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SCIENCE 101 LABORATORY #4



Nuclear Radiation
Prelab Questions


Carefully read the laboratory handout before coming to lab, and answer the following questions.  Please circle your lab time in the upper right hand corner of this sheet, and put this sheet in the box on the instructor’s table at the front of the lab room when you enter.

Q1) The diameter of a typical atom is about _____________ meters.

Q2) Cesium-137 is radioactive.  If you start with one gram of it, after _____ years you will have ½ of a gram of it left and the rest will be Barium-137. 

Q3)  Write out the short hand notation for the decay of 137Cs:

Q4) The star “*” in 137Ba* indicates that it is in an excited state.  The “excited” 137Ba* decays by emission of what type of radiation?

__________________

Q5) The term “Standard Deviation” is an estimate of the typical ___________________ of a single measurement.

Q6) What fraction of a radioactive sample remains after a time interval of four half-lives?                                   

Q7) What are the sources of background radiation in this experiment? 

Q8) If a radioactive source has an activity of 2.3 microCuries (2.3×10-6 Curies), how many decays per second occur?                                 



SCIENCE 101    LABORATORY #4



Nuclear Radiation
INTRODUCTION

Mankind became aware of the nucleus of the atom only in 1911 when the New Zealand-born physicist Ernest Rutherford and his colleagues discovered it.  This discovery was a major step in the development of 20th century physics and has had a profound impact on society.  Rutherford found that the nucleus contained 99.9% of the mass of an atom even though it was tens of thousands of times smaller than the atom itself.  For example, the typical atom has a size of a few angstroms (1 angstrom = 10-10 m), but the size of the nucleus varies from about 2x10-15 m for the hydrogen nucleus to about 1.5x10-14 m for the uranium nucleus.  In terms of volume, the nucleus occupies an incredibly small fraction of the total volume occupied by the atom (10-13 for uranium).  This is the main fact supporting the statement “the atom is almost all empty space.”


Although we have recently been able to observe the locations of individual atoms using electron and other types of microscopes and even to write words using individual atoms to form the letters, it is inconceivable with present technology that we might be able to do the same with nuclei.  Many of the experimental results which have formed the basis of our understanding of the nucleus have involved detecting the decay products (radiation) emitted when a nucleus decays.  In this lab you will study the radiation emitted by a particular nuclear decay.  


The lab has many goals (see the list below), but perhaps the most important goal is for you to work with a physical system whose functioning cannot be modeled by a mechanical model.  The philosophy of “atomic materialism” (see section 2.6 of your text) claimed that atomic matter was all that existed in the universe, and everything was determined by its impersonal workings.  When coupled with Newtonian physics, this philosophy led people to believe in “a mechanical universe”, where everything functioned like machines, machines made of atoms which obeyed Newton’s laws  (see section 5.5 of your text).  It is not possible to model the decay of an atomic nucleus as a machine:  it is believed that nothing “causes” an individual atom to decay at a particular moment;  no mechanical model can explain why the decay occurred when it did.

Laboratory Goals

This probably will be your first experience with nuclear radiation, so the lab has been designed with the following goals in mind:


•  to conduct an experiment involving atomic nuclei


•  to observe the random, statistical nature of radioactive decay


•  to gain experience with the concept of half-life


•  to obtain experience with radioactive sources and detectors.

A Few Facts About Nuclear Decay

Most nuclei on Earth are completely stable:  if they are not disturbed, they will never decay.  However, some nuclei undergo a spontaneous transformation changing their internal configuration and emitting energy and radiation in the process.  For example, today you will study a decay of the nucleus called cesium-137.  All nuclei are made up of protons and neutrons, and cesium-137 contains 55 protons and 82 neutrons.  The number 137 just gives the sum of the number of protons and neutrons in this particular type of cesium nucleus.  Although all varieties of cesium contain 55 protons (that’s what makes a nucleus cesium), cesium nuclei containing between 69 and 93 neutrons have been observed.  All of the cesium found in the Earth’s crust is cesium-133 containing 78 neutrons, and it is completely stable.


