
















































Experiments #3: 

 

Objective: 

1. Measurement of dead time 

2. To investigate the statistics related to measurements with a Geiger counter

Apparatus:  

• Set-up for ST-350 Counter  

• GM Tube and stand  

• Shelf stand, serial cable, and a source holder 

• Radioactive Source (e.g., Cs-137, Sr-90, or Co

 

 

 

 

 

 

 

 

Fig. 1 Experimental set up for 

Dead Time  

 In nearly all detector systems, there will be a minimum amount of time that separates 

that they may be recorded as two separate pulses. In some cases the limiting time may be set by processes 

in the detector itself, while in other cases the limit may arise due to the delays associated with the 

electronics. This minimum time separation is usually ca

Because of the random nature of radioactive decay, there is always some probability that a true event will 

be lost because it occurs too quickly following a preceding event. Two models of dead time are in 

common use, categorized on the basis of paralyzable and nonparalyzable response of the detector. The 

fundamental assumptions of the two models are illustrated in Fig. 3. At the 

scale is shown on which six randomly spaced events in the 

figure is the corresponding dead time behaviour of a detector to be nonparalyzable. A fixed time 

assumed to follow each true event that occurs during the “live period” of the detector. True events that 

occur during the dead period are lost and assumed to have no effect whatsoever on the behaviour of the 

 

Experiments #3:  Dead time and nuclear counting statistics

To investigate the statistics related to measurements with a Geiger counter: Poisson and Gaussian distr

stand, serial cable, and a source holder  

90, or Co-60)   

Fig. 1 Experimental set up for studying dead time and counting statistics

In nearly all detector systems, there will be a minimum amount of time that separates 

y may be recorded as two separate pulses. In some cases the limiting time may be set by processes 

in the detector itself, while in other cases the limit may arise due to the delays associated with the 

electronics. This minimum time separation is usually called the dead time of the counting system. 

Because of the random nature of radioactive decay, there is always some probability that a true event will 

be lost because it occurs too quickly following a preceding event. Two models of dead time are in 

se, categorized on the basis of paralyzable and nonparalyzable response of the detector. The 

fundamental assumptions of the two models are illustrated in Fig. 3. At the centre

scale is shown on which six randomly spaced events in the detector are indicated. At the bottom of the 

figure is the corresponding dead time behaviour of a detector to be nonparalyzable. A fixed time 

assumed to follow each true event that occurs during the “live period” of the detector. True events that 

r during the dead period are lost and assumed to have no effect whatsoever on the behaviour of the 

statistics 

Poisson and Gaussian distribution  

counting statistics 

In nearly all detector systems, there will be a minimum amount of time that separates two events in order 

y may be recorded as two separate pulses. In some cases the limiting time may be set by processes 

in the detector itself, while in other cases the limit may arise due to the delays associated with the 

of the counting system. 

Because of the random nature of radioactive decay, there is always some probability that a true event will 

be lost because it occurs too quickly following a preceding event. Two models of dead time are in 

se, categorized on the basis of paralyzable and nonparalyzable response of the detector. The 

centre of the figure, a time 

detector are indicated. At the bottom of the 

figure is the corresponding dead time behaviour of a detector to be nonparalyzable. A fixed time τ is 

assumed to follow each true event that occurs during the “live period” of the detector. True events that 

r during the dead period are lost and assumed to have no effect whatsoever on the behaviour of the 



detector. In the example shown the nonparalyzable detector would record four counts from the six true 

events. In contrast, the behaviour of a paralyzable det

dead time τ is assumed to follow each true interaction that occurs during the live period of the detector. 

True events that occur during the dead period are not recorded but they 

period τ following the lost event. In the example shown, only three counts are recorded for the six true 

events. The two models predict the same first

They are in some sense two extremes

display a behaviour that is intermediate between these 

counting system may depend on the physical processes taking place in the detector itse

introduced by the pulse processing and recording electronics. 

 If the system dead time is τ, and the measured count rate is m , then the true count rate n

predicted by the two models can be expressed as 

Nonparalyzable Model:

Paralyzable Model:

The derivations of the above results are given in Ref. 1. You may sh

rates ( � << 1/τ ) both models give the same expression for n . In the present experiment we will 

utilize the nonparalyzable model in the calculation of true counts and the dead time 

 

 

 

 

 

 

 

 

 

 

 

A commonly used method for dead time measurements is known as two source method. The method is 

based on observing the counting rate from two sources individually and in combination. Because the 

counting losses are nonlinear, the observed rate due to the co

of the rates due to the two sources counted individually, and the dead time can be calculated from the 

discrepancy.  

detector. In the example shown the nonparalyzable detector would record four counts from the six true 

events. In contrast, the behaviour of a paralyzable detector is shown along the top line of Fig. 3. The same 

 is assumed to follow each true interaction that occurs during the live period of the detector. 

True events that occur during the dead period are not recorded but they extend the dead time by

 following the lost event. In the example shown, only three counts are recorded for the six true 

events. The two models predict the same first-order losses and differ only when true event rates are high. 

They are in some sense two extremes of idealized system behaviour, and real counting system will often 

that is intermediate between these extremes. The detailed 

counting system may depend on the physical processes taking place in the detector itse

introduced by the pulse processing and recording electronics.  

, and the measured count rate is m , then the true count rate n

predicted by the two models can be expressed as  

Model:  � � 	 �
����	

               (1) 

Model:          � � �	�
�             (2) 

The derivations of the above results are given in Ref. 1. You may show that for low counting 

 ) both models give the same expression for n . In the present experiment we will 

utilize the nonparalyzable model in the calculation of true counts and the dead time 

A commonly used method for dead time measurements is known as two source method. The method is 

based on observing the counting rate from two sources individually and in combination. Because the 

counting losses are nonlinear, the observed rate due to the combined sources will be less than the sum 

of the rates due to the two sources counted individually, and the dead time can be calculated from the 

detector. In the example shown the nonparalyzable detector would record four counts from the six true 

ector is shown along the top line of Fig. 3. The same 

 is assumed to follow each true interaction that occurs during the live period of the detector. 

xtend the dead time by another 

 following the lost event. In the example shown, only three counts are recorded for the six true 

order losses and differ only when true event rates are high. 

, and real counting system will often 

The detailed behaviour of a specific 

counting system may depend on the physical processes taking place in the detector itself or on delays 

, and the measured count rate is m , then the true count rate n 

ow that for low counting  

 ) both models give the same expression for n . In the present experiment we will  

utilize the nonparalyzable model in the calculation of true counts and the dead time τ.  

A commonly used method for dead time measurements is known as two source method. The method is 

based on observing the counting rate from two sources individually and in combination. Because the 

mbined sources will be less than the sum 

of the rates due to the two sources counted individually, and the dead time can be calculated from the 



Procedure  

(i) To find the dead time we have to use two 

the experiment as per the steps given below, care must be exercised not to move the source already in 

place and consideration must be given to the possibility that the presence of a second source will 

scatter radiation into the detector which wo

In order to keep the scattering unchanged, a dummy second source without activity is normally put in 

place when the sources are counted individually.

(ii) Keep source S1 in one of the pits in the sour

source in the second pit. Record the counts for a preset time (say 300 s).

(iii) Without removing source S1 remove the dummy source from the second pit and keep the source S

in its place. Record the number 

time as in (ii). 

(iv) Remove source S1 and measure the counts due to source S

(ii).  

(v)  Remove source S2 as well and record the background counts for the sa

count rates in all the cases. Let 

sources S1, S2 and (S1 +S2), respectively. 

rates. Also let ��and ��be 

removed. Assuming the nonparalyzable model, the dead time 

 

 

 

 

 

Table:      

 

 

 

 

 

 

 

 

To find the dead time we have to use two γ sources say S1 (
137

Cs) and S2 (
60

the experiment as per the steps given below, care must be exercised not to move the source already in 

place and consideration must be given to the possibility that the presence of a second source will 

scatter radiation into the detector which would not ordinarily be counted from the first source alone. 

In order to keep the scattering unchanged, a dummy second source without activity is normally put in 

place when the sources are counted individually. 

in one of the pits in the source holder made for this purpose. Keep a dummy 

second pit. Record the counts for a preset time (say 300 s). 

remove the dummy source from the second pit and keep the source S

in its place. Record the number of counts for the combined sources S1 and S

and measure the counts due to source S2 alone, for the same preset time as in 

as well and record the background counts for the same period. Calculate the 

count rates in all the cases. Let ��, �� and ���be the true counts (sample plus background), with 

), respectively. Let��, �� and ���represent the corresponding observed 

 the true and measured background rates with both the sources 

nonparalyzable model, the dead time τ is given by (see Ref. 1 for details)

Data for resolving time 

60
Co). While performing 

the experiment as per the steps given below, care must be exercised not to move the source already in 

place and consideration must be given to the possibility that the presence of a second source will 

uld not ordinarily be counted from the first source alone. 

In order to keep the scattering unchanged, a dummy second source without activity is normally put in 

ce holder made for this purpose. Keep a dummy 

remove the dummy source from the second pit and keep the source S2 

and S2 for the same preset 

alone, for the same preset time as in 

me period. Calculate the 

be the true counts (sample plus background), with 

represent the corresponding observed 

the true and measured background rates with both the sources 

 is given by (see Ref. 1 for details) 



 

Counting statistics: 

Radioactive decay is a random process. Consequently, any measurement based on observing the radiation 

emitted in a nuclear decay is subject to some degree of statistical fluctuations. These inherent fluctuations are 

unavoidable in all nuclear measurements

analysis required to process the results of nuclear counting experiments and to make predictions about the 

expected precision of quantities derived from these measurements. 

 Although each measurement (number of decays in a given interval) for a radioactive sample is 

independent of all previous measurements (due to randomness of the process), for a large number of 

individual measurements the deviation of the individual count rates from the

predictable manner. Small deviations from the average are much more likely than large deviations. These 

statistical fluctuations in the nuclear decay can be understood from the statistical models utilizing Poisson 

distribution or Gaussian (Normal) distribution. If we observe a given radioactive nucleus for a time t and 

define the success as “the nucleus decays during the process” then the probability of success “p” is given by (1 

− e 
−λt

 ). The Poisson distribution applies w

(i.e. number of counts measured) is also small (say <30). In practical terms, this condition implies that we 

have chosen an observation time that is small compared with the half

number of successes becomes relatively large (say > 30) we can utilize the Gaussian model of distribution. 

Since in most of the cases the count rates are reasonably large (few tens of counts per second) the Gaussian 

model has become widely applicable to many problems in counting statistics. On the other hand the Poisson 

distribution is applicable in the case of background counts. The details of experimental, Poisson and Gaussian 

distributions are given below. 

Experimental distribution function 

 We assume that we have a collection of N independent measurements of the same physical quantity. In this 

particular case the quantity is the number of counts recorded by the detector in a specific time interval. We 

denote the result of these N measurements as 

 y1, y2, y3 …………….......yi…...........….y

 The experimental mean is given by 

     

 

The data set is conveniently represented by a frequency distribution function F(y). The value of F(y) is the 

relative frequency with which the number a

  ��� � 	 
�����	��	�ℎ�	

�����

A plot of F(y) versus y gives the frequency dis

calculated by choosing a suitable interval for the values of y

given by 

    

 

 

Radioactive decay is a random process. Consequently, any measurement based on observing the radiation 

emitted in a nuclear decay is subject to some degree of statistical fluctuations. These inherent fluctuations are 

unavoidable in all nuclear measurements. The term counting statistics includes the framework of statistical 

analysis required to process the results of nuclear counting experiments and to make predictions about the 

expected precision of quantities derived from these measurements.  

h measurement (number of decays in a given interval) for a radioactive sample is 

independent of all previous measurements (due to randomness of the process), for a large number of 

individual measurements the deviation of the individual count rates from the average count rate behaves in a 

predictable manner. Small deviations from the average are much more likely than large deviations. These 

statistical fluctuations in the nuclear decay can be understood from the statistical models utilizing Poisson 

ion or Gaussian (Normal) distribution. If we observe a given radioactive nucleus for a time t and 

define the success as “the nucleus decays during the process” then the probability of success “p” is given by (1 

). The Poisson distribution applies when the success probability p is small and the number successes 

(i.e. number of counts measured) is also small (say <30). In practical terms, this condition implies that we 

have chosen an observation time that is small compared with the half-life of the so

number of successes becomes relatively large (say > 30) we can utilize the Gaussian model of distribution. 

Since in most of the cases the count rates are reasonably large (few tens of counts per second) the Gaussian 

widely applicable to many problems in counting statistics. On the other hand the Poisson 

distribution is applicable in the case of background counts. The details of experimental, Poisson and Gaussian 

n function  

We assume that we have a collection of N independent measurements of the same physical quantity. In this 

particular case the quantity is the number of counts recorded by the detector in a specific time interval. We 

measurements as  

…...........….yN .  

  (7)  

The data set is conveniently represented by a frequency distribution function F(y). The value of F(y) is the 

relative frequency with which the number appears in the collection of data. By definition

	�������
���	��	�ℎ�	�����	�	�	≡�����

�����	��	���������
��	� !�

   (8

A plot of F(y) versus y gives the frequency distribution of the data (The number of occurrences can also be 

calculated by choosing a suitable interval for the values of y).  The standard deviation of the distribution is 

  (9)  

Radioactive decay is a random process. Consequently, any measurement based on observing the radiation 

emitted in a nuclear decay is subject to some degree of statistical fluctuations. These inherent fluctuations are 

. The term counting statistics includes the framework of statistical 

analysis required to process the results of nuclear counting experiments and to make predictions about the 

h measurement (number of decays in a given interval) for a radioactive sample is 

independent of all previous measurements (due to randomness of the process), for a large number of 

average count rate behaves in a 

predictable manner. Small deviations from the average are much more likely than large deviations. These 

statistical fluctuations in the nuclear decay can be understood from the statistical models utilizing Poisson 

ion or Gaussian (Normal) distribution. If we observe a given radioactive nucleus for a time t and 

define the success as “the nucleus decays during the process” then the probability of success “p” is given by (1 

hen the success probability p is small and the number successes 

(i.e. number of counts measured) is also small (say <30). In practical terms, this condition implies that we 

life of the source. When the average 

number of successes becomes relatively large (say > 30) we can utilize the Gaussian model of distribution. 

Since in most of the cases the count rates are reasonably large (few tens of counts per second) the Gaussian 

widely applicable to many problems in counting statistics. On the other hand the Poisson 

distribution is applicable in the case of background counts. The details of experimental, Poisson and Gaussian 

We assume that we have a collection of N independent measurements of the same physical quantity. In this 

particular case the quantity is the number of counts recorded by the detector in a specific time interval. We 

The data set is conveniently represented by a frequency distribution function F(y). The value of F(y) is the 

ppears in the collection of data. By definition 

) 

tribution of the data (The number of occurrences can also be 

).  The standard deviation of the distribution is 

  



Notes regarding σ exp and "# 

 Remember that Eq. (9) is applicable to the quantities directly measured in the experiment and not to the 

derived quantities. To illustrate, in the present experiment if you measure the number of counts for a preset 

time interval (say 30 s) and call it yi.

rates calculated using these values. To determine the deviations for the derived quantities proper error 

propagation methods should be used. 

 To be precise, �$ is the true mean value determined from a set having infinitely large number of 

measurements and cannot be determined experimentally as such. However for a reasonably large set of 

measurements the value of �$ can be set equal to

The Poisson distribution  

 As mentioned above it is applicable when p <<1 and the number of successes are very few.

     

 

In this case the standard deviation is given by

 

The Normal or Gaussian distribution 

 When p << 1 and the successes are large one can model the experimental data using the Normal distribution 

which is also called Gaussian distribution 

its derivation by Gauss (1809) was antedated by those of Laplace (1774) and DeMoivre (1735)). This is given 

by  

   

 

The standard deviation in this case is the same as that for the Poisson distribution

      

We will denote both σP and σG as σth. 

Applications of statistical models in nuclear physics 

 There are two major applications of counting statistics in nuclear measurements. The first application 

involves the use of statistical analys

physical quantity shows an amount of internal fluctuation that is consistent with statistical predictions. In this 

case the motivation is to determine whether a particular counting system i

application is more important in which we examine these methods to make a prediction about the uncertainty 

one should associate with a single measurement. The following procedure and analysis will give you a feel as 

to how an experimental distribution in a nuclear counting experiment looks like and how does it compare with 

theoretical distributions. 

 

 

) is applicable to the quantities directly measured in the experiment and not to the 

derived quantities. To illustrate, in the present experiment if you measure the number of counts for a preset 

. Then Eq. (9) is applicable to these counts only and not to the counting 

rates calculated using these values. To determine the deviations for the derived quantities proper error 

 

is the true mean value determined from a set having infinitely large number of 

measurements and cannot be determined experimentally as such. However for a reasonably large set of 

can be set equal to �$ (Eq. (7). 

As mentioned above it is applicable when p <<1 and the number of successes are very few.

 (10) 

this case the standard deviation is given by 

%& � '�$   (11)     

The Normal or Gaussian distribution  

When p << 1 and the successes are large one can model the experimental data using the Normal distribution 

h is also called Gaussian distribution (as per R.D. Evans it is erroneous to call this as Gaussian because 

its derivation by Gauss (1809) was antedated by those of Laplace (1774) and DeMoivre (1735)). This is given 

 (12) 

se is the same as that for the Poisson distribution 

     (13) 

 

Applications of statistical models in nuclear physics  

There are two major applications of counting statistics in nuclear measurements. The first application 

involves the use of statistical analysis to determine whether a set of multiple measurements of the same 

physical quantity shows an amount of internal fluctuation that is consistent with statistical predictions. In this 

case the motivation is to determine whether a particular counting system is functioning normally. The second 

application is more important in which we examine these methods to make a prediction about the uncertainty 

one should associate with a single measurement. The following procedure and analysis will give you a feel as 

w an experimental distribution in a nuclear counting experiment looks like and how does it compare with 

) is applicable to the quantities directly measured in the experiment and not to the 

derived quantities. To illustrate, in the present experiment if you measure the number of counts for a preset 

) is applicable to these counts only and not to the counting 

rates calculated using these values. To determine the deviations for the derived quantities proper error 

is the true mean value determined from a set having infinitely large number of 

measurements and cannot be determined experimentally as such. However for a reasonably large set of 

As mentioned above it is applicable when p <<1 and the number of successes are very few. 

When p << 1 and the successes are large one can model the experimental data using the Normal distribution 

per R.D. Evans it is erroneous to call this as Gaussian because 

its derivation by Gauss (1809) was antedated by those of Laplace (1774) and DeMoivre (1735)). This is given 

 

There are two major applications of counting statistics in nuclear measurements. The first application 

is to determine whether a set of multiple measurements of the same 

physical quantity shows an amount of internal fluctuation that is consistent with statistical predictions. In this 

s functioning normally. The second 

application is more important in which we examine these methods to make a prediction about the uncertainty 

one should associate with a single measurement. The following procedure and analysis will give you a feel as 

w an experimental distribution in a nuclear counting experiment looks like and how does it compare with 



Procedure  

(i) Set the operating voltage of the Geiger counter at its proper value. 

(ii) Don’t put any source in the lead castle. Also remove all the sources in the vicinity of the castle. 

     (iii) Take 100 independent readings of the background counts for a preset time of 10 s. (To set Preset time 

10 sec. follow  step (ii) of initial proce

(iv) Save the data by pressing STORE

(iii) of initial procedure) to 1.  

(v) Place one of the γ sources (137Cs or 60Co) far enough away from the window of the G

that approximately 2000 counts are recorded in a time period of 30 s. Take 100independent readings of the 

counts for a preset time of 30s.  

(vi) Save the data by pressing STORE

(v) of initial procedure) to 1.  

(vii) Transfer the data on PC and plot the required function.

