another put 
addi tional layers of cosmic anticoincidence tubes in the ring and found that this does not im­
prove the background . Therefore, this  is not a matte r of los ing the mesons through the anti­
coinc idence ring.  

GRUMMITT: Does c admium reduce the background at all ? 

KU LP: I do not think it has been tried. 

HAYW ARD: Do atomic bomb tests materially affect  the background temporarily at all ? 

KU LP: Since the black carbon method is no longer used (which can absorb particles readily 
from air) there is  no s ignificant effect  from airborne fiss ion products .  I think the reason is 
that the shie ld s  are mode rately t ight .  Even if  the gamma background goes up slightly in the 
room the i ron shie ld takes care of this . 

YAFFEE:  May I ask about the neutron absorption ? You first  slow these down.  What hap ­
pens after that ? What absorbs the neutrons ? 

KU LP: Boron mixed wi th paraffin. DeVries seems to feel  there is a fast  neutron compon­
ent which does not cause an appreciable background in the carbon dioxide ,  but does c ause an 
appreciable background in the propane or  methane counting. He did not observe the same im­
provement wi th me thane counting using the boric acid -paraffin shie ld as he did w ith the carbon 
dioxide . He feels  that there is st i l l  a fas t neutron component that he really has not controlled 
in the methane counting. 

LAZAR: One absorber which we used is boron carbide, which you can get rathe r thin and 
which doe s not produce gamma rays to any large extent.  The intensity of gamma rays is not 
what you get w i th cadmium . It has a somewhat flatter response .  We find that i t  doe s make an 
appreciable diffe rence to the neutron component , not at very low energies ,  but we do see an 
obs ervable effect .  It m ay be of some help in thi s program . 

KU LP: That is  true . 

GEIGER: I think I might point out that the neutron production by cosmic rays goes up ex ­
ponential ly. This  makes it very worthwhile to use shie lds . 
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KULP: Yes . 

GEIGER: Those neutrons have about the same spectrum as the radium beryllium source 
has . 

KU LP :  Thus the iron would be better than lead shielding. 

GEIGER: Iron would be much better than lead and mercury. 

PEACOCK: To be controversial, i t  would mean that iron was better than mercury if you 
got it pure enough. 

KU LP :  You want to restrict the volume inside the shield so you are pretty much restricted 
to a high atomic weight material such as mercury. I suspect ,  though, that most of the neutrons 
are produced in the massive iron shield and not the relatively small quantity of mercury. 

In summary, this type of  counting for carbon- 1 4  w ill allow plus or minus 0 .  S percent pre ­
c ision on modern carbon, where mode rn carbon gives about 1 3  to 14 disintegrations pe r  minute 
per gram of carbon . Further, it  is possible to go back about seven half lives until you reach 
the two sigma level which is where most of us put a "less than so many years . 1 1  

There is one other thing. To get either greater precision or greater sensitivity is  a very 
difficult problem , because everything begins to work against you exponentially. If you try to 
expand the s ize of your counter, then the neutron effect  goes up and more material of  which the 
counter is made is present to contribute activity.  

At Lamont carefully selec ted electrolytic copper is  used for counter cons t ruction but even 
this is not entirely free of radioactive contamination . The copper is welded in a hel ium arc so 
there is  no solde r except at the Kovar- copper joint on the outs ide . Even the Kovar for the 
metal glass joints and the low potas s ium glass is spec ially chosen. 

ARNOLD: One should say that solder is quite normally a very radioact ive material . 

KULP: This is probably one of the best  reasons for the mercury shield because the anti­
coincidence ring has a bit of solder. This problem is  avoided in the Houtermanns ' system . 

BORKOW SKI: What about inc reasing pressure ? 

KULP: This is quite feasible . The Humble Oi l Company laboratory started w ith this pro ­
cedure . They started w ith a small counter of a half l i ter to a lite r, and ran i t  up to S o r  1 0  
atmospheres of carbon dioxide,  thereby ge tt ing generally the same __sL of the other systems 
desc ribed earlier. This requires up to 1 0 ,  000 or 1 S,  000 volts ,  and pr�duces certain stability 
problems . Thi s technique is poss ible but I bel ieve that ,  after  some conside rable experience, 
they are running routinely at somewhat low er pressures .  

I might say a lso  that the voltage required for the S l i ter  counters is about 7,  000  for two 
atmospheres,  but S ,  000  of it i s  put on the case and the re s t  on the center w ire in order to avoid 
too high a voltage ac ross the condenser.  Thi s  seems to help in maintaining the stabil ity. There 
are serious prob lem s w i th inc reased pre ssure but cert�inly some inc rease appears to have 
merit .  This  is anothe r advantage of carbon dioxide ove r acetylene which supposedly has ex ­
plosive characte ris t ics  above atmosphe ric pressure .  

This conc ludes my remarks on  soft beta  counting. I would like to touch on several other 
types of low leve l counting. 

Cons ide r the low level counting of solid sources of reasonably hard beta emitters s uch as 
the kind of  problem involved in the world-wide strontium - 9 0  as say. Here again, particularly in 
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human bone samples,  one to a few disintegrations per minute pe r sample are all  that are avail ­
able .  The re a r e  two methods that are being used fo r this  a t  the present time, both us ing mas ­
sive shielding and anticoincidence.  I won ' t  bother you w ith the chemistry except to say that you 
wind up wi th a pure strontium -calc ium solution from which you milk the yttrium - 90 daughter, 
which is  what is counted . This  can be put on as small and w ell-defined an area as you w i sh. 
Once this yttrium precipitate is obtained, it is counted in one of two w ays . Some of the labora­
tories which are in this bus iness have been counting it by the cylindrical flow counter,  described 
by Dr. Arnold and developed by Dr. Libby, which employs a thin metal- coated plastic film as 
the container. In this particular case the solid sample is  s lurried on to hemicylinders and 
placed around the counte r. This has the advantage of a somewhat higher efficiency and better 
geometry factor than an end w indow counter, but obvious ly suffers from lack of convenience .  
Further, in this type of  work the half  l ife of the yttrium - 90 must  always be  checked s ince  you 
are dealing w ith a few disintegrations per minute in the presence of other possible emit ters .  
The refore ,  the samples must be handled repeatedly. 

A more convenient method uti l izes end window counters.  A thin tabular end window counter 
of the Anton type that has a low background (- 2 cpm ) is  placed inside an ant icoincidence ring 
and lead shie lding. Such a counter has a 2 5  percent efficiency for yttrium- 90 betas mounted as 
yttrium oxylate on a planche t cove red by a thin plastic film.  This permits handling essent ially 
as is  done in ordinary tracer level techniques .  

The background o f  these end w indow counters can be reduced furthe r, although for the 
s trontium- 90 problem it really is not necessary. I think Trac e rlab ' s  new flow counter of simi­
lar geometry but made largely of plastic ,  has a background of something under 1 cpm .  

PEACOCK: Five - or six- tenths o f  a count p e r  m inute. 

KULP: The re is a British company that i s  now m aking a sealed Geige r tube where the 
hous ing is out of plastic ,  sputtered for condution. They c laim a background of 1 cpm which 
should do the same job as the Anton tubes of 2 cpm, but w e  have had three succes sive defective 
tubes from them.  It turns out that in going from 2 cpm down to a 0. 5 cpm the re is no large 
gain.  

Now, just  a few comments on low level alpha counting. Thick source alpha counting is 
required for assaying rocks for total alpha activity. It  is  also usefu l  i n  thorium free rocks for 
dete rmining radium or est imating radium content.  The best  way to do this where adequate 
sample is  available is to use a 5 - inch photomultiplier tube coated wi th z inc sulfide phosphor as 
proximate to the sample as pos sible.  By taking spe c ial care wi th the grease that is used and 
selecting the phosphors,  a background as low as 30 counts per hour background is pos sible . 
This pe rmits assay of 1 o - 1 4 to 1 o - 1 5 grams of radium pe r gram of solid . 

The sys tem used at Lamont over the pas t five years for low leve l  radium m easurement 
consis ts  of a four l i ter ionization chamber which is arranged as a s low pulse device.  A 
vibrating- reed elec trometer is  used to amplify the individual ionizations due to alpha part ic les  
from radon and i ts  decay products .  There are two w ays in which this has  been done . One is  
the so- c al led fas t  pulse  counter which uses  high voltages and can handle a large range of  
act ivity levels ,  but has  inhe rent problems of mic rophonics and other instability.  We have used 
the slow counter which employs a 300  volt  potential  betw een the center probe and the w alls .  
Thi s  is a n  attrac t ive technique for low level w o rk since the gas can b e  quite impure w i thout 
affec ting the e fficiency; the sys tem is not mic rophonic , and the chemical and elec tronic sys tems 
are s impler .  