Cesium-137 has a half-life of 30.2 years.  This means that if you have a sample of cesium-137 nuclei, half of them will have decayed after 30.2 years have passed.  One half of those that remained will decay during the next 30.2 years so that after 60.4 years, only 1/4 of the original cesium-137 nuclei will remain.  This process will continue so that every 30.2 years half of the remaining nuclei will decay until all the original nuclei have decayed.


It is our current understanding that nothing causes the decay of a particular cesium nucleus.  Rather, the instant when an individual nucleus decays is governed by a completely random process.  From knowledge of the fundamental laws of physics it is possible (at least in principle) to calculate the half-life for any particular decay process, but it is completely impossible to predict the instant when an individual decay will occur.  It is believed that this inability to predict is not due in any way to our ignorance but is a fundamental aspect of the way nature works.  It is often said that nature herself does not know when an individual nucleus will decay.  As a metaphor for how the process works, we imagine that for each small interval of time, nature throws dice, and only if the dice come up in just the right way will the nucleus decay.  This idea of a fundamental randomness is very far removed from the mechanistic and deterministic world that was understood to be a consequence of Newton’s laws of motion acting in a universe made from atoms and the void (the materialist philosophy).  The present understanding of the decay of an individual nucleus is that there is no mechanism responsible, it just happens. [To learn more about these ideas you will need to study the theory called quantum mechanics.  We plan to spend the last few days of Science 101 introducing you to some of the ideas of this extraordinary theory.]


Although nuclei which decay can often decay in several different ways, cesium-137 decays in only one way:  a neutron is converted into a proton and simultaneously an electron and an electron anti-neutrino are created and ejected from the nucleus at nearly the speed of light.  Since after the decay the nucleus has 56 protons (one more than before), the nucleus has changed its identity from cesium to barium.  [This transformation of an element from one kind to another is what alchemists always dreamed of doing:  for example, turning lead into gold.]  This decay process can be written in shorthand notation as:


(1)
137Cs (137Ba* + e- + 
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where the * on Ba* indicates that the barium nucleus is left in an excited state ready to shed more energy, and the e- and 
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 represent the ejected electron and anti-neutrino respectively.  Note that the total number of protons plus neutrons remains unchanged during the decay.  With a half-life of about 3 minutes, the excited barium nucleus decays to the unexcited state via the emission of a gamma ray:


(2)
137Ba* (137Ba  + gamma ray.


Thus, for each cesium nucleus which decays, an electron and an anti-neutrino are immediately ejected from the nucleus, and typically a few minutes later a photon is emitted from the decay of the excited barium daughter.  


The radiation detector used in the experiment is insensitive to neutrinos:  they pass through it, through the building, and if they are headed downward, they pass right through the Earth and out into the solar system.  At the other extreme, the electrons are quite easily stopped by matter, and the plastic container in which the cesium is sealed absorbs many of them.  The rest of the electrons can be easily absorbed with a 1/16-inch thick sheet of lead shielding placed between the cesium source and the detector.  The gamma rays however are harder to absorb and basically pass through the lead unaffected.  The radiation detector will detect electrons with high efficiency, and is useful but not too efficient for detecting the gamma rays.

Precautions and Hazards:

The radiation sources are not dangerous as long as you do not ingest them or keep them near you for long periods of time (i.e., weeks).  When you are measuring the half-life of barium-137, make sure you do not touch the liquid which contains the barium nuclei.  Since it has a short half-life (only a few minutes), its radioactivity will be completely negligible after an hour, but even so you do not wish to get any on or in your body.  Your lab instructor will place the liquid source in your experiment when you are ready for it.  Lead is a toxin, and the plates you will use to absorb the radiation are made of lead.  Therefore, you will want to stop in the restroom and wash your hands immediately after you leave the lab.

