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Abstract

Eleven experiments were conducted to characterize samples of 133Ba, 60Co, 137Cs, 54Mn, and 22Na and to characterize the nuclear properties of aluminum, copper, and lead using a Geiger counter and a photomultiplier.  First, a Geiger plateau was established in order to find the optimal operating voltage for the machinery used.  The optimal operating voltage was found to be 1050V.  Next, the background radiation of the setup was measured.  We found that the background radiation in the lab was 37.86 CPM.  Shelf ratios, a method of measuring the intensity of radiation, were established for the equipment.  Backscattering was measured and analyzed for aluminum, copper, and lead, using the 137Cs sample.  The inverse square law was proven using samples of 22Ca.  The Gamma spectra was measured using 22Na, 137Cs, 133Ba, 54Mn, and 60Co.  Compton Scattering was observed using 133Ba, 54Mn, and 60Co.  Finally, Pair Production and Annihilation was observed using 137Cs and 22Na.

Introduction and Theory

There are three types of nuclear radiation that occur naturally.  The first, alpha decay, is when helium nuclei are emitted.  The second, beta decay, occurs when an electron or positron is emitted.  Finally, gamma decay is when high-energy photons are emitted.  Radiation can be quantified using both the Geiger counter and the photomultiplier tube.  

The Geiger Counter, the instrument commonly used to characterize radiation, was invented in 1924 by the German physicist Hous Geiger.  The counter is composed of a tube containing low-pressure gas.  The tube contains a wire with a high positive potential (about 1000V) and another wire with a lower potential.  When a high-energy particle passes through the tube, some of the atoms of gas are ionized, closing the circuit and producing a pulse at the output of the tube.  While the counter is a good instrument to measure the presence of a radioactive particle, it is not able to quantify the energy of the particles. [1]

Quantifying the energy of a particle is best conducted with a photomultiplier.  The photomultiplier tube consists of numerous dynodes (electrodes) whose potentials are increased down the tube.  When a high energy particle enters the tube and strikes a block of sodium iodide, it ejects an electron by the photoelectric effect.  When the electron strikes the first dynode, the electron’s kinetic energy ejects several other electrons that collide into the second dynode, ejecting several more electrons.  As the reaction proceeds down the tube millions of electrons are ejected.  The resulting electrical pulse is sent to an electronic counter that is large enough to judge the energy of the initial high-energy particle.  [1]


Experimental Setup (Common):


Part I:  Establishment of a Geiger Plateau

Abstract and Theory:  Because of the construction of Geiger counters, not all instruments operate uniformly at the same voltages.  Because of this, a Geiger plateau must be established for every Geiger counter to evaluate the optimum operating voltage.  A Geiger plateau is the general operating voltage that occurs at a voltage just higher than the threshold voltage.  Determining this voltage allows us to operate the Geiger counter at a detectable voltage that doest not damage the machinery (operating at too high voltage levels can damage the Geiger counter).  

Procedure:  To find the Geiger plateau we observed the amount of counts obtained from a 22Na sample at increasing voltage levels.  Activity in counts per minute over a range from 600V to 1200V.  The voltage was plotted against the counts per minute to obtain a graph of the Geiger characteristic curve (fig. 1).  
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(Fig. 1: Geiger Plateau)

Conclusion:  From the graph we establish that the Geiger Plateau lies around 1000V, thus the Geiger Counter operates best at 1000V.  

Part II: Background

Abstract and Theory:  Natural radiation originates from a number of sources.  Not only do common elements in the materials that surround us emit radiation, but also the earth is constantly under bombardment by cosmic rays.  In this experiment we determined the amount of background radiation in the laboratory where the experiment is conducted.  We determine that the average background radiation was 22.6 counts per minute when shielded by lead and 37.86 counts per minute when the Geiger counter is unshielded.  

Setup:  To shield the Geiger counter, the counter was placed in a lead cylinder as shown in diagrams 2 & 3.[image: image1.png]Data to Computer
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(fig. 2)
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(fig. 3)
Procedure:  Three five-minute counts were taken of the background without any shielding surrounding the Geiger counter.  In order to establish the levels of background radiation in the room.  Three five-minute counts were taken of the background radiation with the Geiger counter placed in a cylindrical lead shield in order to measure the amount of radiation that penetrates the shielding.  

