
-

RELATIVE THICKNESS DETERMINATION 

UTILIZING 2.3-MeV BETA RADIATION 

AN HONORS THESIS 

SUBMITTED TO THE BALL STATE UNIVERSITY 

by 
HOOSHANG MOHAMMADI 

BALL STATE UNIVERSITY PHYSICS DEPARTMENT 

BALL STATE UNIVERSITY 

MUNCIE, INDIANA 

AUGUST, 1971 



-

,-

I recommend this thesis for acceptance by the 

Honors Program of Ball State University. 

July 1, 1971 

David R. Ober 
Assistant Professor Physics 
Department of Physics 



Acknowledgments 

The Author wishes to express his deep appreciation toward 

Dr. David R. Ober for his priceless advising and continuous 

supervision in the entire project. The Author is also grate

ful to the Ball Corporation for the equipment and release 

time throughout the phase, particularly to Mr. Kibler and 

Mr. Quinn for their interest and support of the project. 



• 

TABLE OF CONTENTS 

PAGE 

List of Tables ii 

List of Figures ii 

I INTRODUCTION 1 

II THEORY 3 

A. Absorption of Beta Particles 3 

1. Definition 3 

2. Properties and Characteristics 4-

':l Application 6 - . 
B. Backscattering of Beta Particles 6 

1. Definition 6 

2: • Calculation of Reflection Coefficient r 7 

3. Thomas-Whiddington Law 11 

4-. Rutherford Scattering 13 

::1. Small-angle Deflection 16 

6. Mean Energy of Reflected Electrons 18 

" . Application 18 

III EXPERIMENTAL DETAILS 20 

A. Spectrometer System 20 

IV RESUI,TS 23 

A. Beta-Absorption 23 



B. Beta Backscattering 

C. Gamma Backscattering 

V CONCLUSIONS 

LIST OF REFERENCES 

APPENDIX 

23 

24 

28 

31 

33 



List of Tables 

Table I 

Table II 

Table III 

Table IV 

Typical values of K-shell ionization 
energy Ei for various elements. 

Absorption of 2.28-MeV Beta Particles 
by Glass. 

Backscattering of 2.28-MeV Beta Particles 
by Aluminum. 

Backscattering of 0.136-MeV Gamma Rays 
by Aluminum. 

PAGE 

12 

34-

35 

36 

List of Figures 

Figure 1 

Figure 2 

Figure 3 

Figure 4-

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Absorption of electrons by target. 

Ranges of nuclear beta particles and 
homogeneous beta particles. 

Idealized electron path inside target. 

Attraction of beta particle by scattering 
center. 

3 

5 

9 

14-

Scattering cross section. 15 

Rate of change of reflection coefficient r 17 
vs. normalized penetration distance. 

A block diagram of the system used to mea- 22 
sure the backscattering by aluminum targets. 

Path of backscattered electron inside target. 23 

Beta absorption with glass. 25 

Beta backscattering from aluminum. 26 

Gamma backscattering from aluminum. 27 

ii 



I. INTRODUCTION 

The Beta III Thin Spot Detector was developed by the Ball 

Brothers Research Corporation to detect thin spots in the walls 

of glass containers. The detector assembly consists of a plas

tic scintillator coupled to a photomultiplier (PM) tube; in 

addition to conventional electronic circuitry associated with 

the PM tul)e, a built-in ratemeter provides an instantaneous 

measure of particles per unit time which reach the detector. 

The glass wall under study is placed between the scintillation 

detector fmd a 2.28-MeV 90Sr beta source; the thickness of the 

glass and/or nonuniformities in the glass can be determined by 

measuring the number of particles per unit time which reach the 

detector as indicated by the ratemeter. High ratemeter readings 

correspond to the thinner glass walls while lower ratemeter read

ings would indicate that the incident beta particles are being 

absorbed in the thicker glass walls. 

