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Motivation of Lesson I 
 
Goals of nuclear forensics are to determine:  

• what radioactive isotopes a substance is composed of, 
• what the origin of the substance was, 
• how the substance got from one place to another, 
• who was involved in the whole process 

 
This involves many different scientists with expertise in many different areas. The very 
first questions nuclear forensics answers involves determining the type of radiation 
emitted, the isotopes present, and if the material was processed or natural. These will be 
the questions focused on in the lessons that follow. 
 
NOVA: Dirty Bomb clip (6 minutes)  
 

Play the first 2:11 minutes and/or from 5:19 – 7:34 or just 
before then – discussion of difference between atomic 
bomb and dirty bomb as well as a bit about radioactivity. 
 
The first 2:11 minutes are an introduction to the topic of 
dirty bombs and a discussion of the dirty bomb found in 
Chechnya. What would happen if terrorists were to 
explode a dirty bomb in the center of a city?  
 
The segment from 5:19-7:34 also describes that a dirty 
bomb is not a nuclear weapon.  There is a discussion of 
what it is and how it differs from a nuclear bomb. It 
includes images of Hiroshima and Nagasaki – and 
discusses the difficulty in making nuclear bombs. It 
discusses the ease of making a dirty bomb – not a 
technical challenge – what it is, and the technical term for 
it: radiological dispersal device.  We are frightened of 
radiation: we know it is harmful, we can’t see it, smell it, 
feel it.  

The NOVA Website for this program is at 
http://www.pbs.org/wgbh/nova/dirtybomb/
The site contains interviews with experts as well as a 
complete transcript of the program. 

“"Dirty Bomb" probes the realities and implications for 
public health policy of a disaster that many consider to 
be all but inevitable: a terrorist attack on a major city 
using a radioactive "dirty bomb." The program strives to 
answer crucial questions about this menacing new 
weapon in the terrorists' arsenal, questions such as: 
What exactly is a dirty bomb? How dangerous could one 
be, and how much radiation could it release? What will 
need to be done to clean up after an explosion?1” 
 

 

                                                 
1 http://www.pbs.org/wgbh/nova/dirtybomb/about.html 
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Motivating Scenario: Bulgarian boarder crossing case 
 
On May 29, 1999, a border crossing guard became suspicious of a person trying to enter 
Bulgaria from Moldova2. The border guard searched the person and the car and found a 
detailed list of items on a receipt. On the list was 99.99% uranium-235. The Bulgarian 
border patrol then found a lead container hidden inside a portable air compressor in the 
trunk of the car. The container was sent to the Bulgarian National Academy of Science 
for examination. It was determined by forensic techniques that the lead container had 
within it a small glass container holding highly enriched uranium in the form of a fine 
powder. All of this was determined without ever opening the lead container! How did 
they do this?   
 
Exactly what was the history of the uranium in the container? When was it enriched? 
Who enriched the uranium? To learn more, the container was then shipped to the 
Lawrence Livermore National Laboratory in the United States where experts in nuclear 
forensics could conduct further studies of the material. Within nine months the nuclear 
forensics team at the lab determined the date that the enriched uranium was processed  
(1 Nov 1993 ± 1 month). They also determined the composition of all of the materials in 
the container: the nuclear material, the glass container, the yellow wax and paper 
wrapped around the glass and the lead container itself. From all of their analysis they 
determined the likely countries of origin of the enriched uranium. The man who was 
transporting the uranium had purchased it in Moldova and intended to sell it to someone 
in Turkey. This sale fell through and he was caught while trying to return the uranium to 
the person he purchased it from in Moldova.  
 
After he was caught, he was put in a Bulgarian jail. He was tried in Bulgaria and the 
judge ruled that his sentence should be equivalent to the amount of time he had already 
spent in jail, particularly because the total sale of the uranium was to only be $10,000. 
The man was found dead months after his release; his death remains a mystery. 
 
How do they do it? Nuclear forensics is an important field that employs many scientific 
disciplines. First and foremost it requires an understanding of radioactive isotopes and the 
radiation that they emit. It also requires understanding of materials and electronics 
needed to build detectors to detect the radiation emitted by the isotopes. In this lesson, 
you will have the opportunity to learn about the four types of radiation emitted by 
radioactive isotopes and explore the tools nuclear scientists use to detect this radiation. 

                                                 
2 Nuclear Forensic Analysis, by K.J. Moody, I.D. Hutcheon, P.M. Grant, 2005, Taylor and Francis Group, 
CRC Press, New York. 
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Safe Use of Exempt Quantities of Radioactive Materials in 
the Secondary School 
 
In this lesson, you will be utilizing radiation monitors to detect safe, low-levels of 
radiation from a variety of materials. Some of these materials are available in 
local stores while other materials are available for purchase from high school 
laboratory supply companies. These companies purchase their materials from 
companies that are required to follow safety guidelines and regulations relating to 
the manufacturing, sale and transportation of radioactive materials that are all 
designed to ensure the safety of the public. Because the levels of radioactivity are 
so low, these materials are labeled as “exempt” from regulation by the Nuclear 
Regulatory Commission. 
 
General Handling Procedures 
 
Although the radiation from exempt quantity sources is not hazardous, the basic 
principle of minimizing radiation dose should be followed. This is often referred to as 
keeping radiation exposure “As Low As Reasonably Achievable” or ALARA. While 
experiments and demonstrations are not in progress, sources should be kept in the storage 
containers they came in. When sources are handled, you should minimize exposure by 
holding the sources at arms length when possible. While it is unlikely that any radioactive 
particles will chip off of an undamaged plastic-sealed source, it is possible that droplets 
from the liquid sources may transfer to the hands of those conducting experiments. Thus 
you should wash your hands after working with the materials. 

The Health Physicists 
Society (HPS) has 
developed a set of 
guidelines for safe use of 
radiation in the high 
school classroom.  The 
Safety Guidelines 
included in the student 
packet are based on 
these guidelines.  The 
full text of the guidelines 
can be found in 
Appendix A: Safety 
documentation of the 
teacher’s edition.  

 
In the spirit of ALARA, all sources must be kept locked up when not in use. To be sure 
nobody removes any sources, an inventory should be taken after each classroom use and 
before all students leave the laboratory. When the sources are used, they should be 
handled with respect. Students should not put any sources in their pockets or hold them in 
their hands when not necessary. 
 
Precautions for the Different Kind of Exempt Quantity Sources 
 
Gamma: These sources are quite rugged, so other than storage and general handling 

criteria, as outlined below, gamma sources do not need special handling to prevent 
damage to the source.  

Beta: These sources require a bit more care than gamma sources. They should be picked 
up by the sides; i.e., do not put a finger on the top of the source. (The top is the 
unlabeled side; the bottom of the source has the label.) Although the cover should be 
sturdy enough to be undamaged by fingers, very sharp fingernails could penetrate the 
cover. To minimize dose, a beta source can be placed on the table with the top facing 
down when not in use.  

Alpha: Because alpha radiation is absorbed by a thin layer of material (a piece of paper or 
a dead layer of skin stops alpha radiation), these sources have the radioactive material 
electroplated to a metal surface. Generally, the actual radioactivity is recessed from 
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the top of the plastic disc. Although electroplating assures that the radioactive 
material is firmly attached to the metal surface, it is possible that a small fraction of 
the material may rub off. Therefore, never touch the recessed part of the top of the 
source; handle it by the sides only. To minimize dose, an alpha source can be placed 
upside-down on the table when not in use, however, even if right-side up the alpha 
radiation will not reach any living tissue. 

 
Isogenerator: This system provides a process to produce a short-lived radioactive 

material. The isogenerator contains cesium-137, which is radioactive and has a half 
life of 30 years. Cesium-137 decays to barium-137, which is also radioactive. The 
barium emits a gamma ray and then becomes stable. When an eluting solution flows 
through the cesium, barium attaches to the eluting solution and brings the radioactive 
barium out in liquid form. Barium-137 has a half-life of 2.5 minutes, emitting gamma 
radiation. Because of the short half-life, the barium activity decreases to less than one 
percent of its original activity in a little more than 15 minutes.  

 
Only the teacher should handle the isogenerator and the containers of eluted solution. 
As when handling all weak acid solutions, appropriate laboratory attire (goggles, lab 
coats and gloves) should be worn when working with the isogenerator to prevent 
spills from staying in contact with skin. The isogenerator requires some special 
attention when used. First, be sure that the eluting solution enters the proper side of 
the isogenerator. If the solution passes through the isogenerator in the wrong 
direction, some of the cesium-137 will come out, which will not decay away rapidly. 
Because the solution from the isogenerator is radioactive, you must be sure that 
nobody ingests any of the liquid.  
 
If some radioactive solution does spill on a surface, just wipe up the liquid in a paper 
towel and dispose of it in the trash. If the spill is on clothing, the clothing should be 
removed and placed a few meters from individuals in the room for approximately 15 
minutes. If the spill touches skin, the area should be washed with soap and water. 
When the class has finished using the eluted solution, the holders can be wiped with a 
paper towel and disposed of in the trash. Any remaining radioactivity will decay to 
zero activity long before the trash is removed from the room. 

 
Summary of Necessary Actions for License Exempt Sources 
 
Handle all sources with care: 
 Pick up sealed disk sources by the sides 
 Do not touch the top of alpha and beta sources 
 Place beta sources upside-down when not in use 
 
Lock up all sources when not in use 
 
Take an inventory: 
 After every class 
 At the end of each semester 
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If a cloud chamber is 
available, the students 
can observe the tracks 
in the cloud chamber 
directly.  If a cloud 
chamber is not 
available, a video of the 
Physics Enterprises 
Diffusion Cloud 
Chamber in action is 
available at 
http://www.andrews.ed
u/services/physicsenter
prises/products/product
demos.html

Class Investigation: Detecting Invisible Ionizing-
Radiation 
 
How can humans “see” ionizing radiation when the typical radioactive 
particles (α, β, γ and neutrons) are too small to see? One tool for “seeing” 
radiation is a cloud chamber. The specific environmental conditions within a 
cloud chamber allow us to observe the existence of some forms of ionizing 
radiation through its interaction with the materials inside of the cloud 
chamber. A description of how a cloud chamber works can be found in the 
Detection Technologies section at the end of this lesson. While watching the 
cloud chamber in action (either in a classroom demonstration or video), 
answer the following questions: 
 

1. When the chamber is cold, what can you see inside? 
In a live situation, the students should notice small droplets forming in the chamber and falling to 
the bottom.  This question is difficult to answer when viewing the video. 

