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ABSTRACT  
     To calculate the shape of the etch pits in the solid state nuclear track detector (SSNTD) 
with a depth dependent V b , we used the generalized equations for the etch-pit profiles by 
using the variational principle, since these equations are applicable to the general case where 
neither the bulk nor the track etch rate is constant, these equations were used for analysis of 
etch pit shapes, by using cellulose nitrate as a detector, this analysis have been done for the 
first time.  
The calculated shape for the etch pit in cellulose nitrate, using the derived equations with 
depth dependent V b , are in good agreement with the observed shapes.  
 
1. INTRODUCTION 
     Solid State Nuclear Track Detectors 
(SSNTD’s ) have been used in many field 
such as nuclear particle detection[1-3], 
radiation dosimetry[4-6], cosmic rays[7], 
solar physics[8] and fusion research[9]. 
In various applications of SSNTD’s the 
calculation of etch-pit profiles is necessary 
to determine the particle parameters such as 
charge, energy and mass. 
A knowledge of etch – pit profiles is also 
important in order to have an understanding 
of the response of a plastic detector to 
charged particles. 
Fujii et, al[10] shows that the solid state 
nuclear track detectors are sensitive to the 
energy and charge of the nuclear particle, 
this sensitivity can be indicated by using the 
etch – rate ratio V T / V B as a function of Z 
thus, the accurate measurement of the bulk 
etch rate, V B , as well as of the track etch 
rate, V T , are required. Selman[11], studied 

the variation of bulk etch rate as a function 
of depth for nuclear track detectors. 
Somogyi et. al[12] pointed out that the 
diameter of the each pit is sensitive to the 
energy and charge of the nuclear particle, 
and also obtained a general theoretical 
description for the variation of track 
diameter of etch pit, this was done for 
particles entering solids at arbitrary angles, 
this model can be applied to detectors with 
both isotropic and anisotropic etching 
properties, and the determination of the 
formulas which used in this model, 
described the variation of etch – pit axes 
during the etching process for constant and 
varying track etch – rates. 
Etch – pit profiles can be calculated by 
using generalized equations for etch – pit 
profiles using generalized equations for etch 
– pit profiles using the variation principle, 
which is a directed consequence of Huygens 
principle. 
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These equations are applicable not only to 
the case of varying V T , but also to varying 
V B . Etch – pit profiles and the contours of 
the openings have been calculated 

numerically by assuming a depth 
dependence of bulk etch rate V B . 

 
2. THEORY 

The etching time required for the etchant to move from point O to point B on the etch 
– pit profile through the path OAB, shown in figure 1, is 
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Where 
δ : is the 1/2  cone angle,  
X1 : is the coordinate of point A, 
X 2 : is the coordinate of point B, 

 
Fig.1.   Etch – pit geometry in solid with bulk etch – rate V T  (z). 

 
Equation ( 1 ) can be applied for constant track etch rate V T  and bulk etch rate V B . 

From figure ( 1 ), one can obtain, 
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Thus, from equation ( 1 ) and ( 2 ), the etching time, t, to reach point B(x,y) on the 
etch – pit profile is given by the following equation, which is a generalization of equation (1): 
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Where the bulk etch rate V B (z) is a function of depth of SSNTD ( see figure 2 ). 
 

 
 

 
 
Fig.2.   Bulk – etch – rate as a function of detector depth. 
 
 
The depth z is given by 
 

θθ sincos yxz +=        (4)                                                        
 
Where θ is the angle of incident 

particle, as shown in Fig. 1, 
Since the etching time t is a function 

of x, y and 'y , thus we can express t as, 
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During etching time t the etching 
reagent proceeds along the path OAB ( see 
Figure 1 ) when the bulk etch rate is depth 
dependent. The etching path AB, which 
corresponds to the least time, is no longer a 
straight line. Then , the curve AB is given 
by Euler`s equation. 
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Where the function f is given by, 
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Since point A(x,0) cannot be fixed a priori and is free to move along the X axis, the following 
auxiliary condition of variation is necessary for x 1 to give the least time[13], 
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Where  
 f 1  is a function of x 1 . 
since x1  lies on the x axis then, f 0)( 111 == yx  
and f’ 1 (x1 )=0 
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Thus we obtain a condition at X = X 1 , 
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Equation (7’) can be rewritten as  
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Equation ( 8 ) gives the boundary conditions needed to solve the differential equation ( 6’ ).  
If we represent the etch – pit profile by the function, 
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The other auxiliary condition of variation can be written as 
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Thus we obtain a condition at X = X 2  
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Therefore, the etching path y is 
perpendicular to the etch – pit profile 2f , as 
in the case of optical theory where the light 
path is perpendicular to the wave front. 
Thus, if we know V )(xT  and V )(zB  
functions, the dimension of etch – pit profile 
can be calculated theoretically, by using 
equation ( 3 ), ( 6’ ) and ( 8 ). 
From equation ( 6’ ) we obtain, 
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Equation ( 12 ) can be integrated by Runge 
– Kutta method if V B is given as a function 
of depth. The boundary condition needed to 
solve equation ( 12 ) can be obtained from 
equation ( 8 ) 
i.e at X = X 1   
          Y = Y 1 = 0 
And  
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The solution of equation ( 12 ) gives the 
path AB along which the etching proceeds. 
The etch – pit profile, can’t be derived from 
equation ( 12 ) alone, because this equation 
dose not contain any information about the 
etching time. 

