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�

	The TDCRB-1 program in FORTRAN language have been developed to calculate the detection efficiency and hence the source activity of a triple photomultiplier LS counter for pure beta-emitting radionuclides. The program is based on the TDCR method data processing.





1.	Definitions of notions



	Notions and quantities used in the program are defined as follows:	





Notions

�

Definitions��

Source





Set of sources



Source mass





Source activity





Solution activity





Counting time



Count







Repetition





Counting channel





Counting rate





Figure of merit









Counting efficiency









Counting point







Experimental TDCR parameter



Theoretical TDCR parameter



Set of counting points





Counting point activity



Measurement Results



Information concerning the measurement



Input data set

�

a vial filled with a cocktail of scintillation solution with the radioactive solution to be measured



all sources prepared from the radioactive solution to be measured



amount of the radioactive solution in the scintillation cocktail of a source [mg]



radioactive concentration of the radioactive solution contained in the source [kBq/g]



mean radioactive concentration of the solution contained in  the set of sources measured [kBq/g]



a basic length of time set to count pulses [s]



a number of pulses counted in the set counting time (refers to: a radioactive source or a background source, and also to a source with background subtracted)



a set number of successively taken counts (in the same counting time)



one of AB, BC, CA, T or D coincidence channels, in which counts are taken



a number of pulses counted per unit time in a given counting channel [cps]



a parameter describing actual quality of a scintillation detector, defined as a number of photoelectrons collected at first dynodes of all PM-tubes, per incident electron energy deposited in the scintillator [photoelectrons/keV]



characterized by a figure of merit, theoretically calculated counting probability of scintillation pulses, integrated over the whole energy spectrum





a set of 5 means of successively repeated counting rates in all 5 counting channels at a single given figure of merit (interrelated to the experimental TDCR parameter) [cps]



ratio of counting points in T and D channel





ratio of counting efficiencies in T and D channel of the corresponding counting point



all counting points successively taken at a set number of different TDCR parameter (different figure of merit) values



source activity corresponding to a given counting point [kBq/g]



a final set of measurement results data



general text description of the measurement and conditions applied





a set of input numerical data of counts and parameters to be processed to obtain measurement results

��



2.	Input data



	An example of a measurement results input data file NI6301.TDK, attached to the manual, is given. The file contains counting results of a set of three 63Ni sources in the Ultima Gold scintillator, in 7 counting points at different efficiency, which have been obtained by changing the PM-tubes focalisation, and measurement in each counting point was repeated 3 times, 60 s each). The background data file BKGR3.TDK, attached to the manual, is of the same format.



	Underlined variables serve only as an information concerning measurements and after reading are not processed. The integer (I), real (R) and double precision (DP) variables are read by using a free format. Dimension of the character (CH) variables are given in a table.



	Names of radionuclide or scintillator in an input data file DONNE.TAB, attached to the manual, can be changed by a user, but numbers JB or JS should be actualized in the same time.

�







Format of the input data set file 

�

Name of variables used�

Type����

Ni6301.tdk

Ni-63     23/ 2/1996

Ultima Gold     (EUROMET)  defocalisation

  3   7

   46.055    47.082    52.921       

  800   775   750   725   700   675   650

          60           3

    81682.0    82332.0    80267.0    76317.0    91647.0

    81336.0    81970.0    79730.0    75857.0    91322.0

    81295.0    81956.0    79936.0    76022.0    91143.0

    80910.0    81738.0    79462.0    75533.0    91044.0

    81604.0    82315.0    80100.0    76167.0    91685.0

    81643.0    82116.0    79972.0    76098.0    91535.0

    ...              ...             ...              ...             ...

    

    71066.0    74408.0    70503.0    65422.0    85133.0

    69998.0    73755.0    69619.0    64488.0    84396.0

    69478.0    73485.0    69138.0    63995.0    84111.0

          60           3

    83612.0    84192.0    81782.0    77934.0    93718.0

    83281.0    83971.0    81366.0    77617.0    93384.0

    82590.0    83511.0    80860.0    77154.0    92653.0

    82596.0    83163.0    80641.0    76895.0    92610.0

    82328.0    83079.0    80367.0    76667.0    92440.0

    82990.0    83855.0    81069.0    77308.0    93298.0

    82129.0    83266.0    80368.0    76542.0    92679.0

    82317.0    83598.0    80620.0    76796.0    92943.0

    ...              ...             ...              ...             ...

