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Table II: Comparison between the integral of Case I front and back 
recorder triton optical density, as a function of the 
lithium converter thickness as obtained from theory. 

Lithium Front recorder density Back recorder density 
thickness · (arbitrary units) (arbitrary units) 

(µm) 

10 1.4 1.4 

20 4.9 5.0 

30 9.0 9.2 

50 17.4 18.0 

75 27.5 28.8 

91 32.2 33.2 

100 32.2 31.9 

150 32.2 25.8 

180 32.2 23.0 

200 32.2 20.8 
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Table III: Comparisqn between the integral of Case II front and back 
recorder triton optical densities, as a function of the 
lithium converter thickness as obtained from theory. 

Lithium · Front recorder density Back recorder density 
thickness (arbitrary units) (arbitrary units) 

(µm) 

10 2.0 2.0 

20 4.0 4.0 

30 7.0 7.0 

50 20.0 21.0 

75 46.0 51.0 

91 67.0 76.0 

100 76.0 90.0 

150 l 05 . 0 113.0 

180 108.0 104.0 

200 109.0 96.0 
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Table IV: Comparison between the integral of Case II front and back 
recorder alpha-particle optical densities, as .a function 
of the lithium converter thickness as obtained by theory. 

Lithium Front recorder density Back recorder density 
thickness (arbitrary units) (arbitrary units) 

(~m) 

13 ' 12 12 

20 12 11 

30 12 11 

50 12 10 

75 . 12 9 

91 12 8 

100 12 7 

150 12 6 

180 12 6 

200 12 5 
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Table V: Al pha ... particl e and triton tota 1 optical density contributions, 
for front-; back-, and central converter systems as a functi'on 
of tf1e. 1 ithium converter thickness. · 

I 

Lithium Front recorder density 
thickness (arbitrary units) 

(µm) 

Back recorder density 
(arbitrary units) . 

Central converter density 
(arbitrary units) 

10 13 13 27 

20 21 20 41 

30 28 27 55 

50 49 49 98 

75 86 89 174 

91 111 117 228 

100 120 129 249 

150 149 145 294 

180 152 133 285 

200 153 122 275 
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CHAPTER 4 

EXPERIMENTAL DATA ANALYSIS AND RESULTS 

4.1 Method Descriptions 

The track etch films were analyzed by the following methods. 

Method I: Visual data from micrographs (magnification lOOOX} 

obtained from: 

(a) electron micrographs, and 

(b) photon micrographs. 

This method was used for track counting and track investigations 

for track ... size and shape and film transmission-reflection information. 

Method II: Measured data of transmitted light using a spot 

densitometer by using 

(a) 11white 11 1 ight.' 
0 

(b) green light (5600 A)~and 
0 

(c) red light (6600 A filter}. 

F h. d h . 1 d . . b . d b th d f. . t. . (l 0} rom t 1s ata, t e opt1ca ens1ty is o ta1ne y e e 1n1 ion: . 

optical density (D) = log =---1-~­l 0 Transmission (4. l) 

(all optical transmission data are normalized to 100% at points where no 

conversion occurred). 
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Before actual data are presented, these methods are discussed and then 

only relevant data will be given. 

4.2 Discussion of the Measurement Techniques 

Through Method I, valuable information concerning the optical 

density of the films could be obtained. It was needed for both the design 

of the theoretical model and the interpretation of the data obtained by 

Method II. Counttng tracks proved to be a very unreliable method of 

density determinations. Due to the focussing of the microscope (trans­

mission), different hole populations were brought into focus with diff­

erent settings. The hole count was therefore influenced by the depth of 

the focal plane in the cellulose-nitrate layer. The use of the human 

eye to judge the depth of holes under these conditions can produce 

results with large errors. The counting results are therefore not 

given. 

Through Method II, reproducible optical density data was obtained. 

It was however, contrary to popular speculations, discovered that the 

highest optical densities were not obtained with the green filter but with 

the red filter. Since this study emphazises high contrast conditions, 

only the densities using the red filter are presented. Some data on 

the other methods will appear in the following discussions as they are 

needed. · 

4.3 Presentation of the Data 

The experimental data consists of two sets of films: 



(I) The Roman numeral set, and 

(II) The Arabic numeral set . . 