In  order to  achieve the des irable background of 1 0 - 1 5  counts per  hour, the four  l i ter  
chambe rs must  be careful ly selected. Stainless steel  was fine up to 1 9 5 2  or so when metallur­
gists  dec ided to flux s tainless  s teel  by introducing some rare earth oxide . Now s tainless  s teel  
is hot  as far as low level counting is concerned . Electrolytic copper appears to be the bes t  
m aterial at  present.  

1 27 

Copyright © National Academy of Sciences. All rights reserved.

Measurements and Standards of Radioactivity:  Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http://www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


With this system it is pos s ible to measure 1 x I o - 1 3  grams of radium, equilibrated w ith 
radon and bubbled out of the solution into these  cans ,  w ith a reproducibi li ty of 5 percent.  The 
absolute accuracy is  known better than this  because the counters are calibrated w ith the Bureau of 
Standards ' radium solutions which are known to wi thin a percent or so.  

I t  i s  quite simple in geologic s tudies or human bone analysis to run a hund red gram sample.  
Therefore, i t  is quite e asy to go down to 1 x 1 o- 1 5  grams of radium per gram of sample at the 
plus or  minus 5 percent level for most  material s .  I t  i s  more difficult ,  but not imposs ible,  to 
use a k ilogram of material and, if a standard deviation of 30 percent is acceptable,  then 
1 x I o - 1 7  g Ra / g  may be determined w i th this  technique . 

BAPTIST A: Do you think that for these  radium measurements you c an use the system that 
consists  of a vessel  coated w ith z inc sulfide and put on the photomultiplier ? Using disc rimina­
tion you c an get a very, very low background, and I think an efficiency of about 6 0  percent. 

KULP :  The system I desc ribed gives about 80  percent efficiency for those alphas that enter 
the gas phase . Further, the z inc sulfide contains some rad ium. As  you know, it  i s  hard to get 
act ivated zinc sulfide that has no radium. W e  have done this expe riment just trying to count 
phosphors to try to get the lowest  phosphor.  Mos t of these tend to be in the range of t o - 14  g 
Ra / g. Since the background in the ionization chamber-counter method is  almost  entirely from 
the walls it is hard to see that the zinc sulfide sc intillation technique would yie ld a lowe r  back ­
ground per volume of gas . 

BAPTISTA: I think for some results that I saw you can get a comparable background by 
these systems.  

KULP : I think in principle one might do  as wel l  w ith i t .  

PEACOCK: Dr.  Kulp, do you w ant to mention a l ittle cookbook experience on c leanliness 
a round the laboratory or keeping things l ike the natural decay products from getting into the 
e quipment, or have you run into that problem. 

KULP: This c an be a serious problem, particularly on things like this s trontium - 9 0  type 
of analysi s .  In that case you control matters adequately by checking the half life providing no 
one in the laboratory has any hot s trontium- 9 0  so lution. In the case of the gas eous emitters 
s uch as carbon- 14  and trit ium, i t  is  no problem at all ,  because i t  i s  so easy to c lean them up. 
In the case of these alpha problems,  I think normal cleanliness  takes care of i t ,  becaus e you 
are dealing in this cas e  only w i th radium. It is certainly spec ific .  Maybe you were referring 
to something els e .  

PEACOCK: I thought i t  might be interest ing to know whether or not i t  was a problem.  I 
know that in the cas e of some of your low level Frisch grid chambers , if you are not particularly 
careful to keep the parts aw ay from the atmosphere after you have gotten them w ell  c leaned up- ­
if you leave them lying around and dust them off- - a  ce rtain amount of polonium contamination 
may get into them , something that people might not think of. It may be worse or i t  may not be 
as bad as some of the chemical procedure s .  

KULP: Polonium is the bad actor as far a s  natural a i r  contamination is conc erned . 

ARNO LD: On this general quest ion, the low level game is surprisingly free of horror 
stories of this kind, although the re are a goodly number.  There have been cases of laboratories 
where people w e re unable to operate for carbon- 1 4 even, because of radon in  the air.  As Dr. 
Kulp said, the old carbon dating w ith carbon black w as really pretty awful this  way. Most of the 
rest  of us ,  I think, are not famous fo r running our laboratories in a s terile fashion. We try to 
use good technique and we know in individual cases things to avoid. I would not think that anyone 
who has had five or ten years of lab experience would need to be to ld. The one thing you do is  
to  try to  phys ica lly separate projects  if  you have a lot  of othe r radioactive work going on. You 
obvious ly don ' t  t ry  to run the two side by s ide .  
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PEACOC K: May I suggest  again for the record, would you recommend that thes e  be in­
stal led in air conditioned laboratories or fil tered air laboratories or is  i t  perfectly all right to 
use a shed ? 

ARNO LD: This is an excel lent excuse to have an air condi tioned laboratory, but my lab, 
for example ,  has neve r been air conditioned. 

REYNOLDS:  Do you think it is wise from the point of view of thoron uptake and ,  therefore,  
thorium series activit ies ge tt ing i nto your equipment, to take  air in from some distance ,  say 
50 feet  above the ground ? In othe r words, with a sort of inverse stack. This has been proposed 
for our low leve l faci l i ty at Oak Ridge . 

KU LP : The contribut ion to the carbon- 1 4  counting system due to the gamma radiation from 
the air in the shield is negligible compared to the res t  of the background,  so this would not be 
worth the effort.  I imagine in gamma analys is you might have the worst case. Even there I 
think the walls will  contribute much more than the air. 

A RNOLD: Many of these labs are located in the basement because of the weight of the 
shield.  In our basement lab before we moved in, we did a rather extensive air filter study, and 
there was no ac tivity to speak of. The air does come in from the roof, but also from open 
windows .  

KOFOED - HANSEN: I t  i s  our experience that the thoron contamination comes from other 
places in the ne ighborhood so the s tack would not help. There is a correlation wi th the w ind 
direc tion in Scandinavia.  

BORKOW SKI: Du ring w inter, of  course,  in the coal burning areas,  thi s  would be the worst 
place to remove or get an air supply. The thoron and radon background around Knoxville during 
the w inter is tremendous . 

GRUMMITT: The only place we find natural contamination is in the counting of alpha 
sources  deposited on a platinum tray. During the first few hours you can sometimes observe a 
few counts pe r hour.  But as i t  takes perhaps a w eek to count a sample at that level of  activi ty, 
i t  i s  ve ry easy to put the sample in the counter and leave i t  for a few hours before s tarting the 
count . This is the me thod we use to overcome this difficulty.  We are also very careful  to 
cove r the s l ide and any part of the counter on which deposit  might fall .  

A RNOLD: I t  is  a lw ays a good practice to enc lose samples which are going t o  b e  recounted.  
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SESSION VI - NATIONA L PROGRAMS 

G. G. Manov, Chairman 

Summary 

It has been said that technical meetings are the very lifeblood of science .  It is  
part icularly true in  a field such as  the standardization of radioisotopes where the fine 
points of techniques s imply cannot be commupicated by the w ritten word. The opportun­
ities for fac e - to - face ,  unhurried discussions generally result  in  an autocatalysis of 
ideas as w e  have seen in the past  three days. 

The program of the various countries reported in this  session show a degree of 
sophistication both as to comprehensiveness of coverage and precision of measurements 
as to be unthough of only two or three years ago . Measurements of alpha s tandards to a 
precision of 0 . 1 percent have been reported; intercomparisons of beta s tandards by sev­
eral methods have been performed by several countries during the past seve ral years,  
and each year sees a greater concordance betw een different methods as w e ll as between 
different laboratories . 

Two approaches to the problems of s tandardization are being pushed. One is the 
production of s tandard samples of radioactivity. The United States in particular has 
pursued this  course most assiduous ly and, in order not to overwork its research person­
nel at the National Bureau of Standards ,  has arranged for a commercial company to pre ­
pare and issue the requisite quantities of short - lived standards on a continuing basis .  
Adequate c ros s - checking is  an  integral part of this program. The British, who also 
issue their  own standards ,  are investigating the approach of preparing s tandard instru­
ments ,  such as ion chambers .  This  approach , while i t  can be used for measuring the 
ac tivi ty of long - lived isotopes ,  is particularly useful fo r short half- lived materials . 

Both approaches are useful; undoubtedly both wi l l  be used w idely in the future and 
particularly by laboratories othe r than those who themselves perform primary s tandard ­
izations .  It is hoped that the technical - i ndustrial societies ,  for example, the American 
Society for Test ing Mate rials,  wi l l  as s is t  in  making such standard ins truments a recog ­
nized part of test ing procedures , in the same manner as has been done for thermometers,  
d ist i l lation flasks , etc .  

It i s  a keen source of pleasure to me to see that standardization programs are under 
way in so many countries for the training obtained in making such absolute measurements 
is  of the ve ry highest  calibre and useful in  a variety of ways in other programs.  

This  sess ion wi l l  deal  with the description of the national programs of various coun­
tries . 
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1 .  National Program - United Kingdom 

W .  E. Perry 

I would l ike first to give you some idea of the s trength of the radioactivity measu rements 
group at the National Phys ical Laboratory. This group is part of the Radiology Section of the 
Physics Division. Two othe r groups in that section deal w ith X- ray dosimetry.  I think our 
group represents 1 0  percent or  less of the total strength of the Division. There are three 
scientific officers ,  four expe rimental officers,  and one as sistant .  