 
2. When your teacher places a radioactive source inside the chamber, “tracks” 

should begin to form from the radiation emitted by the source. What do the tracks 
look like? Do all tracks have the same shape? Are they all the same size? 

 
Answers using video:  Source of lead-210 in chamber. See trails left by alpha particles. See trails 
moving away from central area where radioactive substance is located. 
 
The video indicates that the daughter nuclei of 210Pb are purely alpha emitters; however they also 
emit beta particles. In a very clear image (or in a live demonstration), it is possible to tell the 
difference between these two types of radiation, as the beta tracks will be narrower and longer. 
 
If watching the video, also show the still photo on webpage or refer students to the Detection Technologies 
section of Lesson 1 which has a that same photo. In the photo, the fat and typically shorter tracks 
are due to alpha particles while the thin and typically longer tracks are due to beta particles 
 

3. Can you think of reasons for why the tracks may be different? Remember, the 
tracks are created when the radiation interacts with the material in the chamber. 
Are there reasons to expect different types of radiation (α, β, γ and neutrons) to 
interact differently? 

 
Different particles show different trail widths (and maybe lengths). The alpha particles show very wide trails 
while the beta particle trails are not as wide and travel farther. Gamma trails might be observed. These are 
very widely spaced small droplets. Neutrons do not leave trails in cloud chambers, and therefore cannot be 
detected using cloud chambers. 
 

Cloud chambers are useful tools for “seeing” some forms of radiation but not all forms of 
radiation. In the next section, you will explore another tool used by nuclear scientists to 
detect some forms of ionizing radiation. 
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Scenario: Why would I want to detect radiation? 
 
A granite shop owner is concerned over the recent “granite scare” that competing 
countertop companies have promoted. People are afraid that granite contains dangerous 
levels of radioactivity; however they still admire the beauty and durability of granite. To 
try to ease his customers concerns the owner of the store posts a 24 June 2008 New 
York3 Times article about the situation, and decides to purchase a device to measure the 
level of radioactivity (or activity) so that he can provide on-the-spot evidence to his 
customers that the granite is safe. However he needs to figure out what measuring device 
to use, what the device is measuring, how it works, and what these measurements mean 
to his customers.  
 
What device do you think he should use? How does it work? What does it measure? How 
do you know if the granite is safe or not?  
 
This lesson will help you answer these questions. 

 

Consider having students discuss their ideas with their group members, and then sharing their 
responses with the class. Let students know that it is not expected that students will have correct 
answers at this point, however they should be able to answer some of the questions be the end of the 
lesson.  
 
Consider recording some of the students’ ideas to revisit at the end of the lesson to see students 
changed their ideas based on this lesson.  

 
 
 

C

                                                 
3 http://www.nytimes.com/2008/07/24/garden/24granite.html
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Hands-on Investigation:  Using a GM tube to detect low-levels of 
radiation 
In this investigation, you will be working 
with a digital radiation monitor, which 
contains a Geiger-Müller tube. As ionizing-
radiation passes through the GM tube, 
electrical pulses are created and counted. 
The construction of this monitor is quite 
similar to that shown in Figure 3, on page 
16, of the Detection Technologies section at 
the end of this lesson. The thin mica 
window is on the front of the monitor where 
the small wire grid can be seen (see Figure 
1). You will explore how this monitor works 
using standard radiation sources provided by 
your teacher. These sources emit α, β and/or 
γ radiation. Remember from your safety 
discussions that the sources provided by 
your teacher are safe, but you should still 
follow ALARA rules to minimize your 
exposure to even these low levels of radiation.  
 
1. Obtain a monitor for your team. Turn the monitor on. (If you slide this switch to 

“Audio”, both audio and digital signals will be produced.) Place the “Mode Switch” 
on CPM/CPS. The audio signal is a beep for every particle of radiation detected by 
the monitor and the digital signal reports the number of particles detected, on average, 
per minute  (counts per minute or CPM). When you turn your monitor on, what do 
you observe? 

 
 

When first turning the monitor on the entire display panel has writing on it, then it clears and has a 
number on it, e.g. 14 CPM.  

 
 
 
 
 

2. You probably have noticed that the number of counts displayed changes…  Random 
processes like the emission of radiation often fluctuate a great deal.  This makes 
deciding which value to record a bit challenging.  To make the measurement process 
a bit more consistent, you will use the detector in its total count mode.  In this mode, 
it will count the number of particles detected in a specific amount of time.  For 
sources that emit a large amount of radiation, a one-minute counting time is 
sufficient, while for sources which emit very little radiation, a two- to five-minute 
counting time might be better.   

The extended 
manual for the 
Vernier Digital 
Radiation Monitor 
is included in 
Appendix B of the 
Teacher’s Edition. 

Figure 1: Vernier Digital Radiation Monitor.  
Image Source:  Digital Radiation Monitor extended 
manual. 
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To adjust the counting time, move the “Mode Switch” into the Total/Timer position. 
The number displayed is the length of time the monitor will count over (typically the 
default setting is 0:01, or one minute).  If it doesn’t already read one minute, use the 
“+” and “-“ buttons in the front of the monitor (see Figure 1 above) to decrease the 
amount of time to one minute.  When you are ready to begin counting, push the set 
button. The monitor will make a loud beep to let you know it is counting.  The 
number of particles it detects will be displayed on the counter with an hourglass, 
letting you know it is still counting.  After one minute the monitor will make another 
set of very loud beeps and the number will stop increasing.  The number displayed is 
the number of counts detected between the two beeps.  If your counter is set with 
audio on, the monitor will continue to beep and detect ionizing radiation, but it will 
not add these counts to the digital display.  
 
To reset the detector and begin counting for another minute, slide the mode switch 
out of Total/Timer and back, and then push the “set” button again. 
 
Try this once and record the number of counts detected by the monitor in one minute.   
 
 
 
Typically students should get numbers between 10 and 30 for background counts with no sources 
present at their work area.   
 
 
 

 
3. Obtain a radioactive source from your instructor. Record what material your source is 

made from and the type of radioactive particles it emits in the space below. 
 
 
 
 
 
Isotope Activity Half-life Radiation type 
    * Po-210 0.1 µCi 138 days alpha 
    * Sr-90 0.1 µCi 28.6 years beta 
    * Tl-204 0.25 µCi 3.78 years beta 
    * Co-60 1 µCi 5.27 years beta and gamma 
    * Cs-137 0.25 µCi 30.2 years beta and gamma 

 
 
 
Remember to practice ALARA when your team is in possession of the source.  Lay 
the source “face down” on the table when you are not actively making measurements.  
Wash your hands after handling.  
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4. Explore what the monitor detects when it and the source are placed in a variety of 

positions/orientations. Sketch the setup and record the information requested in the 
table below. 

 
Total number of counts registered in 
one minute 

Sketch of setup Monitor/source 
separation 

Source 
orientation 

137Cs 
(β & γ) 

210Po 
(α) 

90Sr 
(β) 

60Co  
(β & γ) 

204Ti 
(β) 

Zero – touching 
source 

Top of disk 
facing side of 
monitor 

518  113  144  463  88  

About 2 “ above 
source 

Top of disk 
facing side of 
monitor 

186  76 74 196  82   

Zero – touching 
source 

Bottom of disk 
(with writing) 
facing side of 
monitor 

516  118  96  467  85  

About 2” above 
source 

Bottom of disk 
(with writing) 
facing side of 
monitor 

172  78  73  175  73  

Zero Bottom of disk 
facing monitor 

5960  131  7296  4112  136  

2 “  Bottom of disk 
facing monitor 

395  106  502  343  94  

Zero Top of disk 
facing monitor 

Huge 
number 

1433  Huge 
numb
er 

6168  8224  

 

2”  Top of disk 
facing monitor 

5234  127  1142  569  694  

What patterns do you observe? When are the counts greatest? When are the counts 
weakest?   
• Cs 137 (gamma and beta) source: The counts are the greatest when they go through the window (~10 

times more) on the monitor and when the top of the disk (unlabeled side) faces the monitor. 
• Po-210 (alpha): Greatest counts occurred when the window on the monitor was directly over the top 

(unlabeled) side of the source, greater by a factor of 10. 
• Sr-90 (beta): greatest number of counts when in contact with window – by a factor of 100 greater. 
• Co-60 (beta and gamma): This has a high count rate, but greater by a factor of 10 when in contact with 

window. Higher when top of disk faces window. 
• For Ti-204 (beta) greater by a factor of 100 when top is in contact with window. When bottom is in 

contact with window it is greater by a factor of 10. 

For question 7 – revisit this and encourage the class to try to find patterns in the class data. 
For example, in the data above: To try to generalize: beta radiation increases by a factor of 100 from 
the side of monitor to window. Gamma radiation increases by a factor of 10 as does alpha radiation. 
Gamma emitters had higher count rates than the alpha emitter. 
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5. Remember from your safety discussions that sources have “tops” and “bottoms”. Can 
you tell from the count rate which is the top and which is the bottom?  

 
Top of disk gives higher count rate than bottom – tops are the unlabeled side of the source. 
 
• Cs 137 (gamma beta) source:  The counts are the greatest when they go through the window (about 10 

times more) of the detector and when the top of the disk (unlabeled side) faces the monitor.  
• Po-210 (alpha): Greatest counts occurred when the window on the monitor was directly over the top 

(unlabeled) side of the source, greater by a factor of 10. 
• Sr-90 (beta) greatest number of counts when the top was in contact with window – by a factor of 100 

greater. 
• Co-60 (gamma) high count rate, but greater by a factor of 10 when in contact with window. Higher when 

top of disk faces window. 
• Ti-204 (beta) greater by a factor of 100 when top is in contact with window. When bottom is in contact with 

window it is greater by a factor of 10. 