�

NOMFIC

NUCL    DATE

INFS

NS     NP

 MASS(i)  for  i=1, ... , NS

 UFOC(j)  for  j=1, ... , NP

 T(1)      NR(1)



counting rate of  coincidence

channels AB, BC, CA, T, D

as   X(1,j), ... , X(5,j)

 for   j=1, ... , NR

 (NP counting points

of the 1st source) 









T(2)       NR(2)







X(1,j), ... , X(5,j)   

for   j=1, ... , NR

 (NP counting points 

of the 2nd source)



�

CH*14

CH*9  CH*12

CH*80

I   I

R

R

R   I







DP















R   I







DP





��

Meaning of the variables used:



NOMFIC - name of the input data set file

NUCL	  - name of the radionuclide

DATE	  - date of taking measurement

INFS		  - information concerning the 

		    measurement

NS	      - number of sources

NP		 - number of counting  points

MASS	   - table of source masses [mg]

�





UFOC	- table of voltage values applied to

 		   the focusing electrode

T		- table of counting times applied 

		   to different sources

NR		- table of repetitions applied to 

		   different sources

X		- table of all repetitions of all

 		  counting points of different sources



��















Format of the DONNE.TAB file

�

Name of variables used�

Type

���

8

 NI-63

         63.  28.  -1    65.870

 H-3   

          3.   1.  -1    18.620

 TL-204 

        204.  81.  -2   763.400

 C-14  

         14.   6.  -1   156.478

 SR-90   

         90.  38.  -2   546.000

 Y-90  

         90.  39.  -2  2284.000

 W-188  

        188.  74.  -1   349.000

 RE-188  

        188.  75.  -1  2118.000



3

 Toluene + (common carrier solution); 8.3ml

 1.15  2.   .867 .54271  .06103

 Toluene + (Ni+alk.+TOPO; evaporated); 10.0ml

 1.27  1.97 .867 .54271  .06103

 Ultima-Gold  /according to PTB/; 10.6 ml

 1.27  2.08  .985  .546627  .065115 

�

JB

NUCL

NM   NA   IFORBN   EMAX



2nd  radionuclide



3rd  radionuclide



4th  radionuclide



5th  radionuclide



6th  radionuclide



7th  radionuclide



8th  radionuclide



JS

DAN

R   H   RO   ZA   EJ



2nd  scintillator



3rd  scintillator

�

I

CH*9

R  R  I  R































I

CH*70

R  R  R  R  R



��

 Meaning of variables used:



JB	  - number of different radionuclides

	     in the file

NUCL	- name of a radionuclide

NM		- the radionuclide mass number

NA		- the radionuclide atomic number

IFORBN- forbiddenes of the beta transition

     (an absolute value of the nuclear

	     spin change; sign corresponding

	     to the character of the beta decay -

	     beta minus or plus)

EMAX   - maximal energy of the beta 

	        spectrum [keV]

�





JS	- number of different scintillators in 

	   the file

DAN - name of a scintillator

R	- radius of the scintillator cylindrical 

	   column [cm]

H	- height of the scintillator cylindrical 

	   column [cm]

RO	- density of the scintillator [g/cm3]

ZA	- ratio of the atomic to the mass 

	   number of the scintillator

EJ	- mean exciting energy of the 

	   scintillator molecules [keV]

��





�

3.	Program operation



The TDCRB-1 program communicates with the user in an interactive way. Several successive questions are displayed and optional alphanumerical answers are proposed in brackets to select. The program can be used in two counting modes, depending on the variable IEFF value selected. Examples of results of calculations displayed are given in Chapter 5.



	Selection of the way of presentation of results:



==>	Print the results of calculation 	(1)

	or save them in a file CALC.RES ?	(2)



1 - Calculation results are directly printed (this option is useful when continuous printer paper isused);  2 - (recommended) results are saved in a new version of CALC.RES file.



	Selection of the calculation mode (IEFF value):



==>	Calculation of the solution radioactive concentration  (1)

	or the theoretical counting efficiency only ?          (2)



1 - calculation of a solution activity, based on the input data set file (the IEFF variable takes the value of 1);

2 - calculation of a theoretical counting efficiency for a given set of thirty TDCR parameter values (the IEFF variable takes the value of 2).