Both sets are defined by Table VI. 
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Typical results obtained by Method I are reproduced in Fig. 9a, 

9b, 9c, Fig. 10, and Fig. 11, where t..T is defined to be the exposure time. 
0 

The red light (6600 A) transmission data is summarized in Fig. 

12 and Fig. 13 for the Roman numeral set and Arabic numeral set respectively. , . .... 

The aparture of the digital spot-densitometer used for these measurements 

had the dimensions 1.4 mm by 4.0 mm. 
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Table VI: The organization of the experimental data . . 

Type Code Etch date Exposure times, Lithium thickness, 
t.t (sec) L (inches) 

FIII BIII 10/4/75 10240 .00125,.002,.003, 
.004, .005 

FII BII 10/4/75 5120 II 

FI BI 10/4/75 2560 II 

F7 B7 30/11/75 10240 .002, .003, .004, 
.006, .008 

f 6 B6 30/11/75 5120 II 

f 5 BS 30/1/75 2560 II 

f 4 B4 30/1/75 1280 II 

F3 B3 30/1/75 640 II 

Where F denotes the front recorder contribution of the central converter 
system and B denotes the back recorder contribution. The Roman numeral 
set also differs from the Arabic numeral set in etching procedure. 



a) Set FII: 

x = 1000, 

ti.T = 5120 sec, 

L = 31 µm. 

b) Set FI: 

x = 1000, 

ti.T = 2560 sec, 

L = 139 µm. 

c) Set BI: 
x = 1000, 

AT = 2560 sec, 

L = 31 µm. 

Fig. 9: Electron mi crographs of etch-pit profiles at 70° of 
incidence 
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Fig. 10: Transmission photo-micrograph of CN-recorder 

Set BI: 

x = 1000, 

6T = 2560 sec, 
L = 50 µm • 
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Fig. 11: Reflection photo-micrograph of CN~recorder 

Set BI: 
x = 1000, 

liT = 2560 sec, 
L = 31 µm. 
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CHAPTER 5 

DISCUSSION OF THE RESULTS 

5. l Theoretical-Experimental Curve Pitting 

By comparing Fig. 6,7, and 8 (theoretical) with Fig. 12 and 13 

(experimental) it is clear that any curve-fitting cannot be done at 

this stage since the experimental distribution curve differs too much 

in shape from both theoretical curves, Fig. 8. Therefore only a non­

numerical analysis, aiming to bring experimental conditions closer to 

the theoretical case is possible. Only after these corrections, can a 

curve-parameter fitting be attempted. 

The basic difference between the experimental density distribution 

and the theoretical density distribution is that the experimental curves 

usually have zero slope or negative slope while the theoretical curve 

has a positive slope for the larger part of its range. To remedy this 

situation, the following problems have to be considered: 

(1) cellulose-nitrate film colouration, 

(2) saturation effects, and 

(3) cellulose-nitrate film thickness. 

5.2 Cellulose-Nitrate Film Colouration 

Previously it was speculated, that holes are created by etching, the 

use of a transparent red film and the viewing under green light would yield 
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the highest contrast. This however, is not true . .. The 11 F7 11 set, Table 

VI, produced average densities of 0.01 using green light, 0.08 using 
0 

white light, and 0.11 using red light. Clearly the red filter (6600 A) 

produces the highest density and therefore the highest contrast. To 

clarify this contradiction, photon and electron micrographs were made 

of the exposed films. Typical results are shown in Fig. 9, 10, and 11. · 

After careful investigations of those and other · micrographs, it was 

concluded that the walls of the etch-pits are very rugged and thus form 

good scatterers. Viewing the recordings under a transmission micro­

scope, (Fig. 10), it is noted that a small area of high transmission, 

with a diameter of about l µll1, which is interpreted as the flat bottom of 

the pit, is surrounded by a dark, circular area, with a diameter of 

about 7 µJTI which is interpreted as the steep, rugged pit wall. This 

dark area, due to light scattering, is the major density producing effect. 