Analysis of Background counts (data set (iii) above) 

(viii) Determine frequency of occurrence 

4 ….counts have been observed and plot 

(ix) Calculate the average number of counts 

 

 

(x) Calculate σexp and σth and compare. The comparison gives clue to the reliability of

equipment. If σexp is larger than σ

apparatus, such as spurious counts due to voltage surges, sparks in the tube or change of the background 

during the course of the experiment which can occur when you handle the sources 

another ) while the measurements are going on.

(xi) Determine the actual number of intervals for which the absolute value of the deviation from the 

average is larger than the standard deviation 

Analysis of the counts taken with the source data set (v) above 

(xii) Carry out the analysis following steps (viii) to (xi) above. However, in this case use Gaussian 

distribution. Also, in order to represent the distribution in the best possible manner, frequency of 

occurrence may be calculated by choosing equally spaced, non

counts. The width of the interval can be anywhere from 2 to 10 cou

(xiii) In addition, you may use different methods of testing the "Gaussian" nature of an experimental data 

which are illustrated in the book: 

Doebelin, pages 44-58. 

 

 

 

(i) Set the operating voltage of the Geiger counter at its proper value.  

(ii) Don’t put any source in the lead castle. Also remove all the sources in the vicinity of the castle. 

(iii) Take 100 independent readings of the background counts for a preset time of 10 s. (To set Preset time 

10 sec. follow  step (ii) of initial procedure).  

STORE key. While taking 100 independent reading set 

 sources (137Cs or 60Co) far enough away from the window of the G

that approximately 2000 counts are recorded in a time period of 30 s. Take 100independent readings of the 

STORE key. While taking 100 independent reading set 

(vii) Transfer the data on PC and plot the required function. 

Analysis of Background counts (data set (iii) above)  

(viii) Determine frequency of occurrence ν(y) which is the number of measurements in which y = 0, 1,2 , 3, 

….counts have been observed and plot the experimental distribution ν(y) versus y . 

(ix) Calculate the average number of counts �$  and the Poisson distribution 

and compare. The comparison gives clue to the reliability of

σth , it means that additional fluctuations have been introduced by the 

apparatus, such as spurious counts due to voltage surges, sparks in the tube or change of the background 

eriment which can occur when you handle the sources 

another ) while the measurements are going on. 

(xi) Determine the actual number of intervals for which the absolute value of the deviation from the 

ard deviation % � '�$ and the probable error 0.6745

Analysis of the counts taken with the source data set (v) above  

(xii) Carry out the analysis following steps (viii) to (xi) above. However, in this case use Gaussian 

Also, in order to represent the distribution in the best possible manner, frequency of 

occurrence may be calculated by choosing equally spaced, non-overlapping, contiguous intervals for the 

counts. The width of the interval can be anywhere from 2 to 10 counts or more depending on the data set.

(xiii) In addition, you may use different methods of testing the "Gaussian" nature of an experimental data 

 Measurement systems, Applications and Design (4th edition) by E. O. 

(ii) Don’t put any source in the lead castle. Also remove all the sources in the vicinity of the castle.  

(iii) Take 100 independent readings of the background counts for a preset time of 10 s. (To set Preset time 

key. While taking 100 independent reading set ITERATION (Step 

 sources (137Cs or 60Co) far enough away from the window of the Geiger tube so 

that approximately 2000 counts are recorded in a time period of 30 s. Take 100independent readings of the 

key. While taking 100 independent reading set ITERATION (Step 

y) which is the number of measurements in which y = 0, 1,2 , 3, 

y) versus y .  

and compare. The comparison gives clue to the reliability of the measuring 

, it means that additional fluctuations have been introduced by the 

apparatus, such as spurious counts due to voltage surges, sparks in the tube or change of the background 

eriment which can occur when you handle the sources (move from one place to 

(xi) Determine the actual number of intervals for which the absolute value of the deviation from the 

0.6745σ. Compare with theory. 

(xii) Carry out the analysis following steps (viii) to (xi) above. However, in this case use Gaussian 

Also, in order to represent the distribution in the best possible manner, frequency of 

overlapping, contiguous intervals for the 

nts or more depending on the data set. 

(xiii) In addition, you may use different methods of testing the "Gaussian" nature of an experimental data 

Measurement systems, Applications and Design (4th edition) by E. O. 



 

Table:     Data for counting statistics
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Data for counting statistics 
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P6.5.2.1
Physics  
Leaflets

Atomic and Nuclear Physics 
Nuclear physics 
Rutherford scattering 

Rutherford scattering:  
measuring the scattering rate 
as a function of the scattering  
angle and the atomic number 

Objects of the experiment 
g To record the direct counting rate Nd of α particles scattered by a gold foil as function of the angle θ. 
g To determine the corrected counting rates N with respect to the scattering distribution in space. 
g To validate the “Rutherford’s scattering formula“ 

Fö
 / 

B
i 1

10
6 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Scattering of α-particles on a monolayer of atoms.  

 
 

Principles 
If α-particles are allowed to strike a thin gold foil, they are 
deflected from their path (“scattering“), each by an angle θ. 
The majority of α-particles is scattered by angles less than 1° 
(Fig.1). 
A few particles, however, show substantially large scattering 
angles θ, in the extreme case up to 180° (“back scattering“). 
These initially qualitative observations can only be explained 
by assuming that the gold atoms have a very small nucleus, 
containing practically the whole atomic mass, and being posi-
tively charged. 
On the basis of this idea Rutherford calculated the angular 
distribution of the scattering rate N(θ). The scattering rate is 
the number of particles which are scattered during the time 
unit in a determined interval dθ around an average angle θ. 
The result of this calculation is “Rutherford’s scattering for-
mula“: 

)
2

(sin)E8(

eZdcN)(N
42

0

42

FF0 θ
⋅επ

⋅
⋅⋅=θ

α

         (I) 

N0: particle rate in the foil 
cF: atomic concentration in the foil 
dF: thickness of the foil 
Z: nuclear charge number of the scattering material 
Eα:energy of the α-particles 
e: elementary charge  (e = 1.6021*10-19 As) 
ε0: dielectric constant   (ε0 = 8.8524*10-12 As/Vm) 
 
Recording the scattering rate as function of the angle 
In this case we need not care about the proportionality factors 
in equation (I) which are kept constant in our experiment. The 
relevant shape of this angular distribution curve is described 
by the function:  

)
2

(sin

1)(f
4 θ

⋅
=θ                (II) 
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Fig. 2: Theoretical slope of the scattering rate according equa-

tion (II). 
 
 
The values of f(θ) decrease rapidly with increasing scattering 
angle θ. Hence, in Fig. 2 the graphical representation of f(θ) is 
plotted in a logarithmic scale over θ. A singularity spot be-
comes visible at θ = 0°. Therefore we will compare measuring 
results with the theoretical slope only outside of this region, 
i.e. for values ⏐θ ⏐> 5°. 
As for higher scattering angles θ the counting rates become 
very small the gate times t(θ ) for determining the counting 
rate N(θ) have to be increased with increasing angle θ to 
obtain an acceptable accuracy. For keeping the total measur-
ing time sustainable the angular range can be restricted to ⏐θ 
⏐≤ 30°. 
 

 
Fig. 3: Experimental setup schematically for the Rutherford Scatter-

ing Experiment. 
 

  
Fig. 4: The scattering chamber  

(1) Preparation   (4) Slit   
(2) Holder     (5) swivel arm  
(3) Gold foil    (6) detector  

 
Because of the very low range of α-particles in the air this 
experiment must be carried out in a closed chamber under 
vacuum (Fig. 3). Fig. 4 shows the arrangement of the compo-
nents on the lid of the scattering chamber. Fig. 5 shows the 
geometry of the experiment. 
The α-particles emitted from the Am-241 preparation fall 
through a slit aperture of 5 mm width onto the gold foil and 
leave this gold foil with various scattering angles. The scat-
tered α-particles are identified with a semiconductor detector. 
By swinging the detector in steps of 5°, for example, the 
scattering rate can be determined for all scattering angles 
from 5° to 60°. With the setup we are going to use, the detec-
tor is not swung but rather the preparation, slit and gold foil, 
which are attached on a common swivel arm. The detector is 
firmly attached to the side wall of the chamber. 
The 5 mm wide slit is a good choice for getting acceptable 
count statistics in reasonable time, but at small angles below 
20° the angular precision might be increased by using a 1 
mm slit and scaling the results appropriately. On the other 
hand, this scaling can introduce further errors, so it has not 
been used in the measurement described later. 
 
Determining the nuclear charge number of aluminium  
If we compare the scattering rates between two different foil 
materials (e.g. Au and Al) at the same angle θ, we can derive 
from the scattering formula (I):  

2
AlAlAl

2
AuAuAu

Al

Au

Zdc
Zdc

N
N

=               (III) 

 
Hence the nuclear charge number of aluminium ZAl can be 
determined by scattering experiments as following: 
 

AlAlAu

2
AuAuAuAl

Al dc)(N
Zdc)(NZ

θ
θ

=            (IV) 
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Fig. 5: The scattering geometry:  

(1) preparation  
(2) collimator slit  
(3) gold foil  
(4).detector 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Setup 
Preparing the scattering chamber:  
Vent the scattering chamber (when using at first time) and 
take off the lid (Fig. 4). 

Insert the Am-241 preparation into the 4-mm socket of the 
main swivel arm down to the stop. Place the 5-mm slit aper-
ture and the plastic sheet containing the gold foil on top of 
one another (with the gold foil between them) and insert them 
both into the holder so that the slit points towards the prepa-
ration. Move the small swivel arm (not used here) close to the 
chamber’s side wall so that the measurements are not dis-
turbed.  
Make sure that the detector is fixed on the BNC socket at the 
inner wall of the chamber with the sides of the silicon chip 
parallel to the lid, and that the detector’s plastic aperture slit is 
perpendicular to the lid (with the mark at the top). Fit vacuum 
tubing to the hose nozzle. Close the chamber by placing its 
lid onto the housing. Ensure the correct positioning by posi-
tioning pin in borehole. Then evacuate the chamber. Firmly 
press lid on, if necessary. While the vacuum builds up, the lid 
is pressed onto the rubber seal and the deep black stripe 
where they touch gets two ro three mm wide. 
During the measurement, the vacuum pump can either run 
continuously or the valve of the Rutherford chamber can be 
closed and the pump switched off. The rubber tubing must be 
vented through the inlet valve 378 771 to avoid oil creeping 
back into the vacuum.  
 
Preparing the electrical counting components: 
Connect the scattering chamber, discriminator preamplifier 
and counter S as shown in Fig. 3. Set discriminator to zero 
(turn potentiometer fully counterclockwise). 
Take care of connecting the detector with the discriminator 
preamplifier using the short 25 cm cable. Apparatus 

1 Scattering chamber after Rutherford ................. 559 56  
1 Aluminium foil in frame ...................................... 559 52  
1 Vacuum pump S 1.5, 230 V, 50 Hz ................... 378 73  
1 T-Piece DN 16 KF ............................................. 378 005 
1 Centering ring (adapter) DN 10/16 KF .............. 378 040 
1 Centering ring DN 16 KF .................................. 378 045 
2 Clamping ring DN 10/16 KF .............................. 378 050 
1 Air inlet valve with DN 10 KF ............................ 378 771 
1 Small flange DN 16 with hose nozzle ......... ...... 378 031 
1 Vacuum rubber tubing ....................................... 667 186 
1 Discriminator preamplifier ........................... ...... 559 931  
1 Counter S .......................................................... 575 471  
1 Plug-in power supply unit 12 V AC ............. ...... 562 791  
1 Am-241 preparation, 333 kBq ..................... ...... 559 82  
1 HF cable, 25 cm .......................................... ...... 501 01  
1 Measuring cable BNC / 4-mm .................... ....... 575 24 

Adjusting the discriminator level: 
The counter S normally starts correct for pulse counting with 
activated NA,E. and gate time set to manual, press start to 
start counting and ->0<- to reset the counter when necessary.  
Set up the experiment with the 5 mm slit, the gold foil, prepa-
ration and detector, and move the holder to a high angle, 30° 
for example. Only very few α-particles will reach the detector 
in this position. 
Evacuate the chamber,  
The potentiometer sets the discriminator level, a setting of 
zero (fully counterclockwise) will not discriminate anything, 
but let every noise signal pass through. The counter will over-
load instantly and display “----“. Increasing the discriminator 
setting will reduce these noise counts. To find the right posi-
tion, increase the discriminator level by approximately a quar-
ter turn and reset the counter. By varying the discriminator 
level in both directions search for the setting where the noise 
count rate just drops to zero. Note that position. Safety notes 

g Never touch the gold or aluminium foil! 
g Venting of the chamber after the experiment has to be

done very carefully (see operating instructions 559 56,
section 3.4), otherwise you may destroy the sensitive
gold or aluminium foil. 

Now swivel the preparation to 0° position, a lot of alpha radia-
tion will hit the detector. The counter will start to count some-
thing between 10 to 100 counts per second. Increase the 
discriminator level again until the count rate just starts to 
drop. Note this position too. 
The correct position for the discriminator level is midway 
between both positions, the one where the noise is masked 
out and the other where the alpha count rate starts to drop.  
Test the setting by swiveling the preparation in and out the 
straight line and observe the counting rates. 
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Carrying out the experiment 
a) Recording scattering rate as function of the angle 
- Prepare the counter S for pulse counting by pressing the 

push button MODE to activate NA,E. 
- Select gate time t(θ) = 100 s by pressing the toggle button 

GATE three times   
Note: t(θ) = 100 s is useful for small angles, i.e. angle up 
to +/ 15°. By pressing GATE + MODE, longer gate times 
are can be adjusted, i.e. up to 9999 s (MODE upwards, 
GATE downwards). 

 
Important: During measurements protect the sensitive detec-
tor from light (e.g. especially from fluorescent light of ceiling 
lamps)! If necessary, cover the scattering chamber during 
measurements with a black cloth. 
 
- Count at least 50 particles (n(θ) >50) at the angles:   

 
θ = +/-5°, +/-10°, +/-15°, +/-20°, +/-25° and +/-30°  
 

Note: It is recommended to measure symmetrically to θ = 0 to 
detect unwanted misalignments in the setup.  
 
- Use gate times t(θ) as given in the Table 1. Repeat count-

ing several times for all angles (with exception of +/-5°). 
 
b) Determining the nuclear charge number of aluminium 
Carefully vent the chamber, take of the lid and remove the 
5 mm slit with the gold foil. Put the 1 mm slit together with the 
gold foil back into the holder, put the lid on the chamber and 
evacuate. 
Set the swivel arm first to a position of +15°, count for suffi-
cient time (100 s), then go to –15° and count again. 
Carefully vent the chamber, take of the lid and remove the slit 
with the gold foil. Put the 1 mm slit together with the alumi-
num foil back into the holder, put the lid on the chamber and 
evacuate. 
Count again at the same postion of +15° and –15°, but for a 
much longer time (1000 s), as the aluminum foil scatters less 
particles. 
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Measuring example 
Table. 1: Measured values  (with gold foil and slit d = 5 mm): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Angle Gate 
time 

Pulse counts 
(single values) 

Pulse counts 
(mean value) 

Counting rate 
(directly) 

Counting rate 
(space corrected)

θ  in ° t(θ) in s n(θ) nm(θ) Nd(θ) in 1/s N(θ) in 1/s 
 
 

-30 
 
 

 
 

900 

77 
99 
76 
69 
81 

 
 

80,4 

 
 

0,0893 

 
 

0,281 

 
 

-25 
 
 

 
 

600 

119 
118 
150 
107 
153 

 
 

129,4 

 
 

0,216 

 
 

0,573 

 
 

-20 
 
 

 
 

200 

131 
114 
118 
123 
131 

 
 

123,4 

 
 

0,617 

 
 

1,33 

 
 

-15 
 
 

 
 

100 
 
 

255 
256 
255 
298 
263 

 
 

265,4 
 
 

 
 

2,65 

 
 

4,32 

 
 

-10 
 
 

 
 

100 

1772 
1731 
1790 
1825 
1730 

 
 

1769,6 

 
 

17,7 

 
 

19,3 

-5 100 4641 4641 (46,4)  

+5 100 5608 5608 (56,1)  

 
 

+10 
 
 

 
 

100 

4047 
3983 
4146 
4123 
4107 

 
 

4081,2 

 
 

40,8 

 
 

44,5 

 
 

+15 
 
 

 
 

100 

1000 
1036 
968 
997 

1009 

 
 

1002,0 

 
 

10,0 

 
 

16,3 

 
 

+20 
 
 

 
 

200 

278 
273 
276 
284 
289 

 
 

280,0 

 
 

1,40 

 
 

3,01 

 
 

+25 
 
 

 
 

600 

263 
252 
274 
250 
269 

 
 

261,6 

 
 

0,436 

 
 

1,16 

 
 

+30 
 
 

 
 

900 

147 
161 
148 
158 
155 

 
 

153,8 

 
 

0,171 

 
 

0,537 
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Evaluation and results 
 
a) Recording the scattering rate as function of the angle 
After recording the pulse counts n(θ) the mean values nm(θ) 
can be determined. Using the mean values nm(θ) the scatter-
ing rates Nd(θ) are calculated by: 

)(t
)(n)(N m

d θ
θ

=θ                 (V) 

These measuring results Nd(θ) are typical for a plane scatter-
ing geometry which is given by the transparent construction 
of the chamber used in this experiment.   
The theoretical function (according to Rutherford’s formula), 
however, is related to a three-dimensional geometry. The 
relation between these different aspects can considered by 
the following concept (Fig. 6): 
Each plane angle θ corresponds in space to a cone with an 
aperture of 2⋅θ  (produced by rotation of the plane structure 
around the incident beam axis). In the same way the plane 
angular differential dθ corresponds in three dimensions to a 
spatial angular differential dΩ given by: 
 

dΩ = 2 ⋅ π ⋅ sin (θ) dθ           (VI) 
 
This geometrical corrections allows to derive a relation be-
tween the plane scattering rate N⋅d(θ) and the spatial scatter-
ing rate N(θ):  
 
N(θ)   =   2⋅π ⋅ sin (θ) ⋅N d(θ)          (VII) 
 
Finally, the corresponding spatial values N(θ) are calculated 
(Table. 1) and the space corrected values plotted in a dia-
gram (Fig. 7). 
 
The measuring value pairs {θ / N(θ )} can be compared with  
the shape of the theoretical curve of equation (II): 

)
2

B(sin

A)(f
4 −θ

⋅
=θ               (VIII) 

The proportionality factor A represents a vertical shift (at 
logarithmic scale). The coefficient B is representing a small 
displacement along the horizontal angular scale. 
 
Note: A small inaccuracy of the collimator-slit adjustment or 
non centric distribution of the radiation, coming from the 
preparation in the holder, may cause a shift of the curve 
along the horizontal axis (angle shift < 3°).  
Due to such effects it is useful to record scattering rates as 
well in the positive as in the negative angular range, to get 
information of both branches with respect to an accurate 
determination of the symmetry-axis displacement. 
 
 
 
 
 
 

 

ϑ
ϑ+ ϑdN0

dΩ

 
Fig. 6: The α-particles are scattered into the angular region ϑ + dϑ. 
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Fig. 7: Results (circles) with a shifted fitting curve (grey) according to 
equation (VIII) for A = 0.00171 and B = 1.04. 