The absorption of beta particles obeys an exponential at

tenuation over a range of thicknesses depending upon the energy 

of the incident betas and the absorber material. The maximum 

thickness at which the exponential law holds is referred to as 

the range of the beta particle. 2.28-MeV betas have a range of 

aboutllOO mg/cm2 which corresponds to about 0.175 inch of nor

mal glass. The Beta III gauges thicknesses between 0.038 inch 

and 0.125 inch. 
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Due to the mechanics of the inspection whereby the source 

must be placed down inside the glass bottle under test while 

the bottle is rotated, and then the source-detector assembly 

is moved up and down to scan the entire bottle profile, it is 

not prac1:ical to test each bottle ,individually in the produc

tion line. (Nominally 20 seconds is required to scan one bot

tle.) Beta III is thus used in quality control only on a sta

tistical spot-check basis. 

The advantages of a gauging device which could be operated 

on the production line and which could be applied to all glass 

bottles are obvious. A device which does not require the place

ment of a source inside the bottle would be mechanically more 

simple than the methods used presently in the absorption tech

nique; in addition the time factor is of prime consideration. 

With these thoughts in mind, the present investigation was under

taken to (1) acquaint this researcher with the presently used 

absorption technique and (2) determine the feasibility of deve

loping a gauging technique utilizing backscattering of beta 

radiations. 
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II. THEORY 

A. Absorption of Beta Particles 

1. Definition 

Electrons which are emitted form nuclei in radioactive 

decay are known as beta-minus, or simply beta particles. 

Some of -these particles upon striking matter are scattered 

out of the primary beam. They lose their initial energies 

by diffe:r:-ent means and come to a stop, and are absorbed, 

but others simply penetrate through the absorbing material 

as shown by Fig. (1). The electrons which come to rest, 

generally become a part of the total electron population 

in the material. 

.. - • -.. • --------~ 

,... 

- .... -.. 
--

Fig. (1) - Absorption of electrons by target. 
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2. Properties and Characteristics 

The exponential law of absorption holds approximately 

for nuclear beta-rays. Over a limited region the intensity 

of the beam is given byl/ 
I =- Io e-~"J../;'O (J) 

where~/pis an apparent mass absorption coefficient in cm2/mg, 

x is the c~sorber thickness in mg/cm2 , 10 is the initial inten-

sity, and I is the intensity after passing through a thickness 

x of the absorber. 

The I'atio of the absorption coefficient j-I to the densi ty,.;O , 

is nearly independent of the nature of the absorber. More accu-

rately it varies about as Z/A (Z = atomic number and A = atomic 

mass of absorbe~; that is, the number of electrons per unit mass 

determines the stopping power of a substance for beta particles. 

The thickrless required to reduce the activity to one-half of its 

initial vcuue is called the half-thickness2 which is equal O.693~ • 

The 1:hickness at which the absorption intersects the back-

ground COlillt caused by gamma rays accompanying the decay of the 

nucleus and cosmic rays, is called the range, Rp ' of the beta 

particles.. There is a considerable difference in the shapes of 

the absorption curves for the case of nuclear beta particles 

(electrons that are produced by nuclear decay and have a con-

tinuous energy spectrum) and the homogeneous electrons (that 
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are produced artificially or by conversion). The nuclear beta 

particles do not have a linear region in the absorption curve, 

while the homogeneous electronsf absorption curves have a long 

straight portion and a long tail going into the background. 
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Fig. (2) - Ranges of (a) nuclear beta particle, 
and ~) homogeneous beta particles. 

In fig. 2a, R,e is the range of the nuclear beta particles 

as defim~d above. From Fig. 2b, the range of the homogeneous 

beta particle is defined as the point where the extension of 

the straight portion meets the background and is called the 

practical range, Rp ' while the point where the curve itself 

3 meets the background is called the maximum range, Ro • 

Electrons differ from alpha-particles and other heavy parti-

cles in that they are not characterized by straight-line paths 

and definite ranges. Rather, electron paths are quite fortui-

tous, and the ranges of monoenergetic electrons vary greatly. 

The crooked paths are due to the multiple scattering with atoms 

along the path. Electrons~ lose energy to the absorber, just 

as heavy particles do. However, for electrons there is another 

important mechanism for the loss of energy; this is through 
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emission of electomagnetic radiation when the electron is dece

lerated. This radiation is often referred to a bremsstrahlung. 