3.1.	IEFF=1 option



	This part of the program appears only, if the option IEFF=1 is selected.



==>	Do you want to read the file with background counts ?  (Y/N)



The calculation is possible with (“Y”), or without taken into account the background data file (“N”).



==>	Name of the input data set file with a background counts:  



The full name of the background data file saved on the computer disc should be input.



***	SUCH A FILE DO NOT EXIST !!!

==>	Do you want to STOP the program ? (Y/N)



This warning appears, if the file name has not been correctly input.



==>	Name of the input data set file with a set of sources counts: 



The full name of the measurement results input data file saved on the computer disc should beinput.



***  SUCH A FILE DO NOT EXIST !!!

==>	Do you want to STOP the program ? (Y/N)



This warning appears if the file name has not been correctly input.





3.2.	Both IEFF=1 and IEFF=2 options



	This part of the program appears independently of the IEFF variable value.



==>	Select the radionuclide for calculation (by “Y”)



Radionuclide symbols list from the DONNE.TAB file appears on the monitor one by one. Pressing any key except of “Y” displays the next symbol. Pressing “Y” means selection of a given radionuclide After checking the list of radionuclides without pressing “Y” the warning is displayed:



==>	Do you want to STOP the program ? (Y/N)



When any key except “Y” is pressed, the list of radionuclide symbols is displayed from the beginning.



==>	Select the scintillator (by “Y”):



Scintillators names list from the DONNE.TAB file appears on the monitor one by one. Pressing any key except of “Y” displays next scintillator name. Pressing “Y” means selection of the scintillator used in the measured source. After checking the list of radionuclides without pressing “Y” the warning is displayed:



==>	Do you want to STOP the program ? (Y/N)



When any key except of “Y” is pressed, the list of the scintillators names is displayed from the beginning.



Following values of the kB parameter are chosen for interpolation:

   .0060    .0090    .0120    .0150    .0180

==>	Do you accept above values ? (Y/N)



By pressing any key except “N”, you accept an interpolation with a given set of the kB parameter values. By pressing “N”, you can introduce another set of the kB parameter values. Then you must input five kB parameter values following the instruction, e.g.:



==>	A new value of kB(1) = .0015

==>	A new value of kB(2) = .003

==>	A new value of kB(3) = .005

==>	A new value of kB(4) = .007

==>	A new value of kB(5) = .009



and the question of accepting a set of the kB parameter values appears again.





3.3.	IEFF=1 option



	This part of program appears only, if the option IEFF=1 was selected.



==>	Select the printing option:

	- tables and diagrams for all kB values			(1)

	- diagrams but not tables for all kB values		(2)

	- table and diagram only for interpolated kB value	(3)



1 - Full calculation results are printed.

2 - Diagrams of a set of counting points for each source of a set, for each kB parameter 

value and the final table of results of calculation of a set of sources are printed.

3 - Diagrams of a set of counting points for each source of a set, for interpolated kB 

parameter value only and the final table of results of calculation of a set of sources are printed.



==>	Calculation of the theoretical counting efficiency table

	for the mean value of the interpolated kB parameter ? (Y/N)



Pressing “N” ends the program. 

When any key except “N” is pressed, 

ETA0 - figure of merit, PHEL - expected number of photoelectrons in total, effC - counting efficiency of double coincidence, effT - counting efficiency of triple coincidence, effD - counting efficiency of sum of double coincidence, for 30 different values of the TDCR ratio in an interval [0.02, 0.99] are calculated.

The mean value of the interpolated kB parameter is taken into calculation in each case.



==>	Calculation for an other TDCR value ? (Y/N)



Pressing “N” ends the program. When any key except “N” is pressed,  the following instruction is dispalyed:



==>	Give a new value of TDCR = 



When the TDCR parameter value is input, calculation of ETA0, PHEL, effC, effT and effD values for a given TDCR parameter value and for the same as before kB parameter valueis performed.





3.4.	IEFF=2 option



	This part of the program appears only, if the option IEFF=2 was selected.



==>	Calculation for another TDCR value ? (Y/N)



Pressing “N” ends the program. When any key except of “N” is pressed, the following instruction is displayed:



==>	Give a new value of TDCR = 



When the TDCR parameter value is input, calculation of ETA0, PHEL, effC, effT and effD values for a given TDCR parameter value and for the set of the kB parameter values is preformed.