The main methods we  use for disintegration- rate measurements are the 471' beta propo r­
tional counter method (Mr. R .  Sara), the beta-gamma coincidence method (Mr.  W. J. Callow 
and Mr .  B. Ow e n) ,  the 471' beta- gamma coinc idence method (Mr.  R. A. Lloyd) and the gamma­
ionization chamber method, using graphite -walled ionization chambers (Mr. J.  W. G. Dale) . 

Figure 1 show s the beta-gamma coinc idence equipment. The beta detec tor is an anthracene 
disc Z em diameter and l mm thick,  and the gamma detecto r, in the low e r  housing, is a sodium 
iodide c rystal 4 em diameter and Z .  5 em long. Clamps on the ve rtical support provide for the 
adjus tment of the positions of the counters and the source .  The figure show s the arrangement 
wi thout any shielding against extraneous radiation; we have used lead shield ing, particu larly 
round the gamma counte r, to reduce the background . Figure Z is a diagram of the 4 71'  beta­
gamma arrangement.  The 471' counter is  of the pil l-box pattern.  There a re two anod e w i res ,  
and the source is  mounted on a thin fi lm. We gene rally ope rate the counter w i th pre -mixed 
argon (90 � )  - methane ( 1 0 � ) .  The gamma counter  is  a sodium iodide crystal w i th a photo ­
multiplier.  Figu re 3 show s the 471' counter open, and i llustrates the method of mount ing the 
counter so that the source is as near as possible to the sodium iodide crystal.  Here again we 
have used various shielding arrangements to reduce background . Figure 4 is a photograph of 
the e quipment for gamma- ray ionization measurements using graphite -w alled ionization cham­
bers . The method is  bas ically that desc ribed some years ago by L.  H. Gray; the gamma ray 
act ivity of the source is compared w i th that of a radium s tandard, and,  using the figure for the 
gamma ray emiss ion from radium, together w i th the radium content of the standard,  we deter­
mined what i s  in effect the gamma - ray dose rate in roentgens at the center of the chamber due 
to the sourc e .  Then from the <;a- c alled K fac tor, or what i s  now refe rred t o  as specific gamma 
ray emission, in  r / mch at l em, we derive a reasonably accurate value for the disintegration 
rate of the source .  The figure show s the chamber mounted at the end of an evacuated b rass 
tube 1 meter long, through w hich passes the w ire connect ing the central electrode to the Linde­
mann e lectrometer. The source holde r and optical sys tem for the electromete r are also 
show n. We find thi s  apparatus very convenient for checking the s trength of samples that we 
rec eive from Harw ell and the Radiochemical Center, before we di lute down to the levels re ­
qui red for our standards.  

W e  have been doing ionization measurements and beta - gamma coincidence measurements 
sinc e  about 1 9 50 in connect ion w ith comparisons w ith other laboratorie s .  Table 1 summarizes 
the re sults of measurements of two samples of  cobalt - 6 0  distributed by the Atomic Energy Re ­
search Establishment, Harwel l  to British laboratories in 1 9 50 and 1 9 5 1 ,  of a solution supplied 
by the National Bureau of Standards i n  1 9 5Z ,  and of a solution w e  prepared ourselves from a 
solid source in 1 9 5 5; measurements of our 1 9 57  solution are not yet finished . Comparisons of 
the gamma ray activities of the solutions show that the cons is tency of the ionization measure ­
ments is  about ±0 .  5 percent.  The l imits given for the beta- gamma coinc idence values are 
standard deviations except for the 1 9 5 5  values ,  for which the limits represent the total est i ­
mated error,  which includes the variation w ith geometry in the case  of the beta-gamma coinc i­
dence measurements (f) . We have found that the 411' beta- gamma measurements using a pro ­
portional counter show less variation over the years than do the beta- gamma coincidence 
measurements . By that I do not mean that we  suspect the beta-gamma coincidence method i tself 
but it i s  just that we are not satisfied that we  have the bes t experimental arrangements .  
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F i gu r e  l .  Equ i p m e n t  us ed at N. P. L. fo r m e as u r ing d i s i n t egration rates by b e t a - gam ma co ­
i nc idence counting.  
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Figure Z.. N.  P. L. 4 r  beta-gamma coinci ­
dence apparatus . 

Figure 3. The 4 r  beta counter {open) and s c in­
tillation counter Nal {Tl ) used at N.  P. L. for 
4 r  beta-gamma coincidence measurements of 
dis integration rate. 

We use thin film for mounting the sources and keep the size of the sources as small as pos­
sible, but with the anthracene and sodium iodide crystal arrangement , we  have not yet been able 
to get disintegration rate values which are independent of the geometry of our system. For ex­
ample, if  we separate the counters - - the maximum separation is about 6 .  5 em- -and move the 
position of the s ource, we do not get the same apparent disintegration rate. In fact, values in 
closest agreement w ith the 4r beta- gamma values are obtained when the two corrections - - that 
is, the correction for gamma ray sensitivity of the beta counter and the corresponding gamma­
gamma coincidence correction- -are about equal. 

The m inimum correction we have been able to apply so far, using the usual absorber method, 
is 6 percent. We are now using a much thinner anthracene c rystal and are t rying to improve the 
condit ions to see if we can in fact eliminate the variation w ith geometry in order to compare the 
4r beta-gamma coincidence measurements and the beta- gamma coincidence measurements a 
little more closely. If our measu rements had been entirely consistent, all the ratios in the final 
column {Table l ) would be the same. It does not really matter what they are since the actual 
values in column Z. are somewhat arbitrary, depending as they do on the values adopted fo r W 
and the gamma output from radium . 

We infer from the results that the beta-gamma apparent d isintegration rates are tending to 
get a little bit low with time, but this question has not been finally settled. As I mentioned 
earlier, we are measuring another solut ion now and the results have not yet been fully ex ­
amined. 
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F i gu r e  4 .  N. P .  L. appa ratus fo r gam m a - ray ion i z a t i on m e as u r e m ents , s how ing graph i t e  
chamb e r  a n d  e l e c t rom e t e r  s ys t e m .  
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TABLE 1 

Results of Measurements of Co-60 Solutions by N. P. L. 1 9 50 - 1 9 5 5  

Solution and year 
of measurement 

Ac tivity values me/ g at 
the time of measurement 

I Beta- gam_m_a_a_n_d:-l 

I . . 4 b omzatwn ,. eta- gamma 
chamber+ coincidence 

Ratio of 
coincidence value 
to ionization value 

------�------------------� 
Co- 6 0  solut ion ( 1 )  
dis tributed by the 
A. E. R. E. in 1 95 0  

1 9 5 0  

Co -60  solution (2 ) 
dis tributed by the 
A. E. R .  E. in 1 95 1  

1 9 5 1  

Co- 6 0  solution 
d is tributed by the 
N . B. S .  in l 9 52 

1 9 52 

Co - 6 0  s olution pre­
pared by N. P. L. in 
1 9 5 5  

1 9 5 5  

0 .  5 34 

0 . 492  

o. 785  

o .  1 7 3  

(a) 0 .  5 34±0. 007 

(a)  0 .  49 7±0. 003  
(a)  0 .  487±0. 0 1 5  

(a) 0 . 799±0. 0 1 1  
(b) o. 787±0. 0 3 1  
(c) o .  792±0. 008 
(d) 0 . 7 7 1 ±0 . 0 1 1  

(e) 0 .  1 694±0. 0 1 1 
(f) o. 1 7 0 1 ±0 .  0 2 5  

1 . 000±0. 0 1 4  

1 .  (j 1 0±0. 008  
0 . 990±0. 0 3 1  

1 .  0 1 8±0. 0 1 5  
1 .  0 0 3±0. 040 
1 .  009±0. 0 1 1 
0. 982±0. 0 1 5  

0. 979±0. 0 1 1 
0 . 984±0. 0 1 6  

+ The ionization chamber values are based on 34 e V  for W (ene rgy per ion-pair) and 8 .  3 r / mg h 
at 1 em from radium scre ened by 0 .  5 mm Platinum . 

(a) GM detectors for beta particles and gamma rays. 
(b) GM detector for beta particles ;  Nai (T l )  detec tor  for gamma rays. 
(c ) 411' GM detector fo r beta particles; Nai (Tl )  detector for gamma rays. 
(d) 41!' proportional counter for beta particles; Nai ( T l )  for gamma rays. 
(e) As for (d) but w i th improved counte rs and electronic equipment. 
(f) Anthracene detector for beta particles; Nai ( T l )  for gamma rays. 