3. Application 

The absorption method may be used for the determination 

of energies of the beta particles as well as monoenergetic 

electrons. Though the absorption method is not as accurate 

as the method using the beta-ray spectrometer and does not 

present -the details of the spectrum, it has the advantage of 

being simple and speedy. Also, as opposed to the beta-ray 

spectrometer, the absorption method does not need a very high 

intensity source. The accuracy with which the beta-ray ener

gies can be measured by the absorption method depends upon two 

factors; (1) the accurate determination of the range, and (ii) 

the knowledge of the range-energy relation. The accurate deter

mination of the range involves the precise location of the point 

where the absorption curve meets the backgroundS. Thicknesses 

can be determined - at least relative thickness as in Beta III. 

B. Backscattering of Beta Particles 

1. Definition 

When a beam of electrons strikes a plane target, some 

electrons;emerge from the incident surface. These back-directed 

particles contain two groups of electrons; reflected electrons 

and secondary electrons. All secondary electrons have energies 
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less throl 50ev, but the reflected electrons carry energies be-

tween 50ev and the primary energy. The ratio of the total 

electron current which leaves the target to the initial elec

tron curI'ent is defined as the secondary-emission coefficient [, • 

The b has two elements; namely r, the ratio of the reflected 

electron current leaving the target to the primary current 

impinging on the target; and ~s the ratio of the secondary 

electron current leaving the target to the initial current 

striking the target. Therefore $ == r+~s. The experiments 6 

support "that r is virtually independent of the primary beam 

energy over a wide energy range. 

For the targets of the atomic number Z{.3o, the source 

energy range extends from about 200-500ev at the low end to a 

few hund:red keV at the high end. For the targets of the atomic 

numberZ'~30, the lower limit is increased somewhat. The reflec
/.f 

tion coefficient r, therefore, depends initially on the atomic 

number of the target. It also increases by increasing the angle 

between the primary beam and the normal to the target surface. 

2. Calculation of Reflection Coefficient r 

When an electron with high energy (in keV) travels through 

matter, it inelastically collides with atomic electrons. This 

is the primary wayan electron loses its energy. The change of 

electron velocity1J as a function of the distance x which is 
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travelled inside the material is given by the Thomson-Whiddington 

6 Law_ • 

(~) 

where Va :1.s the initial velocity of the electron, c is a constant, 

;0 is the target density, and R is the range of the electron in 

the target material. When the electron comes to stop, eq. (2) 

(i.e. = 0) becomes 
'-l 

R ~ Vo I (, ~ . ( 3) 
o 

For a deflection of 135 the minimwn energy of the colliding 

electron for alminwn is about 170ev. 

According to the Rutherford Formula, if no electrons per 

unit area S are incident on a bare nucleus of charge Ze, the 

scattered intensity per unit solid angle is 

(l-\) 

where ~ is the deviation angle of the scattered electron, e is 

the electron charge, and m is the electron mass. Multiplying 

eq. ('+) by dN, the nwnber of atoms in the incremental target 

volwne, 

(5) 

whereSS~icllliS the area of this volwne, dx is the thickness of 

this volwne, NA is the AvogadroTs nwnber, and A is the gram 

atomic weight of the target material. 

The following equation results by putting eq. (2) in eq. ('+) 

and multiplying by eq. ~) Eq. (6) gives the incremental nwnber 



- 9 -

of beta particles at depth y which are deflected through the 

angle~::.7r-e into the incremental solid angle of ;2.ifC;,~(\AG, and 

are in terms of y and Q, 

c\ n l ~ /~) = -Z'l. e"'l tJ A r1 0 ( ~) J '! ~ 'ft <) ~ n ~ de ((0) 
/...lmlc A(I-"a) Co~~(el.1) 

where y :: x/R, and no (y) is the nwnber of electrons striking 

a plane at the depth y in the target. The no (y) is given by 

following integration. (I 
\'a \ >'1.-' no l '1)= () 0 -) ) ~ n C. ~ J e) 
() 0 

l'l> 

It is being assumed in eqs. (6) and (7) that all electrons 

are deflE~cted through angles larger than n/~ 

. I~t;detrt 
\o~" 

-1l 5ee e 

Fig. (3) ·-Taken from Reference 6; idealized electron 
path inside target. 