  
6. Was the count rate different when you held the monitor so that the “mica window” 

was directly over the top of the disc and when you held the monitor so the side of the 
monitor was over the disc?   
 

• Cs-137 (gamma beta) source:  The counts are the greatest when they go through the window (about 10 
times more) of the detector and when the top of the disk (unlabeled side) faces the detector.  

• Po-210 (alpha): Greatest counts occurred when the window of the monitor was directly over the top 
(unlabeled) side of the source, greater by a factor of 10. 

• Sr-90 (beta) greatest number of counts when in contact with window – by a factor of 100 greater. 
• Co-60 (gamma) high count rate, but greater by a factor of 10 when in contact with window. Higher when 

top of disk faces window. 
• Ti-204 (beta) greater by a factor of 100 when top is in contact with window. When bottom is in contact with 

window it is greater by a factor of 10. 
7. There are a variety of sources available in the classroom. Trade with another lab 

group to get a source that emits at least on different type of radiation. Record the type 
of source you now have and repeat your explorations. 

 
Sketch of setup Monitor/source 

separation 
Source 
orientation 

Number of 
counts registered 
in one minute 

   See answers for Question 3. 

   

For question 7 – revisit this and encourage the class to find patterns in the class data. For 
example, in the data provided – beta radiation increases by a factor of 100 from side to window.  
Gamma radiation increases by a factor of 10, as does alpha-radiation. Gamma emitters had higher 
count rates than the alpha emitter.  Top count rate is higher than bottom. 
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8. Compare your observations with those of your classmates. What things impacted the 

amount of radiation detected by your monitor for each type of radiation? Are there 
any other things you can safely do that would impact the amount of radiation detected 
by the monitor?   

• Alpha radiation (Po-210) was more sensitive to the window. Higher counts when it was up against the 
window as compared to all other orientations and distances 

 
• Gamma/beta radiation (Cs-137) had highest count rates (by a factor of 10) when going through front of 

monitor (where window is), but also had high count rates when going through side. 

 

Encourage the class to find patterns in their class data - To try to generalize, beta radiation 
increases by a factor of 100 from side to top window.  Gamma radiation increases by a factor of 10 as 
does alpha radiation from side of monitor to top window. Gamma emitters had higher count rates than  

 
Emphasize the statement below: 
 
 
With the basic explorations conducted thus far, it isn’t easy to see clear patterns that 
indicate how to distinguish between α, β and γ. In addition, the detectors you’ve tested 
thus far are not capable of detecting neutrons, a very important type of ionizing radiation 
in the context of homeland security issues. To learn more about detection technologies 
used for these purposes, review the Appendix: Detection Technologies.
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Investigation of other detectors 
 
The Nuclear Emergency Support Team is trained to work with a wide variety of detector 
systems to detect radiation produced by materials that are likely to be used by terrorists. 
While Geiger-Müller detectors are a part of their “tool-kit”, detectors that can determine 
if neutron radiation is present and the energy of the gamma-radiation that is present are 
even more important tools. This is due to the fact that gamma and neutron radiation is 
most likely to be produced by the types of radiation that might be used dirty bombs. By 
identifying the energy of the gamma radiation produced by a source, the isotopes of 
elements present in the source can also be identified and the level of danger posed by the 
material can be determined.   
 
Reporter Mike Shuster from NPR interviews members of the Nuclear Emergency 
Support Team in his story “Response Team Preps For Nuclear Terrorism Threat”. A 
transcript of the interview as well as the audio version is available at 
http://www.npr.org/templates/story/story.php?storyId=98286925&sc=emaf.   
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Detection Technologies 
Since radiation cannot be seen, smelled, tasted, heard, or felt, detecting it relies on how it 
interacts with matter it encounters. Detectors of ionizing radiation rely on this. Since 
ionizing radiation behaves like most particles, it will collide with the atoms that make up 
the material it is traveling through, and through these collisions, cause changes that are 
observable. The two general classes of detectors rely either on interactions of ionizing 
radiation with gases within the detector (such as cloud chambers or Geiger Müller tubes) 
or those that rely on interactions between ionizing radiation and solids within the detector 
(such as sodium-iodide, NaI, or germanium, HPGe, detectors). 

Cloud chambers 
For example, ionizing radiation that travels through plastic can cause holes along the path 
of the radiation that look like small tunnels. With the right microscopes, these tunnels can 
be observed and, by measuring their size (diameter and length), information can be 
obtained about the type of radiation and the amount of energy the particle deposited into 
the plastic as it tunneled along. Another type 
of detector that allows humans to visually 
see the trajectory of radiation is called a 
diffusion cloud chamber. In the cloud 
chamber, liquid and gaseous states of a 
material (often isopropyl alcohol) are kept at 
very low temperatures so that a 
supersaturated vapor state is formed in the 
upper section of the chamber. This 
supersaturated alcohol is very close to 
condensing back into a liquid and when 
viewed by humans, looks like a cloud. 
When ionizing-radiation passes through the 
cloud, small droplets of liquid form along 
the path of the particle (see Figure 2). These 
droplets, visible to the human eye, are 
formed as the radiation collides with gas 
molecules. The more energy the radiation 
loses in the individual collisions, the thicker 
the bubbles appear and the fatter the tracks 
appear.   

 
Figure 2: α and β particle trajectories in a 
Diffusion Cloud Chamber.   
Photo Source: Physics Enterprises 
(http://www.andrews.edu/services/physicsenterprise

 
The heavier the radiation particle, the more energy is loses when colliding with the atoms 
in the vapor, so heavy radiation particles leave the fattest tracks. In the photo above, a 
small source of ionizing radiation is located at the center of the cloud chamber, which 
produces a large number of alpha (α) and beta (β) particles. These particles move out 
from the center of the chamber. Can you tell the difference between the α and β 
particles? 
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You may be wondering about other forms of ionizing radiation, such as γ rays or 
neutrons. These particles are difficult to observe because they don’t interact much with 
the gas in a cloud chamber.  

Geiger-Müller tube 
The Geiger-Müller (GM) tube is 
another device used to detect 
ionizing radiation. As with the cloud 
chamber, a chamber (or tube) is 
filled with a gas and the ionizing 
radiation interacts with the gas atoms 
as it passes through the chamber. 
The gas is often a mixture and often 
includes noble gases, like helium, 
neon, and argon and other gases like 
chlorine or bromine. The gas is also 
at a very low pressure, so there are 
very few gas atoms compared to 
normal atmospheric conditions. As 
the radiation passes through the 
walls of the tube and then through 
the gas, it collides with the atoms 
causing the atoms to ionize. The 
really special feature of the GM tube 
is that a large voltage is applied to 
electrodes on the tube, so positive 
ions created by the collisions with the radiation travel toward the negative electrode 
(cathode) while negative electrons then travel toward the positive electrode (anode) (see 
Figure 3). Every time a radiation particle enters the GM tube, a pulse of charges is 
created in the tube and the attached electronic counter will register the event. It will often 
result in an audible beep and an analog or digital counter will also indicate the event. 

Figure 3: Geiger Muller counter.   
Image source: Theresa Knott, on Wikipedia 
(http://www.google.com/imgres?imgurl=http://upload.
wikimedia.org/wikipedia/commons/thumb/f/f0/Geiger.
png/300px-
Geiger.png&imgrefurl=http://en.wikipedia.org/wiki/Ge
iger–
Müller_tube&h=220&w=300&sz=32&tbnid=JQ3zUK
PRMGpE5M:&tbnh=85&tbnw=) 

 
The GM tube is a simple device that can be used for detecting ionizing radiation. The 
basic GM tube will produce at most a pulse of charge for every ionizing radiation particle 
that passes through the tube. However, not all ionizing radiation can make it through the 
walls and other types cannot even make it through the mica window, so it may not 
register all radiation emitted by a radiation source. In addition, if too many particles come 
through too close together, the pulses overlap and it appears as if fewer are entering the 
tube than really are.    
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Solid crystal detectors 
Solid detectors work on a variety of principles. 
Two relevant principles to the study of nuclear 
forensics are scintillators and solid-state 
detectors. Scintillators are detectors that produce 
light when very energetic ionizing radiation 
passes through the solid scintillator. The light 
pulse that is produced is then detected and the 
intensity pattern of that light signal can be used 
to identify the type of radiation (α, β, γ, or 
neutron) as well as the energy of the radiation. 
One very common type of scintillating detector 
is based on a sodium iodide crystal (NaI). By 
analyzing the light signal produced by the 
radiation entering the NaI crystal, scientists are 
able to determine the energy of the radiation that 
produced the signal. 
 
Another type of detector often used for detection 
of γ-radiation is the High Purity Germanium 
crystal. These detectors do not produce light 
when radiation passes through them. These 
detectors, like the GM tube, produce pulses of 
electricity. The shape of the pulse produced can be used to determine the energy of the γ-
radiation.   

 
Figure 4: NaI crystal being wrapped in 
plastic.  Light produced when ionizing 
radiation passes through the crystal is 
directed out the ends and detected.  
Image Source: FNAL 
(http://ktev.fnal.gov/public/images/crystal
_prep.html) 

 
Because these solid crystal detectors allow scientists to determine the energy of the 
ionizing radiation passing through the crystals, the original source of the radiation can 
often be identified.  
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Closing Scenario: Why would I want to detect radiation? 
 
A granite shop owner is concerned over the recent “granite scare” that competing 
countertop companies have promoted. People are afraid that granite contains dangerous 
levels of radioactivity; however they still admire the beauty and durability of granite. To 
try to ease his customers concerns the owner of the store posts a 24 June 2008 New York 
Times article4 about the situation, and decides to purchase a device to measure the level 
of radioactivity (or activity) so that he can provide on-the-spot evidence to his customers 
that the granite is safe. However he needs to figure out what measuring device to use, 
what the device is measuring, how it works, and what these measurements mean to his 
customers.  
 