	Shielded Data
	
	
	
	
	

	Run
	Counts Per Minute
	Error
	Voltage (V)
	Count
	Elapsed

	1
	24.8
	+/- 4.979
	1050
	124
	300

	2
	19.8
	+/- 4.449
	1050
	99
	300

	3
	23.2
	+/- 4.816
	1050
	116
	300

	
	
	
	
	
	

	Average
	22.60
	+/- 4.753
	
	
	

	
	
	
	
	
	

	Unshielded Data
	
	
	
	
	

	Run
	Counts Per Minute
	
	Voltage (V)
	Count
	Elapsed

	1
	37.2
	+/- 6.099
	1050
	186
	300

	2
	40.6
	+/- 6.371
	1050
	203
	300

	3
	35.8
	+/- 5.983
	1050
	179
	300

	
	
	
	
	
	

	Average
	37.86666667
	+/- 3.907
	
	
	


The data for each set was averaged.  The difference in the averages of both sets is the background radiation measured in the laboratory setting.  

Conclusion:  The background radiation was found to be 37.86 CPM when unshielded and 22.60 when shielded.  The lead shielding reduced the background by an average of 15.26 +/- 3.906 counts per minute (40.03 %).  The tube does an good job of shielding background radiation.

Part III:  Determination of Count Variation Due to Shelf Ratio

Abstract and Theory:  In this experiment the effect of distance on the intensity of radiation is measured by using the method of shelf ratios.  Because radiation is emitted from a source equally in all directions, a fraction of that emitted actually enters the Geiger counter.  As the source of radiation is moved from the Geiger counter (h increases in diag 4), the radiation is a function of the distance moved.  The inverse square law states that if the source of radiation is moved from the tube, the radiation entering the tube decreases with the square of the distance [2].  
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(fig. 4)

Experimental Setup:  The Geiger counter was placed on the stacked shelves as described in figure 5.  Measurements were taken of samples on different shelves.  

Procedure:  A background count was taken.  The activity of the 137Cs was measured on the first shelf.  A count was taken on each shelf for the entire stack (see fig. 5).  Each shelf was spaced by 1cm.  Voltage was held constant.  
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(fig. 5)

CPM was measured for each shelf and tabulated.  

	Shelf
	Distance (m)
	Counts Per Minute
	Corrected Activity
	Shelf Ratio
	Voltage
	Count
	Elapsed

	No Sample
	0
	22.8
	7.533333333
	
	1050
	38
	100

	1
	0.01
	59803.2
	59787.93333
	1.40244829
	1050
	99672
	100

	2
	0.02
	42642
	42626.73333
	1
	1050
	71070
	100

	3
	0.03
	29949.6
	29934.33333
	0.702349796
	1050
	49916
	100

	4
	0.04
	21604.8
	21589.53333
	0.50665541
	1050
	36008
	100

	5
	0.05
	16143
	16127.73333
	0.378570424
	1050
	26905
	100

	6
	0.06
	12241.2
	12225.93333
	0.287069087
	1050
	20402
	100

	7
	0.07
	9799.8
	9784.533333
	0.229815675
	1050
	16333
	100

	8
	0.08
	7947.6
	7932.333333
	0.186379626
	1050
	13246
	100

	9
	0.09
	6507.6
	6492.333333
	0.152610103
	1050
	10846
	100

	10
	0.1
	5371.2
	5355.933333
	0.125960321
	1050
	8952
	100


Conclusion:  Activities were corrected by accounting for background radiation.  Because shelf two is the most often used shelf, we assigned it the shelf ratio of one.  All other ratios were calculated by dividing the activity of the specific shelf by the activity of shelf two.  The graph below plots distance vs. activity.  Notice the drop off characteristic of inverse-square law phenomenon:  as the distance increases, the activity decrease slows.  Thus we were able to account for the geometrical effects of a freely radiating source.
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Sources of Error:  Note that as the sample moved from the detector, background radiation and interaction with the high-energy particles and air became a more significant factor.  

Part IV:  Measurement of Backscattering of Different Materials

Abstract and Theory:  When radiation is emitted from a source, it is important to remember that it is emitted in all directions.  In the specific setup we use, a material supports the sample.  This material, by the Compton effect, creates a phenomenon known as backscattering:  some of the radiation that strikes the material supporting the sample is bounced back towards the Geiger counter.  Because the effect is based on the fact that radiated particles “bounce” back off the supporting material, the backscattering effect is proportional to the atomic mass of the sample.  In this experiment we characterize the backscattering effects of different radioactive materials and relate the phenomenon with the atomic number.  We conclude that the rate of backscatter increases with atomic number.  