Even when a red filter is used, the effect of 11 hole lightening", 

as opposed to 11 scatter darkening 11 , becomes of considerable importance only 

when particle tracks with an angle of incidence around e = 0° are 

considered. For particle tracks that reach a considerable depth in 

the recorder, quite common under these conditions, the hole lightening 

actually seems to slightly reverse the scatter darkening. This explains 

why an actual dip in optical density is obtained between converter thicknesses 

of 75 µm and 140 µm, Fig. 12 and Fig. 13. In an attempt to find the loss 

in density produced by hole lightening the following estimations were 

made. The colouration of the film containing no etch pits produces an 

optical density of .06 (a .03 density correction due to reflection losses 
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0 

is included} under red (6000 A) 1 ight. Using the microphotograph of 

"BI (30 µm) 11 , Table VI, it was found that about 20% of the total film 

volume was crater volume. Therefore, a density loss between .01 and 

.02 can be expected. The measured density was 0.09, Fig. 12. Using 

a colourless film, a measured density of 0.11 can be expected. A clear 

colourless film would therefore increase the optical density and 

eliminate an early flattening of the density versus converter thickness 

curve. Experimental results will therefore come closer to the 

theoretical results as shown in Fig. 6, 7, and 8. 

5.3 Saturation Effects 

Saturation effects, like hole lightening, also produces an early 

flattening of the transmission density distributions. Overlapping etch­

craters are not covered by the theory and therefore no curve fitting is 

possible in this region. Fig. 9a clearly shows that the Roman numeral 

set II, Table VI, is in the saturation region. Even Ro;man numeral set I 

shows some pit-overlapping, as can be seen in Fig. 9b, 9c, and Fig. 11. 

Fig. 10 shows the same effect but care has to be exercised not to confuse 

the actual pit border with the border of the low density, flat pit bottom. 

This error was made previously and produced the conclusion that Roman numeral 

sets II and III were not in the saturation region. The transmission 

densities given by Fig. 12 also show that sets II and III are in the 

saturation region. The same applies for the Arabic numeral set. For 

this set, etch conditions were slightly different and it appears that the 

sets 3, 4, 5, and possibly 6 are all in the linear density region, Fig. 13. 



55 

In conclusion, it can be mentioned that saturation effects are not only 

undesirabl~ for theoretical-experimental curve fitting but also the 

optical density versus exposure time ,efficiency is reduced. 

5.4 Cellulose~Nitrate Film Thickness 

Since an 8 µm thick cellulose nitrate layer is used and the 

maximum depth of an etch-pit is about 6.7 µm, forced termination of 

the crater etching due to the supporting clear plastic should be 

negligible. In fact,microphotographs show that only about 3% of the 

craters penetrate the active film layer completely. Errors similar to 

11hole lightening" can occur since forced etch termination produces 

extra-large flat pit bottoms thus increasing the transmission of the 

film and reducing the density. To avoid any complications, the cellu­

lose nitrate film thickness should be increased to at least 10 µm. 

(A word of caution should be added here. Fig. 10 cannot be used to . 

determine which pits penetrate the active layer completely. In this 

reproduction, taken from a colour microphotography, the background 

and the scatter darkened regions were moved into the linear region of 

the D-H curve. (lO) The relatively bright pit bottoms are therefore 

due to overexposure. To find the number of completely penetrating etch 

tracks, considerable care has to be exercised so that the bright pit 

bottoms are both in focus and in the linear region of the D-H curve.) 
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CHAPTER 6 

CONCLUSIONS 

It can be concluded that to maximize contrast, a clear and 
.. . . 

colourless cellulose nitrate film, approximately 150 µm thick, such 

as Kodak-Pathe Type Ca-8015, should be used. Eastman Kodak Type 106-

01, possessing a 8 µm clear cellulose nitrate layer on a 100 µm thick 

i~active polyester base, can also be used but etch conditions have to 

be carefully controlled so as not to 11over-etch 11 the film. Lithium 

converter thicknesses should be between 25 µm and 200 µm, and exposure 

times should be between 640 sec and 10240 sec. 

From theoretical considerations, it can be concluded that the 

alpha,..particle contribution is 8% of the total alpha-particle and triton 

contribution taken at a lithium thickness of 140 µm. A converter thick­

ness of 140 µm gave the maximum optical density or contrast when a 

central-converter system is used. The recorded alpha-particles and 

tritons could not be distinguished from each other, since the particles 

have overlapping energy ranges. 
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