The electron coefficient r is given by integrating eq. (6). 

By integrating eq. (7) over e , 
no ("3) ==' rio - a. J \\ Tlo ( ~) J'j /(\ - ~) 

--Z).4. 0 
where o..~H eN) 1." • The ratio Z/A is almost 

7mcA 
constant for 
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any targ'2t material; therefore, ~ is very nearly proportional 

to Z. Solving eq. (8) for no (y), one obtains 

This means that the incremental value of r is given as follows: 

d'(i, e) - dO( ~, e) _ 
f\" 

Looking at Fig. ~), the electron has travelled a total 

distance of x + x sec Q at a depth x through angle ¢. The 

total distance is less than the range R, otherwise the elec-

tron will not escape from the target. Therefore, for the Q 

integration the limits are 0 and Qo is found by 

y varies between 0 and ~. Now finally by integrating over 

Q first and then y, the following equation6 results for r; 

(1\) 

Eq. (12) shows that the reflection coefficient r does not de-

pend on the primary-electron energy. It only depends on the po-

(to) 

sition of the target material in the periodic table. Again looking 

at the Fig. (3), here only one large-angle reflection is considered. 

Some electrons are reflected back toward the target surface ex-

perience a second large-angle reflection, and do not leave the 

target. As Z increases the correction due to the second reflections 

becomes more important, however, in this simple theory the second, 

and higher-order reflections are neglected. 
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3. Thomas-Whiddington Law 

After an electron penetrates a target, its velocity changes 

as it travels through the target. The Thomas-Whiddington Law 

describes the electron velocity in the target in terms of the 

initial electron velocity, density of the target, and the dis

tance tra.velled through the target. According to Birkhoff7 , 

this law can be derived by considering the energy loss per unit 

distance travelled by the non-relativistic electron resulting 

from a q~antum-mechanical treatment. 

. 'of .l. 

,dE: ~1(NAe Z~ In (mv ) 
dx mv 2

f1 I' 

Where E is the electron energy at depth x, and I is a mean excita
:;lo-

tion energy. Calling this energy as \Y\ %, eq. (13) can be written 

in terms of velocity; 

:2 ." 2vd(lJ )=- (''-I) 

If the energy of the striking electron is substantially 

greater than the ionization energy of K-shell ~ee Table 1.) 

then I is constant. The K-shells ionization energy is given 

approximately by the modified form of Moseley as: 

;.2 

\\.3 (Z - I) e v: 
Now if E is lower or of the order Ei, then I decreases when 
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E decreases. Asswning that this decrease is linear, eq. (14-) 

upon integration gives 

lJ'-I-:=; v/.- ( tv if~~ ~'il to I f"l ( CO(1~h\Y\-t )j1L . O\.c) 

This is called the Thomas-Whiddington Law. 

As stated before, since Z/A is roughly constant, the 

coefficient of x varies essentially with target density. 

Table 1. Typical values of K-shell ionizalion energy Ei 
for various elements. 

Element 

Carbon 
Alwninwn 
Copper 
Silver 
Gold 

Z 

6 
13 
29 
4-7 
79 

Ej (keV) 

0.28 
1.6 
8.8 

24-.0 
69.0 

The range-energy relation derived from the Thomas-Whiddington Law 

o 1. 4 8· indicates,"\.oc cocCL{, but Young et ale found recently the range-

energy rl21ation with powers less than 2. Young measured the energy 

of elect:r'ons after they passed through thin films of A1203. Young 
\.~r 

then com~luded that the range-energy relation was R cC Co for the 

energy ra.nge .;2.5"\<~ v( Eo~ \c\'\eY. Now taking R to be proportional to 

E 
\.6- 2. 

o ,for example, instead of Ei) , it is interesting to consider 

how the equation of r is modified. Asswning C:. b Vo in the Thomas

Whiddington Law (b is a constant), eq. (2) becomes 

lJ~ Va'1 bVo.;O"f =:: loVo /' R l \ - ~); 
and R now is 
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and 
CL - 1fZe'"1 NIt 

- ml.Ahvc ") 

where a. and r decrease asVpincreases. 