PROCEDURE

  The radiation monitor will produce a short burst of sound and an electronic signal whenever it detects radiation passing through its sensitive volume.  The electronic signal is connected to the computer via a black cable that plugs into a jack on the side of the radiation monitor.  The computer (running the LoggerPro software) can count the number of decays detected in a specific time interval.  The number of counts per time interval is the basic information we will work with in this lab.

PART I.  Preliminaries

1.1   The size and mass of a lead atom and a lead nucleus

Pick up a sheet of lead from the table.  Hold it in your hand and try to get a sense for its weight.  Realize that 99.95% of the mass you hold in your hand is concentrated in the lead nuclei.  In your mind’s eye imagine that in your hand is a huge crystal of lead atoms, and the magnification is large enough that you can see the individual atoms arranged row after row in perfect crystalline symmetry.  Now imagine that in the center of each lead atom is a tiny point (the nucleus) whose total volume is a miniscule fraction of the volume of the atom.  In this tiny volume is where nearly all the weight you feel in your hand originates.   Thus there is a huge amount of empty space between the nucleus and the electrons. 


The artist's depictions of the planetary model of the atom are not at all to scale.  The following will give you a better feel for the "size" of the nucleus compared to the size of the atom.  The diameter of a lead atom is about 3.8(10-10 meters.  The diameter of the lead nucleus is about 1.4(10-14 meters.  If the nucleus were drawn with a diameter of 0.1 cm (1mm) on the paper, how far out would one have to draw the outer electron "orbits"? (The outer electron orbits determine the size of the atom.)

(Write answers in "normal" notation, i.e. 50,000 cm instead of 5.0(104 cm.)

_____________________ cm   

__________________ meters

I think you can see why we can't draw it to scale in a book.  

Let's look at it another way.  If we draw the electron orbits so they fill half a 8½-inch page, the electron orbit diameter would be about 10 cm.  Calculate how large (small?) one would need to draw the nucleus compared to a 10 cm diameter electron orbit.


_____________________ cm  (Write in scientific notation)


_____________________ mm  (Write in "normal" notation)

To put this into perspective, a mechanical pencil has a lead that is about 0.5 mm in diameter, which is much too big.  The smallest dot a 1200 dpi laser printer can make is 0.02 mm or about 2½ times too big.


It is just incredible to think that this unbelievably small nucleus (even compared to the atom) contains about 99.9% of the mass of the atom.

1.2  Familiarize yourself with the radiation monitor and source

Obtain a radioactive cesium-137 source from the instructor.  All sources are numbered and you should write the source number on the first page of the lab.  You will be asked to sign a log sheet indicating which number you received.  At the end of lab you will also be asked to sign the sheet when you return it. 


The radioactive cesium-137 source is located inside the small plastic box.  Please do not break the seal or take the source out of the plastic box at any time during the lab.  Some useful information about the source is printed on the front label:

•  the radioactive nuclei are cesium-137

•  the half-life for the cesium-137 decay is 30.2 years

•  the source activity was 5 microCuries when new (1 Curie = 3.7 x1010 decays per second)

•  the energy of the emitted gamma rays is 661.6 keV (1 keV = 1 thousand electron-volts).

Note:  a microCurie is one millionth of a Curie (10-6 Curie).  Thus the following is a useful conversion:

 

1 microCurie = 3.7x104 decays per second.  

Q1.2.1)  Compared to the half-life of 30.2 years these sources are almost brand new.  How many cesium-137 nuclei are decaying each second in your 5 microCurie source?  

1.2.a    Number of cesium-137 nuclei decaying each second: __________________                                

The gamma ray energy is 661.6 x 103 electron-volts, an energy unit which is probably unfamiliar to you.  An electron-volt is the amount of energy that an electron picks up in passing through a 1 volt battery.  Since most flashlight batteries are 1.5 volts, an electron picks up 1.5 electron-volts of energy when passing through a flashlight battery.  To give an electron as much energy as one of the gamma rays emitted by the decay of the excited barium nucleus, the electron would have to pass through 661,600 / 1.5 = 440,000 flashlight batteries!  So these gamma rays have lots of energy.  This is typical of nuclear reactions.  Nuclear reactions typically release about one million times more energy per reaction than chemical reactions.  This is why nuclear bombs are so much more powerful than chemical (TNT) bombs.  (Note that chemical reactions are the power source in batteries.)