What device do you think he should use? How does it work? What does it measure? How 
do you know if the granite is safe or not?  
 
 
What ideas do you have now? Discuss your ideas with your group members. Be prepared 
to share your ideas with the class. 

 
 
 

                                                 
4 http://www.nytimes.com/2008/07/24/garden/24granite.html

Hold a class discussion on groups’ responses. Encourage groups to address each other during the 
discussion. Mandate that students support their answers based on evidence from this lesson and logical 
reasoning. Students should apply the concepts learned in this lesson. 
 
Consider projecting the scenario as a focal point for the class discussion. 
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Appendix A: Guidance for the Use of Exempt Quantities of 
Radioactive Materials in the Secondary School 
 
Introduction 
 
Teachers in middle or high schools may use appropriate radioactive sources as aids to 
teach students about radioactivity and radiation. Unless a school has a specific license to 
posses radioactive materials, schools can only posses radioactive materials that are 
exempt from Nuclear Regulatory Commission (NRC) regulations. These “exempt 
quantities” are deemed by the regulatory agencies to be safe to use by the general public 
with no specific regulations to follow. The exact definition of “exempt” quantities of 
radioactive materials is included below for reference, but specific examples of 
appropriate sources of radiation will be outlined below. Regardless of the type of 
radiation used, teachers should follow some simple safety procedures which are also 
outlined below. 
  
The actual NRC definition of exempt quantities is: 

Consumer products containing byproduct material that are used by the general public 
are exempted from licensing requirements only if the Commission determines that the 
products or types of uses do not constitute an unreasonable risk to the common 
defense or security or to public health and safety and the environment. Radiation 
safety features are built into the sealed source or device or the amount of radioactive 
material that can initially be distributed in such a device is restricted. The Rules of 
General Applicability to Domestic Licensing of Byproduct Material (

John Luetzelschwab, 
CHP, Professor 
Emeritus of Physics at 
Dickinson College has 
provided these safety 
guidelines. John is a 
certified Health 
Physicist, member of 
education and 
outreach committee of 
the Health Physicists 
Society. He has been 
conducting workshops 
on teaching nuclear 
science for high school 
teachers for many 
years and has carried 
out demonstrations at 
local schools for many 
years. He expects 
these guidelines to be 
published shortly and 
at that time the formal 
citation information will 
be provided to 
workshop participants. 

10 CFR Part 30) 
exempts members of the public from the requirements for an NRC license when they 
receive, possess, use, transfer, own, or acquire byproduct material in products such as 
silicon chips, electron tubes, check sources, gunsights, and smoke detectors. NRC 
applies its regulatory control on the transfer of these products, placing specific 
requirements on distributions, as defined in Subpart A, 10 CFR Part 32.  

Generally, distribution of byproduct material to persons exempt from regulatory 
authority (the general public) can only be made by persons who have a specific license 
from the Commission authorizing the distribution of their products to persons exempt 
from the requirements for an NRC license. Manufacturers and distributors of these 
products must be licensed in order to initially transfer or distribute them to persons 
exempt from licensing. The licensed distributor is required to satisfy the Commission 
that all products are manufactured, tested, and distributed in accordance with the 
regulations and specifications provided in its license application. These specific licenses 
are issued by the Commission and are referred to as "exempt distribution" or "E" 
licenses.  

Radiation Effects 
 
High levels of radiation are known to affect the health of those exposed to it. The most 
common health effects are an increase in the risk of cancer, fetal damage, and a certain 
type of cataracts. However, these effects only occur from very large doses of radiation. 
The radiation doses received from the use of exempt quantities of radioactive materials 
are minute compared to the doses that cause these effects.  To learn more about the affect 
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of radiation on humans, visit the Health Physicists Society informational pages at 
http://www.radiationanswers.org.  
 
Normal Radiation Exposure 
 
Everybody is exposed to radiation every day. Radiation from soils, from cosmic sources, 
and from natural radioactivity in our bodies produce a small radiation dose to everyone. 
Generally, this dose is about 1 mGy (100 mrem) per year. Another natural source, radon, 
contributes about 2.3 mGy (230 mrem)*.  In addition, medical diagnostic procedures (x-
rays, CT scan, etc.) add to our annual dose. The average person in the United States 
receives about 3.0 mGy (300 mrem)* every year from medical procedures. A cross-
country airplane flight may expose each passenger to about 0.1 mGy (10 mrem). 
Radiation doses from handling exempt quantities of radioactivity, in the worst case, 
would be less than 1 mrem.  For example, Cs-137 source with the maximum exempt 
activity produces less than 1 mrem/hr at 1 meter. 
*NCRP Report 160 
 
Exempt Quantity Radioactive Sources 
 
The exempt quantity radioactive sources referred to in this document as acceptable for 
use in teaching in the high school classroom are limited to items designed and sold for 
use as teaching resources.  These classroom-appropriate, exempt quantities of radioactive 
sources fall into two categories: sealed sources and liquid solutions. One source of 
radioactivity, an isogenerator, is a combination of a sealed source and a liquid source. For 
teaching purposes, only sealed sources and an isogenerator should be used. A sealed 
source has the radioactivity in a solid form encased in a plastic disc. Gamma sources are 
totally enclosed so to come in contact with any radioactive material the plastic piece must 
be broken open. Beta and alpha sources have the radioactive material behind a thin cover, 
or are electroplated, which makes them more susceptible to damage. 
 
Precautions for the Different Kind of Exempt Quantity Sources 
 
Gamma: These sources are quite rugged, so other than storage and general handling 

criteria, as outlined below, gamma sources can be handled with minimum regard to 
safety.  

The term 
“minimum regard 
to safety” refers to 
the fact that the 
sources are rather 
robust and cannot 
be damaged 
easily. They are 
still radioactive 
sources and 
should be treated 
as such. 

Beta: These sources require a bit more care than gamma sources. They should be picked 
up by the sides; i.e., do not put a finger on the top of the source. (The top is the 
unlabeled side; the bottom of the source has the label.) Although the cover should be 
sturdy enough to be undamaged by fingers, very sharp fingernails could penetrate the 
cover. To minimize dose, a beta source can be placed on the table with the top facing 
down when not in use.  

Alpha: Because alpha radiation is absorbed by a thin layer of material (a piece of paper or 
a dead layer of skin stops alpha radiation), these sources have the radioactive material 
electroplated to a metal surface. Generally, the actual radioactivity is recessed from 
the top of the plastic disc. Although electroplating assures that the radioactive 
material is firmly attached to the metal surface, it is possible that a small fraction of 
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the material may rub off. Therefore, never touch the recessed part of the top of the 
source; handle it by the sides only. To minimize dose, an alpha source can be placed 
upside-down on the table when not in use, however, even if right-side up the alpha 
radiation will not reach any living tissue. 

Isogenerator: This system provides a process to produce a radioactive material that has a 
short half-life. The isogenerator contains cesium-137, which is radioactive. Cesium-
137 decays to barium-137, which is also radioactive. The barium emits a gamma ray 
and then becomes stable. When an eluting solution flows through the cesium, barium 
attaches to the eluting solution and brings the radioactive barium out in liquid form. 
Barium-137 has a half-life of 2.5 minutes, emitting gamma radiation. Because of the 
short half-life, the barium activity decreases to less than one percent of its original 
activity in a little more than 15 minutes.   

 
It is best to have the teacher handle the isogenerator and the containers of eluted solution. 
As when handling all weak acid solutions, appropriate laboratory attire (goggles, lab 
coats and gloves) should be worn when working with the isogenerator to prevent spills 
from staying in contact with skin.  The isogenerator requires some special attention when 
used. First, be sure that the eluting solution enters the proper side of the isogenerator. If 
the solution passes through the isogenerator in the wrong direction, some of the cesium-
137 will come out, which will not decay away rapidly. Because the solution from the 
isogenerator is radioactive, you must be sure that nobody ingests any of the liquid.  
 
If some radioactive solution does spill on a surface, just wipe up the liquid in a paper 
towel and dispose of it in the trash. If the spill is on clothing, the clothing should be 
removed and placed a few meters from individuals in the room for approximately 15 
minutes.  If the spill touches skin, the area should be washed with soap and water.  When 
the class has finished using the eluted solution, the holders can be wiped with a paper 
towel and disposed of in the trash. Any remaining radioactivity will decay to zero activity 
long before the trash is removed from the room. 
 
Radioactive Commercial Sources 
 
Several commercial products that contain radioactivity are also available for use in the 
classroom. The radioactivity in most of these products is an integral part of the product, 
so they are perfectly safe to use, even if they are dropped, broken, or otherwise 
mishandled. However, some do require special attention. The products that can be used in 
class are listed below. 
 
Gas lantern mantles containing thorium: Prior to about 2000, most mantels were made 

with thorium, but most mantles sold today are made with yttrium. Therefore, finding 
radioactive lantern mantles today is nearly impossible. However, if you are able to get 
thorium mantles, it is best to keep them in their packages unless you investigate alpha 
radiation. In this case, remove a mantel for use, then return it to its package. Treat 
them as exempt sources, so follow all inventory and storage procedures listed later. 

Thoriated tungsten welding rods: These are available through welding supply stores. 
They emit beta and gamma radiation. They are safe to handle as they are, but, even 
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though the radiation dose would be trivial, do not use them for welding without 
proper safety protection. 

Antique orange Fiestaware: The glaze of this Fiestaware contains uranium (and some of 
its progeny) and emits mostly beta radiation with little gamma radiation. Newer 
orange Fiestaware is not radioactive. The only possible hazard would be from 
drinking citric juices from a cup; the acid may etch some of the uranium out of the 
glaze. 