 
 
b) Determining the nuclear charge number of aluminium 
Typical results for the counting rates at gold and aluminium 
are (15°, 1 mm slit):  
NAu(15°) = 0,301 1/s 
NAl(15°) = 0,029 1/s  
 
With dAu = 2 µm, dAl = 8 µm, cAu ≈ cAl  and ZAu = 79 we obtain 
with equation (IV): 

ZAl  =  12,3    (exact value: ZAl = 13).  
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1.0 INTRODUCTION 

 GAMMA- RAY INTERACTIONS 

Of the various ways gamma rays can interact in matter, only three interaction 

mechanisms have any real significance in gamma-ray spectroscopy: photoelectric 

absorption, Compton scattering, and pair production. As detailed in the following 

sections (i, ii & iii), photoelectric absorption predominates for low-energy gamma 

rays (up to several hundred keV), pair production predominates for high-energy 

gamma rays (above 5-10 MeV), and Compton scattering is the most probable process 

over the range of energies between these extremes. The atomic number of the 

interaction medium has a strong influence on the relative probabilities of these three 

interactions, as can be seen from the formulae and plots given. The most striking of 

these variations involves the cross section for photoelectric absorption, which varies 

approximately as Z
4.5

. As we shall see from the following discussion, because 

photoelectric absorption is the preferred mode of interaction, there is a premium on 

choosing detectors for gamma-ray spectroscopy from materials that incorporate 

elements with high atomic number.  

 

(i) PHOTOELECTRIC ABSORPTION  

Photoelectric absorption is an interaction in which the incident gamma-ray photon 

disappears. In its place, a photoelectron is produced from one of the electron shells of 

the absorber atom with a kinetic energy given by the incident photon energy (h ) 

minus the binding energy of the electron in its original shell (Eb). This process is 

shown in Fig.1. For typical gamma-ray energies, the photoelectron is most likely to 

emerge from the K shell, for which typical binding energies range from a few keV for 

low-Z materials to tens of keV for materials with higher atomic number. Conservation 

of momentum requires that the atom recoils in this process, but its recoil energy is 

very small and usually can be neglected.   

 

 

 

                   

Fig. 1: Process of photoelectric absorption 

 

h  Ee– = h  – Eb  
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The vacancy that is created in the electron shell as a result of the photoelectron 

emission is quickly filled by electron rearrangement. In the process, the binding 

energy is liberated either in the form of a characteristic X-ray or Auger electron. In 

iodine, a characteristic X-ray is emitted in about 88% of the cases. The auger 

electrons have extremely short range because of their low energy. The characteristic 

X-rays may travel some distance (typically a millimeter or less) before being 

reabsorbed through photoelectric interactions with less tightly bound electron shells of 

the absorber atoms. Although escape of these X-rays can at times be significant, for 

now, we assume that they are also fully absorbed in keeping with our simplified 

model.  

 

Thus, the effect of photoelectric absorption is the liberation of a photoelectron, which 

carries off most of the gamma-ray energy, together with one or more low-energy 

electrons corresponding to absorption of the original binding energy of the 

photoelectron. If nothing escapes from the detector, then the sum of the kinetic 

energies of the electrons that are created must equal the original energy of the gamma-

ray photon. 

 

Photoelectric absorption is therefore an ideal process if one is interested in measuring 

the energy of the original gamma ray. The total electron kinetic energy equals the 

incident gamma-ray energy and will always be the same if mono-energetic gamma 

rays are involved. Under these conditions, the differential distribution of electron 

kinetic energy for a series of photoelectric absorption events would be a simple delta 

function as shown Fig.2. The single peak appears at a total electron energy 

corresponding to the energy of the incident gamma rays.   

 

 

 

 

 

Fig. 2: Photopeak corresponding to photoelectron absorption events 

 

dN 

dE 

E h  
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(ii) COMPTON SCATTERING 

The result of a Compton scattering interaction is the creation of a recoil electron and 

scattered gamma-ray photon, with the division of energy between the two dependent 

on the scattering angle. A sketch of the interaction is given in figures 3a & 3b. 

 

 

 

  

    
 

 

Fig. 3: Process of Compton scattering 

 

The energy of the scattered gamma ray h ' in terms of its scattering angle  is given 

by  

               h   

h ' = 

                1 + (h /m0c
2
) (1 – cos )                      (1) 

 

where m0c
2
 is the rest mass energy of the electron (0.511 MeV). The kinetic energy of 

the recoil electron is therefore 

 

          (h /m0c
2
) (1 – cos ) 

 Ee-  =  h  – h ' = h  

                                        1 + (h /m0c
2
) (1 – cos )        (2) 

 

 

Two extreme cases can be identified: 

 A grazing angle scattering or one in which   0. In this case, Eqs. (1) and (2) 

predict that h '  h  and Ee-  0. In this extreme, the recoil Compton electron 

has very little energy and the scattered gamma ray has nearly the same energy 

as the incident gamma ray.  

 A head-on collision in which =  In this extreme, the incident gamma ray is 

backscattered toward its direction of origin, whereas the electron recoils along 

the direction of incidence. This extreme represents the maximum energy that 

can be transferred to an electron in a single Compton interaction. Equations 

(1) and (2) yield for this case. 

Before 

h  Oe- 

a. e- 

h ’ 

 

After 
b. 
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        h   

h '   =    =         (3) 

1 + 2h / m0c
2      

 

  

 

              2h / m0c
2 

Ee-    = =  h          (4) 

                                                     1 + 2h / m0c
2  

 
     

In normal circumstances, all scattering angles will occur in the detector. Therefore, a 

continuum of energies can be transferred to the electron, ranging from zero up to the 

maximum predicted by Eq. (4). Fig.4. shows the shape of the distribution of Compton 

recoil electrons predicted by the Klein-Nishina cross section for several different 

values of the incident gamma-ray energy. For any one specific gamma-ray energy, the 

electron energy distribution has the general shape shown in the sketch below.  

 

 

 

 

 

 

Fig. 4 : Distribution of Compton recoil electrons 

 

The gap between the maximum Compton recoil electron energy and the incident 

gamma-ray energy is given by 

 

          h   

Ec = h -  Ee-  =  =       (5) 

  1 + 2h  / m0c
2 

 

In the limit that the incident gamma-ray energy is large, or h  >> m0c
2
/2, this energy 

difference tends toward a constant value given by  

  

        m0c
2 

Ec         = 0.256 MeV      (6) 

                        2 

 

Compton continuum 

“Compton edge” 

Ec 

E 

h   =  

 = 0 
dN 
dE 
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The preceding analysis is based on the assumption that Compton scattering involves 

electrons that are initially free or unbound. In actual detector materials, the binding 

energy of the electron prior to the scattering process can have a measurable effect on 

the shape of the Compton continuum. These effects will be particularly noticeable for 

low incident gamma-ray energy. They involve a rounding-off of the rise in the 

continuum near its upper extreme and the introduction of a finite slope to the abrupt 

drop of the Compton edge. These effects are often masked by the finite energy 

resolution of the detector but can be evident in the spectra from detectors with high 

inherent resolution. The finite momentum of orbital electrons also causes gamma-ray 

photons that are scattered at a fixed angle from a mono-energetic source to have a 

narrow distribution in their energy (the “Doppler spread”), as contrasted with a single 

energy predicted by Eq. (1)  

 

(iii) PAIR PRODUCTION  

The third significant gamma-ray interaction is pair production. The process occurs in 

the intense electric field near the protons in the nuclei of the absorbing material and 

corresponds to the creation of an electron-positron pair at the point of complete 

disappearance of the incident gamma-ray photon. Because energy of 2m0c
2
 is required 

to create the electron-positron pair, minimum gamma-ray energy of 1.02 MeV is 

required to make the process energetically possible. If the incident gamma-ray energy 

exceeds this value, the excess energy appears in the form of kinetic energy shared by 

the electron-positron pair. Therefore, the process consists of converting the incident 

gamma-ray photon into electron and positron kinetic energies, which total 

 

Ee- + Ee+  = h  – 2m0c
2    

(7)
 

 

For typical energies, both the electron and positron travel a few millimeters at most 

before losing all their kinetic energy to the absorbing medium. A plot of the total 

(electron + positron) charged particle kinetic energy created by the incident gamma 

ray is again a simple delta function, but it is now located 2m0c
2
 below the incident 

gamma-ray energy, as illustrated in Fig. 5. In our simple model, this amount of energy 

will be deposited each time a pair production interaction occurs within the detector. 
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This energy corresponds to the position of the double escape peak in actual gamma-

ray pulse height spectra. 

  

 

 

 

  

 

Fig. 5: Peak corresponding to the total kinetic energy of the pair (electron+ positron) 

created during pair production process 

 

The pair production process is complicated by the fact that the positron is not a stable 

particle. Once its kinetic energy becomes very low (comparable to the thermal energy 

of normal electrons in the absorbing material), the positron will annihilate or combine 

with a normal electron in the absorbing medium. At this point both disappear, and 

they are replaced by two annihilation photons of energy m0c
2
 (0.511 MeV) each. The 

time required for the positron to slow down and annihilate is small, so that the 

annihilation radiation appears in virtual coincidence with the original pair production 

interaction.  

2m0c
2 

E 

 

dN 

dE 
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6.0 IMPORTANT DEFINITIONS OF RADIATION TERMS  

 

 Absorbed dose: The energy transferred to a material by ionising radiation per unit 

 mass of the material.  

Unit: J kg-1; Name of unit: Gray (see also Rad) 

 Absolute Efficiency: The ratio of number of pulses recorded to the number of 

radiations emitted by the source. 

 Activity: Measurement of quantity of radioactive material. It is the number of nuclear 

transformations or isomeric transitions per unit time.  

 Unit: s-1 Name of unit: Becquerel (see also Curie) 

 Alpha decay: Alpha particles consist of two protons and two neutrons bound 

together into a particle identical to a helium nucleus. They are generally produced in 

the process of alpha decay, but may also be produced in other ways. Alpha particles 

are named after the first letter in the Greek alphabet, α. 

 A radioactive conversion accompanied by the emission of an alpha particle. In alpha 

decay the atomic number is reduced by 2 and the mass number by 4. Alpha decay 

occurs, with a few exceptions, only for nuclides with a proton number exceeding 82. 

 Alpha radiation: Radiation that consists of high energy helium (4He) nuclei emitted 

during alpha disintegration of atomic nuclei. Alpha particles possess discrete initial 

energies (line spectra) which are characteristic of the emitting nuclide.  

 Anode (in electron tubes): An electrode through which a principal stream of 

electrons leaves the interelectrode space. 

 Attenuation coefficient: The probability that a photon will be removed from the 

incident beam per unit thickness of material traversed. 

 Background counts (radiation counters): Counts caused by ionizing radiation 

coming from sources other than that be to measured. 

 Becquerel (Bq): Name of the derived SI unit of activity. Number of radioactive 

transformations or isometric transitions per seconds s-1 = Bq. 
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 1 Bq  = 27 x 10-12  = 27 pCi 

 1 kBq  = 27 x 10-9  = 27 nCi 

 1 MBq  = 27 x 10-6  = 27 mCi 

 1 GBq  = 27 x 10-3  = 27 mCi 

 1 TBq  = 27 Ci  = 27 Ci 

 Beta decay: Radioactive conversion accompanied by the emission of a beta particle, 

i.e. a negatively charged electron (b- decay) or a positively charged electron (b+ 

decay). When a negatively charged electron is emitted, a neutron in the atomic 

nucleus is converted to a proton with the simultaneous emission of an antineutrino, so 

that the proton number Z is increased by 1. When a positively charged electron 

(positron) is emitted, a proton in the nucleus is converted to a neutron with 

simultaneous emission of a neutrino, so that the proton number Z is decreased by 1.  

 Beta Radiation: Radiation that consists of negative or positive electrons which are 

emitted from nuclei  undergoing decay. Since the decay energy (or, if it is followed 

by gamma radiation, the decay energy less that photons energy) is statistically divided 

between beta particles and neutrinos (or antineutrinos), the energy  spectrum of beta 

radiation is continuous, extending from zero to a maximum value characteristic of the 

nuclide concerned. The maximum beta energy is generally termed the “beta end-point 

energy of the  nuclide”. 

 Bremsstrahlung: Radiation that results from the acceleration/deceleration of 

 charged particles in the Coulomb field of atoms.  

 Curie (Ci): Name for derived unit of activity. One Curie corresponds to 3.7 x 1010 

 nuclear disintegrations or isomeric transitions per second 1 Ci = 3.7 x 1010 s-1. 

 1 Ci = 37 GBq 

 1 mCi = 37 MB1 

 1 Ci = 37 kBq 

 1 nCi = 37 Bq 

 1 pCi = 37 mBq 

 Dose: See absorbed dose, exposure value, and dose equivalent  

 Dose equivalent: A term used in radiation protection for the radiation dose. It is the 

 product of absorbed dose times the quality factor.   

 Unit: J kg-1; Name of unit: Sievert (see also Rem)  
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 Dose rate: Dose absorbed per unit time  

 Dynode: An electrode which performs a useful function, such as current 

amplification, by means of secondary emission.  

 Electron radiation: Particle emission consisting of negatively or positively charged 

 electrons.   

 Exposure dose: The ratio of the amount of electric charge of the ions of one polarity 

 that are formed in air by Ionizing radiation and the mass of the air.  

 Unit: C. kg-1 (see also Roentgen)  

 Full width at half maximum (FWHM): The full width of a distribution measured at 

half the maximum ordinate. 

 Gamma radiation: Gamma radiation, also known as gamma rays, and denoted by 

the Greek letter γ, refers to electromagnetic radiation of extremely high frequency and 

therefore high energy per photon. Gamma rays are ionizing radiation, and are thus 

biologically hazardous. They are classically produced by the decay from high energy 

states of atomic nuclei (gamma decay), but are also created by other processes. Paul 

Villard, a French chemist and physicist, discovered gamma radiation in 1900, while 

studying radiation emitted from radium. Villard's radiation was named "gamma rays" 

by Ernest Rutherford in 1903. 

 Natural sources of gamma rays on Earth include gamma decay from naturally 

occurring radioisotopes, and secondary radiation from atmospheric interactions with 

cosmic ray particles. Rare terrestrial natural sources produce gamma rays that are not 

of a nuclear origin, such as lightning strikes and terrestrial gamma-ray flashes. 

Additionally, gamma rays are also produced by a number of astronomical processes in 

which very high-energy electrons are produced, that in turn cause secondary gamma 

rays via bremsstrahlung, inverse Compton scattering and synchrotron radiation. 

However, a large fraction of such astronomical gamma rays are screened by Earth's 

atmosphere and can only be detected by spacecraft. 

 Gray: The SI unit of absorbed radiation dose. 1 Gray of absorbed dose corresponds to 

 1 joule of energy per kilogram of mass. 

 1 Gray = 100 rad 

 Half-value thickness (T1/2): The thickness of material layer that reduces the initial 

intensity of radiation by a factor of two.  
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 Intrinsic Efficiency: The ratio of number of pulses recorded to the number of 

radiations incident on the detector. 

 Ionising radiation: Radiation that consists of particles capable of ionizing a gas.  

 Isotopes: Nuclides with the same atomic number but different atomic weights (Mass 

 numbers). 

 Linear absorption coefficient ( ): It is given by 0.693 / T1/2, where T1/2 is the half 

value thickness.  is expressed in cm
-1

.  

 Mass absorption coefficient ( / ).  It is given by linear absorption coefficient ( ) 

divided by density ( ) of material. It is expressed in cm
2
 / gm 

 Mass per unit area: Product of the density of a material and its thickness.  

 Minimum Detectable Activity (MDA): The minimum detectable activity (MDA) is 

that amount of activity which in the same counting time gives a count which is 

different from the background by three times the standard deviation of the background 

counting rate: 

  MDA = Bkg cpm + 3x (Bkg) ½  t 

 Example: What is the MDA for a counter with a background of 750 counts in ten 

 minutes?  

  MDA = 75 cpm + 3x (750) ½  10 min = 83 gross cpm 

Thus, any gross count over 83 cpm can be considered to be due to radioactivity. 

 However, the MDA for a counting system must be expressed in terms of a net count 

 so that the results can be converted to dpm or Ci. Thus, the MDA becomes. 

  MDA = 3x (Bkg) ½  t 

To calculate the MDA (in dpm) for a known nuclide, divide by the efficiency of the 

nuclide. Report the MDA for any nuclide for which a net count of zero is calculated 

or whenever the standard deviation of the sample counting rate brings the net count at 

or below the MDA. Note that the MDA can be reduced by increasing the counting 

time and lowering the background. The lower the MDA, the more accurately the 

activity of samples with low counting rates can be determined. 
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Example: What is the MDA (in dpm) for a counter with a background of 750 counts 

in ten minutes and an efficiency of 50% for the nuclide of interest? 

 MDA  = 3 x 750 ½  10 min = 8 net cpm 

 = 8 cpm / (0.5c/d) = 16dpm or 7.2 x 10
-6

 Ci 

 

1bq = 2.7 x 10
-11

 Ci 

16 dpm = 0.266 

 = 0.266 dps 

 = 0.266 Bq 

 = 0.266 x 2.7 x 15
-11

 

 = 0.7199 x 10
-11

 

    7.199 x 10
-12

 

  = 7.2 Ci 

 Nuclide: Generic term for neutral atoms that are characterized by a specific number 

 of neutrons N and protons Z in the nucleus. 

 Photomultiplier Tube (PMT): A phototube with one or more dynodes between its 

photocathode and output electrode (anode). It is a transducer which converts light 

energy into electrical pulses.  

 Photocathode: An electrode used for obtaining photoelectric emission when 

irradiated. 

 Peak Channel: Channel number corresponding to the peak of a distribution.  

 Quality factor: A factor which in radiation protection allows for the effects of 

 different types of radiations and energies on people. 

 Rad (Radiation Absorbed Dose): An old unit used to measure absorbed radiation 

dose. 1 Rad of absorbed dose corresponds to 0.01 joule of energy per kilogram of 

mass (=100 ergs of energy per gram of mass). 

 All measurements of absorbed dose depend on the absorbing medium as well as the 

 level of radiation. 1R is equivalent to 0.871 rad in air.  

 RBE (Relative Biological Effectiveness)  

 The biological effect of radiation depends, not only on the energy absorbed, but also 

on the radiation concerned. To illustrate, the effect of 1 Gray of X-ray will be quite 

different from the effect of 1 Gray of neutrons. The RBE is an attempt to compensate 
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for this variation and may be considered as a weighting factor for different type of 

radiation. 

 RBE (for radiation of Energy E) is defined as the ratio; (Dose of 200 keV gamma rays 

producing a given biological effect) divided by (dose of radiation of energy E 

producing the same effect). 

 Radioactivity: The property which certain nuclides have of emitting radiation as a 

result of spontaneous transitions in their nuclei.  

 Resolution (%): Resolution of a NaI scintillation detector is defined as the ratio of 

FWHM divided by peak channel. 

 rem (Roentgen Equivalent Man): The rem is an early unit used to measure the 

effect of a given type of radiation on living tissue, including compensation for the 

type of radiation involved. 

 rem dose = rad dose x RBE  

 Roentgen-R: An old unit used to measure radiation by its ability to ionize air. 1 

Roentgen is that amountof radiation which releases a charge of 258 microcoulomb per 

kilogram of air. This measure is a specific quantity of radiation, but does not relate to 

the absorption by materials. 

 Sievert (Sv): This is the SI unit used to measure the effect of a given type of radiation 

on living tissue, including compensation for the type of radiation involved. 

 1 Sievert = 100 rem 

 Scintillation: The optical photons emitted as a result of the interaction of a particle or 

photon of ionizing radiation with a scintillator.  

 Scintillator: The material that emits light when particles traverse it. Alternatively, the 

material which absorbs energy and releases its energy in the form of light photons.  