TABLE 2 

N. P. L. Measurements of the Half- life of Co - 6 0  Samples 
Cobalt Sources Gamma ray activity No. of 

A. 1!:. H.. 1!:. Pile ( 1 9 5 0 )  Measurements 
Batch No. Wire No. Factor (mg Ra Equivalent) 1 9 50  - 1 956 

Co - 7 0  I I 8 1 9 . 5 7  1 0  

" II I I  1 9 . 4 5  1 0  

Co - 7 1  II I 2. 5 2. 74 1 0  

" II " 2. 77  1 0  

Co- 7 2  Ill I o. 5 o. 346 9 

" I I  " o. 34 3 9 

Over-all  Mean Value 

1 35 

Half- life 
y 

5. 2 82±0. 024 

5. 3 2 0±0 .  0 2 1  

5 .  2 1 8±0. 02 3 

5 . 2 1 0±0 . 022 

5. 228±0.  03 1 

5. 2 54±0.  0 2 3  

5 .  2 52±0.  042 
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Table Z is  shown as a matter of interest to amplify what I said previous ly about the half l i fe 
of cobalt.  This shows our 1 9 56 value, ( 5 .  Z 5 Z  ± 0 .  04Z) y. The value I gave the other day 
( 5 .  Z60 ± 0 .  0 34) y includes measurements which w e  made in January 1 9 5 7 .  Column 4 gives the 
gamma ray equivalent when the measured gamma rays are fi l tered by the 5 mm thick lead 
front of the chambe r, column 3 the number of measurements . The half- life values and the 
s tandard deviations for the i ndividual samples have been de rived by the leas t s quares method. 

Another part of our w ork i s  the measurement of low - activity radium solutions by the radon 
method (Mr. W. J . Callow and Mr. J. W. G. Dale) .  Figure 5 shows the 4 - li ter e lectrolytic 
copper ionization chamber connected to the fi ll ing. system. The flask, fi tted w ith a reflux con ­
denser, contains the radium solution. The standards range from l o - 9 g to 1 o - l l  g total radium 
content. The radon expelled from the solution passes through KOH in the drying tubes on i ts  
w ay to  the chamber.  The method of measurement i s  by alpha particle counting, i . e . , s low 
counting in  the air.  With this  equipment w e  can measure down to Z x l o - 1 3  g of radium total i n  
the 4 - liter ionization chamber. W e  have also used exact ly the same pattern o f  chamber wi th a 
Lindemann electrometer to measure the integrated ionization in  order to compare the alpha ­
particle counting method w i th the integrating ionization chamber method. We have obtained good 
agreement betw een activity ratios . 

Figu re 5 .  Ioniza t ion chambe r and radon trans fe r apparatus us ed at  N.  P.  L. for meas u ring low 
activity radium solution .  
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I w ould like now to digress and make a few remarks about the beta- gamma ionization cham­
ber which I discussed earlier.  First,  I w ould like to say that although it is referred to as the 
N. P. L. chambe r, it is really a product of the National Physical Labo ratory Advisory Committee 
on Radioactive Standards ,  and derives essentially from a small subcommittee consisting of 
Dr. E. W. Emery, Dr. W. K. Sinclai r, and myself. The design was modified by Mr.  E. W. 
Pulsford and Mr. F. Wade of the Atomic Energy Research Establishment, Harw ell,  in collabor ­
ation with the manufacturers in order t o  make it  suitable for production. Mr.  Dale and Mr.  
Fulfe r of the N. P. L.  have done the measurements and have made a number of suggestions lead ­
ing to improvements in the design. 

One aim in producing the chamber that I did not mention earlier  was that it might provide 
users of radioac tive isotopes wi th an instrument having calibration factors which are known to 
an accuracy of perhaps two or three percent in the case of gamma rays and plus or minus five 
percent in the case of beta rays. In short, if a user was not able to get s tandards or w as in an 
isolated s i tuation, he w ould be able to make use of the calibration figures determined at the 
N.  P. L. or at any o ther organization, for any particular isotope, for approximate s tandardization 
purposes.  It was also hoped that in this way the demand for successive issues of short- lived 
radioactive standards might be reduced. We have yet to see whether this w ill in fact be one 
result of the issue of this chamber. 

We have been taking part in a series of intercomparisons, not only the regular intercom­
parisons w ith the National Bureau of Standards and the Atomic Energy of Canada, Ltd. , which 
have been in progre ss for a number of years, but w ith the Max Planck Institute at GOttingen, 
and the Commissariat a 1' Energie Atomique. Some results of these measurements have already 
been published. 1 

Table 3 show s the results for Na- 24 and P- 3 2 .  Th e  values agree t o  within :1::2 percent. 
Table 4 show s the results of measurements of N. P. L. I- 1 3 1  and Au- 1 98 standards . Here again 
there is agreement to within :1::2 percent. The N. P. L. s tandard of I- 1 3 1 is  maintained by means 
of the graphite ionization chamber on the basis of a specific gamma ray emission of 2. 25 r / mch 
at  1 em. We have alw ays done counting measurements with either the 4w Geiger counter or the 
4 21'  proportional counter as a check. So far as I remember, the ratio of the ionization chambe r  
value t o  the counting value does not vary b y  much more than one percent. 

YAFFE: Would you e laborate on the defined solid angle absorption correction of 58  percent ? 

PE RRY: I cannot because I do not know the method of derivation. 

VINCENT: There is a paper,  I think, by Dr. Grinberg bearing on the defined solid angle.  

PE RRY: These results w e re kindly supplied by Dr. Grinberg of the Commissariat a 
l ' Energie Atomique (France) and I do not recollect  that in his notes to me he said how he derived 
the 58 percent. He stated that it was determined for the experimental arrangement he used, and 
takes into account the absorption in air (5 em path) , in the counter window ( 1 .  9 mg/ cm2) and in 
the gas of the counter. 

There has been another program of intercomparisons this year, in which the National 
Research Laboratory, Pretoria, and the Physikalisch Technische Bundesanstalt, Germany,  have 
joined, but it is not yet completed. We still have the Au - 1 98 intercomparison to do. The re ­
sults are coming out very s imi lar to those show n already. The order of agreement does not 
seem to improve from plus or minus two or three percent. 

I 
Strahlentherapie 1 02: 3 70  ( 1 9 5  7 ) .  

1 3 7 

Copyright © National Academy of Sciences. All rights reserved.

Measurements and Standards of Radioactivity:  Proceedings of an Informal Conference, Easton, Maryland, October 9-11, 1957
http://www.nap.edu/catalog.php?record_id=18840

http://www.nap.edu/catalog.php?record_id=18840


TABLE 3 

Measurements of N. P. L. Na-24 and P - 32 Standards 
Measured Method Source Absorption IJ.C/g 

by mounting correction 

Na - 24 (March 1 9 56) 

N. P. L. 411' Ppl AI foil  none 2. 50 
ZOO �J.g/ cmZ 

Max Planck Inst. 411' Ppl Celluloid none 2 . 52  
Gottingen foi l  
(Germany) 1 5 - 20 �J.g/ cmZ 

Beta- Celluloid - 2 . 52  
gamma graphite foi 1 
coin 5 0 - 8 0  !J.c / cmz 

Commissariat a 1' Energie 411' GM Polystyrene + 0 .  6 1.  2 .  5 7  
A tomique (France) 1 .  3 5  mg/ cmZ 

P- 3 2  (June 1 9 55)  

N . P. L. 411' Ppl Al foi l  none 25 . 8 
ZOO  IJ.g/ cmZ 

Max Planck Inst. 47T GM Cellulose none 25.  3 
Gottingen acetate 
(Germany) 1 5 - 2 0  IJ.g/ cmZ 

I 

Commissariat a l ' Energie 4 11' GM Metallized + 0 . 45 1. 2 5 . 6 
Atomique (France) polystyrene 

1 .  5 mg/ cmZ 

De f. Polystyr'Z"e + 8 1.  2 5 . 2 
solid angle 1 mg/ cm 

YAFFE: I am a little curious about the source mounting. I was wondering if you were con ­
cerned with this one measurement, and I would like to know how you make cel luloid at 1 5  �Jog/ cmZ. 

VINCENT: At that time we did it by dipping a glass plate in a solution of cellulose acetate 
and drying it and cutting the edges with a razor blade and floating it off in water. That is the 
way we made these foils.  Of course, if you have a glass plate which is large enough you can 
easi ly weigh the foi l  and determine how thick it is .  

PERRY: As to our future program at N .  P.  L. , we are constructing a high pressure 471' pro­
portional counter for measurement or rather investigation of the measurements of  low energy 
beta particle emitters and possibly e lectron capture nuclides. We are building a multichannel 
pulse -height analyzer for use in this connection, and for other applications to standardization. 