Old military instruments or watches with glow-in-the-dark dials: Very old instrument and 
watch dials contain radium; newer instruments contain promethium-147 and newer 
watches contain tritium. Radium emits all three kinds of radiation, but only gamma 
radiation passes thorough the glass cover. Radium dials require stringent safety 
procedures. They may contain more than the exempt quantity, so never open the 
instrument or watch. If a radium instrument or watch has a broken cover, contact 
your state radiation control agency for disposal. Promethium emits only beta 
radiation, which does not pass through the cover glass, and has a half-life of 2.6 
years. Therefore, an old dial will probably have very little radioactivity by the time it 
is available for classroom use. Because the promethium is in a form that might come 
off the dials, the cover should never be removed, so this form of radioactivity is 
useless for classroom use. Likewise, the beta radiation form tritium in modern 
watches has such a low energy that it is not detectable outside the watch and it is in a 
form that could be dispersed if the cover were removed. Therefore, do not use a 
modern glow-in-the-dark instrument or watch in the classroom. 

Vaseline or canary glass: These decorative figurines are yellow-green in color and 
contain uranium and some uranium progeny. They emit gamma radiation. Generally 
the radiation levels from Vaseline glass are low and only detectable by a radiation 
monitor close to the glass. Even if broken, the radioactivity is held in the pieces. 

Ceramics: Some ceramics contain uranium or thorium in their glaze. The levels of 
radioactivity are low and therefore no special handling is needed. As with Vaseline 
glass, even if broken, the radioactivity is held in the pieces. 

Uranite and other radioactive rocks: Certain rocks contain uranium and/or thorium. These 
may come from rock collectors or college geology departments. They mostly emit 
gamma radiation with a little beta radiation. 

Pitchblende and Monazite sand: These are ores of uranium and thorium. Although not 
easily purchased (hard to find and expensive), they may be found in college geology 
or physics departments. These are in granular form so if they are in glass bottles take 
precautions to not drop the bottle. If a bottle does break, of some material is spilled, it 
could be an ingestion or inhalation hazard.  

Smoke detectors: Old ionization smoke detectors contained radium. A radiation monitor 
can detect the gamma radiation from the source, but it is not a strong source. A 
modern ionization smoke detector contains about 1 microcurie of americium-241 
which emits only alpha radiation. This alpha radiation is not detectable outside the 
smoke detector. Never remove the americium source from a smoke detector. The 
exempt quantity for americium is 0.1 microcuries. By law, possession of 1 microcurie 
in a smoke detector is permissible, however, removal of the source means that it is no 
longer part of the smoke detector and therefore falls under the general regulations for 
licensed sources. 
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No-salt, salt substitute, etc.: These products replace sodium chloride with potassium 
chloride. Potassium contains an isotope that is naturally radioactive (half-life of over 
one billion years). Obviously, since they are intended for human consumption, there 
are no hazards using these products. 

Kitty litter: Some kitty litters contain minerals that contain potassium. As with salt 
substitutes, no radiation hazards are associated with this product. 

Granite: Some kinds of granite contain sufficient uranium to have detectable levels of 
gamma radiation. The uranium is held tightly in the granite, so there are no radiation 
hazards with this product. 

Fertilizer: Fertilizers with high potash contents (third of the three numbers) contain 
enough potassium to emit gamma radiation to be measurable with a radiation 
monitor. As with salt substitutes, no radiation hazards are associated with this 
product. 

 
General Handling Procedures 
 
Although the radiation levels from exempt quantity sources is not hazardous, the basic 
principle of minimizing radiation dose should be followed. This is often referred to as 
keeping radiation exposure “As Low As Reasonably Achievable” or ALARA. While 
experiments and demonstrations are not in progress, sources should be kept in the storage 
containers they came in. When sources are handled, minimize exposure, holding sources 
at arms length when possible. While it is unlikely that any radioactive particles will chip 
off of an undamaged sealed source, it is possible that droplets from the liquid sources 
may transfer to the hands of those conducting experiments.  Thus washing hands after 
working with the materials would be good. 
 
In the spirit of ALARA, all sources must be kept locked up when not in use. To be sure 
nobody removes any sources, take an inventory after each classroom use and at the end of 
each semester. When the sources are used by a class, stress to the class that these sources, 
although not hazardous, should be handled with respect. Students should not put any 
sources in their pockets or hold them in their hands when not necessary for their 
activities. 
 
Disposal 
 
Radioactive material decays over time with a characteristic half-life, which is the amount 
of time it takes to diminish the amount of radioactive material by one-half the original 
amount. Therefore, some sources lose enough of their radioactivity to eventually become 
useless. If you have borrowed sources from somebody, the owner will handle the disposal 
when the source becomes useless. If you own an exempt quantity source that has become 
useless, you may dispose of it in the regular trash.  
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Summary of Necessary Actions for License Exempt Sources 
 
 Handle all sources with care: 
 Pick up sealed disk sources by the sides 
 Do not touch the top of alpha and beta sources 
 Place beta sources upside-down when not in use 
 
Lock up all sources when not in use 
 
Provide safety instruction to students as described above 
 
Take an inventory: 
 After every class 
 At the end of each semester 
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A.U. Physics Enterprises 
 

Diffusion Cloud Chamber Manual  
(Model 500 and 600) 

 
   Includes the following: 
 
    Cloud Chamber 
    12V DC Power Supply and Cable 
    Water Circulation Pump 
    2 Rubber Hoses 
    Extraction Pipette 
   Source Holder and Stopper 
    High Voltage Connecting Cable 
   Coupon for Pb 210 Source Needle 
   redeemable from SpectechTM 

 
 
 

Operating Principle 
 

 The bottom of the chamber is cooled to approximately -35°C or colder.  Alcohol placed in the chamber 
wicks up the inside chamber lining where it evaporates in the warmer region of the chamber and diffuses 
downward.  Alcohol vapor is cooled near the chamber bottom and becomes super-saturated. 
 This super-saturated region is highly unstable.  As energetic  α (alpha) and β (beta) particles are emitted 
from the radioactive source, ions are produced which serve as nuclei for the vapor to condense on.  These 
droplets of condensation appear in the strong cross-lighting as tracks. 
 The dense straight tracks are produced by α and other massive charged particles, while the β particles 
produce faint and often crooked tracks.  In addition, γ (gamma) rays interact with gas molecules to produce 
energetic photo electrons, Compton electrons, and positive and negative electron pairs.  These electrons produce 
tracks identical to β tracks. 
 Excess ions produced by background radiation and other natural sources can interfere in the display of 
the particle tracks.  A high-voltage supply (~800 Volts†), when connected to the brass source holder,  creates a 
clearing field between it and the base, removing the unwanted ions. 

†High voltage is protected by a resistance of 108 Ω for your safety! 
 
 
 

Instructions 
 

1. Adjust the chamber liner, if necessary, so it touches the bottom of the chamber and all LEDs are visible.  Pour 
30-40mL of ethyl, methyl, or isopropyl alcohol (90% or higher purity recommended) into the chamber.  The 
pipette can be used to wet the wall liner to speed up the initial wicking process.  After the liner is saturated, 
there should still be about 2 mm of alcohol on the bottom of the chamber. 

2. Place the source rod with stopper into the hole in the viewing window.  Adjust the rod up or down so that the 
position of the needle's eye is about 1.5 to 2 cm above the surface of the alcohol. 

A.U. Physics Enterprises 
 

3. Connect the two rubber hoses to the cloud chamber.  Depending on your situation, follow one of the 
two methods below: 

A.  Using Ice Water (preferred method) 
 Connect one hose to the included circulation pump and place it on the bottom of an ice chest (not 
provided).  The second hose should drain back into the chest.  Add just enough water to cover the pump inlet. 
Shake the pump up and down in the water to expel air from the impeller.  Fill the ice chest with 
approximately 1 kg of ice per hour of operation. 
 Connect the pump to AC power.  If water does not start flowing, you may need to re-prime the pump as 
described above or by sucking on the drain hose. 

Notice!  During shipment and/or handling, the impeller housing may come loose and the pump will 
not work.  If this occurs, remove the inlet cover (lower portion of the pump) and press the impeller 
housing firmly back in place. Replace the inlet cover. 

B.  Using Cold Tap Water 
 If your tap water is 10°C or colder, connect one hose to the water tap and let the other hose drain into a 
sink or waste line.  Start a flow of water of approximately 1/2 to 1 liter per minute.  The colder the water is, 
the better it will work! 

Warning! 
The cloud chamber may be permanently damaged if it is not cooled sufficiently with a steady flow of 
cold water!  If, for any reason, the circulation of water should stop, or the water warms up above 
40°C, unplug the power to the cloud chamber immediately!! 

4. Now connect the 12V power supply to the cloud chamber and then connect the power supply to AC 
power.  The LED cross-lights in the chamber should turn on and cooling should begin.  In about 15-30 
minutes, the first tracks should appear.  Tracks are best observed if room lighting is dimmed or the 
chamber is shielded from exposure to overhead lights. 

 
5. When finished, unplug the 12V power supply from the AC power. To prevent water from freezing and 

damaging the heat exchanger, continue to circulate water through the cloud chamber for 5 minutes, or 
immediately drain the water from the heat exchanger. 

 

Notes On Operation 
 

1. To observe radioactivity from other sources such as cosmic rays or background radiation, remove the 
needle source and store it in the tube it was shipped in.  Insert the other brass rod and stopper into the 
viewing window and connect the high voltage cable to it.  Tracks will be observed less frequently than 
with the needle source.  A γ source can be placed on the observation window or near the chamber to 
produce electron tracks as described under Operating Principle. 

 
2. If at some point you observe a continuous stream of condensation emanating from a single spot on the 

brass rod or needle source, remove the rod/needle and very gently wipe the spot clean with a soft cloth.  
Lint or dust on the rod/needle can cause ions to be produced due to the high voltage of the clearing field. 

 
3. Particle tracks may stop showing if condensation builds up on the source needle.  If this occurs, remove 

the source and gently wipe it clean with a soft cloth. 

Care and Maintenance 
 

When storing the cloud chamber, always remove all alcohol from the chamber, and remove all water from the 
heat exchanger. 

 
When moving or transporting the cloud chamber, never pick up or move the apparatus by the chamber, but 



A.U. Physics Enterprises 
 
always lift or move the unit by the base (metal housing). 