4.	The program structure



	The main TDCRB-1 program and a set of subroutines have been compiled independently. The program may be used in two operating modes, depending on the IEFF parameter value selected (see Chapter 3 and next two diagrams). The program TDCRB-1 accepts an input data set file with up to: 30 counting points, 15 repetitions and 12 sources. The radionuclide and the scintillator data are selected from the DONNE.TAB file. Calculation results are printed or saved in the CALC.RES file on a computer disc.



Subroutines:



DATAEXP	- For selecting the input data set file with a set of sources, as well as the 

input data set file with a background counts. Means of counts are taken, counting points are calculated, background is subtracted and uncertainties calculated.

PARAM	- For selecting and printing the radionuclide and the scintillator data,

registered in the DONNE.TAB file. The data are used to calculate the electron and scintillation beta spectra.

SPECTB	- For calculation beta-spectrum of a given radionuclide. The spectrum 

is divided into a selected number of intervals.

FJON		- For calculating scintillation energies, using the kB parameter and 

selected scintillator of a given dimensions, in all intervals of the beta spectrum.

FIT			- For calculating counting efficiencies at all counting channels of a 

counting point, by fitting the calculated theoretical TDCR parameter (Kth) value to the experimental one (Kexp).

SOURCE	- For calculating activity of the source as a mean of all counting point 

activities. For this purpose a slope of a regression line of the set of counting points is calculated.

DESSIN		- For printing tables and diagrams of a set of counting points as a 

function of the TDCR parameter.

INTRP		- For interpolation of function values between given points by using the 

Lagrange polynomial of N-1 degree.

SETSOUR	- For calculating the mean activity of the solution.

RESULT	- For printing results of calculation.









�

The first mode (IEFF=1) of the TDCRB-1 program operation 

(calculation of a solution radioactive concentration):
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� The second mode (IEFF=2) of the TDCRB-1 program operation

 (calculation of a theoretical efficiency for a given set of TDCR parameter values)
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�5.  Output data



5.1.	IEFF=1 option



	An example of a part of results printout (the first mode of the program operation; IEFF=1) for the set of 63Ni sources measurement input file Ni6301.TDK and the background data file BKGR3.TDK



	The table of single source calculation results, obtained with an interpolated kB parameter value and a diagram of a set of counting points is given:
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�	The table of a single source calculation results, obtained with different kB parameter values is given below. The last kB value is found by interpolation method, whena zero slope value of a regression line of a set of counting points was taken as a condition.
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	The table of final results of a set of sources, an arithmetic mean of radioactive concentration of a solution with their uncertainties, as well as conclusions drawn from the results:



�







































	The differences between the highest and the lowest source activity in a set, as well as the differences between the highest and the lowest kB parameter value are calculated and presented in the CONCLUSIONS.





�	An example below shows the conclusions drawn by the TDCRB-1 program from the results of a set of nine sources with intentionally incorrect input parameters taken to the calculation:
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	Warnings visible in CONCLUSIONS (introduced into the RESULT subroutine) appear if :



- the difference between the highest and the lowest source activity in a set of sources is higher than 3%

- the differences between the highest and the lowest extrapolated kB parameter value in a set of sources is higher than 40%

- the extrapolated kB parameter value is lower than 0.002 cm/MeV or higher than 0.020 cm/MeV

- the slope value of the regression line of a set of counting points for any source is higher than ( 2%



�5.2.	IEFF=2 option



	An example of printout results for 63Ni (the second mode of the program operation; IEFF=2).

	The theoretical counting efficiencies of counting channels, calculated for the first value of ionization quenching kB parameter from a set and different TDCR ratios:
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	The theoretical counting efficiencies of counting channels calculated for selected TDCR ratio and for set of the kB parameter value.
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 a)

    A      - counting point activity [kBq/g]

    SIGMA  - counting point activity uncertainty (standard deviation)

    ETA0   - figure of merit [photoelectrons/keV]

    PHEL   - number of photoelectrons in the detector

    DIFF   - test of mutual relation of the counting channels

    TDCR   - experimental TDCR parameter

    AB, BC, CA, T, D - mean counting rate in a given counting channel

                       per source mass [cps/mg]

    effC, effT, effD - counting efficiencies of counting channels

                       (assumption: efficiencies effAB=effBC=effCA =effC)