YOllilg also measured the fractional current of the primary 

beam trrulsmitted through different thicknesses of foils. Young 

found an almost linear decrease in current as the thickness in-

creased. This result agrees with eq. (9) even though it dis-

agrees sharply with the exponential law in the case of absorp-

tion. Since the current iCY), at depth y and the incident cur-

rent are proportional to no(y) and no' respectively, the frac-

tional current transmitted through a foil of thickness y is 

L(~)/io = (\-J)~ l2.0) 

according to Holiday and Sternglass9 , the variation of r with 

Z is the same for insulators as it is for metals, and a stopping 

power is applicable to both. 

~. Rutherford Scattering 

When a light particle ql collides with a heavy particle q2 

which is at rest, the lighter particle ql' shown by Fig. (~), 

will follow a hyperbolic trajectory past the heavier particle 

q2 because of this encounter. The alpha particle is repelled 
, 

by F, but a beta particle, (electron) is attracted by F. 
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Fig. (1+) Attraction of beta particle by 
scattering center F. 

The deflection angle as seen above is (3:: 1\ -lot.. A and B are hyper

bolic asymptotes. According to SymonlO , 
, 2-

t.~f\ 8/7.. ~ Cot 0( ::: (f~ \) ~ ~ ~ }J (,2. \) 

where E is the eccentricity, K is equal to Qlq2' L is the angular 

momentum, and E is the energy constant, i.e., E is potential energy 

plus kinet:ic energy. 

If the particle were not deflected, it would have passed a dis-

tance s from the center of the force F. The distance s is referred 

to as the impact parameter. Assigning-4, for the initial speed of 

the partic~le , it is easy to calculate the energy E and the angular 

momentum I, of the particle in terms of the speed and impact parameter. 

(.2 .2.) 
and 

(). 3) 
Substituting eqs. (22) and (23) in eq. (21), one obtains 
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or 

ton ~/'] ~ \'frl ~~l. ,.. Muts (;2.5) 

The parameters cannot be determined experimentally~ but the frac-

tion of 1:he incident particles which scatter through different 

angles Q is observed. The results have customarily been ex

pressed :~n terms of cross sectionl1 • If N incident particles 

strike a thin foil~ an average number of the particles, dN will 

scatter through an angle between Q and Q + dQ by the following 

relation: 

where n is number of the scattering centers per unit area, and 

d<r is the cross section for scattering through the same angle. 

Fig. ~)- Scattering 
Cross Section. 

In :t'ig. (5), a particle nears F the scattering center. It 

will be scattered through the angle between Q and Q + dQ if the 

impact pa.rameter is between s and s + ds. The angle Q is given 

byeq. (25), and dQ is given by the differential of the same 

equation12 • 
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The particle must strike the shaded area in order to scatter 

through 1:he angle between g and g + dg. This area is given as 

Now subs1:ituting for s from eq. (25), for ds from eq. (27), and 

omitting the negative sign, one obtains 

Equation (29) was introduced by Rutherford. He showed that 

eq. (29) confirms his experiments with ql = 2e (charge on alpha 

particle) and q2 = Ze (charge on atomic nucleus) if the perihe

lion dis~tance, a + a in Fig. (4-), is larger than about 10-12cm• 

By applying the conservation laws for energy and angular momen

tum, the perihelion distance rp can be computed as13 

r. :=. ~ [\ + (\ t b EL2 ,V2]r (30) 
P :z E. m9r~ l(-~ ) 

The perih.elion distance becomes the smallest for incident parti-

cles of energy E when L = 0 (s = 0). 

rFPI;n. :: ~E~2. l31) 
Now if a particle penetrates the nucleus, it should first deviate 

at large angles g in eq. (10), and also the energy E should be 

large enough so that E<'hilwhere ro is the radius of the nucleus. 
\""0 

5. Small-angle Deflection 

Not all the particles deflect through angles larger than 

ry~ as was assumed to derive r. Some electrons deflect through 

angles s:naller than ~. According to Zwarykinl 4- the most probable 
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angle of total deflection ~ is given as 

~:::: ~~s Z ( j'J~ )Y1.. 
Eo P. (3;2..) 