Warranty 
 
 The cloud chamber is warranted by AU Physics Enterprises for a period of one year from date of 
purchase.  This warranty covers any defects in workmanship or materials.  It does not cover accidental damage, 
damage as a result of operator error, negligence, or abuse. 
 
 The included 12V DC power supply is warranted for one year by the manufacturer provided that the 
registration card is completed and returned in a timely manner.  

 
Liability 

 
 This product has been designed for educational demonstration purposes and for use with exempt quantity 
radioactive sources only!  Use in research, medical, commercial, or industrial applications is prohibited.  Any 
use of this product outside of its intended purpose is done so at the risk of the end user, who shall assume full 
liability, and fully indemnify A.U. Physics Enterprises and its agents, for any and all damages resulting from 
such prohibited use. 
 

About A.U. Physics Enterprises 
 

 Started in 1977 by Bruce Lee, of the Andrews University Physics Department, Physics Enterprises began 
as a way to bring affordable teaching equipment to colleges and high schools at a time when most demonstration 
tools and lab equipment were very expensive or had to be hand-made.  Now, over 25 years later, the business 
continues to provide quality affordable equipment that is used world-wide in all levels of education! 
 Even more important, proceeds from the business are put right back into the educational system!  
Whether it is purchasing new scientific instruments and equipment, or providing scholarships and grants, A.U. 
Physics Enterprises is dedicated to the continuing education of tomorrow's scientists and teachers! 

 
A.U. Physics Enterprises Berrien Springs, MI 49104 

www.physicsenterprises.andrews.edu 
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1  Introduction 
The Digital Radiation Monitor is a health and safety instrument that measures alpha, 
beta, and gamma radiation. With the Digital Radiation Monitor, you can: 
• Monitor possible radiation exposure while working near radionuclides 
• Ensure compliance with regulatory standards 
• Check for leakage from X-ray machines and other sources 
• Screen for environmental contamination or environmental sources of 

radioactivity 
• Connect the Digital Radiation Monitor to a computer or data logger to record 

and tabulate your data 
 
This manual gives complete instructions for using the Digital Radiation Monitor and 
procedures for common applications. 

How the Digital Radiation Monitor Detects Radiation 

The Digital Radiation Monitor uses a Geiger-Mueller tube to detect radiation. The 
Geiger tube generates a pulse of electrical current each time radiation passes through 
the tube and causes ionization. Each pulse is electronically detected and registers as 
a count. The Digital Radiation Monitor displays the counts in the mode you choose: 
counts per minute (CPM), milliroentgens per hour (mR/hr), or total counts for a 
timed period. In SI units, counts per second (CPS) and microsieverts per hour 
(μSv/hr) are used.
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2  Features 
The Digital Radiation Monitor measures alpha, beta, gamma, and x-ray radiation. 
This chapter briefly describes the Digital Radiation Monitor's functions. For more 
information on how to use the Digital Radiation Monitor, see Chapter 3, 
"Operation." 

 
The Digital Radiation Monitor counts ionizing events and displays the results on the 
liquid crystal display (LCD) (4). You control which unit of measurement is shown 
by using the mode switch.  
Whenever the Digital Radiation Monitor is operating, the red count light (1) flashes 
each time a count (i.e., an ionizing event) is detected. 
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The Display 
Several indicators on the LCD show information about the mode setting, the current 
function, and the battery condition. 

 
• The numeric display (A) shows the current radiation level in the unit specified 

by the mode switch setting. 
• A small battery (B) appears to the left of the numeric display to indicate low 

battery voltage. 
• An hourglass (C) appears to the left of the numeric display during a timed 

count. 
• TOTAL (D) appears when the Digital Radiation Monitor is in Total mode. 
• X1000 (E) appears when the radiation level is displayed in X1000 mode. 
• CAL (F) appears while you are calibrating the Digital Radiation Monitor. 
• SET (G) appears when you are setting the timer or the calibration factor, or 

working in the Utility Menu (the numeric display shows the setting you are 
adjusting instead of the current radiation level). 

• The current unit of measurement (H) – CPM, CPS, mR/hr or μSv/hr – is 
displayed to the right of the numeric display. 

• MENU (I) appears when you are in the Utility Menu. 
 
The Switches 
The Digital Radiation Monitor has two switches on the front, and three buttons on 
the end panel. Each switch has three settings, which are described below. 
 
On/Off/Audio Switch (6) 

Audio. The Digital Radiation Monitor is on, and it makes a clicking sound for 
each radiation event detected. 
On. The Digital Radiation Monitor is operating, but audio is off. 
Off. The Digital Radiation Monitor is not operating. 
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Mode Switch (5) 
mR/hr μSv/hr. The LCD shows the current radiation level in milliroentgens per 
hour from 0.001 to 110 or, when SI units are used, in microsieverts per hour 
from 0.01 to 1100. 
CPM CPS. The LCD shows the current radiation level in counts per minute 
from 0 to 350,000 or, when SI units are used, in counts per second from 0 to 
3,500. When X1000 is shown, multiply the numeric reading by 1000 to get the 
complete reading.  
Total/Timer. The display shows the accumulated total of counts starting when 
the switch is turned to this position, from 0 to 9,999,000. When X1000 is 
shown, multiply the numeric reading by 1000 to get the complete reading.  

 
+, -, and SET Buttons (7) (on the end panel) 

+ and – Buttons: These are used to adjust the numeric display for timed counts 
and calibration settings, and to scroll through the Utility Menu. 
Set Button: This is used to set the correct calibration reading and to select items 
in the Utility Menu. 
For more information, see “Taking a Timed Count” and “The Utility Menu” in 
Chapter 3. 

 
The Detector 
The Digital Radiation Monitor uses a Geiger tube to detect radiation. Alpha radiation 
does not penetrate most solid materials, so this Geiger tube has a thin disk of mica, 
which alpha radiation can penetrate, on its end. The screened opening at the top of 
the instrument is called the alpha window (8). It allows alpha and low-energy beta 
and gamma radiation to penetrate the mica end of the tube.  
CAUTION: The mica end surface of the Geiger tube is fragile. Be careful not to let 
anything penetrate the screen. 
 
The Ports 
There are two ports on the left side of the Digital Radiation Monitor. 
The calibration input port (2) is used for factory calibrating electronically using a 
pulse generator. 
The output port (3) below the calibration input port allows you to connect the 
Digital Radiation Monitor to a computer, data logger, earphones, or other device 
using a 3.5 mm stereo plug. For more information, see “Interfacing to an External 
Device” in Chapter 3. 
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3  Operation 
The guidelines in this chapter describe how to use the Digital Radiation Monitor. 
 
Units of Measurement 
The Digital Radiation Monitor is designed both for users of conventional units 
(milliroentgens per hour and counts per minute) and for users of SI units 
(microsieverts per hour and counts per second). To switch between conventional and 
SI units, use the Utility Menu. See “The Utility Menu” in this chapter. 
 
Starting the Digital Radiation Monitor 
Be sure that a standard 9-volt alkaline battery is installed in the battery compartment 
in the lower rear of the Digital Radiation Monitor. Note: When installing the battery, 
place the battery wires along the side of the battery and not under it. 
To start the Digital Radiation Monitor, set the top switch to the mode you want, and 
set the bottom switch to On or Audio. The Digital Radiation Monitor then does a 
four-second system check, displaying all the indicators and numbers.  
After the system check, the radiation level is displayed in the selected mode. One 
minute after you start the Digital Radiation Monitor, a short beep indicates that 
enough information has been collected to ensure statistical validity. 
 
Operating Modes 
When the mode switch is set to mR/hr or CPM, the numeric display is updated 
every three seconds. At low count rates, significant changes in the radiation level 
displayed can take up to one minute to stabilize. See “Operating Ranges and 
Response Times” in this chapter for more information. 
CPM (or CPS) and timed total counts are the most direct methods of measurement; 
mR/hr (or μSv/hr) is calculated using a conversion factor optimized for Cesium-137, 
so this mode is less accurate for other radionuclides unless you have calibrated the 
instrument for a specific radionuclide using an appropriate source. It is more 
appropriate to measure alpha and beta activity using CPM than using mR/hr. 
Conversion for alpha and beta emitters is calculated differently, and the Digital 
Radiation Monitor’s reading in mR/hr may not be accurate. 
The most immediate indicators of the radiation level are the count light and the audio 
beep. It takes three seconds before an increase is shown on the numeric display in 
the dose rate modes. 
 
Taking a Timed Total Count 
The Digital Radiation Monitor can give you a total count for a timed period of from 
one minute to 40 hours.  
A timed total count is useful for determining the average counts per minute over a 
period of time. The number of counts detected by the Digital Radiation Monitor 
varies from minute to minute due to the random nature of radioactivity. When a 
count is taken over a longer period, the average count per minute is more accurate, 
and any small increase is more significant.  
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Taking an average allows you to detect low-level contamination or differences in 
background radiation due to altitude or soil mineral content. For example, if one 
10 minute average is one count higher than another 10 minute average, the increase 
may be due to normal variation. But over 12 hours, a one-count increase over the 
12 hour background average is statistically significant.  
To take a timed count, follow these steps: 
1. With the Digital Radiation Monitor operating, set the Mode switch to Total. 

The display shows SET, the hourglass, and the most recent timing period used. 
The first time you use the timer, the setting is 00:01, which means one minute. 

2. Use the + and – buttons to set the timing period. The timed period can be for 1 
to 10 minutes in one-minute increments, for 10 to 120 minutes in ten-minute 
increments, or for 2 to 40 hours in one-hour increments.  

3. Press the Set button. The Digital Radiation Monitor starts totaling the counts it 
registers, and the numeric display is updated each time a count is registered. The 
hourglass indicator flashes during the timed period. 
During the counting period, if you want to see how many minutes remain, press 
the Set button. The display counts down from the time setting in hours and 
minutes to zero. For example, if the display shows 00:21, 21 minutes remain. 

4. At the end of the timed period, the Digital Radiation Monitor beeps three times, 
and repeats the beeping several times. The number displayed is the total count. 

5. To find the average dose rate for the timed period, divide the total by the 
number of minutes. 
The average count is in counts per minute. To convert to mR/hr for Cesium-137, 
divide by 1000. 