There is also a project for setting up for the United Kingdom a carbon- 14 dating service, 
which, so far, has not gotten further than the pre liminary administrative s tage. We are hoping, 
in this connection, that we may also be able to enter into the field of absolute carbon - 1 4  meas­
urements and so pe rhaps provide some information on disintegration rate and half- life values. 
We shall ,  of cou rse, continue to look into such matters as self- absorption in 4 71'  beta measure ­
ments and all the other factors that we meet in this s tandardization work. 
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TABLE 4 

Measurements of N .  P. L. I- 1 3 1 and Au - 1 98 Standards 
Measured 

by 

N. P. L. 

Max Planck Ins t.  
Gottingen 
(Germany) 

Commissariat a 1' Ene rgie  
Atomique (France) 

1- -

N. P. L. 

Max Planck Ins t.  
Gottingen 
(Germany) 

N. P. L. 

Max Planck Inst .  
Gottingen 
(Germany) 

Commissariat a l ' Ene rgie 
Atomique (France) 

I I  

Method 
I - 1 3 l _(Oc tober 1 9 5 5 )  

Ion. Chamb. 

471'  Ppl 

47T GM 

471' GM 

beta- gamma 
coin 

Def. Solid 
angle 

I- 1 3 1 (Apri l 1 9 56) 
Ion. chamb. 

4 71'  Ppl 

4ll' Ppl 

Source 
mounting_ 

AI foi l  
200  tJ.g/ cm2 

Cellulose 
nitrate 
1 5  tJ.g/ cm2 

Metallized 
polystyrene 
1 .  5 5  mg/ cm2 

Polystyrene 
1 mm 

AI foi l 
200  tJ.g/ cm2 

Celluloid 
foi l  
1 5  tJ.g/ cm2 

Au - 1 98 (November 1 9 5 5 )  

471'  Ppl Al foi l  
200  tJ.g/ cm2 

Beta - gamma Plastic + 
coin graphite 

471' GM Celluloid 
1 5  tJ.g/ cm2 

Beta- gamma Cellu loid + 
coin graphite foi l  

471' GM Metallized 
polystyrene 
1 .  5 mg/ cm2 

Beta - gamma Polystyrene 
c o i n  1 .  5 mg/ cm2 

Absorption 
correction 

+2. 2 '1o 

none 

+ 1 . 8 '1o  

58 1. 

+2 . 2 o/o  

none 

+ 1 .  5 '1o  

none 

+0 .  8 '1o 

I 
- -.-.r.=;: * A Decay s c h e m e  c o r r e c t 1 0 n  of - 0 . 6 '1o  was applied to the measured value. 

tJ.C / g 

2 5 . 1 

25 . 24 

2 5 . 1 6  

26. 06  

25 . 26 

I 2 5 . 0 

25 . 28 

24 . 98  

2 5 . 6 

25 .  5* 

25 . 89  

26 . 0+ 

26 . 5* 

·25 .  4 2** 

** A corr e c tion of - 4 '1o  w as applied to the measured value to allow for internal conversion 
e lectrons . 

+ A c o r re c t ion of - Z '1o  w as appl ied to the b e t a  counting rate to a llow for internal convers ion 
e l e c t rons . 
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I w ou ld like in conclusion to refe r  again to the Advisory Committee that w e  have, which 
began as a very info rmal committee. Through this committee, and in other w ays, we maintai n  
very close relationship w ith the Atomic Energy Research Establishment a t  Harw ell ,  the Royal 
Cancer Hospital, the Medical Research Counci l, the Radiochemical Centre, and various other 
establishments, so that w e  do present on the w hole quite a good combined effort in this fie ld .  
Although there is a sense of rivalry and competition, I think w e  do get  along fairly w ell  together,  
and have made fairly good progress i n  the past .  I hope we shall continue to do so in the future .  

MANOV: I am very pleased to see the progress that is being made i n  the fie ld of  standard­
ization, because as recently as three years ago w e  could have looked at a simi lar s lide and seen 
agreement to  w i thin 3 to  5 percent instead of 1 to  Z percent as  w e  see now . This is  one  of the 
indications of the real progress that has been made in this field. 

1 4 0  
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Z.  National Program - Canada 

P. J. Campion 

Just as we have heard in the United Kingdom and as we have seen in this conference jus t 
recently, there is indeed a certain amount of internal rivalry among the Canadians. However,  
likewise ,  there is  good interchange among ourselve s .  

I really do not know quite where t o  begin so perhaps I should start b y  desc ribing what w e  do 
at Chalk Rive r. This strictly is not the laboratory which is responsible for maintaining s tand ­
ards ,  but nevertheless w e  do it .  The National Research Counci l  in Ottaw a, to which Dr. Geiger 
belongs is the government laboratory, and he does radium s tandardization as you learned in the 
las t few days . 

At Chalk River w e  concentrate mainly on beta ray standardization. We have 471' proportional 
counters which are fai rly w e ll know n. We have 411' beta- gamma counters . We also have gas 
counters.  The original gas counters w e re deveoped by Dr. Mann and Dr. Haw kings . We also 
have a 411' gamma ionization chamber, and recently, as you have heard, we are trying to get into 
the fie ld of s tandardizing electron capture nuc lides .  

The program a s  i t  stands a t  the moment i s  mainly direc ted t o  improving the technique of 
laying dow n sources so that we can get better and better efficiencies in  our beta counters and 
try to reduce the self- absorption correction. This technique is  being tackled from a different 
viewpoint by Dr. Yaffe at McGil l. 

Recently w e  have also looked into the question of the associated electronics .  We have been 
trying to design a sui table amplifier for a 471'  counter and whi le we seem to have had a little bit 
of succes s ,  i t  is  rather too early in the game to make any further comments than that .  

We are rather divorced from commerce up in  the backw oods of Ontario,  and w e  do not do 
any routine s tandardization for our commercial products division, although from time to  time 
they ask us to calibrate specific samples .  We are also asked, more or  less on a private basis ,  
to  do s tandardizations for people from universities throughout Canada, and we,  of course,  take 
part in any i nternational inte rcomparison that anybody likes to invite us to. 

There is a certain amount of internal standardization in  the project ,  some of which is  rou­
tine and other which is not routine, and which requires more or less of a minor research pro ­
gram to carry out .  

This ,  I think ,  covers the general fie ld of the program w e  have up there.  
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3 .  National Program - United States 

W. B. Mann 

As six of the fourteen papers in the last three days have been from the National Bureau of 
Standards, I feel there remains little for me to say for the record. I might say that in addition 
to the papers given here, we have w ritten a circular which is coming out soon. We have 
reached the situation where we have too many standards chasing too few people. We were very 
pleased, therefo re, when a commercial firm came along and took over our short- lived stand­
ards, and relieved us for more research and more standards .  

Ac tually we have come to  an arrangement with Atomic Energy of  Canada, Ltd. , and the 
National Physical Laboratory whereby we continue to interchange these sho rt- lived standards. 
The International Commission on Radiological Units and Measurements asked us to compare 
these standards internationally and so we have arranged to send three of our short - lived stand ­
ards during the current year to A. E. C. L. and N. P. L. , and gold- 1 98 was sent last November to 
the National Physical Research Laboratory in Pretoria. There was very good agreement among 
the laboratories to w ithin about one percent. We have now received two N. P. L. standards and 
we have one more of ours to go out. 

We have had interchecks on all five short- l ived standards this year, that is, the primary 
standards. So even though Nuclear- Chicago has started the distribution of short - lived standards 
and we have retired, we still  continue to compare the primary standards so that there may be 
no falling off of accuracy in this respect.  

This should give us more time for research. It  is the policy of the National Bureau of 
Standards to encourage research because we feel that only as we have good research can we have 
decent standards and can we attract the right kind of personnel to produce the standards. This 
latter argument does not seem to work always, I find. The extra time we have had as a result 
of shedding these short-l ived distributions seems to have disappeared. 

We are very proud and happy to have had two members of the radioactivity section partic i­
pating in the parity experiments and another one talking about liquid scintillation counting at  the 
meeting of UNESCO in Paris. 

We try to devote at least 30 percent of our budget to research as distinct from standardiza­
tion. 

We were recently asked to contribute to the Brussels World's  Fair. This may be of interest 
to you. Figure 1 is a photograph of a so- called nuc lear clock which we have provided for this 
exhibition. We were approached first of all by the United States Brussels Fair authorities to 
put some carbon- 1 4 standard into the corner stone of the United States Pavillion, but the archi ­
teet later shaped the pavillion like a doughnut w ithout any corner for a stone . We then suggested 
we furnish a plastic block w ith two of our standards in it, so Mr. Vernon, Miss Harmon, Dr. 
Seliger and I got together and designed this plastic b lock. 

On the left is a tantalum- 1 82 standard decaying with a half life of 1 1 5  days, and on the other 
side there is a radium solution standard. There are stainless steel blocks in the center with 
holes for Geiger counters. We then hope to plot decay curves and show the passage of time. 
We will explain in  an accompanying panel that in the same way that carbon- 1 4  can be used to 
measure the passage of the centuries, so may people know how long the Fai r  has been open by 
means of the tantalum- 1 82.  We hope to have a reasonable exhibit. 