The Radiation Monitor

Notice how the radiation monitor is clamped to its support stand, then remove the radiation monitor and hold it in your hands.  At the end of this section you will be asked to clamp the radiation monitor back in its original position.


The radiation monitor has two switches, one near the middle and one below the middle.  The lower switch controls the power and enables the audio signal that indicates the detection of radiation.  The upper switch (meter range) selects an overall scale factor for the meter, and also allows the battery to be tested.  The meter has two scales:  the upper scale gives the detected counts per minute (CPM), and the lower scale gives the radiation dose in milli-Roentgens per hour.  The meter range switch can be set to x1, x10, or x100;  all the numbers read off the meter should be multiplied by the factor selected on the range switch.  A small red light located just to the right of the range switch flashes every time a radiation event is detected.


The sensitive part of the monitor is a Geiger-Mueller tube.  Hans Geiger (after whom the tube is named) was one of the two young assistants to Rutherford who actually carried out the experimental work that led to the discovery of the nucleus.  The tube is in the shape of a cylinder about 1 cm in diameter and about 4 cm long.  The axis of the tube is oriented parallel to the long side of the radiation monitor, and one end is visible just behind the metal screen at the top of the radiation monitor.  This end of the tube has a delicate mica window that allows low-energy radiation to enter the active region inside the tube.  The mica window is protected by a metal screen.  Do not poke anything into the screen as it may destroy the mica window.  

1)
Move the power button of the radiation monitor over to the ‘audio’ position.  Next bring the cesium-137 source close to the end of the Geiger-Mueller tube below the screen.  You should hear a great increase in the count rate as the source gets close.  Note that the radiation is coming out of all sides of the source box.  The meter on the radiation monitor should go beyond its upper limit (x1 range) when the source gets near the Geiger tube.  Switch to the x10 scale to read the maximum count rates.


The cesium atoms (and the barium atoms which result from their decay) are placed in a small hole located in the middle of the plastic source disk.  The hole is then covered with an aluminized label that has the source information printed on it.  In your mind’s eye imagine these atoms all clumped together and emitting the gamma rays in all directions.  Each time you hear a ‘click’ the following sequence has occurred:  i) an excited barium nucleus decays, emitting a gamma ray;  ii)  the gamma ray moves outward at the speed of light directly towards the Geiger-Mueller tube;  iii) the radiation monitor clicks as the gamma ray is detected passing through the Geiger-Mueller tube.  Add the radiation monitor to the image in your mind’s eye, and watch the sequence occur each time that you hear a click.


The nuclei have no reason to emit their gamma rays in any preferred direction, so the gamma ray intensity is the same in any direction.  Imagine these gamma rays streaming in straight trajectories outward from the source and in all directions.  Only a small fraction pass through the sensitive region of the detector, and that fraction depends on how close the detector is to the source.  If the detector is far from the source, only a very small fraction of all the emitted gamma rays will pass through it.  This is true for your body as well:  as the source gets closer to your body, a larger fraction of the produced gamma rays will enter your body.  A very effective way to reduce the amount of radiation passing through your body is to increase the distance between your body and the radiation source.  

2)
Hold the source box so that the front of the cesium-137 source is directly against the screen above the Geiger-Mueller tube.  Wait a few seconds for the meter to become steady, then read off the count rate in counts per minute (CPM) and record your answer here:


1.2.b    Maximum count rate :                          (counts per minute)

Q1.2.2)  Convert the maximum count rate from counts per minute to counts per second:


1.2.c    Maximum count rate:                           (counts per second)

The count rate per second is far less than the number of decays per second you calculated in Q1.2.1 above.  This is because the radiation detector doesn’t completely surround the source, so many of the gamma rays never pass through the Geiger-Muller tube, and the Geiger-Muller tube has a low efficiency for detecting gamma rays which pass through it.  