 Scintillation counter: The combination of scintillator, photomultiplier tube and 

associated circuitry for detection and measurement of ionizing radiation.  
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7.0 ACTIVITY & DOSERATE CALCULATION PROCEDURE 

 

a. Activity calculation (as on date) 

It is known that, given the activity at any previous date and by knowing its half-life we can 

calculate the present activity by using the following equation.                                            
                                          

   A =     A0 e - t 

                              =  A0 e – (0.693/ T1/2) t 

Where,  

        A    =  Present activity 

                        A0    =  Activity as on previous date 

  T1/2  =  Half life of source 

                        t     =  Elapsed time 

       = Decay constant  

 

TYPICAL CALCULATION OF ACTIVITY FOR TWO BETA AND TWO GAMMA 

SOURCES: 

 

BETA SOURCES: 

 

Sr-90:   (3.7 KBq, Oct 2006); Half life for Sr-90 is T1/2 = 28.5Yrs 

 

Activity (A0)  = 3.7 KBq, as on Oct’ 2006.  

                                   = 3700 Bq 

  

Elapsed time till Sept’ 2010 = 3years 11months = 3.9166 years 

 

 Present activity (A) =  A0 e – (0.693/ T1/2) t ; as on Sept’ 2010 

           T1/2 =  28.5yr 

                t   =  3.9166 years 

                              A  =  3700 e – (0.693/ 28.5) x 3.9166  

   =  3364 Bq 
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Tl-204:   (11.1 KBq, Oct 2006); Half life for Tl-204 is T1/2 = 4Yrs 

 

                      Activity (A0) =  11.1 KBq, as on Oct’ 2006.  

   = 11100 Bq 

                      

 Elapsed time till Sept’ 2010 =    3 years 11months = 3.9166 years 

 

Present activity (A)     =  A0 e – (0.693/ T1/2) t; as on Sept’ 2010 

 T1/2   =  4yr 

  t     =  3.9166 years 

  A =  11100 e – (0.693/ 4) x 3.9166 

   =  5631 Bq 

 

GAMMA SOURCES: 

 

Cs-137:   (3.1 Ci, July’ 2007); Half life for Cs-137 is T1/2 = 30Yrs 

 

          Activity (A0) =  3.1 Ci, as on July 2007.  

 =  3.1X3.7X1010X10-6 

 = 114700 Bq 

  

 Elapsed time till Sept’ 2010 = 3 years 2months = 3.1666 years 

 

Present activity (A) =  A0 e – (0.693/ T
1/2

) t; as on Sept’ 2010 

                     T1/2 =  30yr 

                           t  =  3.1666 years 

                          A =  114700 e – (0.693/ 30) x 3.1666  

 =  106609 Bq 
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Co-60:   (3.7 Ci, July’ 2007); Half life for Co-60 is T1/2 = 5.3Yrs 

 

          Activity (A0)   =  3.7 Ci, as on July’ 2007  

 =  3.7X3.7X1010X10-6 

 = 136900 Bq 

 

 Elapsed time till Sept’ 2010 = 3 years 2 months = 3.1666 years 

 

Present activity (A) =  A0 e – (0.693/ T
1/2

) t; as on Sept’ 2010 

                       T1/2 =  5.3yr 

                            t  =  3.1666 years 

                           A  =  136900 e – (0.693/ 5.3) x 3.1666  

 =  90486 Bq 

  

b. DOSE RATE CALCULATION 

Doserate can be calculated by using the following formula 

 

Doserate =   Source Activity x gamma constant  

                    (Distance)
 2

   

 

where  

Doserate is in mR (milli Roentgen)  

Source Activity is in mCi (milli Curies) 

Distance is in cm (Centimeters) 

Gamma constant for Cs-137 is 3300 

and gamma constant for Co-60 is 13200 
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Examples: 

1.      Calculate the doserate at a distance of 20 cm from a Cs-137 source of activity 10 mCi 

 

Doserate =   10x3300  =    33000      = 82.5mR 

            (20)
2
         400   

 

2.   Calculate the distance from a Co-60 source of activity 20 mCi to obtain a doserate of 

 50mR   

 

    50mR   =   20x13200 

                             (Distance)
2 

 

           i.e.  (Distance)
2
  =    20x13200 =   5280 cm

2 

              50 

 

          Distance =   5280 =     72.66 cm 
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2.0B MODULAR SYSTEM [TYPE: GR611M] 

The Gamma Ray Spectrometer (Micro controller based) Type GR 611M consists of a 

MINIM based modular counting unit and a Scintillation Detector Type: SD 

150/151/160W. The Spectrometer can also be used for Gamma Counting  

applications. This MINIM based system has added advantage of savings in cost and 

also conserves bench space because of its optimal design. 

This system is configured around MINI BIN and Power Supply Type: MB 403 with 

the following Modules: 

High Voltage Unit Type: HV 502 

Linear Amplifier Type: LA 520 

Single Channel Analyzer Type: SC 530 
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and Counter Timer Type: CT 541A (Micro controller based), having unique built-in 

user programmable features for data acquisition & data outputting. 

 

Fig. 9: Gamma Ray Spectrometer GR611M (Modular Minim based) 

 B.1 SPCIFICATIONS OF CONSTITUENT UNITS OF GR611M 

NIM INSTRUMENTATION BIN: 

Interchangeability : Mechanical Tolerances are in accordance with TID 20893 (Rev). 

Panel dimensions : Standard rack 8 ¾ inches high and 11 ¾ inches wide (without 

flanges). 

Depth : 12 ¾ including heat sinks 

Module connectors : 8 NIM connectors per bin at the panel as specified by TID 20893 

(Rev) or 24 pin of Amphenol connectors (for use in INDIA). 

Installed wiring : All connectors of MINI BIN are wired in parallel for +12V, -12V, 

+24V and -24V, high quality GND and power return GND. 

Construction : Bin is constructed with two side aluminum flanges with casted 

handles, top and bottom S.S. Rod spot welded mesh supported with 

two aluminum bars at top and bottom, module guides with S.S. rods 

and connector plate at the back. 

All these parts are anodized / painted completely. The channels are 

milled; spot welded S.S. rod guides provide precisely smooth and 

easy movement of modules into the bin. 

MINIBIN enclosure dimension: 14" wide X 10" height x 11.5" depth without accounting 

handles and heat sinks. 



14  

POWER SUPPLY [TYPE: PS401] 

Input voltage : 220V +/- 10% AC 

Frequency : 50Hz 

Stability : For +/- 12V & +/- 24V, +/- 0.3% over any 24 Hours period at 

constant ambient temperature. Over the combined range of no 

load to full load and specified mains variation after 60 min. 

Temperature range : 0 to 50o C ambient 

Temperature coefficient : 0.02% per o C over 0 to 50o C ambient. 

Noise and ripple : for +/- 12V & +/- 24V, 3mV rms 

Voltage adjustments : +/-  2%  minimum  range. Reset ability +/- 0.5% of supply 

voltage. 

Recovery time : +/- 12V & +/- 24V outputs will recover within +/- 0.1% of 

steady  state  values within 100 sec following any change in 

specified line Voltage or between 10 to 100% full load. 

Circuit protection : a) Input of the supply is protected by two fuses 

b) Output of the power supply is short circuit and overload 

protected by means of fold back electronic circuit. 

c) Recovery is automatic when overload or short circuit is 

removed. 

d) Continuous short circuit will not damage the power supply 

Unit. 

 
HIGH VOLTAGE UNIT [TYPE: HV 502] 

o  Output voltage variable continuously from 0 to 2000 volts. 

o  Output current (maximum) 1mA. 

o  Load and Line Regulations: better than 0.005% of full scale 

o  Indefinite overload and short circuit protections and self-recovery. 

o  Output ripple less than 20 mV 

o  Dimensions: Two bit Module. 

o  HV is adjustable by ten turn helipot with knob. 
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LINEAR AMPLIFIER [TYPE: LA 520] 

o  Input Polarity : Positive or Negative 

o  Total Gain (Typical) : 800 (approx.) 

o  Output (Unipolar) : 0V to 8V (usable recommended linear range) 

o  Max. Output (Unipolar) : 12V (Saturation Level) 

 

4. SINGLE CHANNEL ANALYSER [TYPE: SC 530] 

o Input : Unipolar or Bipolar with a +Ve leading edge 0-10V 

o Pulse Pair Resolution (approx.) : 0.6 μsec 

o  Output Pulse Polarity : Positive Pulse 

Amplitude : +5V 

Pulse Width : 0.5   sec 

o LLD output pulse amplitude : +5V 

Output pulse width : 0.5 μsec 

LLD/Base line variable by : 10 turn helipot / Dial 

o Window width : Continuously variable by helical potentiometer /Dial 

Window : 0-1V in WINDOW mode 

ULD range : 0-10V in NORMAL mode 

o Dimensions of module : 1 Bit 

 

COUNTER TIMER [TYPE: CT 541A] 

o Input : 100 mV to 10V, unipolar or positive bipolar semi 

Gaussian / Gaussian pulse 

o Pulse width : 0.5 msec (min) 

o Polarity : Positive or Negative 

o Input Impedance : 10 K Ω 

o Input counts capacity : 999999 counts 

o Pulse height Discriminator : 100 mV – 10 V by a preset provided on front panel 

o Display : 8x2 LCD dot-matrix display has been provided to 

indicate data counts & Elapsed time 

o Preset time : 0-9999 seconds 
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o Command Buttons : START, STOP, PROG, STORE, INC & DEC 

command buttons have been provided on the front panel 

key board 

o Modes of Data Acquisition : (a) Counts for a preset time (b) CPS (c) CPM 

o Preset Time Selection : Programmable through switch control buttons 

o Data storage : Up to 1000 readings 

o Programmability : includes selection of preset time storing / recalling of 

data, starting and stopping of acquisition, label 

assignment for data counts such as BG (background), 

ST (standard) and SM (sample). 

o Printing option : This module has built in parallel port for Data transfer 

o Serial port : This module additionally has built-in RS232C serial 

port for downloading the data into PC. 

o Extension keypad (Optional) : From rear panel I/O connector one can have extension 

keypad with same command buttons as mentioned 

above. 
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2.0B. 2 BLOCK DIAGRAM DESCRIPTION (GR611M) 

Refer to the block diagram, given in Fig.10. It consists of Scintillation Detector SD 151 or its 

equivalent, High Voltage unit HV 502, Linear Amplifier LA 520, Single Channel Analyzer 

SC 530 & Counter Timer CT 541A. All these modules are housed inside Minibin and Power 

Supply Type: MB403. Minibin and Power Supply provides low voltage supplies +/- 12V & 

+/- 24V to these modules. The Scintillation Detector is coupled to the main electronics unit. 

The assembly of scintillation detector and main electronic unit is called as Gamma Ray 

Spectrometer. This unit is essentially used for studying the Gamma Ray Spectra of Gamma 

isotopes. 

 
SCINTILLATION DETECTOR 

It consists of a Sodium Iodide crystal optically coupled to a photomultiplier. It has got three 

connectors, UHF, circular I/O or Minihex & BNC connector. The high voltage (operating 

voltage) required for the detector is fed from the HV module and is connected to the UHF 

connector. Minihex / 5 pin I/O connector is used to feed in the low voltages to pre-amplifier 

from Minibin power supply. The output of the detector is given to the linear amplifier input 

through a BNC cable. Scintillation detector of NUCLEONIX make or its equivalent can be 

connected to NUCLEONIX Gamma Ray Spectrometer electronic unit. 

 
HIGH VOLTAGE UNIT (HV 502) 

It is basically a two-bit module which generates 0 to 2000 V. It has got HV out (UHF 

connector) and the ten turn dial / helipot for changing the EHT continuously from 0 to 2000 

V. It can deliver up to a maximum current of 1mA. Line & Load regulation is better than 

0.001%. HV indication is provided on a three and half DPM. 

Output from the HV 502 is fed to Scintillation Detector through a UHF cable for biasing of 

the detector. 

Typically detector bias can be from 600V to 800V. 

 
 

LINEAR AMPLIFIER (LA520) 

Linear Amplifier LA 520 uses solid-state/Integrated circuits extensively in its design. 

Featuring excellent non-overload characteristics, a high gain, low equivalent input noise and 

flexibility of pulse shaping, LA 520 is ideally suited for use with Nuclear Counting Systems 

such as Gamma Ray Spectrometers and other similar units. 
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SINGLE CHANNEL ANALYSER (SC530) 

Single Channel Analyzer receives the input from Linear Amplifier LA 520 output. SC 530 

essentially scans the input pulses for differential pulse height analysis and gives out TTL 

output pulses for the windowed pulses. Output from SC 530 is fed to Counter Timer CT 

541A for counting purpose. SC530 can be operated in three modes. 

 
COUNTER TIMER (CT541A) 

Counter timer CT 541A is a two-bit module. It can count the events for a preset time.  

Elapsed time and counts are indicated on the 8x2 LCD displays. Input can accept input  

pulses of POS or NEG polarity of unipolar / bipolar or TTL pulse. 

Counter timer CT 541A has keypad buttons for operation and is designed around a 

microcontroller. It can acquire data in three modes of operation namely 

a. Preset Scaler b. CPS c. CPM. 

Readings up to 1000 can be stored and recalled back onto the display. Further unit has built- 

in printer port for direct data printing and serial port for downloading of readings to PC. 
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3.0 ACCESSORIES FOR GRS (611M OR GR612) 

o SCINTILLATION DETECTOR : Scintillation detector with flat type NaI crystal of 

1"x1" or 1.5”x1.5” " or 2" x 2" flat or well type detector of 1.5" x1 .5" or 2" X 2" of 

NUCLEONIX make or its equivalent is compatible to GR611M. The output of these  

units (taken from preamplifier) is POSITIVE for all Nucleonix make Scintillation 

detectors. 

Hence the input polarity of the amplifier in GR611M is to be selected for POSITIVE. 

Scintillation detector preamplifier required LV supply of -12V is drawn from the GRS 

rear panel. So, also the HV bias supply for the PMT of the detector assembly is also 

drawn from GRS rear panel. Preamplifier of the scintillation detector is a charge 

integrating type of preamplifier. 

o TO PRINTER (Optional): There is a centronics port built-in which facilitates data 

printing on to a dot matrix printer. 

(a) SCINTILLATION DETECTORS   

Nucleonix Systems offers wide range of NaI Scintillation 

Detectors of different sizes both with flat & well type crystals, to 

meet the requirements of wide range of users for Gamma ray 

spectrometry measurements. 

Scintillation detectors offered include 1"x1", 2"x2" & 3"x3" NaI 

integral assemblies with built-in pre-amplifiers. These detector 

assemblies give excellent stability, superior performance & good 

resolution in the range of 8.0 to 9.5% for Cs-137. Scintillation 

detectors of other sizes can also be offered against user specific 

requirements. 
 

1” X 1” 
 

2” X 2” 

Fig. 11. 

(b) GAMMA REFERENCE STANDARD SET [TYPE GS 290   

Gamma Reference Standard Set Type: GS290 consists of a set of 

FIVE Gamma sources evaporated & sealed on 25mm dia x 5mm 

plastic disc covering SIX photo peak energies in the range of 2 to 5 

micro curie. A reference chart for this is given below. The 

accuracy of these sources is in the range of +/-10%. All these disc 

sources are enclosed in a box made of acrylic sheet and supplied. 

 
Fig. 12. 

 
 

Gamma Isotope Energy MeV Nominal Activity Half life 

Co-57 

Ba-133 

Cs-137 

Co-60 

Na-22 

0.123 
0.36 (Main) 

0.662 

1.17; 1.33 
0.511; 1.280 

2-5 µCi 
2-5 µCi 

2-5 µCi 

2-5 µCi 
2-5 µCi 

273 Days 
7.5 years 

30 years 

5.3 years 
2.6 years 
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4.0 SYSTEM INTERCONNECTIONS & DEFAULT SETTINGS 

(a) FOR INTEGRAL MODEL (GR612) 

(i) Interconnection table 
 

 
Sl.No. Type of Cable Signal from Signal to 

 
01. 

UHF to UHF high voltage 

cable (1.5 meter length) 

EHT output from UHF 

socket on rear panel of 

GRS 

Scintillation detector UHF 

socket 

 
02. 

LV cable with two end 

Circular I/O to Circular I/O 

connector. 

LV signal on R.P of 

Instrument 

LV signal to Scintillation 

detector Circular I/O 

Connector. 

03. 
Signal Cable (BNC to 

BNC) 1 or 1.5 meter long 

Scintillation Detector 

(O/P BNC) 

AMP Input BNC receptacle 

on R.P of Instrument 

04. A.C mains cord 
230V, AC, 50Hz, Power 

socket 
Instrument socket on R.P 

 

OPTIONAL CONNECTIONS 
 

05. 25 pin D-25 pin D cable Rear panel GRS To printer 

06. 9 pin D-connector Rear panel GRS To PC Serial Port 

 
(ii) Default control positions are set as given below: 

Coarse gain :   2.0 

Fine gain (dial) :   1.5 

High voltage setting : set it to operating voltage as mentioned on the Detector 

Polarity : ‘POS’ 

          Now take amplifier output through a ‘T’ connector to oscilloscope parallelly, apart 

from connecting to the input of the SCA (single channel analyzer) BNC socket. 

          Place Cs-137 standard reference source on the scintillation detector & observe in the 

oscilloscope photopeak of Cs-137 amplitude (with 1 volt / Div. sensitivity) and adjust 

amplifier gain such that photo-peak amplitude is set to      3 V. This will ensure that,   

we will be able to scan energies in the range of 100 keV to 2 MeV within 0 to 8 V of 

amplifier linear range. 

Now the system is ready for experiments. 
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Typical oscilloscope output for Cs-137 & Co-60 peaks are shown below: 
 

 

 

 

Fig.13 : Amplifier output of GR611M/612 as seen in 60 MHz oscilloscope Tek Make, with 

Cs-137 source placed on scintillation detector. Approximately 3 V photopeak height can be 

noticed. 
 
 

 
 

Fig.14: Co-60 Photopeaks of 1.17 & 1.33 MeV as seen on oscilloscope, after amplification 

in GR611M/612. Second peak (1.33 MeV) height can be noticed to be of 6.0 V in amplitude 

approximately. 
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(b) FOR MODULAR SYSTEM 

(i) Interconnection table 
 

Sl.No 

. 

Type of Cable Signal from Signal to 

01. UHF to UHF EHT cable EHT output UHF socket 

on HV 502 

Scintillation detector UHF 

socket 

02. LV cable with two end male 

mini-hex connectors or one 

end circular I/O & other 

Minihex/I/O circular con. 

Mini-hex / 9 pin of D or 

circular I/O from rear 

panel of Minibin 

Scintillation detector 

Mini-hex socket/Circular 

I/O connector 

03. Signal Cable (BNC to BNC) 1 

or 1.5 meter long 

Scintillation Detector (O/P 

BNC) 

I/P BNC receptacle on 

LA520 

04. Signal Cable (BNC to BNC) 

0.3 or 0.5 meter long 

OUTPUT BNC receptacle 

on LA520 

I/P BNC on SC530 

05. Signal Cable (BNC to BNC) 

0.3 or 0.5 meter long) 

OUPUT BNC receptacle 

on SC530 

I/P BNC on CT541 

OPTIONAL CONNECTIONS 
 

06. 25 pin D-25 pin D cable CT541A rear panel Inkjet printer 

07. 3/5 pin circular I/O connector 

to 9/25 pin D-connector 

CT541A rear panel PC Serial Port 

 
(ii) Default control positions for a modular system 

 
 

HV module (HV501/502): Set the HV to operating voltage of the scintillation 

detector by adjusting the HV knob 

Now place Cs-137 source on the scintillation detector & adjust Atten, Gain (coarse & 

fine) such that Cs-137 photopeak is approx. 3V in amplitude as indicated in Fig.13. 

(One can observe this in the oscilloscope by connecting amplifier output through a T- 

connector to oscilloscope & other connection to SCA input). Typical settings to 

achieve this are indicated below. However, for a given detector, these settings vary. 
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Linear Amplifier: 

Attenuation: 1 

Coarse Gain: 2.0 

Fine Gain: Adjustable 

Shaping: 0.5 

 
o Now keep SCA & Counter Timer controls as given below. 