6. Move the Mode switch to one of the dose rate modes to return to normal 
operation. 

If you move the Mode switch to one of the dose rate modes while the Digital 
Radiation Monitor is taking a timed count, the timed count will stop.  
 
Operating Ranges and Response Times 
The following table shows the radiation levels the Digital Radiation Monitor 
measures in each mode and how they are displayed. In some modes, when radiation 
levels increase over certain preset levels, the Digital Radiation Monitor uses 
autoranging, automatically changing to the X1000 scale. Whenever X1000 is shown, 
multiply the displayed reading by 1000 to determine the radiation level. 

Mode Regular Range X1000 Range 

mR/hr 0.001–110 NA 

μSv/hr 0.01–1100 NA 

CPM 0–9999 10,000–350,000  (displayed as 
10.00–350, with X1000 indicator) 

CPS 0–3500 NA 

Total/Timer 0–9999 10,000–9,999,000 (displayed as 
10.00–9999, with X1000 indicator) 
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Maximum level. When the maximum level for the current mode is reached, the 
Digital Radiation Monitor beeps for three seconds, pauses for three seconds, and 
repeats that pattern. The numeric display flashes. The beeping pattern and the 
flashing continue until the level decreases or the Digital Radiation Monitor is turned 
off.  
Display update and response time. In Total mode, the numeric display is updated 
each second. In the dose rate modes, the numeric display is updated every three 
seconds. When the radiation level is less than 1,000 CPM, the reading in any of the 
dose rate modes is based on the radiation detected in the immediately previous 
minute. In order to give a quicker response to changes, when the radiation level 
exceeds 1,000 CPM, the reading is based on the previous 3 seconds, as shown in the 
following table. This automatic change in response time is called auto averaging.  

Radiation Level Basis for Reading 

<1000 CPM or 1 mR/hr 1 minute 

>1000 CPM or 1 mR/hr 3 seconds 
 
Note: You can set the response time to 3 seconds at all radiation levels using the 
Utility Menu; see “The Utility Menu” in this chapter. 
 
The Utility Menu 
The Utility Menu allows you to change the default settings for several operating 
parameters. A new setting remains in effect until changed again through the Utility 
Menu. 

• To activate the Utility Menu, hold down the + button on the end panel while you 
turn on the Digital Radiation Monitor; the word MENU will appear at the 
bottom right of the numeric display. When you release the + button, a 1 
(indicating menu option 1) will appear above MENU. 

• Scroll through the menu by pushing the + or – buttons. 
• To select an option, push the Set button. Use the + and – buttons to toggle 

between choices, and press the Set button again to enter the chosen value. 
• To exit the Utility Menu at any time, select option 0. The Digital Radiation 

Monitor continues with the normal start-up routine. 
 
The options are: 
0 Resume normal operation. 

1 Auto Averaging. on (the default) selects Auto averaging; oFF selects 3-second 
(fast response) averaging at all radiation levels. 

2 Units of measurement. CPM mR/hr selects counts per minute and 
milliroentgens per hour; CPS μSv/hr selects counts per second and 
microsieverts per hour. 
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3 Cal 100 Reset. Automatically resets the calibration factor to 100 and restarts the 
instrument. 

4, 5, 6 Reserved for future options. 

7 Cal Factor Adjust. Displays the current calibration factor and allows this factor 
to be adjusted. 

8 Factory Default Reset. Automatically resets to Auto averaging, CPM and 
mR/hr, and CAL 100. 

9 Revision #. Displays the software version number. 
 
Interfacing to an External Device 
The lower output jack on the left side of the Digital Radiation Monitor is a dual 
miniature jack that provides a data output that can be used to drive external devices. 
You can use it to record the counts on a computer, data logger, or accumulating 
counter. Use a 3.5 mm stereo plug to access this port. 
The outputs provide a positive pulse (9 volt peak, 1 kOhm impedance) each time the 
Geiger tube detects a count. At the tip of the plug, the pulse is approximately 80μS 
wide and is suitable for high speed counting and RS-232 interfacing. The ring signal 
is approximately 1mS wide and is well suited for chart recorders and audio output 
A cable with an RS-232 connector (capacitor coupled) for an IBM PC-compatible 
computer serial port and accompanying software are available from International 
Medcom. For 4.5V logic compatible output, externally connect a 1 kOhm resistor 
from the output to ground. A standard stereo or mono headphone can be plugged 
directly into the jack. For some types of headphones, external volume control may 
be needed. 

4  Common Procedures 
The following sections give guidelines for several commonly-used procedures. With 
any procedure, the user must determine the suitability of the instrument or procedure 
for that application. 
 
Establishing the Background Count 
Normal background radiation levels vary at different locations, according to altitude 
and other factors, such as types of minerals in the ground. Levels vary at different 
distances from the ground, and may differ even in different areas of the same room. 
To accurately interpret the readings you get on the Digital Radiation Monitor, it is a 
good idea to establish the normal background radiation level for each area you plan 
to monitor. You can do this with a total / timed count. Use the steps shown in 
“Taking a Timed Total Count” in Chapter 3 to get a ten-minute average. 
A ten-minute average is moderately accurate. You can repeat it several times and see 
how close the averages are. To establish a more accurate average, take a one-hour 
count. In some locations, you may want to take a longer count (for example, 12 
hours). If you need to determine whether there is prior contamination, take averages 
in several locations and compare the averages. 
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Environmental Area Monitoring 
You can keep the Digital Radiation Monitor in CPM or mR/hr mode whenever you 
want to monitor the ambient radiation, and look at it from time to time to check for 
elevated readings. 
Note: CPS mode is not recommended for monitoring ambient radiation due to 
inadequate resolution. 
If you suspect an increase in ambient radiation, use the timer to take a five or ten 
minute count, and compare the average to your average background count. If you 
suspect an increase that is too small to detect with a short timed reading, you can 
take a longer count (for example 6, 12, or 24 hours). 
 
Checking an Object 
To check an object, place the Digital Radiation Monitor next to it with the end 
window facing and near the object; otherwise you may miss alpha and low-level beta 
radiation. To determine if an object is slightly radioactive, place the Digital 
Radiation Monitor next to it and take a timed count over an appropriate period of 
time. 
When not using the end window, hold the Digital 
Radiation Monitor so that the side wall of the 
tube is as close as possible to the object. The best 
position is with the top right corner of the back 
of the Digital Radiation Monitor closest to the 
object.  
To measure as much as possible of the 
radioactivity of an object, place the Digital 
Radiation Monitor as close as you can without 
touching the object. The radiation level for 
gamma radiation from a localized source 
decreases according to the inverse square law. If you move to twice the distance 
from the object, the radiation drops by a factor of four. 
CAUTION:  Never touch the Digital Radiation Monitor to an object that may be 
contaminated. You may contaminate the instrument. A contaminated instrument will 
not be accepted for repair or servicing. 

5  Maintenance 
The Digital Radiation Monitor should be handled with care and can be calibrated as 
necessary to comply with any applicable regulations. Use the following guidelines to 
maintain the Digital Radiation Monitor properly. 
 
Calibration 
In general, the educational Digital Radiation Monitor will not need to be calibrated 
unless the Geiger-Mueller tube is replaced. GM tube replacement and calibration are 
usually performed by a trained repair technician at the factory. Instructions for 
calibrating the Digital Radiation Monitor using a radiation source or a pulse 
generator are available from the manufacturer.  

Alpha
Window

Geiger
Tube

Position of Geiger tube 
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Precautions 
To keep the Digital Radiation Monitor in good condition, handle it with care and 
observe the following precautions: 
• Do not contaminate the Digital Radiation Monitor by touching it to radioactive 

surfaces or materials. 
• Do not leave the Digital Radiation Monitor in temperatures over 122°F (50°C) 

or in direct sunlight for extended periods of time. 
• Do not get the Digital Radiation Monitor wet. Water can damage the circuitry 

and the coating of the mica surface of the Geiger tube. 
• Avoid making measurements with the detector window in direct sunlight if the 

mica surface of the Geiger tube has been damaged by moisture or abrasion; this 
could affect the readings. 

• Do not put the Digital Radiation Monitor in a microwave oven. It cannot 
measure microwaves, and you may damage it or the oven. 

• If you expect to not use the Digital Radiation Monitor for longer than one 
month, remove the battery to avoid damage from battery corrosion. 

• Change the battery promptly when the battery indicator appears on the display. 
 
Troubleshooting 
The Digital Radiation Monitor is a highly reliable instrument. If it does not seem to 
be working properly, look through the following chart to see if you can identify the 
problem. If the Digital Radiation Monitor requires servicing, please contact Vernier 
Software & Technology for an RMA number. 
Do not attempt to repair the Digital Radiation Monitor; it contains no user-
serviceable parts and you could void your warranty. 
CAUTION: Do not send a contaminated instrument for repair under any 
circumstances. 
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Troubleshooting Chart 
Problem Possible Cause What to Check 

Display blank battery: dead, missing, 
or poor connection 

Install and firmly connect a new 
9 volt battery 

 broken LCD If count light and audio work, the 
LCD may need to be replaced 

Display works, but 
no counts are 
registered 

damaged Geiger tube If mica surface of the tube has 
wrinkles or breaks, it needs to be 
replaced 

Reading high and 
another DRM at 
same location has a 
normal reading 

contamination Scan DRM with another instrument 
to check for contamination; clean 
DRM with a damp cloth and mild 
soap  

 moisture The circuit board may be wet; dry 
the instrument in a warm dry place; 
if it still has a problem, it requires 
factory service 

Instrument has false 
high reading 

photosensitivity Remove from direct sunlight and 
ultraviolet sources; if the high count 
drops, the mica coating on the GM 
tube may be damaged and the tube 
needs to be replaced 

 continuous discharge The Geiger tube needs to be 
replaced  

 electro-magnetic field Move the instrument away from 
possible sources of electromagnetic 
or radio frequency radiation 

 

6  Basics of Radiation and Its Measurement 
This chapter briefly tells what radiation is and how it is measured. This information 
is provided for users who are not already familiar with the subject. It is helpful in 
understanding how the Digital Radiation Monitor works and in interpreting your 
readings. 
 
