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Introduction 
In case of a nuclear accident, it is essential to determine the source of radioactive 
contamination in order to analyze the risk to the environment and to the population. The 
radiation source may be a radioactive plume on the air or an area on the ground contaminated 
with radionuclides. Most commercial radiation detectors measure only the radiation field 
intensity but are unable to differentiate between the radiation sources. Consequently, this 
limitation causes a real problem in analyzing the potential risk to the near-by environment, 
since there is no data concerning the contamination ratios in the air and on the ground and this 
prevents us from taking the required steps to deal with the radiation event. This work presents 
a GM-tube-based Differential Detector, which enables to determine the source of 
contamination.  
 
 
Description of the work 
The proposed system covers a wide range radiation field from 100µR/h to 100R/h. The 
differential detector under development is based on two pairs of identically GM tubes. Each 
pair consists of ZP1201 and ZP1313 GM tubes. The ZP1201 sensitivity is 17 cps/mRh-1 and it 
covers a range of 100uR/h to 400mR/h. The ZP1313 sensitivity is 1.5 cps/mRh-1 and it covers 
a range of 100mR/h to 100R/h.The detector includes the following electronic circuits: HV 
power supply, microcontroller, measuring and counting circuits for each pair of tubes. The 
microcontroller activates one GM tube of each pair according to the field intensity. The 
system components are packaged in a customized case which is designed to stand harsh 
environment conditions. 

 

Figure 1: Differential Detector Block Diagram 
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The two pairs of GM tubes, one for air contamination and the other ground contamination, 
will be separated from each other by a lead (Pb) plate. The lead thickness will be determined 
to reduce no less than 85% of the γ radiation (137Cs). The lead plate will avoid influence of air 
contamination readings on the designated ground tubes and vice-versa. Designing a lead plate 
inside the detector, as opposed to two independent detectors separated by lead, reduces the 
total weight of the system. The Differential Detector block diagram is depicted in Figure 1. 
 
The microcontroller receives pulses from the four GM tubes. By default, the ZP1201 tube (the 
more sensitive tube) is activated. Switching between the two GM tubes is done automatically 
by the microcontroller. In case the radiation field increases over 400 mR/h then the high range 
GM is activated. In case the radiation field decreases bellow 200 mR/h then the low range 
GM is activated. The Differential Detector mode of operation is shown in Figure 2. 
 

 
 

Figure 2: Differential Detector Mode of Operation Flowchart 
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The measured radiation field of each pair of tubes is transmitted via RS-232 channel to 
ROTEM's “RAM R-200” [1], a radiation monitoring and detection instrument that uses 
ROTEM's communication protocol. The difference between the readings of the lower and the 
higher pair of tubes is analyzed in the RAM R-200 instrument in order to determine the 
source of the radiation. The readings of each pair of tubes are displayed on the RAM R-200 
meter. It is also possible to connect the Differential Detector directly to a PC with a suitable 
software. 
 
 
Summary  
In this paper we described a light, compact, low-cost Differential Detector which assists in 
measuring and analyzing radiation risks. The versatile system can be easily combined into a 
mobile monitoring system such as VMS [2]. The final characteristic of the system has been 
completed and development is scheduled to start at the beginning of 2004. 
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