Q1.2.3)  What is the ratio of the maximum count rate (in counts per second) to the number of decays per second you calculated in Q1.2.1 above?  


1.2.d    Maximum count rate/calculated decay rate:  __________________   (A very small number)                         

3)
Now hold the source very close to the end of the Geiger-Muller tube, then listen to the count rate and watch the meter drop as you move the source away from the tube.  

Q.1.2.4)  Why does the count rate drop as you move the source away from the Geiger-Muller tube?

___________________________________________________________________

____________________________________________________________________


You are now ready to use the computer to make more quantitative measurements of the decay rate.  You should turn off the sound on the radiation monitor (move the lower switch from ‘audio’ to ‘on’) to reduce the background noise in the room.  Finally, remount the radiation monitor on the clamp stand in the manner in which you found it.  
PART II.  Measuring the Average Count Rate


The rest of the experiments you will do today involve measuring the count rate.  The count rate is the number of counts per time interval.  Usually a suitable time interval is chosen (such as millisecond, second, or minute) so that the count rate is not extremely large or extremely small.  In this lab, we will usually use counts per second.  

2.1  Fluctuations in the Count Rate

If you measure the number of counts in a specific time interval several times in a row, you usually don’t get identical results.  This is due to the random nature of radioactive decay.  For example, if you count for 1 second intervals you might obtain 25 counts in the first interval, 27 counts in the second, 22 counts in the third, and so on.  Many experiments require an accurate determination of the count rate.  One method to improve the accuracy of the count rate measurement is to increase the time interval so as to reduce the relative size of the random fluctuations.  Another way would be to make the measurement many times in a row, and then average the results from all the measurements.  


Here you will use the computer to repeatedly measure the count rate from the source, and will study how the count rate fluctuates from one measurement to another.  You will also calculate averages of many measurements and will obtain experience using estimates of the uncertainty in the average count rate.  

Procedure
2.1.1)
Mount the radiation monitor on the vertical rod attached to the tabletop so that the monitor is pointing downward.  

2.1.2)
Place the source box directly below the end of the Geiger-Mueller tube, and place 1 lead sheet on top of the source box.  The lead sheet will absorb any electrons that make it through the plastic.

2.1.3)
Adjust the height of the radiation monitor so that the metal screen at the entrance to the Geiger-Mueller tube is about 1 cm above the top of the lead plate.

2.1.4)
Your computer should be running the program LoggerPro.  It if is not, ask the instructor for help in getting it going.

2.1.5)
Open the experiment file Lab5p2a using the Open command in the File menu.  The file is in the SCI101 Lab folder.


The experiment file Lab5p2a is set up to take 10 consecutive measurements of the number of counts in a 5-second interval.  The intervals will be numbered 1 through 10, and the time assigned to each interval will be the time that the counting began for that interval relative to when you started taking data.  So the first interval will have the time ‘0 sec’, the second interval will be given the time ‘5 sec’, and the last interval will be given the time ‘45 sec.’

2.1.6)
Begin data collection by clicking on the Collect command at the right edge of the command bar.  As each measurement is completed, the point corresponding to that count measurement will appear on the count/int versus time graph and in the data table in the count/int column.

2.1.7)
After the data collection is finished, record the 10 count/int measurements from the data table here.  Remember that the intervals are 5 seconds long, so each measurement is the number of counts detected in 5 seconds.


Interval 
Counts/interval


1
________________


2
________________ 

3
________________


4
________________ 

5
________________


6
________________ 

7
________________


8
________________ 

9
________________ 

10
________________ 
Q2.1.1)  What is the minimum number of counts detected in 5 seconds? __________

Q2.1.2)  What is the maximum number of counts detected in 5 seconds? __________             
2.1.8)
Calculate the average of the 10 measurements, and record your result:


2.1.a    Average number of counts detected in 5 seconds: _____________                                    

2.1.9)
LoggerPro can calculate statistics for your count data by using the STAT button on the button menu.  A small box will appear on the count data graph containing the mean (average) counts/interval, the minimum (Min) and maximum (Max), the number of points measured (No. Pts.), and something called the ‘S.Dev.’  Record the LoggerPro statistics here:


Mean:                  count/int.              S.Dev.                  count/int


Min:                      Max:                       No. Pts: ___________

2.1.10)
 If the average counts/interval you calculated in step 2.1.8 doesn’t agree with the LoggerPro calculation try to find and correct your mistake.  If you can’t find it, ask an instructor for help before continuing.