 SOURCE No. 1    MASS=  46.0550 mg   COUNTING TIME=  60. s   REPETITIONS= 3



 *  kB=  .00788 cm/MeV

           A   SIGMA   ETA0        T   effT        D   effD   TDCR

 1    39.675    .064   .920    27.42  .6910    32.90  .8294  .8332

 2    39.778    .085   .909    27.38  .6883    32.93  .8278  .8315

 3    39.689    .154   .878    27.01  .6805    32.67  .8232  .8266

 4    39.669    .085   .833    26.51  .6684    32.37  .8161  .8190

 5    39.714    .073   .767    25.77  .6488    31.95  .8045  .8065

 6    39.628    .155   .693    24.69  .6230    31.27  .7891  .7896

 7    39.746    .144   .604    23.30  .5863    30.47  .7666  .7649



      PHEL    DIFF       AB       BC       CA   effC

 1  12.752  .00000    29.34    29.58    28.82  .7371

 2  12.599  .00000    29.33    29.58    28.78  .7348

 3  12.168  .00000    28.97    29.30    28.42  .7281

 4  11.544  .00000    28.46    29.00    27.94  .7176

 5  10.640  .00000    27.71    28.50    27.27  .7007

 6   9.604  .00000    26.63    27.71    26.31  .6784

 7   8.374  .00000    25.30    26.63    25.14  .6464



 A [kBq/g]                            ACT =   39.700 +-  .019 kBq/g

   39.87-!                                                             

        !!                 !                                           

        !!               ! !                                           

        !!               ! !                                           

        !!          !    ! !                                           

   39.76-!      !   !    ! 2                                           

        !7      !   !  ! ! !                                           

        !!      !   !  ! ! !                                           

        !!      !   5  ! ! !                                          !

        !!      !   !  ! 3 !                                          *

   39.66-!      !   !  4 ! 1                                          !

        !!      !   !  ! ! !                                           

        !!      6      ! ! !                                           

        !!      !      ! ! !                                           

        !       !      ! !                                             

   39.56-       !        !                                             

        !       !        !                                             

        !       !        !                                             

        !       !                                                      

        !       !                                                      

   39.45-                                                              

         !--------------!--------------!--------------!--------------!

      .765           .824           .882           .941          1.000 TDCR







 b)

 * FITTING OF A THEORETICAL COUNTING EFFICIENCY TO THE COUNTING POINTS

 * BY CHANGING kB PARAMETER VALUE



 * Source no. 1



 * kB=  .00600 cm/MeV    	ACT=   39.44217 +-  .02165 kBq/g    	Slope=   2.79 %

 * kB=  .00900 cm/MeV    	ACT=   39.83662 +-  .01987 kBq/g    	Slope=  -1.47 %

 * kB=  .01200 cm/MeV    	ACT=   40.15495 +-  .02722 kBq/g    	Slope=  -4.88 %

 * kB=  .01500 cm/MeV    	ACT=   40.42072 +-  .03696 kBq/g   	Slope=  -7.70 %

 * kB=  .01800 cm/MeV    	ACT=   40.64785 +-  .04672 kBq/g    	Slope=-10.10 %

 * kB=  .00788 cm/MeV    	ACT=   39.70016 +-  .01906 kBq/g    	Slope=     .00 %









 c)

Source   	Mass       	Activity             			kB    		Slope

 no.        	[mg]       	[kBq/g]              			[cm/MeV]



  1      	46.06     	39.7002 +-  .0191   (+-  .05 %)		.00788       .	 .00 %

  2      	47.08     	39.2880 +-  .0332   (+-  .08 %)      	.00506      		-.01 %

  3      	52.92     	39.1479 +-  .0269   (+-  .07 %)      	.00538       	 .01 %



 MEAN              	39.3787 +-  .1658   (+-  .42 %)      	.00610



 ==========================================================================



          MEAN SOLUTION ACTIVITY =    39.379 +-  .166 kBq/g   ( +-  .42 % )



 ==========================================================================



          CONCLUSIONS  which may be drawn from the results :



 * Difference between a source activity No. 3 and No. 1 is   1.39 %



 * Difference between kB values for a source No. 2 and No. 1 is  35.85 %





 d)

Source   	Mass       	Activity                             		 kB        		    Slope

 no.    	[mg]       	[kBq/g]                          		[cm/MeV]