I think the only other point I might mention is that in  connection with the International Com­
mission of Radiological Units (ICRU) Committee I on Standards and Measurements of Radio­
activity for Radiological Use, of which Mr. Perry is the chairman, there has been set up in this 
country a corresponding subcommittee of the National Committee on Radiation Protection (NCRP) 
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Figu re 1 .  Bruss els World ' s  Fair nuclear c lock. 

with the s ame name, Subcommittee M- 1 on Standards and Measurements of Radioactivity for 
Radiological Use,  with the idea that this subcommittee should feed the view s of the North Amer­
ican continent into its two representatives on the ICRU committee. This subcommittee and i ts  
task groups are trying to prepare a report right now for the use of the North American repre­
sentatives of Committee I of ICRU, and include representatives of the standardizing laboratories ,  
D r .  Geiger,  D r .  Campion, D r .  S eliger, Dr. Reynolds,  M r .  Garfinkel, and representatives 
from the hospitals , Dr .  Quimby, Dr. Sinclair, Dr. Rugh, Dr. Gross ,  and Dr. Eberhardt. 
There are medical men and physicists to try to produce some sort of report on the needs of the 
hospitals in  the use of radioactive isotopes.  

We are also arranging to  check the N.  P.  L.  combined beta- gamma counter and various 
o ther simple devices which can be put in the hands of a hospital physicist and so that wi th little 
expense and effort they can s tandardize their preparations to ±5 percent or ±1 0 percent. This 
is dangerous ground betw een ± 5 and 10 percent, because if you say the latter to a medical man 
he does not often agree w ith you, so I usually compromise by saying ±8 percent, and really 
they frequently do not need any greater accuracy. 

You also might be interested in a breakdown of our last year' s  distribution of s tandards . 
During the fiscal year 1 9 5 7  radioactivity standards distributed by the National Bureau of Stand­
ards w ere as fol low s :  alpha ray s tandards 88; short- lived s tandards 346; long- lived s tandards 
4 5 7; radium ore standards 1 6 . 
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BAPTISTA: May I ask a specific question on a very particular prob lem. It is about the 
strontium correction. Some time ago, I did an experiment with a 411' beta counter. We tried to 
separate completely the yttrium from the strontium and measure the strontium activity in a 
certain numbe r of samples . After w aiting about 1 5  days to attain equilibrium betw een the 
strontium and the ytterium, and assuming that because of the high energy of the betas of yttrium, 
they will not be absorbed in the source and in the foil,  we tried to evaluate the correction for the 
strontium betas, resulting from self- absorption in the source,  and the absorption in aluminum 
foil of 1 00 11g/ cm2. 

In about 1 6  samples the strontium was almost pure strontium, and then after waiting for 
equilibrium - -you get a surprisingly high value for this correction. If I remember wel l, it was an 
average of about 8 percent for the strontium. This means a correction of about four pe rcent for 
the strontium -yttrium. I could not find a simple explanation for this fact.  I remembe r  seeing 
a report by Dr. Mann published in the International Journal of Applied Radiation and Isotopes 
containing a reference to the strontium-yttrium source,  and you report quite a high value is re ­
ported for this correction for the strontium-yttrium source. Can you tell me something about 
this ? 

SEUGER: May I say something about that ? Dr. Mann may have said i n  his paper that if 
one is not carefu l  you can get a fair amount of self- absorption in strontium-yttrium sources,  
but I do not believe that his paper gave any numbers,  because w e  do not assume a number for 
any correction in strontium-yttrium. 

In a previous paper we gave some data on what can happen to strontium -yttrium sources in 
a 411' beta counter if the sources are not properly prepared. We showed that as you improve the 
chemical preparation of the source, you get an inc reas e in counting rate. 

MANN: I did say that i t  was a surprisingly large self- absorption. I w as quoting Dr. 
Seliger's  private communication. It was surprising in view of the high -ene rgy yttrium beta 
particles that there was such a large correction, of the order of 5 or 6 percent . 

BAPTISTA: Yes. I have not prepared a source w i th special precautions. I made a simple 
preparation in aluminum foils and I get this value.  I was rather surpris ed because for 0. 6 Mev 
betas it is a rather high correction. 

YAFFE: We have measured isotopes with a beta energy of 690  ki lovolts . You have to 
remember that in a 411' counter the self- absorption is tremendous. Compari ng this data, I do 
not think the figures you quote are out of line at all. 

BAPTISTA: We used aluminum foil which was quite thi ck. I was surprised becaus e in the 
case of iodine - 1 3 1 ,  one can consider that the ave rage beta energy is  low e r  than i n  the case of 
the strontium. C ertainly I get corrections of about two percent or some thing like that. 

REYNOLDS: I have something that may tend to corroborate thi s  finding. We w ere looking 
at c e sium- 1 3 7 a few months back which has a beta energy about the same as strontium - 90,  I 
believe, 0 .  5 Mev. The decay scheme is not well  defined. By assumi ng various values of 
branching and conversion of the gamma, we were able to estimate the efficiency with which w e  
were beta counting cesium- 1 37.  Our results c uriously enough indicated that w ith no particular 
precautions in the source preparation, by simple evaporation on the fi lm, we were getting be­
tween 92 and 94 percent efficiency. This I think correlates very w ell.  

BAPTIST A: Yes.  

MANOV: I would like to ask Dr. Mann a little about the ci rcular he mentioned in pass ing, 
that is in preparation. Could you tell us a bit more about it and possibly your targe t date of 
publication ? 
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MANN: I think it wil l  probably be out in about three or four months ' time, and i t  consists 
really of a combination, w i th an extension and bringing up to date, of Howard Selige r ' s  and my 
a rticles in the fi rs t volume of the Journal of Applied Radiation and Isotopes w i th an i ntroduction. 
I had only three weeks to write  my article for the International Journal, and so there w as not 
time to prepare graphs or pictures for i t .  We have brought i t  up to  date by adding desc riptions 
of techniques used at the National Bureau of Standards . The two artic les really dealt w ith 
s tandardization on an international basis .  We have added at least 40 pictures ,  diagrams,  and 
so forth, w i th fa i rly descriptive captions dealing wi th Bureau techniques.  

MANOV: I am sure w e  all  look forward to seeing this  c ircular, and I hope that i t  w ill be ­
come avai lable to all the people he re either by your sending it to them directly or alternatively 
s ending it to them through the subcommittee. This paper should, I thi nk ,  find large acceptance 
i n  many countries that do not have standardization programs of their  own, or particularly 
primary s tandardization programs.  I w ant to s tress how much I think this w i ll be of he lp to 
them. 
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4. Other Programs 

A. H. W. Aten, Jr. , A. M. Baptista, P. Kipfer, 
0. Kofoed- Hansen, and D. H. Vincent 

MANOV: I think w e  might profi tably spend a few minutes hearing from representatives of 
other countries as to what sort of programs their countries have. I would like to suggest that 
we ask each man in turn who has not spoken if he w ould be w illing to spend five minutes to tell 
us what is going on in his country. I would like to call on Dr. Aten. 

ATEN: This is a rather easy duty because not very much goes on in the Netherlands . At one 
time we thought it  wou ld be nice to do some primary s tandardization and my colleague and his 
s tudents did a number of calibrations mainly by coincidence measurements w hich turned out 
quite w el l  in comparison with other countries. But then we figured other people could do it 
better than we could do i t  ourselves, and we discontinued i t  for a moment, although we shall 
probably come back to it. 

In our country i t  is  not so much the lack of people. At present i t  is the lack of space for 
people to do this kind of work because one needs a little room not to get messed up w ith other 
people ' s  experiments. 

We have been doing quite a bit of work on secondary standardization, chiefly on the repro­
duction of measurements . This type of s econdary standardization is parallel to the British 
work on the s tandard type ionization chamber. In our case, however, w e  have been trying to do 
the same thing w i th Geige r  counters, due mainly to the fact  that in Holland an excellent type of 
Geiger counter is  being produced that remains practically unchanged for qui te a number of years . 
It is a counter which works at a very low voltage, a few hundred volts , and usually has a very 
long plateau. So we thought this might be useful  for s tandard values.  We mount them in racks 
in  order to m ake certain that they are not influenced by the surroundings . Thi s type of counter 
we use for beta and gamma counting. 

We have a w el l  type counter which is  quite simi lar to the English type of ionization chamber.  
We check its stability by using different kinds of  long- lived isotopes to safeguard against the in­
fluence of chemical impurities .  Sti ll ,  one of the main difficulties in  our case is  probably the 
radiochemical purity of these  nuc lides.  We realize that it might be more satisfac tory to use 
radium standards than the strontium- 90, cesium- 1 3 7, and the cobalt - 60 s tandards we use at 
present, although I personally do not know how pure radium is in the condition one buys it, and 
whether one can obtain radium which is guaranteed free from short- lived components . 

We have a few things that especially inte rest us . Thulium - 1 7 0 is  used as a secondary stand ­
ard for gold because the beta energy is practically the same . You can see that very nicely from 
absorption curves .  