 

Single Channel Analyser: 

Mode: Window 

LLD (baseline): 0.0 

ULD (window): 1.0 

 
 

Counter Timer: 

Pol: POS 

Program it for desired preset time mode of operation (refer to CT541A Manual) 

Now the system is ready for student experiments. Some of the following points may 

please be noted before proceeding further. 

    All the experimental procedures explained in detail later are generic in nature & 

are applicable to both GR611M / GR612 models. 

    Placing the scintillation detector inside lead castle is optional & not essential for 

most of these experiments. Hence, even if Lead Castle is not purchased with the 

system, it is also O.K. 

    However a good oscilloscope (50/60 MHz) may be essential to setup the 

spectrometer and for visualization of the photopeaks as given by amplifier. 























Gamma Ray Spectroscopy Part 2 

Introduction 
 

Gamma ray spectroscopy is one of the most developed and important techniques used in 
experimental nuclear physics because gamma ray detection and its energy measurement form 
an essential part of experimental nuclear physics research. The purpose of this experiment 
is to acquaint one with this field using a gamma ray spectrometer comprising of thallium 
activated sodium iodide (NaI(Tl)) scintillator, photo multiplier tube, associated 
electronics and multi channel analyzer. The scintillation spectrometers with their high 
detection efficiency and moderately good energy resolution have made tremendous 
contribution to our present knowledge of nuclear properties. 

 

Objectives: 
 To calibrate the MCA 
 To determine the energy of unknown gamma radiation 
 To determine the photopeak efficienty 
 To determine strength of given source 

 

Apparatus: 

 NaI detector with accessories 
 Amplifier with ADC. 
 Sources which radiate gamma rays. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Description of the components: 

Scintillation Gamma Ray Spectrometer: 

A spectrometer is an instrument to study the energy or wavelength spectra of 
radiation. Scintillation gamma ray spectrometer is one of the most popular and successful 
spectrometers. This is based on the fact that there are certain substances which emit 
light flashes (or scintillation) when charged particle, X-rays and ν -rays pass through 
them. In a scintillation detector these light flashes are allowed to fall on the photocathode 
of a photo multiplier tube and a pulse is extracted out to signal the passage of nuclear 
radiation in the scintillator. The height of this output pulse can be made proportional to 
the energy dissipated by the ionizing radiation in the scintillator. Thus a scintillation 
detector can be used not only for counting but also for energy analysis. 

This spectrometer employs a scintillation detector which is a thallium activated 
sodium iodide crystal as a scintillator. This crystal is enclosed in an aluminum can (Fig.2). 
Further, the scintillator is covered by a layer of reflecting material like MgO or AlO powder. 
There is a glass window at one end so that the light produced by scintillator can pass onto 
the photocathode.The sensitive part of the detector is a scintillator, which consists of a 
cylindrical NaI crystal with a diameter of 5 cm. The incoming gamma quanta deposit all 
their energy, or part of it, to the electrons in the crystal due to collisions (Compton effect) 
or photo-electric effect. The resulting fast electrons collide with the atoms of the crystal, 
which are excited and subsequently de- excited by emitting photons with a wave length in 
the region of visible light. The photons reach the photo cathode of a photo multiplier tube 
(PM tube), which is optically coupled to the crystal. Here the photons will cause the 
emission of electrons through the photo-electric effect. The number of electrons emitted 
from the photo cathode is proportional to the energy of the gamma radiation. The electrons 
are accelerated in the PM tube towards a structure of metal plates (dynodes). At the first 
dynode the electrons emit more electrons (see figure 1). The shower of electrons is 
amplified at each dynode (in total 10). The potential difference between each consecutive 
dynode is about 75 V. The resulting shower of electrons gives rise to an electric pulse, 
whose amplitude is directly proportional to the amount of light collected on the photo 
cathode, and thus directly proportional to the energy of the gamma radiation. By measuring 
the amplitude, the energy of the corresponding gamma quantum can be determined. 



                             Figure 1: The schematic of the scintillator and photomultiplier tube. 

Under proper conditions the voltage pulse formed is linearly related to the energy 
spent by the incident photon in the crystal. The pulses extracted from the photo-multiplier 
are fed to the single channel analyzer (SCA) or multi channel analyzer (MCA). The pulses 
coming out from SCA are standard positive pulses and are fed to the decade scalar which 
counts the number of pulses allowed by SCA during the time interval set by the timer. The 
multi channel analyzer acquires the data simultaneously for all particles. The function of 
the MCA is described later. The spectrometer is coupled to the nuclear electronic system as 
shown in Fig.2. 

Pre-Amplifier 

The first element in a signal processing chain is a preamplifier which provides an interface 
between the detector and the pulse processing and the analysis electronics that follows. 
The preamplifier is generally located as close as possible to the detector to maximize the 
signal to noise ratio. It also serves as an impedance matcher presenting high impedance to 
the detector to minimize loading, while providing a low impedance output to drive 
succeeding components. It conventionally provides no pulse shaping and its output is a 
linear tail pulse with fast rise time and slow decay time. 



                           Figure 2: The schematic sketch of the Gamma-ray spectrometer. 

Pulse Height Analyzer (PHA) 

The amplified pulses are next sorted out according to their pulse height. The pulse height 
is directly proportional to the energy deposited by the incident gamma particles in the detector. 
The pulse height analysis can be done by 

i. Single Channel Analyzer (SCA) 
ii. Multi Channel Analyzer (MCA) 

A PHA is normally operated either in an integral or a differential mode. In integral mode a 
PHA is just a discriminator. In differential mode the analyzer is said to work as an SCA. 
Recording data with SCA involves many operations and it takes long time to collect the 
entire spectrum.  

Multi Channel Analyzer 

A modern multichannel analyzer operation is based on the principle of counting an analog 
signal (the pulse amplitude) to an equivalent digital number. In this case both the amplifier 
and ADC are integrated in a one unit (Fig.2). Once this conversion has been accomplished 
the extensive technology available for the storage and display of digital information can be 
brought to bear on the problem of recording pulse height spectra. So the analog to digital 
converter (ADC) is a key element of MCA, which converts each pulse amplitude (or 
energy) into an equivalent digital number. A built-in periodic oscillation sends out clock 
pulses and the number (N) of such pulses occurring in this time interval are recorded in a 
scalar (address register). In this way the output of the ADC is stored in a computer type 
memory, which has many addressable locations as the maximum number of channels into 



which the recorded spectra can be subdivided. The number of memory locations is usually 
made a power of two, memories like 256, 512, 1024, 2048, etc. channels being common 

choices. The maximum content of any one memory location is typically 105or 106counts. 
So the basic function of the MCA involves the ADC memory and display. In this way the 
entire histogram plot of count versus pulse height can be recorded almost 
simultaneously and displayed on the computer screen as a spectrum. 

How is a spectrum created? 

The electric pulses from the PM tube are amplified in the amplifier and then registered by 
the computer and sorted into a histogram according to their amplitude. Since the 
amplitude is proportional to the gamma energy, the histogram reproduces the energy 
distribution of the detected gamma quanta. 

The analogue information (the amplitude) must be converted to suitable digital 
information (binary number) for the computer. The electronic circuit which carries out 
the conversion is called an A/D converter (Analog-to-Digital converter). The process is 
illustrated in the simplified drawing of figure 3. The incoming pulses are read by the 
A/D converter, which makes a classification, i.e. sorts the pulses into different boxes 
(“channels”) according to their pulse height. The GDM 10 detector system uses an A/D 
converter with 1024 channels. The channels are numbered according to increasing pulse 
height, and the channel number is thus proportional to the gamma energy. 

For example, pulse A is put into channel number 1, pulse B into channel number 2, pulse C 
and D into number 3, and so on. One thus obtains a histogram of the pulse height distribution 
for all detected gamma quanta. Since the pulse height is proportional to the gamma 
energy, the histogram reproduces the distribution of the corresponding gamma energies. 
The histogram is usually referred to as an energy spectrum. 

 

 

 

 

 

 

 

 

                      Figure 3: The flow chat which shows, how the spectrum created. 



In order to find out which channel number corresponds to which energy, it is necessary to 
make an energy calibration, which is obtained by using radioactive sources which emit 
gamma quanta with known energies. 

Procedure: 

Make the connections as per schematic diagram given in Fig. 3. The system is connected to 
PC using a RS-232 interface. Turn all the electric units “ON” and allow a warm up period 
of about 15 min. Adjust the high voltage for PMT between 400 to 600 volts (Don’t exceed 
600V). Now choose a source which gives maximum gamma ray energy. Adjust the 
discriminator of the preamplifier such that the Compton distribution should not have very 
high counts in the initial channels. It is advisable to collect the spectra from channel no 50, 
by suitable discriminator level selection. Keep all the settings undisturbed throughout 
the experiment. Start spectrum acquisition following the menu on the PC screen. One 
can observe the accumulation of data (spectrum) on the screen. 

Experiments: 

Create a subdirectory of your name and save all the data in your directory. Note down 

the distance and position (as accurately as possible) of the source from the detector in all the 

cases. This is important for subsequent analysis, especially for finding the activity of the 

source. 
 
i. Measurement of a gamma-Ray spectrum 

a) Collect a spectrum of a 137Cs source. Store the spectrum. Identify photopeak, Compton 

distribution and Compton edge. 

Note that a spectrum from a source with only one gamma-ray energy consists of a 

peak (the photo peak or the full-energy peak) and a distribution on the low-energy side (to 

the left) of the photo peak. If there are several photo peaks in a spectrum, the studied radiation 

must contain several different energies. 

The low-energy distribution to the left of the photo peak originates from gamma 

quanta, which have collided with electrons in the detector crystal or in the lead shielding. 

The collision takes place in such a way that only part of the original energy of the gamma 

quantum is absorbed in the detector. This kind of collision is called Compton scattering 

and the low-energy distribution is the so-called Compton distribution. The Compton 

distribution always forms a background to the left of the photo peak with which it is 

associated. 

 



 

Note that there is always a discriminator setting, which rejects the most low-

energetic gamma quanta and the electronic noise. The discriminator setting can be adjusted 

with the knob on the amplifier box, but should not be changed during a measurement. 

Note in your sketch of the 137Cs spectrum where the photo peak, discriminator 

level and Compton distribution are situated. 

 

ii. The relation between the channel scale and the energy of the radiation: 

Determine the channel position of the photo peak in the spectrum of137Cs by using 

the centroid routine, which is prepared by first placing the cross of the lower marker on the 

left edge of the photo peak and the cross of the upper marker on the right edge of the same 

peak. This is most easily done by using the right and the left button of the mouse. See figure 

5. 

Now use the command Calculate >Centroid, which gives the channel position of 

the centre of mass of the photo peak. Zero the spectrum on the screen (File Clear) and read 

the60Co spectrum. Repeat the same procedure for the photo peak in the 60Co spectrum. 

Note that the number of pulses and the number of pulses per second in the photo peak are 

also given. 

Draw a diagram of the energies of the two photo peaks as a function of the corresponding 

channel position, i.e. the energy along the vertical axis and the channel number along 

the horizontal axis. The energies of the gamma quanta of60Co (two photo peaks) and 137Cs 

are 1.33 MeV, 1.17 MeV and 0.66 MeV, respectively. 

 

Figure4: The standard spectrum of 𝐶𝑠 for calibration 

 



Table 1:  calibration of MCA, determining unknown source and resolution 

Source Energy(Mev)  Channel no. FWHM Max. Intensity Resolution 

      

      

      

      

iii. Determination of the gamma-ray energies of an unknown gamma source 

a) Collect a gamma-ray spectrum from an unknown source given to you by your teacher. 

Copy the spectrum to your folder and read it into your computer. Your earlier calibration 

may be used to calibrate the unknown spectrum. 

b) Compare the gamma energies obtained with the decay schemes. 

iv. Determination of detector resolution and its variation with energy 

The term resolution denotes the degree of broadening and is defined as the full 
width at half maximum divided by the pulse height at the peak multiplied by 100 as given 
below. 

 

%𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =
     

𝑋 100                                                     

Determine the percentage resolution for all photo-peaks and plot resolution vs. E-1/2and 
study the relation. 

v. Determination of photopeak efficiency of NaI crystal of given dimensions for 
different energy gamma rays 

The complete spectra of the sources which emit gamma rays energy, e.g., 137Cs, 

and60Co are taken and plotted on linear graphs. A suitable time is about 10-30 min, 

respectively, per spectrum. In each case the ratio of the area under the photopeak to the 

total area under the curve is determined.** This ratio is plotted against the energy and 

a smooth curve is drawn. From this curve one can determine peak to total value for any 

energy. When this ratio is multiplied by the percentage efficiency at the same energy as 

calculated from standard graphs, it gives the photo-efficiency of NaI(TI) crystal at that 

energy. 

 

What is the conclusion drawn about the energy dependence of the efficiency? …………. 



Note: ** Photopeak efficiency (E p) can be calculated as follows: 

Ep  = N(pp)/N(T) 

 

Table2: 

 

 

where N(pp) is the number of pulses contributing to full energy peak (photo peak) 
of the gamma ray spectrum and N(T) the number of pulses contributing to the total 
gamma-ray spectrumBut N(T) consists of the all the counts which are detected detector and 
some of them are not due to gamma radiation and other factors such as mode of decay need 
to be taken into calculation. To calculate effeiciency of detector, peak to toatal ration RPT 

also need to accounted. The modified formula is as follows. The absorption efficiency of the 
detector is given by 
  

𝜂 =
𝑁

𝑅 𝑓 𝑓 𝐴𝑡𝐼𝐺
 

 
Where, 

 RPT is the photo-fraction or peak-to-total ration(~0.47 for 𝐶𝑠) 

 fr is the branching ration of the gamma line (0.851 for 𝐶𝑠) 

 fb is the branching fraction of the mode of decay (0.947 for 𝐶𝑠) 

 A is the activity of the source in Bq 

 t is the duration of time in seconds 

 G is the geometrical factor given by (𝐺 = 1 −
√

) where, a is the radius of 

the cylindrical detector and d is the source to detector distance (5 cm for this 
detector) 

 I  is a factor considering the transmission of gamma by intervening materials between 
detector and the source (I ~ 1.00) 

 
The total detector efficiency (ηd) is given by 

 𝜂 = 𝜂 𝐼𝐺 
 
 

Energy 
(Mev) 

Gamma Activity 
(Bq) 

No. counts in 
photo peak 

No. of counts 
in the total 
spectrum 

Efficiency 
(%) 

     

     

     



The photopeak efficiency Ep is given by   
     𝐸 = 𝜂 𝑅  

 
The value of RPT for various scintillators including NaI(Tl) is available in Ref.(1). The 
procedure to extract counts in the photopeak (Npp) is descried in the Ref 2, page 341).  
 

vii. Determination of the strength of a given source (in microcuries) 

The strength of any source can be determined using the relation 

N = N o E pG  
where N o is the total number of disintegrations per second, G is the solid angle subtended 
(geometric factor) by the detector at the source, E p is the photopeak efficiency (as 
determined above), and N are the observed counts in the photopeak. 
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Study of Compton Scattering 

 

Introduction 

 

Compton scattering is an example of inelastic scattering of light by a charged particle, where the 

wavelength of the scattered light is different from that of the incident radiation. In 1920, Arthur Holly 

Compton observed scattering of x-rays from electrons in a carbon target. He found that the scattered x-

rays have a longer wavelength than the incident x-rays. The shift of the wavelength increased with 

scattering angle according to the Compton formula: 

 

�� − �� = Δ� = ℎ

��� (1 − ���) (1) 

 

where ��  and ��  are wavelengths of incident and scattered photon 

respectively, h is the planck’s constant, me is the rest mass of electron, c 

is the velocity of light, � and φ are angles of scattered photon and recoil electron respectively (Fig. 1). 

The value of (h/mec = 0.02426 A⁰) is called Compton wavelength of electron. In terms of energy Eq. 1 

can be rewritten as  

�� = ��
�

����.(����� �)�  (2) 

where �� and �� are energy of incident and scattered photon respectively and � = ��
����.  For high 

energy photons with (λ≪0.02  ° or E ≫ 511$%&), the wavelength of the scattered radiation is always 

of the order of the Compton wavelength whereas for low energy photons (E≪ 511$%&), the Compton 

shift is very small. In other words, in non-relativistic energy regime, Compton scattering results 

approaches the results predicted by classical Thompson scattering.  

Compton’s experiment had a lot of significance that time since it gave a clear and independent 

evidence of particle-like behaviour of light. Compton was awarded the Nobel Prize in 1927 for the 

"discovery of the effect named after him". 

The differential Compton scattering cross section was correctly formulated by Klein-Nishina in 1928 

using quantum mechanical calculations. This formula is famously known as Klein-Nishina formula 

which is expressed as follows: 
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Fig.1: Compton scattering 



Here,  r0 = (e0/4πԑ0mc
2
) is the is the classical electron radius and has the value r0 = 2.818 × 10

−15
 m. 

This result is for the cross section averaged over all incoming photon polarizations. By integrating Eq. 

(7) over all angles, the total cross section can be obtained.  

In our experiment gamma rays from a Cesium-137 source are used as the source of photons that are 

scattered. Difference in the incident and scattered energy and wavelength of the photons is determined 

by a calibrated scintillation detector placed at different scattering angles. The relative intensities 3� of 

the scatter radiation peaks can be compared with the predictions of the Klein-Nishina formula for the 

differential effective cross section (
'(
')) by calculating the calibration factor C using the formula below: 

4 = �
5 . ∑ 78

,9:
9;/

5
�<�     (4) 

Objective: 

 

(I) Energy calibration of scintillation detector  

(II) Determination of change in wavelength of the scattered gamma radiation as a function 

of the scattering angle  

(III) Determination of the differential cross-section using Klein-Nishina formula and 

calculation of calibration factor. 

 

Apparatus: 

 

1. Cs-137 radioactive gamma source 

2. Mixed preparation radioactive source for calibration (Am-241 and Cs-137) 

3. Source holder in form of a lead block with a hole of 12 mm diameter at the centre to 

accommodate radioactive sources. Additional blind hole for inserting a steel pin as angular 

direction indicator 

4. NaI scintillation detector and its holder with lead shielding for defined direction of incoming 

gamma radiation 

5. High voltage power supply (1.5kV) 

6. Cylindrical pure aluminium/copper rod as centre of scattering. 

7. Additional lead shielding (movable) to reduce the intensity of unscattered gamma radiation, 

particularly for small scattering angles and short distances between source, scatterer and 

detector. 

8. Multichannel analyzer (256 channels) and Related software in a desktop PC 

9. Experimental panel with graduated angular scale 

 

 

 

 



Experimental Setup: 

 

Fig 2. Experimental set up for Compton scattering experiment consisting of Source holder, 

Scintillator detector with lead shielding, High voltage supply, Scatterer, Additional movable 

shielding, MCA and a Experimental panel with angular scale (shown respectively as nos. 1-7)  

 

The complete experimental set up is shown in Fig.2 and can be visualized in the following sequence. A 

radioactive Cs-137 source produces 662 KeV γ-rays which can escape the shielded cavity only through 

a small hole. The beam is collimated and reaches an aluminium rod (the target or scatterer). Some 

portion of the γ-rays are scattered by the electrons in the target which are detected and counted by the 

scintillator detector. The detected signal is further processed by an MCA and the complete spectrum is 

displayed on the computer. By placing the source at different angles on the experimental angular panel, 

the scattered radiations are collected to study the angular dependence of Compton scattering. 

 

Procedure:  

Spend some time to understand each part of the set up. Assemble all the accessories to set up the 

experiment as shown in Fig. 2. Familiarize yourself with the software required to acquire and analyze 

the spectra (refer to the software manual provided separately). Set the operating voltage for the 

detector at an optimized value of ~ 0.7kV. 

