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TECH.NOLOGV.CENTER · 10 WEST 35TH STREET • CHICAGO 16, ILLINOIS· CAlumet 5-9600 

U. S. Atomic Energy Commission 
Chicago Operations Office 
P. 0. Box 59 
Lemont, Illinois 

August 7, 1959 

Attention: Steven V. White, Director 
Research Contracts Division 

Subject: ARF 1152-2, Contract N6. AT(ll-1)-745, entitled An Improved 
Nuclear Densi~ Gauge, covering the interval of July 1 to 
August 1,-1959. 

Gentlemen: 

A-nuclear density gauge .of novel design is being developed and will have 
application both in thickness and density measurements. A scintillation 
detector alternately views the radiation transmitted through a sample and 
through a calibrated wedge. In the most simple case, the two radiation 
beams are mechanically chopped at 60 cycles~ and any difference in intensity 
causes a servo system to reposition the wedge until balance is achieved. 

In order to determine the effectiveness of the lead chopper in the present 
instrument for thulium 170 sources, d-·c measurements were made of the 
photomultiplier current with the chopper open and then closed. After 
correction for the dark current in the photomultiplier tube, a change in 
intensity of 17 was noted between the open and opaque sections of the chopper. 
The x-ray energies from thullium 170 are 52 ·and 84 kev, and a much larger 
change would be expected for the 1/8 11 lead chopper thickness.· However, 
thullium 170 has beta ray energies to one mev, so that bremsstrahlung radia
tion is also present. To determine the respon~e of the 111 D x 111 Nai(Tl) 
crystal to this radiation, pulses from the detector were fed into a pulse 
height analyzer and the spectrum recorded. The contribution due to 
bremsstrahlung was clearly evident and accounted for the smaller intensity 
change being observed. 

A thinner crystal is desirable since it would be less efficient for the higher 
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energies present, while still essentially 100 per cent efficient for the 52 
and 84 kev x-rays. The geometry of the detector is such that the photomulti
plier tube must look at the crystal from the thin edge, and Nai(Tl) crystals 
are not normally available in this type of housing. Rather than having 
special crystals fabricated it would seem reasonable instead to use Csi(Tl), 
which is not affected by moisture and therefore does not require a special · 
housing. For a given energy gamma ray, the pulse height from Csi(Tl) is 
approximately one-third of that from Nai(Tl), but its time constant· is longer, 
so th~t the integrated light output is only slightly less than from Nai(Tl). 
A sample of Csi(Tl) approximately 1 11 x 1" x 1/811 is being prepared, and will 
be tested. 

The C9mmutating system described in the last monthly report has been· completed 
and is now being tested. In order to chop the radiation at a lower rate, a 
Graham variable speed unit is being used to drive the radiation chopper. 
When the optimum rate is determined, a motor with a fixed speed will be 
permanently installed in the unit. A standard Browri converter is being used 
to alternately sample the voltages of the two integrating networks to provide 
a 60 cps error for the servo system. The duty cycle of the converter and the 
integrating time constants are now being optimized. 

Work has begun on the use of mechanical energy discrimination in gauging. 
The particular techniques being investigated is that of using Ross filters in 
conjuction with Soller slits. A Ross filter consists of two materials which 
have K-absorption edges immediately above and below the x-ray energy of 
inter~st. At all energies above and below the "window" created by the 
K-absor-Ption edges, the x-ray transmission of the two materials is the same. 
However, at the energy of the window, one filter ha.s low transmission while 
that of the other is high. If the filters are arranged to alternately 
appear in a radiation beam, the detector output would have an a-c component 
at the chopping rate which would be related to·the transmission through the 
filter at the energy of the window. Being mechanical in construction, Ross 
filters are inherently stable devices. 

An example of the use of Ross filters would be to determine the thickness of 
a plated coating on a base material. By bombarding the material with beta 
particles, x-rays would be created which would be characteristic of the 
plated material. The window of the Ross filter would be designed to 
modulate only these characteristic x-rays and thus provide a means for 
measurement of thickness. 
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~lnds expended as of June 30, 1959, inciuding commitments,were $1794.01, 
leaving a balance of $26,343.51. As of July 31, 1959, it is est'imated that 
fourteen per cent of the work of the program has been completed. 

APPROVED: 
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Respectfully submitted, 

ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 

p.~.~ 
G. M. Burgwal~ · . 
Group ·Leader 
Nuclear Physics 
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