We are  presently looking a t  the possibility of  using terbium - 1 60 as  a secondary standard for 
iodine - 1 3 1 ,  but I cannot give any data at present because the expe riments are s ti l l  being run. 

A third thing we would like to do is the s tandardization of sodium- Z4 by comparison to 
natural potassium where one us es thick samples and has to compensate for scattering and absorp­
tion. We would do this  by comparing a sample of sodium chlorate to a sample of potassium 
nitrate , and if you get the exact values and the exact s quare values, you come to very nearly the 
same figures for these two comparisons . So the comparison ought to be quite reasonable and 
also the beta absorptions qui te similar. One has to correct,  in this case ,  for the counting of 
the gamma rays in the sodium- Z4, but if one does not make the samples too thick, one still  gets 
quite a reasonable comparison rate w i th normal potassium,  and the correction for the gamma 
influence from the sodium- Z4 is  not so large that it becomes an appreciable factor in  the cor­
rection for the beta activity. Sti l l  i t  is  not reasonable to hope for an accuracy in such an experi ­
ment bette r than maybe something like four percent. This is  what interests us at present. This 
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i s  mainly a thing w e  do as an exercise of our ow n, although it might have some practical use.  

MANOV: Thank you, Dr.  Aten. Let me now call on Dr .  Baptista. 

BAPTISTA: Our program in  Portugal is  still  a rather small program. In the begi nning, 
you start s tudying these problems in the medical and biological applications for radioisotopes,  
because we have some special problems wi th phosphorous, iodine, and gold for medical and 
biological applications . Our work has been mostly in the fie ld of 471' beta counting. We have 
built quite a number of these  counters .  They are only variations of the same theme. You can 
even build an external cathode 411' counter just for the fun of the thing, and it works . 

At first w e  built glass 4 11'  counters because w e  thought at the moment they wou ld be cheaper, 
but after one week the technicians dropped the counter. You then realize that it  i s  really cheaper 
to go back to the metallic counters . We have done absolute measurements on phosphorous ,  
iodine, gold, strontium-yttrium, and other ones only through curiosity. 

Related to this work we have made quite a number of secondary counting systems.  We have 
quite a nice wel l  counter  that measures the betas of phosphorous- 3Z by measuring the brem s ­
strahlung i n  aluminum. W e  have ionization chambers o f  the type described here by Dr. Perry 
to measure gamma emitters wi th relatively high activity in  the millicurie region. We have some 
special arrangements of Geiger- Muller counters to standardize  the beta emitte rs.  As a matter 
of fact, to compare cobalt sources,  we have been using a method similar to the one described 
here by Dr .  Putman, using the small graphite chambers that really are quite convenient and 
accurate. 

We are also doing some work on radium. We have considered as our s tandard a very old 
radium preparation that the Cancer  Institute in Lisbon got from, I think, America. Quite re ­
c ently w e  received half a gram of radium from the Be lgian company. We checked by a simple 
electroscope measurement the quantity received with this standard and the agreement w as sur­
prisingly good - - less  than one percent. 

In addition w e  have been doing some work in 411' scintillation counting. Using liquid scinti lla­
tion methods w e  found that for high energy beta emitters the agreement wi th the measurements 
by· the Geiger - Muller method is  quite good. We are struggling now wi th the problem of the low 
energy beta emitters . I am afraid I c annot give you many results because w e  have just s tarted 
working wi th this method by using sodium iodide c rystals on a photomultiplier. Inside the well  
you have a 411' beta arrangement formed wi th plas tic scintillators.  Of course, the other scintilla ­
tor is view ed by another photomultiplier .  We fee l  that the system has c ertain advantages if you 
look into the theoretical aspects of the problem that you heard Dr. Campion speak about. You 
have increased efficiency for the gamma radiation. There is no problem in ideal c ircumstances 
about the gamma sensitivity of the beta counter. No problems also for the internal conversion 
of the gamma radiation. So we  are hopeful .  

We have not  yet published any results because by studying this simple plastic 471' arrange­
ment, w e  have found out that for the very low beta energies,  looking w ith only one photomulti­
plier, the extrapolation to zero discrimination w as qui te difficult. We hope to solve this problem 
in the future. 

I think that this covers almost  all the work we have been doing. There is  really no official 
o rganization responsible for the s tandardization of radionuclides .  We provide samples and 
everything, and w e  guarantee so far as we can the activity we give to the people that are w orking 
i n  some research problems , and who w ant to know the activity they are playing w i th. 

MANOV: Thank you, Dr. Baptista. I w ould now like to call  on Dr. Kipfer.  

KIPFER: I could say the same thing as Dr.  Baptista, " There is  no official organization in 
Belgium for s tandardization. " The Cente r of Research for Nuc lear Energy, known as CERN, is  
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doing some s tandardization work but only for their  ow n purposes,  and for perhaps medical 
people who wish to have thei r  radioisotopes measured. It is  quite natural that Belgium i s  s ti l l  
interested in s tandardization of radium standards because a lot of  countries are  s till  us ing such 
standards , and there are st i ll some demands for such s tandards.  

The third field in which w e  are working is that of very low activity in connection w i th the 
work of Dr. Pejustos .  He is interested in determining the age of deep sea and other geological 
samples .  This work has been done until now by nuc lear emulsion techniques combined wi th 
mass spectrographic analysi s .  Because o f  the interest the half life o f  radium has for this 
work, we think perhaps we wil l  begin to make new a determination of this  value because we do 
not believe it  is the las t value of 1 9 . 5 which has been advanc ed recently. Personally I am 
interested in a determination of the half life of radon and I think wi th the device I described, i t  
would b e  very easy t o  obtain very good precision. 

I think that is  all that I can say on Belgium. 

MANOV: Thank you, Dr. Kipfer.  I would now l ike to call  on Dr. Kofoed - Hansen of Denmark. 

KOFOED- HANSEN: I am very sorry I cannot describe a large program because we, just as 
you have heard from the previous two speakers,  have no official committee for that sort of thing. 
Standardization w ork has only been done where i t  was felt necessary for some other experiment 
in Denmark. This has been done especially w ith short- lived radioactivities like sodium - Z4 such 
as when Dr. Hassen w anted to measure a c ross sec tion for the dis integration of deuterium by 
sodium - Z4 gamma rays. Nowadays there are several laboratories in Denm ark that are inter­
ested in low level counting and s tandardization from different points of view , mainly, for medical 
uses and s econdary s tandardization. 

There is a laboratory in which Dr. Hi lda Levi works w ith low level activity, especially for 
the Danish archeologists who like to know how old the Vikings w ere.  In addi tion, there is a lab­
oratory run by Ambrosen. They are ve ry much interested in fal l-out measurements of all sorts . 
In our laboratory at the Atomic Energy w e  plan quite an extended program for standardization 
s ince we w ant to produce radioisotopes and are concerned wi th the problem of neutron flux meas ­
urements.  We are beginning to gather instruments for that purpose, but I 'would rather w ait  
until  w e  have something more satisfying before I dis cuss it .  

MANOV: Thank you, Dr .  Kofoed- Hansen. I would like to call on Dr. Vincent to tell us a 
little bit  about the s ituation in Germany. 

VINCENT: I am not really entitled to talk about a national program because the Krupa 
authori ty in Germany is an organization which is not represented here. In addition to the radium 
standardization which they have been doing for quite a number of years,  they have recently taken 
up isotope calibration. That was about two years ago.  They are making good progress  but I 
should like to concentrate on what our laboratory is doing. 

We s tarted 471'  counting w i th the 471' Geiger  counter in about 1 9 5 1 - S Z.  You saw some of the 
results of the intercomparisons in Mr. Perry ' s  tables in session III. We have now changed 
from the Geiger counter to a proportional flow counter which we are now us ing for 471' beta 
counting. 

We are also  doing beta- gamma coincidence meas urements , and we have deve loped our own 
type of counter for that .  We found it very difficult to find the corrections for the gamma contri ­
bution in the beta counter when beta- gamma coincidence counting, so w e  developed a counter 
which has a negligible gamma efficiency. It consists  essentially of a brass tube which is  about 
1 0  em in diameter and ZO em in length. Down below is  a source mount and around this  the re is 
a very small counter which consists  of a w all  of w ire.  The diameter of the w ire is  0 .  Z mm. 
The center w i re of the counter is  0 .  05 mm in diameter.  This i s  w i th a number of w i res of 
which the w all is  made up, ten in numbe r, and the c enter w i re is  again shielded so that the 
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actual counting volume for the betas here is about two to five cubic centimeters. Gamma rays 
which are emitted from the source, and which w i ll produc e  secondary electrons here will be 
counted w ith a very low efficiency because of the very small counting volume of the beta counter. 

On the other hand, since the beta source is mounted in such a manner as to form one of the 
walls of the beta counter- - the efficiency for the betas is very high, approximately 3 0  to 40 per­
cent. So we think that we will have very, very few gamma counts in the beta counter. We have 
a sodium iodide c rystal on the other side for the gamma count. 