Ionizing Radiation 
Ionizing radiation is radiation that changes the structure of individual atoms by 
ionizing them. The ions produced in turn ionize more atoms. Substances that 
produce ionizing radiation are called radioactive. 
Radioactivity is a natural phenomenon. Nuclear reactions take place continuously on 
the sun and all other stars. The emitted radiation travels through space, and a small 
fraction reaches the Earth. Natural sources of ionizing radiation also exist in the 
ground. The most common of these are uranium and its decay products. 
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Ionizing radiation is categorized into four types: 
X-rays are usually manmade radiation produced by bombarding a metallic target 
with electrons at a high speed in a vacuum. X-rays are electromagnetic radiation of 
the same nature as light waves and radio waves, but at extremely short wavelength, 
less than 0.1 billionth of a centimeter. They are also called photons. The energy of 
X-rays is millions of times greater than that of light and radio waves. Because of this 
high energy level, X-rays penetrate a variety of materials, including body tissue. 
Gamma rays occur in nature and are almost identical to X-rays, but have a shorter 
wavelength than X-rays. Gamma rays are very penetrating; thick lead shielding is 
generally required to stop them. 
Beta radiation. A beta particle consists of an electron emitted from an atom. Beta 
particles penetrate matter less deeply than gamma or X-rays, but they are 
biologically significant because they can be more effective than gamma radiation at 
disrupting cellular material. 
Alpha radiation. An alpha particle consists of two protons and two neutrons, the 
same as the nucleus of a helium atom. It generally can travel no more than 1 to 3 
inches in air before stopping, and can be stopped by a piece of paper. 
When an atom emits an alpha or beta particle or a gamma ray, it becomes a different 
type of atom. Radioactive substances may go through several stages of decay before 
they change into a stable, or non-radioactive, form. 
An element may have several forms, or isotopes. A radioactive form of an element is 
called a radioisotope or radionuclide. Each radionuclide has a half-life, which is the 
time required for half of a quantity of the material to decay.  
 

Electron

Proton

Neutron

A hydrogen atom has one electron 
and one proton. The most common 
isotope has no neutrons and is stable. 

Tritium is a radioactive isotope of 
hydrogen. It has two neutrons in 
its nucleus.  
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The following chart shows the complete decay chain for Uranium 238, which ends 
with a stable isotope of lead. Notice that the half-life of the radionuclides in the 
chain range from 164 microseconds to 4.5 billion years.  

Isotope Emits Half-life Product 

U-238 alpha 4.5 billion years Th-234 Thorium 
Th-234 beta 24.1 days Pa-234  Proactinium 
Pa-234 beta 1.17 minutes U-234 Uranium 
U-234 alpha 250,000 years Th-230 Thorium 
Th-230 alpha 80,000 years Ra-226 Radium 
Ra-226 alpha 1,602 years Rn-222 Radon 
Rn-222 alpha 3.8 days Po-218 Polonium 
Po-218 alpha 3 minutes Pb-214 Lead 
Pb-214 beta 26.8 minutes Bi-214 Bismuth 
Bi-214 beta 19.7 minutes Po-214 Polonium 
Po-214 alpha 164 micro-seconds Pb-210 Lead 
Pb-210 beta 21 years Bi-210 Bismuth 
Bi-210 beta 5 days Po-210 Polonium 
Po-210 alpha 138 days Pb-206 Lead 

 
Measuring Radiation 
Alpha, beta, gamma, and x-rays ionize material they strike or pass through. The 
amount of radiation is generally determined by measuring the resulting ionization. 
The Geiger tube used in the Digital Radiation Monitor consists of an anode (positive 
electrode) positioned in the center of a tubular cathode (negative electrode) filled 
with a mixture of argon, neon, and either chlorine or bromine gases. The cathode is a 
thin-walled metallic cylinder sealed at each end with an insulating disk to contain the 
gas. The anode is a wire that extends into the cylinder. A high voltage is applied to 
the electrodes to create an electrical field within the chamber. When radiation passes 
through the chamber and ionizes the gas, it generates a pulse of current. The Digital 
Radiation Monitor electronically processes these pulses to display the radiation 
level. 
 

Alpha
Window

Cathode
(Side Wall)

Anode
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Radiation Measurement Units 
Different units are used to measure radiation, exposure to radiation, and dosage. 
A roentgen is the amount of X-radiation or gamma radiation that produces one 
electrostatic unit of charge in one cc of dry air at 0° C and 760 mm of mercury 
atmospheric pressure. The Digital Radiation Monitor displays readings in 
milliroentgens per hour (mR/hr). A milliroentgen is one one-thousandth of a 
roentgen.  
A rad is the unit of exposure to ionizing radiation equal to an energy of 100 ergs per 
gram of irradiated material. This is approximately equal to 1.07 roentgen. 
A rem is the dosage received from exposure to a rad. It is the number of rads 
multiplied by the quality factor of the particular source of radiation. The rem and 
millirem (one one-thousandth of a rem) are the most commonly-used measurement 
units of radiation dose in the U.S. One rem is generally considered to equal one rad. 
A sievert is the standard international measurement of dose. One sievert is 
equivalent to one hundred rems. A microsievert (μSv) is one millionth of a sievert. 
A curie is the amount of radioactive material that decays at the rate of 37 billion 
disintegrations per second, approximately the decay rate of one gram of radium. 
Microcuries (millionths of a curie) and picocuries (trillionths of a curie) are also 
often used as units of measurement. 
A bequerel (Bq) is equivalent to one disintegration per second. 
 
Higher Than Normal Readings 
Due to the random nature of radioactivity, the Digital Radiation Monitor reading 
varies from minute to minute. In one location with only background radiation, the 
reading in mR/hr might vary from 0.007 to 0.018 in ten minutes and from 0.004 to 
0.021 in an hour. Averages for both periods would be very close.  
Normal radiation levels in different locations can vary greatly due to soil 
composition, altitude, and other factors. For example, normal background at 
10,000 feet might be double that at sea level. On an airplane, the radiation at 35,000 
to 40,000 feet may be as much as 30 to 50 times the normal level on the ground. 
When monitoring radiation levels in one location, it is useful to determine the 
highest reading you can normally expect to see in that location. 
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Appendix A  Technical Specifications 
Sensor: Halogen-quenched Geiger-Mueller tube with mica 

end window (LND 712 or equivalent). Mica 
window density 1.5-2.0 mg/cm2. Side wall is .012” 
#446 stainless steel. 

Display: 4-digit liquid crystal display with mode indicators 
Operating Range: mR/hr: 0.001 to 110 

CPM: 0 to 350,000 
Total: 1 to 9,999,000 counts 
μSv/hr: 0.01 to 1100 
CPS: 1 to 3,500 

Energy 
Sensitivity: 

1000 CPM/mR/hr referenced to Cs-137 

Accuracy: ±10% typical, ±15% max. (mR/hr and μSv/hr 
modes) 

Count light: Red LED flashes with each count 
Beeper: Chirps for each count (operational in audio mode 

only – can be muted) 
Ports: Dual miniature jack sends counts to CMOS-

compatible devices, including computers, data 
loggers, earphones, and educational data collection 
systems. Sub-mini jack provides calibration input.  

Output: Dual 3.5 mm jack provides output pulse for each 
count for interface to computers, data loggers, 
earphones, and educational data collection 
systems. 0-9 V, 1 kOhm impedance.  

Calibration Input: 2.5 mm mono jack provides calibration input.  
0–3.3 V, > 5 μs width, rising edge triggered. 

Anti-Saturation: “Jam” protection allows readout to hold at full 
scale in high radiation fields 

Temperature 
Range: 

–20° to +50° C , –4° to +122° F 

Power: One 9 volt alkaline battery; battery life is average 
2160 hours at normal background, average 
625 hours at 1mR/hr with beeper off 

Size: 150 x 80 x 30 mm (5.9" x 3.2" x 1.2") 
Weight: 225 grams (8 oz) including battery 
CE Certifications: Emissions: EN 55011:98 + A2 (Class B emissions 

limits); EN 61326: 98 (Class B) RF Emissions 
Immunity: EN 61326: 98 (Annex C) Portable Test 
and Measurement Equipment; EN 61000-4-2: 95 
(ESD); EN 61000-4-3: 97 (EM); ENV 50204: 95 
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Warranty 
The Vernier Digital Radiation Monitor is manufactured by a third party, and is 
subject to their warranty. 
This product is warranted to the original owner to be free from defects in materials 
and workmanship for one year from the date of purchase with the exception of the 
Geiger-Mueller tube, which is warranted for 90 days, and with the exception of the 
battery, which is not included in this warranty. Vernier Software. will, at its own 
discretion, repair or replace this instrument if it fails to operate properly within this 
warranty period unless the warranty has been voided by any of the following 
circumstances: misuse, abuse, or neglect of this instrument voids this warranty; 
modification or repair of this instrument by anyone other than Vernier Software 
voids this warranty; contamination of this instrument with radioactive materials 
voids this warranty. Contaminated instruments will not be accepted for servicing at 
our repair facility. 
The user is responsible for determining the suitability of this product for his or her 
intended application. The user assumes all risk and liability connected with such use. 
Vernier Software is not responsible for incidental or consequential damages arising 
from the use of this instrument. 
 
 
 
 
 
 
 
 
 

 
Vernier Software & Technology 

13979 S.W. Millikan Way • Beaverton, OR 97005-2886 
Toll Free (888) 837-6437 • (503) 277-2299 • FAX (503) 277-2440  

info@vernier.com • www.vernier.com 
 
Rev. 1/31/08 
Logger Pro, Vernier LabPro, and other marks shown are our registered trademarks in the United States. 
CBL 2, TI-GRAPH LINK, and TI Connect are trademarks of Texas Instruments. 
All other marks not owned by us that appear herein are the property of their respective owners, who may or may not be 
affiliated with, connected to, or sponsored by us.  
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