Eq. 03) results if the Thomas-Whddington Law is applied. The 

upper and lower constants inside the bracket are computed by 

using Tel"rill15 and TTbest fi t TT constants, respectively. It is 

apparent that the mean angle of all the electrons deflected 

through angles smaller than ry~ will be noticibly less than the 
-

total deflection angle ~ given by eq. (32) or (33). As y and 

Z increase, the divergence angle increases; and the theoretical 

value of r becomes smaller. This is true because the probability6 

of reflection increases as the incidence angle varies from inci-

dence normal to the surface of the target. As Z increases the 

electron reflection also becomes increasingly larger. This in

creased6 reflection occurs at a depth closer to the target sur-

face as shown by Fig. (6). Y 

",..... 

~ 
r( 3 , 

-'-" 

d--. 
~ 

}. 

f -~ 
0 
II 

~}~ -- ~ ~ 

~ 

Fig. (6 )-Taken from Reference 6; rate of change of r, 
vs. normalized Penetration distance. 
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6. Mean Energy of Reflected Electrons 

When an electron is deflected at depth y in a target 

through an angle Q, its energy at the moment of escape is 

given by 

(3'1) 

The ratio of escape to the primary energy is called the frac-

tional energy k, which is 

[ 
V;2. 

-k =: \- ~ ( H" .sec. ~)J · 
Now the mean fractional k is defined by 

R ~~ ~'h \~ -f<dn(~i e) It rd< dn (~J\l). 
'c\, e, 6 i , e, 

Both Sterng.lass and Kanter found that 

(3~- ) 

(3~) 

if they increased 

the initial energy of the electron to the order of 100-'+00 keV, 
- V3 

then the mean fractional energy~ cc. "Z. This could imply that 

multiple fi reflection is dominant in this energy range. Stern-

glass and Kanter also agreed that for electron energies of 2 to 
.-

20 keV, k varies little with Z. The points predicted by this 

-simple theory nicely fit the observed spread of k. 

7. Application 

Regardless of the practical value and interest of back-

scattering, the data on keV-electron backscattering are also 

valuable in developing theoriesll of bremsstrahlung production, 

cathode-luminescence, secondary emission, and bombardment-induced 

conductivity. The number of backscattered electrons at low energies 

will help for the first time to separate the true, low-energy 
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secondary electrons from the total cOlU1t of emitted electrons. 

This separation is theoretically very useful for such compari

son. 
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III. EXPERIMENTAL DETAILS 

A. Spectrometer System 

A block diagram of the system used to measure the back

scattering by aluminum targets is given in Fig. (7). The col

limated 2.28-MeV 90Sr was positioned as indicated in the dia

gram. Aluminum with different thicknesses was employed. To 

reach saturation, ever increasingly thicker aluminum backings 

were exposed to the electron beam yielding more backscattered 

particles. The aluminum targets were supported by a holder in 

such a way that the angle between the scattered beam and the 

beam of the primary electrons was 124 degrees. 

The scattered beam was detected by a photo-multiplier tube 

which was connected to pre-amplifier; an amplifier, single chan

nel analyzer, scaler, and timer constituted the remaining elec

tronic components. The detector spectrum could be observed 

using a multi-channel analyzer as shown in the diagram. The 

data were collected for 15 second intervals and were recorded. 

The same configuration was used for the absorption experiment 

except that the source, absorber, and the detector were placed 

on a line; glass slides with different thicknesses were used 

for the absorption experiment. 

The gamma backscattering at the incident energy of 0.136 

MeV was also observed with a similar equipment configuration. 
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The backscattered gamma rays were detected at deflection angle 

of 90 with a scintillation detector. 