 

(I) Calibration 

Using the mixed source (refer Annexure I for details of the source), record the calibration spectra at θ = 

0 without the scatterer. Calibrate the channels of MCA with peak energy of the acquired spectrum and 

save it in the computer.  
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(II) Energy of scattered γ-rays as a function of θ  

Using the Cs-137 source (refer Annexure II for details of the source), record a spectrum for every 

desired scattering angle θ. Use additional shielding as necessary. A typical spectrum after calibration is 

shown in Fig.3. For a reliable determination of the peak energy of the scattered radiation Eθ, a 

measurement with and without scatterer should be made for every θ. Evaluation of the difference of the 

two spectra is obtained using the software. Now analyze the spectra to determine the peak scattered 

energy and Iθ. 

Notes: 

1) The measuring time per scattering angle must be selected according to the desired accuracy and the 

distances between source, scatterer and detector.  

2) Greater distances between source, scatterer and detector increase the angular resolution, but require 

longer measuring times due to the lower counting rates. 

3) At small scattering angles, particularly for short distances, additional lead shielding is required to 

suppress the background caused by unscattered radiation. 

 

Fig. 3: A typical gamma ray spectrum obtained for Cs-137 after calibration 

 

(III) Differential cross section and calibration factor: 

Calculate the differential scattering cross-section using Eq. 3 and plot it as a function of θ. 

Determine the calibration factor C using Eq.4. 

 

Graphs/Results/Discussion: 
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3. R.P. Singhal and A.J. Burns, American Journal of Physics 46, 646 (1978) 
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Instruction sheet 559 835 

Radioactive preparations, Set of 3 (559 835) 

 
 
 
 
 
 
 
 
 
 
 

 
Regulations 

When the „Radioactive preparations s, Set of 3“ is used, coun-
try specific regulations such as the Radiation Protection Regu-
lation („Strahlungschutzverordnung“, StrlSchV) in Germany 
have to be observed. 

The preparations have been submitted to a prototype test and 
are approved for teaching purposes at schools in Germany 
without special permit in accordance with StrlSchV from 26 July 
2001.  

The preparations are subject to the conditions quoted in the 
type approval, which is delivered together with the preparations.  
This approval has to be kept by the owner of the approved 
device. 

Radioactive preparations have to be protected against loss and 
against access by unauthorized persons. This can be achieved 
by keeping the preparations s in a lockable cabinet used solely 
for this purpose. 

Please observe maximum radiation regulations for storage of 
more than one preparation, especially in combination with other 
preparations.  

The radioactive preparations have to be stored in the protective 
container used for delivery to make sure the emitted radiation 
stays below 1 microsievert per hour in 10 cm distance from the 
surface. 

In Germany, no leakage test is necessary within the first ten 
years, then in 5 years intervall. 

A visual inspection is required once a year, in case the prepara-
tions is damaged, a leak test is required. 

The sources must not be disposed in normal waste. 

 
Administrative requirements 

The “Radioactive preparations, Set of 3” is a type certified de-
vice with the type reference BfS 01/10. The type approval was 
conferred in accordance with the StrlSchV from 26 July 2001. 

 Keep the copies of the type approval and the quality certifi-
cate as documents. 

 In other countries, observe applicable regulations. 

 

Handling of the preparations requires at least supervision by 
someone with the necessary technical qualification. 
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Safety notes 

 

 

1 Description 

The “Radioactive preparations, Set of 3” is used for an energy 

analysis with the semiconductor detector ( radiation) and the 

scintillation counter ( and  radiation). It consists of three cylin-
drical aluminium rods with the radioactive substances Am-241, 
Sr-90 and Cs-137 being inserted each in one pocket hole at the 
front surface. At the back end of the aluminium rod, there is a 
name plate with the name of the nuclide. 

The preparations are classified as preparations with type ap-
proval. In Germany, it is approved as equipment for teaching 
purposes with the type reference BfS 01/10. 

 
 
2 Technical data 

Weight: 3* 120 g 

Dimensions: each 100 mm  31 mm dia.

Preparations :  each 85 mm  12 mm dia.

Am-241: 

Activity: 74 kBq  
 Sr-90: 

Activity: 45 kBq  
 Cs-137: 

Activity: 74 kBq  
 

 
 
  

The “Radioactive preparations, Set of 3 , , ” is approved 
for teaching purposes at schools according to the StrlSchV. 
As the preparation emits ionizing radiation, radiation safety 
procedures have to be obeyed, especially the following 
safety rules: 

 Prevent access to the preparation by unauthorized per-
sons. 

 Before using the preparation, make sure that it is intact. 

 To ensure minimum exposure time, take the preparation 
out of the protective container only as long as is neces-
sary for carrying out the experiment. 

 To ensure maximum distance, hold the preparation only 
at the upper end of the aluminium rod. 

 Never place any preparations active end within a few cm 
to the human body including the eye. 

 With the object of shielding, keep the preparations in their 
protective container. 

 To ensure minimum activity, lay only the preparation 

needed for the experiment on the table. 

 Never let the preparations touch Acetone, strong acids or 
strong bases. 

 Never heat or cool the preparations to a temperature 
outside room temperature conditions. 
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3 Simplified energy level diagrams 

3.1 Am-241 

 

The cover reduces the energy of the emitted radiation to 
4.5 MeV. 

3.2 Sr-90 

 

 

The low-energy  particles emitted by Sr-90 are absorbed com-

pletely in the cover. Therefore only the high-energy  particles 
emitted by the daughter nuclide Y-90 escape from the prepara-
tions . 

 

3.3 Cs-137 
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Instruction sheet 559 809 

Cs-137 preparation, 3.7 MBq (559 809) 
 
 
 
 
 
 
 
1 Safety container 
2 Radioactive preparation 

 

Regulations 
When the Cs-137 preparation is handled, country specific 
regulations concerning protection from damage caused by 
ionizing radiation must be observed, for example, the Radiation 
Protection Regulation (Strahlenschutzverordnung or StrSchV 
from October 13, 1976) in Germany. 
This preparation is type-approved and may be used without 
authorisation for teaching purposes at schools in accordance 
with the StrSchV. In general, however, use of the preparation 
has to be notified to the appropriate authority. 
The preparation is subject to the rules quoted in the enclosed 
type approval. This approval has to be kept by the owner of the 
approved appliance. 
Radioactive preparations have to be protected against being 
lost and against access by unauthorised persons. This can be 
achieved by storing the preparations in a lockable cabinet which 
is only used for this purpose. 
In general, only teachers who are appointed radiation protection 
officers are authorised to handle radioactive preparations ac-
cording to § 31 Abs. 4 StrlSchV. According to § 56 Abs. 3 
StrlSchV, students are only allowed to take part in the experi-
ments if a teacher who is appointed radiation protection officer 
is present and supervises them. 

Administrative measures 
The Cs-137 preparation 3.7 MBq is a type approved appliance 
with the type mark Nds. 151/96. 
• Keep the copy of the type approval and the certificate of 

quality as they are important documents. 
• In the Federal Republic of Germany, purchase of the prepa-

rations has to be notified to the appropriate authority and af-
ter a period of at most 10 years their tightness has to be 
checked by an expert body. 

• In other countries, the corresponding regulations have to be 
observed. 

Important: according to § 77 Abs. 2 StrlSchV, LEYBOLD 
DIDACTIC has notified delivery of purchased radioactive prepa-
rations to the authority appropriate for the purchaser. However, 
this does not release the purchaser from his duty of notifying the 
purchase. 

Safety notes 

The Cs-137 preparation 3.7 MBq is type approved for teach-
ing purposes at school in accordance with StrlSchV. Since
the preparation produces ionizing radiation, the following
safety rules must nevertheless be kept to: 
• Prevent access to the preparation by unauthorized

persons. 
• Before using the preparation make sure that it is intact. 
• To ensure minimum exposure time, take the preparation

out of the safety container only as long as is necessary
for carrying out the experiment. 

• To ensure maximum distance, hold the preparation only
at the upper end of the metal holder and keep it away
from your body as far as possible. 

• For the purpose of shielding, keep the preparation in its
safety container. 

• To ensure minimum activity, only put that preparation on
the experiment table that is needed for the current ex-
periment. 
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1 Description 
The Cs-137 preparation 3.7 MBq is a relatively strong radiator 
with a source that is almost pointlike. The diameter of the active 
ball is approx. 1 mm.  
Because of the pointlike source, an energy of the order of mag-
nitude of an electron’s rest mass and a relatively high radiant 
flux, this preparation is particularly suited for experiments on 
Compton scattering, in particular, in conjunction with the appa-
ratus set Compton (559 800). 
The preparation is classified as a preparation with type ap-
proval. In the Federal Republic of Germany, it is approved as an 
appliance for teaching purposes with the type mark Nds. 
151/96. 
 
 
2 Scope of supply  
1 preparation Cs-137 3.7 MBq 
1 safety container 
 
 
3 Technical data 
Weight: 1000 g 
Dimensions: 100 mm × 100 mm × 80 mm  

(safety container included) 
Activity: 3.7 MBq 
 
 
4 Remark 
Due to the high radiant flux, the maximum counting rate that is 
meaningful for the detector is prone to be exceeded.  
 
 
5 Energy-level diagram 

 
Simplified energy-level diagram of Cs-137 
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Introduction 

This manual is intended to provide an overview of the many exciting possibilities of the CASSY Lab software. The 
text is identical to the help texts that can be accessed using the mouse for all program functions. 

The help texts in the program provide the following additional support: 

 You can jump directly to cross-referenced information using the mouse. 
 You can load experiment examples and settings by clicking on them. 
 The help system permits both indexed and full-text search modes. 

Installation  

CASSY Lab 2 can be installed either 

 automatically after inserting the CD-ROM or 
 manually by executing the file setup.exe 

and following the instructions that appear on the screen. 

Important information after installing CASSY Lab 2 

Using the software with CASSY-S (Sensor-CASSY, Sensor-CASSY 2, Power-CASSY, Profi-CASSY, CASSY-
Display, Pocket-CASSY, Pocket-CASSY 2 Bluetooth, Battery for Pocket-CASSY 2 Bluetooth, Mobile-CASSY 
and Micro-CASSY)  

The first time you start CASSY Lab, you should enter your activation code, which you can find in your bill of delivery 
and your invoice under the number 524 220. The software then supports CASSY without restrictions (CASSY support 
without the activation code is limited to 16 sessions). 

Using the software with other measuring instruments  

CASSY Lab supports other measuring instruments, the Joule and wattmeter and the Universal measuring instrument 
physics/chemistry/biology without requiring an activation code. 

Manual  

CASSY Lab is supplied with a comprehensive manual. In order to exploit the full potential of CASSY Lab 2, you need 
to read and understand this manual completely. You can do this in several ways: 

 Open the manual from CD-ROM 
 Order the printed manual (524 221en). 

Download the manual from the Internet (in Adobe PDF format). 
 Use the software help function (text identical to the printed manual, context-sensitive and with numerous jump 

links and enhanced search capabilities). 

Getting started  

Displays the introduction 
Displays experiment examples 

You can also read the supplied experiment examples and use these for further evaluations without CASSY. You can 
use the program settings from the examples to run new measurements, and match these to your experiment condi-
tions. 

Support  

If there should be any questions left despite the comprehensive help with its numerous experiment examples, please 
mail to cassy@ld-didactic.de. 

Updates  

We have an ongoing commitment to expanding and enhancing CASSY Lab 2  particularly in response to the com-
ments and experiences of our users. 

Download update from the Internet 



 

CASSY Lab 2 
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New features in CASSY Lab 2 

This section is intended for users who are familiar with CASSY Lab 1 and want to know quickly what has been 
changed with CASSY Lab 2: 

 There is a central settings window where a quick overview of all of the settings can be found. In the case of major 
problems (e.g. wrong CASSY, wrong sensor box, syntax fault in a formula), a yellow  indicates what to do.

 Several tables and diagrams can be displayed on the screen at the same time. To do this, one of the tabs is simp-
ly dragged with the mouse and the display is dropped as desired. With a floating window, double-clicking the win-
dow title line sorts it back in. 

 New features of Sensor-CASSY 2 are supported (4 channel measuring, 1 MHz sampling rate, pre-triggering, 
measuring of mains voltage. By means of the pre-triggering of Sensor-CASSY 2 and Pocket-CASSY, recording of 
measured values is possible in the time before the triggering event. 

 Drag & Drop is realized consistently within and between the setting window, the upper button bar, the display in-
struments, the tables and the diagrams. This allows, for example, numeric values to be copied, evaluation texts to 
be shifted, sequences to be changed, and curves to be moved from one diagram to another. 

 Evaluations are alive. The evaluation is already displayed while the evaluation range is being marked. The evalu-
ation range can subsequently be modified by double-clicking the evaluation. By re-starting a (repeating) meas-
urement, the old evaluations are not deleted but the new measurement is newly calculated and displayed. 

 Additional evaluations (e.g. tangent, triangular interpolation, CAN/LIN decoder) add to the available options. 
Gaussian fits are now found under fits, the x-ray energies under markers and the peak center below the mean 
value. 

 Freely selectable curve colors as well as transparent areas (e.g. for integrals and histograms) increase clarity. 
 Symbols for measured and evaluated quantities are shown in display instruments, tables and diagrams, and eval-

uated results are displayed using italic fonts. 
 Slower measurements can at the same time make use of different CASSY modules (e.g. Sensor-CASSY and 

Pocket-CASSY). Faster measurements continue to require a single CASSY or a cascade of CASSY modules 
(e.g. two Sensor-CASSYs plugged together) in order to ensure that the measurements are taken simultaneously. 

 Inputs and outputs can, in most cases, be activated individually. E.g. the voltage source S can be activated with-
out the relay R, or the obscuration time tE can be activated without the obscuration time tF. 

 An automatic measuring range selection (Autorange) can be selected. 
 It can be triggered onto the path s (±1 mm) of the Motion transducer box or that of the Timer S. This is helpful for 

measurements without a holding magnet. 
 A stop condition is available which can automatically end measurements. 
 Every text field in which a formula can be entered has its own help menu with information on allowed variables, 

functions and operators. 
 The differential equations of model values can now be dependent on formulas which in turn depend on the model 

values. This allows a clearer notation of the differential equations. 
 When a symbol is renamed, all dependent formulas are correspondingly changed automatically. 
 The dependency of "old" in formulas is no longer necessary. Instead, the own symbol representing the formula 

can be used. If the "last old" was used in a convoluted way to access a specific element in a table (e.g. starting 
value U0 = (n = 1) * UA1 + (n > 1) * last old), this is now possible in a much more elegant way by stating an index 
(e.g. starting value U0 = UA1[1]). 

 "last" and "next" is no longer required in formulas either. The same function offers universal access via an index 
(e.g. UA1[n-1] and UA1[n+1]). 

 Multiple series of measurements are no longer separated from each other by means of an empty line in the same 
columns but side by side in new columns in the table. This simplifies the access or deleting of specific series of 
measurements in a diagram and the access of formulas to special series of measurements, e.g. UA1#1 accesses 
the voltage in the first series of measurements. 

 Values of outputs, such as the voltage source S, are only calculated when they are output and are then saved in 
the table. If later on the formula for the output is changed, the same no longer applies retrospectively but only for 
later outputs. This logic has been changed in order to keep the measuring data record comprising input values 
and output values consistent. 

 Several rapid and triggered digital measurements are possible by means of the Timer box or the Timer S and 
analogue inputs, e.g. the obscuration times at a light barrier and a force sensor. 

 The recording of MCA spectra was made similar to other operations. The settings are entered in the central set-
tings window (including the energy calibration). After the energy calibration, the energy can be dragged to the di-
agram in order to change the axes. Simultaneous measurements can be made via further CASSY inputs. The 
single channel operating mode of the MCA box is no longer available. 

CASSY Lab 2 can load CASSY Lab 1 files. In most cases the old measurement can be either immediately repeated 
or evaluated.  
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There are only a few idiosyncrasies to be observed: 

 The measured values for the obscuration times tE and tF at the Timer box are now evaluated in the formulas in the 
units in which they were measured, in milliseconds rather than seconds. The factor 1/1000 may have to be manu-
ally entered in the derived formulas. In this way these two measured values now behave like all the other meas-
ured values, with the exception of the measuring time t, which is evaluated in seconds as before wherever it oc-
curs in formulas. 

 Temporal derivations are now always calculated as time-weighted symmetrical derivations. This means that the 
derivations of measured values not recorded at equidistant times now fit with the measured value. Auxiliary for-
mulas which were necessary for CASSY Lab 1 for compensating for this fault now become counter-productive. 

 Most measured values can be recorded both for small and for larger measuring intervals. However, there are 
measured values which result in sensible values only for small time intervals (obscuration time tE, obscuration nE 
of the Timer box or of Timer S and path s of the Ultrasonic motion sensor S) or only for larger time intervals (e.g. 
events NE, frequency fE, temperature, CO2 concentration, rel. air humidity). Measured values in those two catego-
ries now no longer can be measured together. Instead of the rapid obscuration counter nE, the slower event coun-
ter N can be used and vice versa. 

 The overview diagram of the MCA spectra and the option for adding and subtracting spectra are no longer availa-
ble. Instead, the new options for the simultaneous display of several diagrams and formulas are available, which 
can access any series of measurements (e.g. NA#1-NA#2). 

 There are very old serial measuring devices which are no longer supported by CASSY Lab 2. 

On account of the numerous new features of CASSY Lab 2, export into the old CASSY Lab 1 data format is no longer 
possible. 

User programs for CASSY 

You can also program CASSY-S yourself. To assist you in this, we have placed the .NET assembly LD.Api.dll as well 
as a description of the protocol of the interface on the Web for free downloading. 

Download SDK from the Internet 

LabVIEW  

Our LabVIEW driver for CASSY is also free available on the Internet. In addition to the VIs (Virtual Instruments) for 
driving CASSY, the driver also contains application examples. 

Download LabVIEW driver from the Internet 

LabVIEW is a registered trademark of National Instruments. 

MATLAB 

Our MATLAB driver for CASSY is also free available on the Internet. The driver also contains numerous application 
examples. 

Download MATLAB driver from the Internet 

MATLAB is a registered trademark of MathWorks. 
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CASSY Lab 2 

Introduction  

Measurement 
Evaluation 
Experiment examples 
New features in CASSY Lab 2 
User programs for CASSY 

CASSY Lab 2 supports one or more CASSY-S modules (Sensor-CASSY, Sensor-CASSY 2, Power-CASSY, Profi-
CASSY, CASSY-Display, Pocket-CASSY, Pocket-CASSY 2 Bluetooth, Battery for Pocket-CASSY 2 Bluetooth, Mo-
bile-CASSY and Micro-CASSY) at the USB port or at the serial interface of the computer. The software also supports 
a variety of other serial measuring instruments, the Joule and wattmeter and the Universal measuring instrument 
physics/chemistry/biology. 

For CASSYs with a serial interface, the serial interface is selected in the Settings CASSYs. 

Activation code  

When using CASSY Lab 2 together with CASSY, you need to enter a 24-digit activation code. You can find this acti-
vation code in your bill of delivery and your invoice under the number 524 220; you must enter this number once, 
together with the name that appears on the invoice. This activates the software for CASSY. Please observe our copy-
right. 

If you only intend to use CASSY Lab 2 with other devices, with the Joule and wattmeter or with the Universal measur-
ing instrument physics/chemistry/biology, no activation code is necessary. 

If you did not receive an activation code, please fax your invoice for CASSY Lab 2 (524 220) to +49-2233-604607. 
We will fax you the activation code as soon as possible. CASSY Lab can also be used with CASSY without the acti-
vation code for a limited time (up to 16 sessions). 

Future versions, such as updates available for downloading on the Internet, will also use this activation code. This 
means that there are no restrictions on the use of updates. 