W e  are also doing internal gas counting of C - 1 4 .  We have a number of counters w i th dif­
ferent lengths and diameters, but so far we have not actually calibrated them. We have worried 
about end effect and wall effects. I think a paper w ill be published on the results of this re ­
search in the near future. 

Finally, we are also trying to calibrate electron capture isotopes.  We have a spherical 
counter for that. We did not hope to obtain the linear extrapolation which Dr. Allen got in his 
counter, so we thought it might be best to have a spherical counter, where the half lengths for 
the X -rays emitted from the source would be equal all over the solid angle. The construction 
consists of the two half spheres with a brass plate in the middle where the source is mounted, 
and two w i re loops . If you want to do K X- ray gamma coincidence counting, you just dismount 
one of the half spheres and replace it by a brass plate, and then you can put your sodium iodide 
crystal very near the source. I found out recently that this gives about 1 0  percent efficiency for 
the manganese- 54 gamma rays if you only cons ider the total energy peak. Thi s gives a fai rly 
high counting rate. The counting time for these K X- ray gamma coincidence measurements is 
fairly low . 

We have our ow n program of distributing calibrated sou rces of irradiated material, mainly 
phosphorus - 3 2  and iodine- 1 3 1 and gold- 1 98, to thos e of our customers who wish to have cali­
brated sources. We have started the program this year and in March we distributed 1 1  phos­
phorous - 32 sources, and in Apri l about 1 5  iodine- 1 3 1  sources, and then in  May, 4 gold- 1 98 
sources. These go mainly to medical people, to hospitals and the like. 

MANOV: Thank you, Dr. Vincent. Are there any general questions with respect to the 
national programs ? 

YAFFE: I do not happen to represent Russia, but I am wondering w hether anyone has seen 
the Russian 4ll' counter, and whether you would be interested in it? I have seen one and I can 
desc ribe it in about 30  seconds . 

This counter which is a 4 71'  Geiger counter has a w ire in the ve rtical direction going through 
a block of Teflon, which is the biggest piece of Teflon on any small instrument. Incidentally, 
Teflon seems to be an international commodity. The source is mounted on a thin film and the 
w i re passes through the film at right angles to the plane of the fi lm. They merely burn a hole 
in the center of the film w ith a mic robu rner and spread the sou rce as close to a hole as they 
possibly can. The wire then goes down through this .  This has obvious advantages. You can get 
very good field distribution. With a l l  due respect to those pres ent, it is one of the neatest 411' 
counters I have ever seen. They us e this,  incidental ly, on a routine basis for people w ho are 
inte rested in agricultural research. They standardize isotopes,  and then send them out to those 
people. It is a beautifu lly engineered piece of equipment. I bring this out merely because I 
have never seen any of their absolute counting work described in the literature, although some 
people may have. 

MANN: As I remember the counter, it was for carbon- 1 4 .  I felt  it was only a 211' counter 
since the source holde r w as such that the other side would not see the betas from carbon- 1 4 .  I 
forget the details but they took it apart and showed it to me. The instrument is shown in Figure 
1 .  I asked him how they used it  with carbon- 1 4  and I got no answ er to that. 
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Figure 1 .  USS R 4 7T  Geiger  .Counte r.  

YAFFE: No, I think this must be a differ ­
ent one. I asked them what isotopes they had 
s tandardized and he w rote down carbon - 14 ,  
phosphorous - 3 2, iodine - 1 3 1 ,  a fairly thin film. 
The fi lm is about half-w ay up in the counter. 

MANN: This  is  the same . 

BAPTISTA: I saw a recent Rus sian pape r 
on the 47T counter which is the same as the 
French. 

SELIGE R: The re is an English trans lation 
of that at Brookhaven which is three months 
old.  They do not c laim any better  than plus or 
minus tw o or three percent. 
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I N D E X  

A 

Americium - Z4 1 ,  5* ,  9* , I Z - 1 6* 
Ars enic- 7 7 ,  3 Z** 

B 

Barium- 1 37 ,  
Beryllium- 7 ,  
Beryllium - 1 0, 
Bismuth- Z I O, 
Bromine - 8 Z, 

c 

69* , 74* 
1 09** · 1 1 5** 

1 1 1* 
l Z- 1 4* 

3 0* , 3 1* 

Calc ium-45 ,  1 07** 
Carbon- 14 ,  3Z**• 58*, 8Z** • 9 5* , 99**· 

1 00**, l OZ**· 1 03**• 1 05**• 1 06*, 
1 09 - l l 4,  1 Z l - I Z6 ,  1 Z 8** • 1 Z9**, 
1 38* , 149*, 1 50** 

Cesium- 1 3 1 ,  8 5**· 9Z**· 9 3* 
Ces ium- 1 37,  3 3**· 57**• 58**• 6 9* ,  74* , 

80*, 1 44*, 1 46** 
Chromium - 5 1 ,  8 3* , a s•• 
Cobalt-58 ,  79**· 8 0** 

O F  

Cobalt-60, 1 8* ,  Z S**• Z7**· 3Z**• 34** · 
38**· 39**, 4Z**· 46**• 49**• 6 0** · 
7 1 - 74**· 76- 80,  I Z4** • 1 3 1 **• 1 3 5 - 1 36 ,  
1 46** 

--

E 

Emanation- ZZZ (Radon), 1 09**• 1 Z7 - I Z8*, 
1 36* , 148** 

G 

Gold- 1 98 ,  Z7**· 3Z**• 3 3**• 38* , 66**• 7 Z**• 
7 3** · 1 37- 1 39,  14Z** • 1 4 7**• 149** 

H 

Heliuni-6 ,  l 1 4** 
Hyd rogen- 3  (tritium ), 3 Z**•  1 09**• l l Z**· 

l Z l** · 1 Z 3 - I Z4, 1 Z8** 

I S O T O P E S  

I 

Iodine - 1 3 1 ,  46**• 7Z**•  1 08** •  1 37 - 1 39 ,  1 44** • 
146**· 1 4 7**· 149**· 1 50** 

Iron- 55 ,  47* , 8 3* , 8 5 - 88** • 90** 
Iron- 59,  8 3* , 86**• 1 08** 

K 

Krypton- 85 ,  az••. 99- 1 03* , 1 05* , 1 06* 

L 

Lead- Z l O, 1 Z - 1 4* , 1 06* 

M 

Manganes e - 54,  8 3* , 8 5**• 149* 
Mercury- Z03 ,  Z4**• 3Z**• 34**• 66**• 7 3** 

N 

Nickel - 59,  9 1* 
Nickel - 6 0, 76* 
Nickel - 6 3 , 3 Z**• 37* , 38* ,  4 5** · 48* 
Niobium- 9 5, 66** 

p 

Phos phorus - 3Z,  3 Z**•  38** • 5 7** • 1 37 - 1 38 ,  
147**· 149**· 1 50** 

Plutonium- Z 39,  1 4 - 1 6* 
Polonium- Z 1 0, l Z - 1 6* , 56- 57* , 1 06* 
Potass ium-40, 1 1 7** 
Promethium - 147 ,  8Z** • 1 06 - 1 08 

R 

Radium- Z Z6,  1 7 - ZZ* , 7 Z**• 80-8 1* ,  1 Z7 - 1 Z8* , 
1 36* , 1 46**· 147**· 148** 

s 

S candium -46, 66** 
Selenium - 7 5 ,  7 3** 

* Characteris tics or methods of measurement were dis cus s ed .  
** Isotope received cas ual mention. 
Underlined page numbers indicate that thorough dis cus s ion appeared. 
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Sodium - ZZ,  66**• 76** 
Sodium- Z4, 3 0*, 3 Z**• 3 3**• 6 3* ,  64**• 

66-6a••, 7Z**· 1 37 - 1 3a, 1 46*, 1 4 a•• 
Strontium- as ,  a s•• , a6** 
Strontium- 9 0, 57*f, 1 05* , 1 09**• 1 1 9**• 

1 Z6 - 1 Z7 ,  1 za••, 144*, 1 46**• 147** 
Sulfur- 3 5,  3 Z** • 3 3**· 34 - 3a• , 4Z**• 46*, 

47* , 57** · 7Z** · az•• . 1 03** 

T 

Tantalum - 1 az, 
Terbium - 1 6 0, 
Thallium- Z04, 
Thulium- 1 7 0, 

14Z** 
1 46•• 
4 0**, 4 1* , 49** 

146•• 

v 

Vanadium -49, 9Z**• 9 3* 

y 

Yttrium- aa, 64* 
Yttrium - 90,  1 1 9**• 1 Z7*, 1 44* , 1 4 7** 

Zinc -6 5,  
90** 

z 

6 z• , 6a••. 76••. a 3••.  a s•• . a9••. 

• Characteris tics or methods of meas urement were discus s ed .  
• •  Isotope received cas ual mention. 
Unde rlined page numbers indicate that thorough dis cuss ion appeared. 
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