  1      	16.35     	38.6509 +-  .0166   (+-  .04 %)      	  .03816      	    2.56 %

  2      	16.35     	39.7400 +-  .0176   (+-  .04 %)      	  .07764     	   -2.35 %

  3      	16.35     	39.0538 +-  .0145   (+-  .04 %)      	  .05013     	    2.40 %

  4      	16.35     	33.9669 +-  .0952   (+-  .28 %)      	  .00000     	  23.14 %

  5      	16.35     	42.5048 +-  .1254   (+-  .30 %)     	1.13933    		-17.41 %

  6      	16.35     	33.0033 +-  .1350   (+-  .41 %)     	  .00000     	  31.61 %

  7      	16.35     	33.1836 +-  .1037   (+-  .31 %)     	  .00000     	  22.89 %

  8      	16.35     	39.0425 +-  .0214   (+-  .05 %)     	  .15816     	  -1.34 %

  9      	16.35     	44.0580 +-  .1393   (+-  .32 %)     	2.09400    		-18.15 %



 MEAN             	 38.1338 +- 1.3276   (+- 3.48 %)      	  .39527



 ==========================================================================



          MEAN SOLUTION ACTIVITY =    38.134 +- 1.328 kBq/g   ( +- 3.48 % )



 ==========================================================================



          CONCLUSIONS  which may be drawn from the results :



 * Difference between a source activity No. 6 and No. 9 is  25.09 %

 * SPREAD OF THE RESULTS SEEMS TO BE TOO HIGH



 * Difference between kB values for a source No. 4 and No. 9 is 100.00 %

 * THE DIFFERENCE SEEMS TO BE TOO HIGH



 * kB VALUE SEEMS TO BE TOO LOW

 * for the source No. 4,  6,  7, 



 * kB VALUE SEEMS TO BE TOO HIGH

 * for the source No. 1,  2,  3,  5,  8,  9, 



 * A REGRESSION LINE SEEMS TO BE TOO MUCH INCLINED

 * for the source No. 1,  2,  3,  4,  5,  6,  7,  9,





 e)

         kB     - ionization quenching kB parameter [cm/MeV]

         TDCR   - given (experimental) TDCR parameter

         ETA0   - figure of merit [photoelectrons/keV]

         PHEL   - number of photoelectrons in total in the detector

         effC, effT, effD - counting efficiencies of counting channels





 THEORETICAL COUNTING EFFICIENCY FOR A GIVEN kB AND TDCR PARAMETER VALUES



        kB     TDCR     ETA0     PHEL     effC     effT     effD



     .0060    .0200     .006      .09    .0013    .0001    .0037

     .0060    .0500     .015      .22    .0075    .0010    .0204

     .0060    .0900     .027      .39    .0220    .0050    .0560

     .0060    .1200     .037      .53    .0367    .0106    .0887

     .0060    .1500     .046      .67    .0538    .0186    .1243

     .0060    .1900     .060      .86    .0799    .0330    .1738

     .0060    .2200     .070     1.01    .1015    .0465    .2114

     .0060    .2500     .081     1.17    .1244    .0622    .2487

     .0060    .2900     .097     1.40    .1568    .0863    .2977

     .0060    .3200     .109     1.58    .1823    .1067    .3334

     .0060    .3500     .122     1.77    .2086    .1289    .3682

     .0060    .3900     .141     2.04    .2451    .1611    .4131

     .0060    .4200     .157     2.27    .2733    .1872    .4456

     .0060    .4500     .174     2.51    .3023    .2148    .4773

     .0060    .4900     .199     2.87    .3419    .2539    .5181

     .0060    .5200     .220     3.18    .3725    .2848    .5478

     .0060    .5500     .244     3.52    .4038    .3172    .5768







 f)

    THEORETICAL COUNTING EFFICIENCY FOR A GIVEN kB AND TDCR PARAMETER VALUES



        kB     TDCR     ETA0     PHEL     effC     effT     effD



     .0060    .5550     .248     3.58    .4090    .3228    .5816

 

     .0090    .5550     .260     3.53    .4016    .3169    .5710

 

     .0120    .5550     .273     3.49    .3955    .3121    .5623

 

     .0150    .5550     .284     3.45    .3904    .3081    .5550

 

     .0180    .5550     .296     3.42    .3860    .3046    .5488