Download update from the Internet 

First measurements  

If one or more CASSYs have been recognized, all CASSY modules are displayed with their current configuration (if 
applicable with the plugged in sensor boxes). To conduct a measurement, just click on the corresponding input or 
output . 

 

An active input or output (channel) is then marked in color and placed among the channel buttons  at the top right 
of the main window (here IA1 and UB1). These buttons are the fastest way to display or close a display instrument  
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for that channel (left mouse button) or to change a setting (right mouse button). In addition, the channel initially ap-
pears automatically in the table  and in the diagram . 

 

You can access the basic functions quickly using the menu or the buttons  in the top bar: 

File        Measurement        Table        Diagram        Window        Help 

In the button line a brief comment on the measuring series can also be entered. 

Below this bar, you can toggle between the displays of the table  and the diagram  by clicking on one of the dis-
play tabs  when different Displays have been defined (here Standard and Characteristic). The table and diagram 
can be enlarged or reduced with respect to each other by moving the boundary  with the mouse. 

Displays can be sorted differently or displayed differently by dragging their tabs  (e.g. several diagrams simultane-
ously), and they can be turned into floating windows. With a floating window, double-clicking the window title line 
sorts it back in. 

At many points, both mouse buttons (left and right) can be used to execute different functions: 

Control element Left mouse button Right mouse button 
 CASSY setup Activate and modify a channel Activate and modify a channel 
 Channel button Open and close a display instrument, drag and drop 

in  and  through  
Set up a channel 

 Display instrument Move boundary between analog and digital display, 
drag and drop values in  

Set up a channel 

 Name of display Toggle to another defined display, change the layout   
 Table Edit measured values, drag and drop values within 

the table or the channels to  
Set display attributes of table, e.g. 
font size, delete table rows 

 Diagram Mark evaluation ranges Settings and evaluations in dia-
gram 

 Scale Move scale Set minimum, maximum and con-
version of scale 

 Axis symbols Toggle y-scale, drag and drop into  Set up a curve 
 Boundary Move boundary between channel and diagram   



 

CASSY Lab 2 
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File menu 

   

Deletes either the current measurement series maintaining the settings or, if the current measurement series is emp-
ty, all measured values, or, if no measured values are available, the current settings. 

Applying this twice or three times completely deletes a measurement with its settings. 

   

Opens a measurement series with its settings and its evaluations. 

The software is also equipped with a text import filter (file type *.txt). 

   

Appends a measurement series to an existing series (without loading its settings and evaluations as well). This is 
possible when the same measurement quantities are used for both series. Alternatively, a further measurement se-
ries can be measured and appended subsequently. 

   

Saves the current measurement series with its settings and its evaluations. 

You can also save just the settings (without measurement data) to make it easier to repeat an experiment at a later 
date. 

The software is additionally equipped with a text export filter (file type *.txt). 

   

Establishes the paper format and margins for a printout. 

   

Shows a preview of the printout of the current table or current diagram. 

   

Prints out the currently active table or diagram. 

Text export and import 

You can import and export text files quickly and easily by selecting the file type *.txt in the file selection dialog. 

The data format begins with a header, in which all lines begin with a keyword. This specifies the measuring ranges, 
(MIN, MAX), the SCALE, the number of decimal places (DEC) and the actual definition of the measurement quanti-
ties (DEF). All lines except DEF are optional. The table of measured values follows the header. 

You can view the exact syntax e.g. in the file that is created using the data export function. 
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Measurement menu 

A measurement is configured by means of the measuring parameters and thereafter started and stopped by means 
of this menu. 

   

Starts and stops a new measurement. 

Alternatively, you can stop measurements by setting a measuring time. 

You can use the right mouse button to open the table display menu in the table and the evaluation menu in the dia-
gram. 

    

Continues a measurement. A measurement can be continued if the selected time interval is 100 ms or greater and 
there is measuring time remaining. 

   

The Append function enables sequential recording of multiple measurement series. In the case of the automatic re-
cording of measured values, this switch has to be set only once in order to append all subsequent measurements. In 
the case of the manual recording of the measured values, the switch has to be reset every time that a new measure-
ment series is started. 

If more than one measurement series is being recorded, the serial index for the series is appended to the symbols in 
order to distinguish them by series, e.g. UA1#1 and UA1#2. This allows the measurement series to be distinguished 
from one another for the assignment of column headings in tables and the axis assignment of a diagram. 

Alternatively, the individual measurement series can first be recorded one after another and saved individually. When 
loading multiple comparable measurement series (with identical quantities), measured series can also be appended 
"retroactively". 

This selection is identical to  . 

  Measureme  

Selects the current measurement series. The current measurement series is 

 the measurement series into which values are entered if no new measurement series is appended 
 the measurement series which is deleted when the current measurement series is deleted 
 the measurement series whose values are dragged by Drag & Drop from the channel buttons into the table and 

the diagram. 

   

Deletes the currently selected measurement series. Here all the values are deleted which were recorded during this 
measurement series even if they are not currently being displayed. 
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Table menu 

You can change the table display also by clicking on the right mouse button when the pointer is over the table. 

Editing measured values 

Individual measured values can be edited after being clicked on using the left mouse button or they can be dragged 
to different measured value cells (Drag & Drop). 

Selecting rows 

When the Shift key or the Alt key are pressed at the same time, one or more rows of the table can be selected. Once 
rows have been selected, the selection is taken into account for , and with 
Table the selected rows can be used as the print area. 

The selected rows can be deselected by double-clicking on a table cell. 

Status line 

A single selected table row is displayed in the status line at the bottom of the screen. You can toggle display of this 
information in a larger window on and off by pressing  or F6. 

   

Activates the Settings Display. Here the table column headers can be edited. 

Alternatively, you can move columns back and forth between channel buttons and the table using drag and drop. 

   

The table's font size is selectable. Small, medium and large fonts can be selected. 

   

Deletes the last row in the current measuring series in the table. 

    

Copies the table in text format into the Windows clipboard. Once there, it are available for further processing in other 
Windows programs. 

   

Copies the main window as a bitmap into the Windows clipboard. Once there, it is available for further processing in 
other Windows programs. 
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Diagram menu 

You can access a wide variety of powerful graphical evaluation functions in the diagram also by clicking the right 
mouse button. 

  Change Axis Assignment   Fit Function 
  Display Coordinates   Calculate Integral 
  Select Line Width   Calculate Poisson Distribution 
  Select Value Display   Calculate Gaussian Distribution 
  Select Rulers   Calculate Minimum and Maximum 
  Show Grid   Calculate Form Factor 
  Zoom   Calculate Ripple 
  Zoom Off   Find Equivalence Point 
  Set Marker   Carry out Triangular Interpolation 
  Text   Find Systole and Diastole 
  Vertical Line   Decode CAN/LIN Message 
  Horizontal Line   Delete Last Evaluation 
  Measure Difference   Delete All Evaluations 
  X-Ray Energies   Delete Range (only Measured Values) 
  Draw Mean   Copy Diagram 
  Calculate Peak Center   Copy Table 

Selecting a measured value 

By clicking on a measured value, it becomes selected in the diagram and at the same time its y-value is selected in 
the table. This selection can by changed by selecting a different y-value in the table or deleted by selecting an x-
value in the table. 

Marking a curve section 

In some cases, you may wish to mark a particular curve section for which the evaluation function is to perform a cal-
culation. 

To mark a curve section, hold down the left mouse button and drag the pointer to the end of the curve section. Alter-
natively, you can also click on the starting and end points. 

When a part of a curve is selected, the selected range is displayed in cyan and the evaluation is calculated.

Editing an evaluation 

An evaluation can be edited by double-clicking the evaluation. When the range is edited, the evaluation is re-
calculated. 

If the range is shifted out of the diagram, the evaluation is deleted. 

The evaluations are automatically re-calculated whenever the measurement is re-started without first selecting Ap-
pend new Measurement Series or whenever the measured values are changed (e.g. when recording a spectrum). 

Status line 

Evaluation results always appear in the status line at the bottom of the window. You can toggle display of this infor-
mation in a larger window on and off by pressing  or F6. 

Drag & drop functionality  

Using the mouse, you can drag the evaluation results from the status line and drop them in the table or the diagram. 
In this way diagrams can be created which depend on the results of the evaluation or you can rapidly enter the eval-
uation results in a diagram. 

If several evaluation results are displayed in the status line, the status line is copied from the evaluation result on 
which the mouse was positioned when it was dragged. 

   

Activates the Settings Display. This lets you change the assignment of the diagram. Mathematical conversion of axes 
is also possible. 

Alternatively, you can move the axis assignments back and forth between the channel buttons and the diagram using 
drag and drop. 
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When you activate this function, the status line shows the current coordinates of the mouse pointer, as long as it is 
over a diagram. The coordinate display remains active until you deactivate this menu point by selecting it again, or an 
evaluation shows a result in the status line.  

You can also insert the current coordinates in the diagram. However, make sure that you access the evaluation func-
tion Text via the keyboard with Alt+T without changing the coordinates of the mouse pointer, as otherwise the wrong 
coordinates would be adopted. 

   

You can modify the line width for display of the diagrams and the evaluations which you carry out in them. You can 
choose between thin, medium and thick lines. 

  Di  

CASSY Lab provides six functions for customizing the display of measured values. 

  Show Values  
  Show Connecting Lines Connecting lines between measurement points 
  Akima Interpolation Values between the measuring points interpolated according to Akima's method 
  sinc Interpolation Values betw  
  Show Bars Values shown by bars 
  Show Axes Zero lines of x and y axis 

The Akima and sinc interpolations are neither calculated over gaps in the domain of definition nor during a measure-
ment. During the measurement, the points are only connected by straight lines. Only after the measurement does the 
interpolation calculate the curve sections between the measuring points. The sinc interpolation is ideal for signals that 
do not contain any frequency components higher than half the sampling frequency. In this case it leads to 10-fold 
oversampling. 

   

In the diagram the x-ruler and y-ruler can be displayed or hidden. 

   

Allows you to toggle a grid on and off in the diagram. 

   

After activating this menu point, define the range which you wish to magnify. Use the left mouse button to do this. 

A previously zoomed display can be zoomed further. To reset a zoom, select Zoom Off. 

   

Restores the currently selected section of the diagram to its original size. 

   

This software provides five different mark-up functions. 

   

This text function lets you label all parts of the diagram using any text you wish to enter. Once you have entered your 
text, just move it to the desired position and anchor it with the left mouse button. 

After all evaluations which return a numerical value in the status line, these numerical values are suggested as a text 
insertion which you can accept, edit or reject. 

   

This function lets you draw vertical lines in any positions in the diagram. The respective position is given in the status 
line. 

  zontal Line (Alt+H) 

This function lets you draw horizontal lines in any positions in the diagram. The respective position is given in the 
status line. 
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After clicking on a reference point, you can draw a line to any point in the diagram. The coordinate difference be-
tween the starting and end points of that line are given in the status line. 

  Dia -Ray Energies 

Displays a periodic table and inserts the relevant X-ray energies of the selected element as marks in the diagram 
provided the x-axis of the diagram has the unit keV. 

   

After choosing mean value calculation, just select the curve section for which you wish to find the mean value with 
the left mouse button. The mean value appears in the status line along with its statistical error. 

   

This function calculates the center of the marked peak and inserts this in the status line. 

   

The software offers various best-fit operations: 

  Best-fit straight line y=Ax+B 
  Line through origin y=Ax 
  Tangent y=Ax+B 
  Normal parabola y=Ax2 
  Parabola y=Ax2+Bx+C 
  Hyperbola 1/x y=A/x+B 
  Hyperbola 1/x2 y=A/x2+B 
  Exponential function y=A*exp(-x/B) 
  Envelope of an oscillation y=±A*exp(-x/B)+C (attenuation through air friction) 
  Gaussians of equal Width  
  Gaussians of specified Energy  
  Free Fit y=f(x,A,B,C,D) 

After choosing the corresponding operation, select the curve section you wish to apply it to using the left mouse but-
ton. 

In the simplest case the Gaussian fits match precisely a Gaussian curve in the selected range. If a sum of several 
Gaussian curves is to be fitted the number and approximate position of the individual maxima (peaks) must be speci-
fied. This is done by means of markers set in advance (peak centers, vertical lines or selected x-ray energies).  

Gaussians of equal width matches the amplitudes Ai i of all Gaussian curves and for this always 
 

 

Gaussian curves of a specified energy  only fits the amplitudes Ai . This is particularly suitable for 
marked x-ray energies. 

To define a free fit, you need to specify the function f(x,A,B,C,D) and meaningful starting values before marking the 
range. The standard rules apply for entering the function. Choose starting values that are as realistic as possible to 
increase the chances of obtaining a successful fit. If it is not possible to fit the function, try repeating this process with 
different starting values. In addition, individual parameters A, B, C or D can be maintained constant during the fit. 

During the fit, the current parameters of the operation (A, B, C and D) appear in the status line. 

   

The value of the integral corresponds to the area which is enclosed by the curve section selected by means of the 
left-hand mouse button and the x-axis, by the peak area, or by the area which is enclosed by the selected curve sec-
tion from the origin. The value of the integral appears in the status line. 

The result of a MCA measurement, however, is not a real integral over the x-axis (energy or channels), but simply 
the sum over the channels the unit being "events". 

   
(only suitable for frequency distributions) 
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range of 
the histogram and displayed in the status line and the Poisson distribution calculated on the basis of these appears in 
the diagram: 

 

   
(only suitable for frequency distributions) 

The total n range of 
the histogram and displayed in the status line and the Gaussian distribution calculated on the basis of these appears 
in the diagram: 

 

   

The minimum and the maximum of the selected range are calculated and are displayed in the status line. 

   
(only suitable for periodic curves) 

For the marked range [t1,t2] of a periodic signal (e.g. U(t)) the following values are calculated and displayed in the 
status line: 

Rectified mean value 
(mean of the absolute 
value) 

 

 
Root-mean-square 
value 
 

 

 
Form factor 
  

For these calculations, always an integer number of periods should be marked. 

   
(only suitable for periodic curves) 

For the marked range [t1,t2] of a periodic signal (e.g. U(t)) the following values are calculated and displayed in the 
status line: 

 
Mean value 
  

 
Root-mean-square 
value 
 

 

 
Ripple 
  

For these calculations, always an integer number of periods should be marked. 

   
(only useful for titration curves of pH over volume) 

The equivalence point and the pK value are determined for the marked range of the titration curve and displayed in 
the status line. In the case of strong acids or bases (with pK < 1), it is recommendable to mark only the area immedi-
ately before and after the equivalence point in order to avoid the output of an incorrect pK value. 
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For the triangular interpolation two ranges are selected in which initially a straight line is fitted. 

Between the two straight lines a vertical line is fitted in such a way that the two triangles between the vertical line, the 
two straight lines and the measured curve, end up having the same area. 

The position of the vertical line is displayed in the status line. 

   
(only suitable for blood-pressure curves) 

The systole and diastole are determined for the marked range of the blood pressure curve and displayed in the status 
line 

   

By clicking on a CAN message or LIN message this is decoded and the result is displayed in the status line. 

   

Undoes the most recent evaluation operation. 

   

Undoes all evaluation operations of this display. 

   

The measured values of the marked curve section are deleted. This only applies to measured values that are dis-
played on the y-axis. Values that are calculated (e.g. by means of a formula) or values on the x-axis cannot be delet-
ed. 

   

Copies the diagram as a bitmap or metafile into the Windows clipboard. Once there, it are available for further pro-
cessing in other Windows programs. 

   

Copies the main window as a bitmap into the Windows clipboard. Once there, it is available for further processing in 
other Windows programs. 
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Window menu 

   

Displays the CASSYs that can be connected by Bluetooth. 

  Window  

Displays the current arrangement of CASSY modules and sensor boxes. 

   

Displays the current settings (e.g. CASSYs, computer, displays). 

   

Displays the current measuring parameters. 

   

Toggles large display of the status-line information on and off. 

  ments Off/On (F7)  

Closes all open display instruments or reopens them. 

    

Groups all of the open display instruments so that they can be shifted, scaled-down or scaled-up together. 

  Align Display Instruments 

Arranges all of the open display instruments in order next to one other or on top of one other. 

Help menu 

   

Opens this help file. 

   Lab 2 

Displays the most important changes in comparison to CASSY Lab 1. 

   

Displays an overview of all of the experiment examples included with CASSY. 

   

Displays the current version number of the software and enables entry of the activation code. 
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Settings and Measuring Parameters 

   

All settings can be made in this central dialog window. The tree diagram provides three root nodes for this: 

 

CASSYs (definition of the inputs and outputs of the connected CASSYs)  
Calculator (definition of additional values) 
Displays (changes the column assignments of the tables and axis assignments in the diagrams) 

If in the tree structure in one of the sub-nodes a problem is identified (e.g. wrong CASSY, wrong sensor box, syntax 

fault in one of the formulas), the first visible (higher-level) node shows a yellow , which alerts the user to the prob-
lem. 

   

The measuring parameters are also displayed during every setting of an input or output and whenever no node is 
selected in the tree diagram. 

 

The defaults that appear in this dialog depend on the currently connected sensor boxes. This simplifies matching to a 
particular measuring task, as the typical sensor box configuration is already finished. 

Automatic recording  

The software determines the exact time for the recording of a measured value. After a measurement is started with  
or F9, the software first waits for any trigger that may have been set, and then records one measured-value row 
each time the predefined time interval elapses. The interval, the number of measuring points per measurement as 
well as the total measuring time can be matched to the individual requirements before starting the experiment. You 
can select continuous display by setting a repeating measurement. 
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For intervals below 100 ms, Sensor-CASSY 2 and Pocket-CASSY support a pre-trigger which indicates how many 
measured values are to be recorded before the actual trigger time t = 0. For time intervals above 100 ms the pre-
trigger is always available. 

At time intervals above 10 ms, the software evaluates the measuring condition and the stop condition in addition 
to the trigger, and can also emit an acoustic signal when a measured value is recorded. The measuring condition 
and the stop condition are formulas. 

A measuring condition not equal to 0 means ON="Measured-value recording possible", while a measuring condition 
equal to 0 means OFF="Measured-value recording inhibited". The measuring procedure is active once the measure-
ment has been started and the result of the formula is ON. For example, if you want to run a measurement on 21 
April 1999 between 1:00 p.m. and 2:00 p.m. (13:00 and 14:00 hours), you can use the formula: date = 21.4.1999 and 
time >= 13:00 and time <= 14:00. 

A stop condition not equal to 0 means ON="Measurement stopped", while a stop condition equal to 0 means 
OFF="Measurement not stopped". 

For some measurement quantities (e.g. rate, frequency, transit time, obscuration time, path when using the GM box 
or the timer box), the software does not evaluate the specified time interval. In this case the measurement is con-
trolled by the gate time or the measurement pulses themselves. 

Manual recording  

The user determines the exact time for the recording of a measured value. At each start with  or F9 the software 
records precisely one measured-value row, i.e. the current display values of the instruments are entered in the table 
and the diagram. Thus, manual recording must be executed repeatedly in order to capture a complete measurement 
series. 

Append new measurement series  

The Append function enables sequential recording of multiple measurement series. In the case of the automatic re-
cording of the measured values, this switch has to be set only once in order to append all subsequent measure-
ments. In the case of the manual recording of the measured values, the switch has to be reset every time that a new 
measurement series is started. 

If more than one measurement series is being recorded, the serial index for the series is appended to the symbols in 
order to distinguish them by series, e.g. UA1#1 and UA1#2. This allows the measurement series to be distinguished 
from one another for the assignment of column headings in tables and the axis assignment of a diagram. 

Alternatively, the individual measurement series can first be recorded one after another and saved individually. When 
loading multiple comparable measurement series (with identical quantities), measured series can also be appended 
"retroactively". 