2.1.11) 
The statistic labeled ‘S.Dev.’ stands for ‘standard deviation’.  This is an estimate of the typical fluctuation in a single measurement.  It is calculated by examining how far each measurement is from the average of all the measurements.  If every measurement had yielded exactly the same value, then the standard deviation would be exactly zero.  Note that the standard deviation is by definition a positive number.  If the fluctuations in the measurements from your experiment were typical of random fluctuations, then you would expect the majority of the measurements to be within one standard deviation of the mean.  


As an example, suppose the mean counts/interval was 116 and the standard deviation was 12.  Then in a typical experiment we could expect the majority of measurements to be within 116 -12 = 104 to 116 + 12 = 128 counts/interval.  Some measurements would be further from the mean than one standard deviation, but very few (≈1 percent) would be further than three standard deviations from the mean.  


Add the standard deviation value you recorded in 9) to the mean counts/interval and record the value below.  Also subtract the standard deviation value from the mean and record the value below:


2.1.b    mean counts/interval + 1 standard deviation: ______________


2.1.c    mean counts/interval - 1 standard deviation: _______________

Q2.1.3)  How many of your 10 counts/interval measurements are within one standard deviation of the mean? ________________

Multiply the standard deviation value you recorded in 9) by 3 and add the result to the mean counts/interval value.  Record the final result below.  Also subtract 3 times standard deviation value from the mean and record the value below:

2.1.d    mean counts/interval + 3 standard deviations: _________________

2.1.e    mean counts/interval - 3 standard deviations: __________________

Q2.1.4)  How many of your 10 counts/interval measurements are within three standard deviations of the mean? ___________________

2.1.12) 
Radiation scientists may use time intervals of milliseconds, seconds, or minutes, but rarely do they quote results for 5 second intervals.  Convert your average count rate for 5 seconds intervals to a count rate for 1 second intervals by dividing your average count rate by 5:

2.1.f     Average number of counts detected in 1 second: ____________________

2.2   Measuring Background Radiation


Even without a radioactive source present, the radiation monitor detects radiation.  This is due to a tiny fraction of radioactive atoms which naturally exist in our environment, and from cosmic rays which travel through space and interact with atoms in the Earth’s atmosphere.  We will need to know the background rate so that we might subtract its contribution from the rate measured when the source is present.

2.2.1)
Open the experiment file Lab5p2b using the File command.  This file sets the counting interval to be 15 seconds and will count for a total of 60 seconds.

2.2.2)
Move the source box as far from the detector as possible.  Make sure that you aren’t moving the source box close to your neighbor’s detector!

2.2.3)
Collect data.  Note that since the count interval is 15 seconds, the first data will not be displayed until 15 seconds after you start data collection.

2.2.4)
Read the four count values from the data table and record them here:

Background count values in 15 seconds:

__________     __________     __________     __________

2.2.5)
Use the STAT button on the button menu to calculate the mean and standard deviation of your four data points, and record these two results here:

2.2.a    Mean background counts for 15 second intervals: _________________

2.2.6)  Convert your average count rate for 15 second intervals to a count rate for 1 second intervals by dividing your average count rate by 15.  
2.2.b    Mean background counts for 1 second intervals: ______________ 





(This should be a small number.)
2.2.c
Why can we ignore the background radiation when considering the radiation measured from our radioactive sources in this experiment?