The time during which the etching reagent 
proceeds along the path AB is given by 
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The time t AB  is equal to  
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Where h is the layer removed from the foil 
and the depth z measured in unit of the 
surface removal h. 
If we assume a certain value of X 1 , the time 
t - t OA can be calculated from equation ( 15 
), then equation ( 14 ) can be integrated step 
by step until t AB becomes equal to t - t OA , by 
the Simpson method using the values Y and 
Y’ which obtained by integration equation ( 
12 ). The X and Y coordinates at  this time 
t AB = t - t OA , give a point on the etch – pit 
profile, if we find a point B(x,y) which 
satisfies the relationship 
 

hYXZ =+= θθ sincos                          (16)                                                            
 
Then this point  B(x,y) gives the coordinates 
of a point on the contour of the etch – pit 
opening. 

 
3. NUMERICAL CALCULATIONS OF THE ETCH – PIT PROFILE   
        A special computer program has been 
developed to solve equation ( 12 ), in this 
program the Runge – Kutta method has 
been used, where the variation of bulk etch 
rate as a function of depth used in the 
equation ( 12 ) shows in fig,2.different 
initial – values have been found for X, and 
values of y’ which obtained by equation ( 
12 ), these values were given in table ( 1 ) 
and table ( 2 ). Then we find out the value 

of t - t OA   from equation ( 15 ). The value of 
t AB has been found from equation ( 14 ) by 
using values of y and y’ which we obtained 
from equation ( 12 ) and then choose the 
value of coordinate x,y at which the value 
of t AB  equal to value of t - t OA , value of x 
which satisfy equation ( 16 ) represents the 
value of etch – pit diameter. 
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Table.1.   Calculated points on the etch pit profile after 9 mµ layer removed from the 

detectors, for normally incident alpha – particles. 

 
 
 

Table.2.   Calculated etching path to find out etch – pit profile at 9 mµ  depth. 
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   The coordinates of points on the etch-pit 
profile were given in table 1,3,5 for 
different layer removed, from the detector. 

And the data for the etching path were given 
in table 2,4,6.  

 
Table.3.   Calculated points on the etch – pit profile after 11 mµ  layer removed from 

the detector, for normally incident alpha – particles. 
 

 
 

Table.4.   Calculated etching path to find out etch – pit profile at 11 mµ depth. 
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Table.5.   Calculated points on the etch – pit profile after 18.5 mµ layer removed from 
the detector, for normally incident alpha – particles. 
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Table.6.   Calculated etching path to find out etch – pit profile at 18.5 mµ  depth. 

 
 
4. COMPARISION BETWEEN CALCULATION AND EXPERIMENTS  
 A foil of cellulose nitrate CN-85 
have been used as a solid state nuclear track 
detectors, these detectors were exposed to a 
5.4 MeV alpha particles, after exposure, 
these detectors were etched for 120 min in 

2.0 N NaOH solution at 60 0 C. the circular 
opening were chosen for normal incident. 
In the present calculation, V T  is assumed to 
be constant, and the V B of CN-85 plastic 
sheet increases by about ( 0.02 hrm /µ ) 
during etching, the depth dependence of V 
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B , thus measured can be approximated by 
the following function. 
  

64.3)(02.0)( += zzVB  
 

Where the depth z was measured in unit of 
the surface removal h. the calculated etch – 
pit profile and the surface openings of alpha 
particles are shown in figures ( 3, 4, and 5 ).  

 
Fig.3.   Calculated etch – pit profile for h= 9 mµ , V T = 4.546 mµ /hr, V B = 0.02X + 

3.64 and normal incident of 5.4 MeV alpha – particles. 
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Fig.4.   Calculated etch – pit profile for h = 11 mµ , V T = 6.751 mµ , V B =0.02X + 

3.64 and normal incident of 5.4 MeV alpha – particles. 
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Fig.5.   Calculated etch – pit profile for h = 18.5 mµ , V T =5.450 mµ /hr , V B =0.02X 
+3.64 and normal incident of 5.4 MeV alpha – particles. 

 
   The calculated shape observed at 9 mµ , 
11 mµ  and 18.5 mµ depth in cellulose 
detector. Calculated diameter were 

compared with observed shapes of etch pits. 
Table ( 7 ) shows this comparison,  

 
 

Table.7.   Calculated and observed diameter for etch – pit profile. 
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there are good agreement between the calculated shapes and the observed shapes of etch – 
pits. 
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