In. the absorption experiment, the distance between the 

source and target was 2.5 cm and the distance between the 

target and the PM tube was about 12.5 cm. In the backscattering 

of beta. particles, the distance between the source and the de

tector was 3.5 cm, but the distance of the source and the de

tector from the aluminum target was 2 cm. In gamma backscattering, 

the source and the scintillator were both 10 cm away from the 

target. 
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lead 
AI. Backing 

source 

~114--+-- x - t al 

Pre. 
Amp. 

H.V. 

Amp. SCA 

MCA 

Scaler 

timer 

Fig. (7). A block diagram of the system used to measure 
the backscattering by aluminum targets. 

PM - photomultiplier 
Amp. - amplifier 
Pre. Amp. - pre-amplifier 
SCA - single channel analyzer 
MCA - multi-channel analyzer 
H.V. - high voltage 
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IV. RESULTS 

A. Beta-Absorption 

The absorption of 2.28-MeV beta particles was observed for 

different thicknesses of glass. The results are given in tabu

lated form in the appendix and are shown graphically in Fig. (9). 

Background is subtracted from the raw counts. Background is re

ferred to as the number of backscattered electrons detected with 

a blank target holder in position. The experimental apparatus 

for the investigations has been described in Section III. The 

stated erl~ors are based on counting statistics only. 

B. Beta-Backscattering 

The backscattering of 2.28-MeV beta particles was observed 

for targe1:s of aluminum with different thicknesses. The results 

are given in tabulated form in the appendix and are shown gra

phically in Fig. (10). The background is subtracted from the raw 

counts. The following diagram shows the actual thickness, t, of 

the aluminum scatterer and the true distance, t r , travelled by 

an electron where t equals (tr cos Q). Angular corrections 

were not made for the data presented in Fig. (10). 

Fig. (8) - Path of backscattered electron inside target. 
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c. Garmna-Backscattering 

The backscattering of 0.136-MeV garmna rays was also ob

served for alwnimun targets. The results are swnmarized in a 

tabulated form in the appendix and are shown graphically in 

Fig. (10) .. The backgrollild was subtracted from the raw COllilts, 

and again no angular corrections were made • 
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V. CONCLUSIONS 

The beta-absorption phase of this investigation served to 

acquaint this researcher with the electronics and detector con

figuration utilized in the scintillation detection of beta par

ticles. An experimental absorption curve was measured for 2.28-

MeV 90Sr beta particles incident on various thicknesses of glass; 

the absorption coefficientjJ was calculated to be 15.7 cm-l • 

Assuming a density;O for glass of 2.~9 gm/cm3 , this yields a 

mass absorbing coefficient~/p of 6.32 cm2/gm which agrees quite 

well with a theoretical value of 6.6~ cm2/gm as given by calcu

lations from Price. 1S The theoretical value of the range for 

2.28-MeV betas as given by Price 16 is about 1100 mg/cm2 , cor

respondiJlg to about 0.175 inch of glass. The experimental range 

was found to be approximately 1100 mg/cm2 • 

The backscattering of beta particles reaches a saturation 

thickness whereby the addition of more backing material does not 

alter the number of backscattered particles. One might expect 

this thickness to be about one-half the range as measured in 

absorption; however, it is experimentally verified that satura

tion results for thicknesses of backing material corresponding 

to about one-fifth the absorption range17 • This fact alone 

seriously limits the method of backscattering of beta particles 

for glass thickness determinations in quality control to very 

thin walls. In this investigation the saturation thickness for 



..-

- 29 -

aluminum was found to be about 150 to 200 mg/cm2 , in close agree

ment with the rule of thumb estimate of one-fifth the range. Af

ter taking into account the angular effect of source and detector 

as described in Fig. (8; (see Sec. IV. B.), the saturation thick

ness for 2.28-MeV betas corresponds to about 0.025 inch of glass. 

Two obvious suggestions come to mind in attempting to extend 

the limited range of usefulness. First one could go to higher 

energy beta sources as the range is nearly proportional to energy 

at about 3 MeV. Second one could eliminate or minimize the geo

metry factor as mentioned above ~ee Sec. IV. B.), by using an 

annular solid state beta detector whereby the source would ef

fectively be in the center of the detector, yet producing little 

backgrourrd radiation. Unfortunately, these two improvements 

would leave the detector gauge marginal in its operation when 

applied to thicknesses of 0.050 inch and greater. 