PART III   Half Life of barium-137


The gamma rays you have been detecting with the radiation monitor originate in the decay of excited barium-137 nuclei.  As discussed above, the half-life of this decay is a few minutes.  The reason your source hasn’t decayed away during the time since you began this laboratory is that the supply of excited barium-137 nuclei has been constantly replenished by decays of cesium-137.  If we could somehow remove the excited barium that currently exists in your source and measure its radioactivity, we would indeed observe that it decayed away with a half-life of a few minutes.  


It turns out that it is possible to separate the barium-137 from the cesium-137 source.  This is because the chemistry of cesium and barium are different!  How an atom interacts chemically is determined by the number of electrons it has.  Since neutral atoms have the same number of electrons as there are protons in the nucleus, barium has one more electron than cesium since it has one more proton than does cesium.  


By washing a porous but solid cesium source in the right solvent, we can remove the barium atoms while leaving the cesium behind.  Your instructor will prepare a liquid solution containing excited barium atoms and no cesium atoms.  When you have prepared your apparatus, ask your instructor for the barium sample.

Procedure
3.1.1)
Move your cesium-137 source far from the radiation monitor.

3.1.2)
Lower your radiation monitor so the metal screen is only about 8 mm above the table surface.

3.1.3)
Open the file Lab5p3a using the Open command in the File menu.  This file sets the count interval to be 30 seconds and the run time to be 480 seconds.

3.1.4)
Make a prediction for the graph of counts/interval versus time, assuming the interval time is much less than the half-life, and the total data collection time is at least twice the half-life.  Remember that the fraction of atoms that haven’t yet decayed decreases by a factor of two every time one half-life passes.   Sketch your prediction in the space below.  

Some questions to guide your prediction:  

Will the counts start out high and get low or go the other way low to high?
In what way will they change?  Will it be a straight line or some sort of curve?

Remember, your prediction does not have to be correct.  But we do want you to think about it seriously and make your best guess before discovering the answer.
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Fig. 3.1.    Prediction for counts/interval versus time for radioactive sample:

3.1.5)
Ask your instructor for the barium sample and begin data collection.

When the data collection is finished, ask your instructor to remove the barium source from your lab table. 

3.1.6)
If necessary, adjust the vertical axis of your graph so that all the data is clearly visible.  To change the vertical axis scale, position the pointer above the uppermost vertical axis scale value, click on it, and replace it with the maximum axis value you desire

3.1.7)
Depending upon instructions. 

Carefully sketch your data points from the computer screen onto Figure 3.1.  Be sure to label the vertical axis with the correct numbers.


and/or
Print out a copy of the computer screen and staple it to the work you hand in.
3.1.8) 
The half-life can be estimated by finding the time where the count rate has dropped by a factor of two from its initial value.  Look carefully at your data graph and estimate the half-life of your sample.  Record your answer here:

3.1.a    Estimated half-life of barium-137 sample:                  (sec)

Convert your result for the estimated half-life to minutes and record it here:

3.1.b    Estimated half-life of barium-137 sample:                  (min)

Q3.1.1)  After how many half-lives will only 1/4 of the original sample remain?

Q3.1.2)  After how many half-lives will only 1/8 of the original sample remain?

Q3.1.3)  Approximately how many half-lives of barium-137 are there in 1-hour  (round your result to the nearest whole number)?                       

Q3.1.4)  Approximately what fraction of the original barium-137 sample remains after 1/2 hour?                                
Your answer above should be a number that is much less than 1.  What this means is that after 1 hour, virtually all the barium has decayed to the non-radioactive form and the sample is no longer radioactive (for all intents and purposes).
Clean Up Your Lab Station

Congratulations, you have finished!  Now clean up your work area for the next group of students.  Please go through the following checklist:

1.  Make sure your radiation counter is turned off.

2.  Clear any data that may be on your computer screen.  Open the file Lab5p2a in the SCI101 Lab folder.  

3.  Return the glass slide that contained the radioactive barium sample to the instructor's table. 

4.  Return your cesium-137 source in the plastic container to the instructor.  Be sure to sign your name on the return sheet.  

5.  Finally, remember to wash your hands as soon as you leave the lab. 
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