This selection is identical to    

Changing and deleting measured values / entering parameters  

You can edit all measured values (except time and formulas) in the table. To do this, click on the corresponding table 
row and edit the numerical value using the keyboard. 

You can delete measured values in several ways: 
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Settings CASSYs 

 

Here the interface can be specified where serial CASSY modules are to be searched for. CASSYs with USB interfac-
es are found automatically. 

Even when a CASSY module is to be connected to a USB port on the computer via a USB serial adapter, it remains 
a serial CASSY module. Here the serial interface on the USB serial adapter has to be specified, which e.g. can be 
identified in the Windows device manager. 

Show CASSY Modules found opens a window where all identified CASSYs are displayed. 

If other devices are used for the measurement, they can be selected here. 
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The CASSY module described here identifies the detected device and the version information of the CASSY module. 
If the version of the software implemented in the CASSY module is newer or older than this software, a message is 
generated. Selecting Update CASSY Module causes this software version to overwrite the software implemented in 
the CASSY module (regardless of whether it is newer or older).  

For CASSY-Display and for Mobile-CASSY, the data logger can also be read here, and the real-time clock in CASSY 
can be set to the computer system time. 

For Sensor-CASSY 2, the colors and the brightness of the LEDs on the sides can be set here. 

Hint  

If this software is older than the CASSY module or you wish to update your software, you can download the latest 
version from our website: http://www.ld-didactic.com. 

Download update from the Internet 
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Analog input settings / Timer input settings 

Sensor-CASSY is equipped with two electrically isolated sensor inputs A and B, which can be used to capture volt-
age values (resp. current as well at input A) as well as other measurement quantities  as determined by the at-
tached sensor box. CASSY Lab detects the sensor box and thus the measuring options automatically, i.e. the visual 
image of the CASSY arrangement shows the inputs with any sensor boxes that are connected. In this display they 
can also be configured for measuring by clicking on them. 

The available measurement quantities and the measuring ranges thus depend on whether a sensor box is connect-
ed, and which one. You will need different sensor boxes for different measuring requirements (see also our product 
catalogue). 

Sensor-CASSY 2 even provides four inputs A and B, of which the left-hand inputs A and B are electrically isolated 
and can be used at the same time as the right-hand sensor inputs A and B. 

In addition to the function generator output for voltage or current, Power-CASSY also provides an analog input which 
is used to measure the other corresponding quantity. 

Profi-CASSY is equipped with two analog inputs A and B with the fixed measuring range ±10 V. 

 

The selected quantity can be measured as an instantaneous value, averaged over several values or output as the 
corresponding RMS value. Normally, measurement of instantaneous values without averaging will be sufficient. 
However, if the input signal shows noise or hum, you need to measure averaged values. AC voltages are usually 
measured as RMS values. If the time interval is less than 10 ms, the measured values recorded in the table and the 
diagram will deviate from those shown in the display instruments in the latter two cases. This means that it is possible 
to display the curve form and the RMS values simultaneously. 

As a standard the averaged values and RMS values are calculated during a time interval of 100 ms. This time interval 
can be changed globally for all channels. If Power-CASSY or Profi-CASSY is used, this time interval is changed on 
every change in frequency of the output signal so that always an integer number of periods is evaluated. 
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If the accuracy of the measured values is not sufficient, you an increase this by executing a correction. This can be 
necessary e.g. when matching a special pH electrode to the software. 

Special buttons (often hidden) 

Box-LED LED on the sensor box on/off, e.g. SMOOTH (bridge box) or COMPENSATION (prerequisite for 
tare compensation of B box) 

 0  Zero-point adjustment (takes current value as zero point), e.g. for path, force, pressure, events, 
collision 

s  s Sign inversion for path (motion sensing element with the BMW box) 

There are also special input fields which make it much easier to use the BMW box, GM box and timer box (e.g. gate 
time, width of interrupter flag) and which are only visible when the corresponding box is attached. 

When using the reaction test box, the reaction signal must first be requested by pressing a switch (hand or foot 
switch). The reaction itself must then occur after the pointer appears on the display instrument in accordance with the 
color of the pointer (red, green or yellow). 

When using the climate box, you need to calibrate the humidity sensor (529 057) before the first measurement. The 
four values C1 to C4 printed on the sensor are provided for this purpose. You only need to enter these values once; 
they are then stored and retained in CASSY. These values do not need to be entered again, as they remain available 
for subsequent measurements with CASSY-Display. 

Correct measured values 

 

You can correct measured values in a variety of ways, all of them easily accessible via Windows dialogs. 

You can enter an offset value and/or a factor to the left of the equal sign; the software then uses these values to cal-
culate the displayed values to the right of the equals sign (target values) from the measured values displayed on the 
left of the equal sign (actual values). To calculate the correction, click on the appropriate button, Correct Offset or 
Correct Factor. 

Alternatively, you can also define both target values, or one target value and one calculation value. Delete Correc-
tion cancels the correction. 

Saving  

A correction is saved with the other program settings. To ensure that the correction corresponds to the real situation 
when the program is loaded subsequently, be sure to use the same electrodes and sensor boxes on the same Sen-
sor-CASSY (you may want to mark the electrodes, sensor boxes and CASSY devices). 

Examples  

Two buffer solutions with pH 3 and pH 9 are to be used for correction. The two target values are then 3 and 9 (enter 
these on the right side). When the pH electrode is immersed in the pH 3 solution, activate the button next to the tar-
get value (e.g. Correct Offset), and activate the other button (e.g. Correct Factor) for the pH 9 solution. 

A conductivity electrode with the K-factor 1.07 must be matched to the software. To do this, simply enter the factor 
1.07 in the second line as a factor and select Correct Factor. 
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Sensor-CASSY, Sensor-CASSY 2 and Profi-CASSY support the measurement of the power factor cos c-
tive values are measured at both voltage/current inputs. The power factor can be activated in the settings UB when 
both inputs are activated. 

Power-CASSY 
activated as required. 

Profi-CASSY X and input UA which can be activat-
ed as required. 

 

The power factor and the phase shift can only be activated and de-activated. Other settings are not possible. 
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MCA box settings 

 

Here the settings for the MCA box are made. In principle there are two operating modes: 
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Multichannel measurement 

Under Measurement the number of desired channels is selected. The amplification is located below. The best result 
is achieved if the amplification is set to 1, 2, 5 or 10, or somewhat more. 

The measuring time is as usual provided in the measuring parameters attached below. 

Coincidence measurement  

A coincidence measurement is only sensible if two MCA boxes are used, the first of which measures as normal and 
the second of which provides the coincidence trigger for the first box. 

To do this the second MCA box requires a coincidence window which decides whether an event is to trigger the other 
box or not. This coincidence window can be set if, under measurement, Coincidence trigger for other box or Anti-
coincidence trigger for other box is selected. In the first case, the other MCA box only makes a measurement 
when an event has been registered in this window. In the second case, the other MCA box only makes a measure-
ment when an event outside of this window has been registered. 

The time window for coincidences has a fixed default value of  

Energy calibration 

Recorded spectra are first divided into channels. If one or two channels are assigned to a known energy, a spectrum 
can be displayed in terms of energy. 

To do this, a vertical line simply has to be entered in the spectrum or a Peak center calculated. If no energy calibra-
tion has been carried out, the channel values of the vertical line or of the peak center are automatically entered in the 
corresponding input field. Alternatively, the values can be entered manually. As a third possibility, a Gaussian curve 
can be fitted. The result is then dragged from the status line into a Channel edit field using drag and drop. The two 
boxes for choosing the energies already contain default values for the customary radioactive preparations. 

After one or two channels have been allocated to their energies, the channel E is allocated to the calibrated x-axis. 
The current channel x-axis can most simply be switched to the calibrated energy x-axis by drag & drop. To do this, 
the mouse is used to e.g. drag the channel button E into the diagram. 

If the option Global for all spectra of this input has been chosen, the entered values are valid for all spectra rec-
orded so far and also for all following spectra of this input. If this option has not been chosen, the calibration is valid 
for the current spectrum and all following spectra of this input. 
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Relay/voltage source settings 

Sensor-CASSY and Sensor-CASSY 2 are equipped with a relay R and a voltage source S which can be adjusted 
using the knob. Both can be switched by the software. They must first be activated by clicking on them in the CASSY 
arrangement. 

 

The easiest way to do this is to synchronize the relay with the start of a measurement (e.g. for a holding magnet at 
voltage source S). Simply activate Changeover During Automatic Recording. 

However, you can also define the switching state using a formula. A formula can depend on any and all quantities 
that appear in the displayed list, and must be entered using the correct formula notation (see also the examples). A 
formula result not equal to 0 means ON="switched on", while a result equal to 0 means OFF="switched off". This 
formula is not evaluated during the measurement when Changeover During Automatic Recording is switched on. 

As these formulas are calculated by the PC and their results are transmitted to the CASSY, in the best case changes 
at the relay and the voltage source are only possible every 10 ms. 

PWM analog output  

The voltage source S of Sensor-CASSY is actually a pulse width-modulated analog output. You can set the maxi-
mum voltage using the knob. The formula then controls not only OFF (=0) or ON (=1), but also allows intermediate 
values (e.g. 0.41 = alternately ON 41 % of the time and OFF 59 % of the time over a period of 10 ms). The function 
Changeover During Automatic Recording has no effect for these intermediate values. 

Thus, this analog output lets you control modules for which only the average or the RMS value of the output voltage 
is relevant (e.g. the formula saw(time/10) would cause a small light bulb to become brighter for 5 s and then darker 
for 5 s). 

Sensor-CASSY 2 offers a real analog output which outputs fractions of the set maximum voltage as a constant volt-
age (without PWM). 

An analog function generator output is provided by the Power-CASSY and the Profi-CASSY. 
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Function generator settings 

Power-CASSY is a computer-controlled power function generator. The manipulated variable of the function generator 
is either the voltage U (voltage source) or the current I (current source). The device simultaneously measures the 
current I when used as a voltage source and the applied voltage U when used as a current source. The control and 
measuring ranges are user-definable. 

The Profi-CASSY also is a computer-controlled function generator at output X. 

 

The output of the function generator can be actively limited to the actual measuring time while a measurement is 
active (single shot). The function generator is then inactive between two measurements, so that no determination of 
mean or RMS values is possible then either. 

The output curve form, frequency f (in Hz or kHz), amplitude A (in Vp or Ap), DC voltage offset O (in V= or A=) and 
duty factor (in %) can be set in specific ranges: 

Power-CASSY 
Curve form Frequency f Amplitude A Offset O Duty factor r 

 - - -10 V..10 V / -1 A..1 A - 
 0.01 Hz - 10 kHz -10 V..10 V / -1 A..1 A -10 V..10 V / -1 A..1 A 0 % ..100 % 
,  0.01 Hz - 10 kHz -10 V..10 V / -1 A..1 A -10 V..10 V / -1 A..1 A 0 % ..100 % 
,  0.01 Hz - 10 kHz -10 V..10 V / -1 A..1 A -10 V..10 V / -1 A..1 A 0 % ..100 % 
 0.01 Hz - 10 kHz -10 V. 10 V / -1 A..1 A -10 V..10 V / -1 A..1 A - 
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Profi-CASSY 
Curve form Frequency f Amplitude A Offset O Duty factor r 

 - - -10 V .. 10 V - 
 0.01 Hz - 1000 Hz -10 V .. 10 V -10 V .. 10 V 0 % .. 100 %
,  0.01 Hz - 1000 Hz -10 V .. 10 V -10 V .. 10 V 0 % .. 100 %
,  0.01 Hz - 1000 Hz -10 V .. 10 V -10 V .. 10 V 0 % .. 100 %
 0.01 Hz - 1000 Hz -10 V .. 10 V -10 V .. 10 V - 

Square and triangular waves can be generated in two variations. The symmetrical curve form is between A and +A. 
The asymmetrical curve from is between 0 and +A. 

Negative amplitudes of A are allowed and mirror the signal through 0. The duty factor determines the ratio between 
the rising and falling curve sections. Thus, e.g. it is easy to convert a triangular signal (50 %) into a sawtooth signal 
(100 %). 

In addition to the usual curve forms, the CASSY also offers a user-programmable curve form. To generate this, you 
need to enter a formula f(x) that describes that curve form. To determine the curve form, this function is evaluated in 
the variable x in the interval [0,1] and output with the specified frequency f, amplitude A and offset O. Formula entry is 
governed by the standard rules. In addition, the function synth(a:b:c:...) permits definition of a harmonic synthesis 
according to a*sin(360*x) + b*sin(2*360*x) + c*sin(3*360*x) + .... The signal is also output with the specified fre-
quency f, amplitude A and offset O (see also the example sonic synthesis). 

The formula input box is relatively small. You can use any standard text editor to generate longer formulas and then 
cut and paste these into the input box (right mouse button). 

The values can be displayed as instantaneous values, averaged over multiple measured values or calculated as the 
RMS value. Normally, display of instantaneous values without averaging will be sufficient. When CASSY is active 
continuously (and not just during a measurement), it is also possible to display averaged values or RMS values. If 
the time interval is less than 10 ms, the measured values recorded in the table and the diagram will deviate from 
those shown in the display instruments in the latter two cases. This means that it is possible to display the curve form 
and the RMS values simultaneously. 

Hint  

Instead of fixed numerical values, you can specify formulas for frequency, amplitude, offset and duty factor. Thus, for 
example, the frequency of a sinusoidal oscillation or the output voltage can be controlled flexibly (e.g. for recording 
resonance curves or operating control systems). However, the initialization of the output of a new frequency (or am-
plitude, offset or duty factor) in CASSY may take a few 100 ms. The parameters can thus only be increased in steps, 
and not continuously. 

Analog output Y settings 

Apart from the analog output X, which can be used as a function generator, the Profi-CASSY provides another ana-
log output Y, whose output level can be controlled via a program if a formula is assigned to it. 

As this formula is calculated by the PC and its result is transmitted to the CASSY, in the best case changes at the 
analog output are only possible every 10 ms. 

Digital input/output settings 

The Profi-CASSY has 16 digital input and 16 digital outputs, which can be activated in groups of 8 inputs or outputs.

The inputs I0 to I15 render the current input levels. To the outputs Q0 to Q15 formulas can be assigned, whereby the 
output levels are controlled via a program. 

As these formulas are calculated by the PC and their results are transmitted to the CASSY, in the best case changes 
at the digital output are only possible every 10 ms. 
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Settings Calculator 

 

Some quantities cannot be measured directly using CASSY, and are thus not available as a CASSY channel. If you 
need to include these quantities in a table or diagram, you must define these quantities here. 

New generates a new (data) record which begins with the name of the quantity. The new quantity must contain a 
symbol with which it can be addressed. This symbol should consist of as few (meaningful) letters as possible and 
may also consist of the & character followed by a letter. In this case, the corresponding Greek letter will be displayed 
(otherwise the Latin letter will be displayed). Apart from that, the values proposed for the measuring range and the 
scaling of the axes (important for analogue and graphical representations) and the number of significant decimal 
positions (important for digital and tabulated representations) have to be adapted to individual requirements. 

Greek symbols 

&a &b &c &d &e &f &g &h &i &j &k &l &m &n &o &p &q &r &s &t &u &v &w &x &y &z 
               o             

&A &B &C &D &E &F &G &H &I &J &K &L &M &N &O &P &Q &R &S &T &U &V &W &X &Y &Z 
               O            

Parameter  

The current value of a parameter is either entered in the settings window or by dragging the pointer of a display in-
strument. By setting the range to 0-1 and the number of decimal positions to 0, binary constants (switches) can be 
defined as well, which can be changed over by clicking on the display instrument. In order that parameters and con-
stants can be easily distinguished from other channels, their pointers are magenta. 

There are three different types of parameters: 

 Constant (without table column) 
 Manually into table 
 Automatically into table 

A constant is a quantity whose value can be accessed in formulas and models via the dedicated symbol of this con-
stant. This provides an easy possibility of varying formulas or models, for example so that the result of the calculation 
agrees as accurately as possible with the measurement. If the value of a constant is modified this will apply to all 
measurement series - even retrospectively. 

Manual parameters can only be entered in the table by hand via the keyboard or by drag & drop, and they are neces-
sary whenever one wants to fill one's own table only with the evaluation results of other measurements. 

Automatic parameters are automatically entered in their table column during a measurement; they can also be en-
tered manually via the keyboard or by drag & drop. It is a good idea to enter the parameter before measuring, so that 
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the right measurement points appear in the diagram immediately in manual mode and the old parameter value does 
not have to be used again. 

Automatic and manual parameters can therefore have a different value in each table row and are usually not con-
stant. For this reason the model cannot make use of them. 

Formula  

It is possible to define a new measurement quantity using a mathematical formula, regardless of known quantities. 
The known quantities are addressed via their symbols, which appear in the list the program displays. When entering 
the formula itself, be sure to observe the correct formula notation (see also the examples). In order that converted 
quantities can be easily distinguished from other channels, their pointers are violet. 

Derivation, Integral, FFT (Fourier transform), Mean Value, Histogram  

For time derivation, integral of time and FFT (Fourier transform), simply select the channel you wish to transform. To 
calculate the mean value, you additionally need to specify the time interval over which values are to be averaged. 
Meaningful mean values can only be generated when the interval over which the mean is taken is greater than the 
measuring interval. For the histogram, the channel width has to be specified in addition. For FFT, the software auto-
matically generates the frequency spectrum, and for the histogram the software automatically generates the fre-
quency distribution as a further display mode; this can be activated using the display tabs. In order that converted 
quantities can be easily distinguished from other channels, their pointers are violet. 

Notes  

 = 1  = 100 ms, the first derivation v(i) = (s(i+1)-s(i-
has a resolution o  = 0.005  = 0.025 m/s2  = 50 ms 

 = 0.01  = 0.1 m/s2  ms for 
motions on a track or 50 ms for oscillating springs). 

 = 10  = 100 kHz) is used 
for measuring, the frequency range of FFT extends to 50 kHz. The resolution in this frequency range, on the other 
hand, depends on the number of measured values. The more original measurement points are recorded, the better is 
the frequency resolution in the frequency spectrum. 

Modeling 

The modeling tool enables values measured on real objects to be compared with a mathematical model. In particular, 
suitable constants can be chosen and varied such that the model agrees with reality as accurately as possible. In 
contrast to a fit (e.g. free fit), where the equation that defines the function has to be known from the beginning, model-
ing just requires first order differential equations as an input. 

For the mathematical definition of the model, the initial values at the time t0 and the differential equations are speci-
fied. These numerical values or formulas have to be entered, whereby the correct formula notation has to be ob-
served. Each formulas may depend on constants, whose values can be varied afterwards by dragging the pointer of 
the display instrument. In addition, the differential equations may depend on the measuring time t, on the defined 
model quantities and on formulas, which, in turn, may only depend on constants or on the measuring time t. All al-
lowed dependencies of the differential equations are listed in front of their entry field. In order that model quantities 
can be easily distinguished from other channels, their pointers are blue. 

The model can only calculate first order differential equations. If a higher order differential equation is to be calculat-
ed, the differential equation must be split up into several first order differential equations (see example). 

The start time t0, the accuracy and the computing time are properties for all of the modeling quantities and are for 
this reason directly set at the modeling node of the tree diagram. 

The selectable Accuracy gives the truncation criterion, which determines when the numerical integration of the dif-
ferential equations is terminated. A lower accuracy leads to a shorter computation time, but also to a greater error of 
the result. 

The selectable Computation Time determines the maximum time available for the numerical integration of the dif-
ferential equation. If the computation time selected is too short with regard to the specified accuracy, the calculated 
values start at the selected starting time, but stop too early. 

Examples  

The best-known example of a second order differential equation is certainly Newton's equation of motion F=m·a or 
s''=F(s,v,t)/m. In this case, the two model quantities are the path s and the velocity v, and the first differential equation 
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