In addition to the beta absorption and beta backscattering 

experiments, a preliminary investigation was made as to the fea

sibility of using backscattered gamma radiation to gauge thick

nesses. The study indicated that detector shielding (an attempt 

to lower the background radiation in the vicinity of the gamma 

detector) presents serious experimental difficulties. The study 

indicated that thicker samples could be gauged, as compared to 

beta backscattering, however, the sensitivity is not sufficient 
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at 0.l36·-MeV incident energy to determine small variations in 

thickness. 

In conclusion, suggestions for possible future investiga

tions pertaining to rapid scanning thickness gauges are as 

follows: (1) a study utilizing higher energy beta sources used 

in conjunction with annular detectors; (2) a study whereby one 

investigates the backscattering of x-rays and lower energy gamma 

rays (less than the O.l36-MeV gammas used in this study); and 

finally (3) an investigation in which interference phenomena 

(as produced with laser light on thin films) are explored. 

This latter suggestion could well provide the most sensitive 

gauge; photosensitive electronic detection indicators coupled 

with laser sources could also be incorporated into a rapid 

scanning device. 
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I. Measurements 

1. Table II Absorption of 2.28-MeV Beta Particles by Glass 

Thickness 
(em. x 10-3) 

102.9 
152.4-
185.4-
255.3 
288.3 
34-4-.2 
370.1 
4-4-7.0 
4-73.1 
529.6 
632.5 

Counts/15 seconds 

135,14-9 
63,307 
34-,251 
15,166 
13,107 
10,818 

4-,082 
3,14-7 
2,155 
1,829 
1,704-

Statistical Error 

0.30% 
0.4-0% 
0.50% 
0.80% 
0.80% 
0.99% 
1.50% 
1. 70% 
2.20% 
2.10% 
2.4-0% 
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Thickness 
Cmg/cm2) 

1.3 
2.6 
3.1 
5.4-
6.6 

10.7 
15.6 
21.0 
30.7 
33.6 
63.8 

112.7 
181.6 
4-28.0 
611.0 
94-6.0 
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2. Table III Backscattering of 2.28-MeV Beta Particles 
by Aluminum 

Raw Counts Raw Counts- Statistical 
(15 seconds) Background Error 

15,997 9,395 8.0% 
19,136 12,534- 4-.0% 
22,64-8 16,04-6 3.0% 
32,653 26,051 2.0% 
38,135 31,533 1.0% 
58,996 52,394- 0.8% 
95,613 89,011 0.6% 

113,108 106,506 0.5% 
166,193 159,591 0.4-% 
183,109 176,507 0.3% 
253,101 24-6,4-99 0.3% 
282,932 276,330 0.3% 
323,362 316,760 0.3% 
325,362 318,521 0.3% 
328,634- 322,032 0.3% 
270,376 263,774- 0.3% 
267,531 260,929 0.4-% 

Background = 6,602 / 15 seconds 



Thickness 
Cmglcm2) 

1.3 
2.6 
3.1 
5.4-
6.6 

10.7 
15.6 
21.0 
30.7 
33.6 
63.8 

112.7 
181.6 
4-28.0 
611.0 
94-6.0 

1691. 0 
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3. Table IV Backscattering of 0.136-MeV Gamma Rays 
by Aluminum 

Raw Counts/ Raw Counts- Statistical 
(15 seconds) Background Error 

66,34-2 59,74-0 0.4-% 
65,4-20 58,818 0.4-% 
66,094- 59,4-92 0.4-% 
66,721 60,119 0.4-% 
65,14-1 58,539 0.4-% 
65,729 59,127 0.4-% 
65,864- 59,262 0.4-% 
66,209 59,607 0.4-% 
67,318 60,716 0.4-% 
66,393 59,791 0.4-% 
69,201 62,599 0.4-% 
71,376 64-,774 0.4% 
82,24-7 65,645 0.4-% 
80,825 74-,223 0.3% 
88,4-61 81,859 0.3% 
95,670 89,068 0.3% 

128,036 121,434- 0.3% 