Experimental Setup:  137Cs was placed in the common plastic support on shelf two.  The activity with negligible backing was measured to be 42618.6 CPM.  On shelf three, we placed Al, Cu, and Pb sheets, behind the sample.  These sheets served to backscatter the particles.  

	Material
	Atomic Number
	Activity - CPM
	Corrected Activity - CPM
	Percent Backscatter
	Voltage
	Count
	Elapsed

	Cu
	29
	74299.2
	74275.8
	74.28024384
	1050
	123832
	100

	Al
	13
	74127
	74103.6
	73.8761949
	1050
	123545
	100

	Pb
	82
	80254.2
	80230.8
	88.25301629
	1050
	133757
	100


The data collected over 100 seconds.  CPM was calculated and corrected for background radiation.  Percent backscattering was calculated using the following equation:

%B.S. = r-r0/r0 (100)

Where r is the activity measured with backing and r0 is the activity measured with negligible backing.  The calculated information was graphed:
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Conclusion:  From looking at the graphed data, one would assume that the backscattering effect increases with atomic number.  There are not enough data points, however, to give a conclusive rate at which they increase.  Our experiment could be improved by using more samples such as carbon and iron.  

Part V:  Statistics of Counting

Abstract and Theory:  In this experiment we demonstrate how statistics reduces the inherent error in measuring and characterizing radioactivity and show that the sample obeys Poissa Statistics.  The disintegration of radioactive nuclei is a random process which can be more-accurately characterized when the randomness is statistically accounted for [2].We find both the sample standard deviation and the standard deviation for counts conducted on 137Cs.  

Procedure:  The 137Cs sample was placed on shelf two.  Twenty one-minute observations were made and the CPM was calculated.  The observations were made continuously by setting the computer software up to take sets of data without interruption.  

The data for both the background and the sample was collected and analyzed:

	Background
	
	
	
	

	Run
	Voltage
	Count
	Count-Avg
	Count-Avg^2
	Elapsed (s)

	1
	1050
	21
	0.8
	0.64
	60

	2
	1050
	19
	-1.2
	1.44
	60

	3
	1050
	17
	-3.2
	10.24
	60

	4
	1050
	24
	3.8
	14.44
	60

	5
	1050
	14
	-6.2
	38.44
	60

	6
	1050
	13
	-7.2
	51.84
	60

	7
	1050
	16
	-4.2
	17.64
	60

	8
	1050
	20
	-0.2
	0.04
	60

	9
	1050
	19
	-1.2
	1.44
	60

	10
	1050
	20
	-0.2
	0.04
	60

	11
	1050
	18
	-2.2
	4.84
	60

	12
	1050
	25
	4.8
	23.04
	60

	13
	1050
	17
	-3.2
	10.24
	60

	14
	1050
	17
	-3.2
	10.24
	60

	15
	1050
	34
	13.8
	190.44
	60

	16
	1050
	25
	4.8
	23.04
	60

	17
	1050
	19
	-1.2
	1.44
	60

	18
	1050
	17
	-3.2
	10.24
	60

	19
	1050
	22
	1.8
	3.24
	60

	20
	1050
	27
	6.8
	46.24
	60

	
	
	
	
	
	

	Mean
	20.00
	
	Total (B)
	Total (C)
	Sigma

	
	
	
	1.42109E-14
	459.2
	4.494441

	
	
	
	
	
	

	Unsheilded Data
	
	
	
	

	Run
	Voltage
	Count
	Count-Avg
	Count-Avg^2
	Elapsed (s)

	1
	1050
	15831
	662.8
	439303.84
	60

	2
	1050
	16065
	896.8
	804250.24
	60

	3
	1050
	15974
	805.8
	649313.64
	60

	4
	1050
	15906
	737.8
	544348.84
	60

	5
	1050
	15774
	605.8
	366993.64
	60

	6
	1050
	15763
	594.8
	353787.04
	60

	7
	1050
	16183
	1014.8
	1029819.04
	60

	8
	1050
	15934
	765.8
	586449.64
	60

	9
	1050
	15855
	686.8
	471694.24
	60

	10
	1050
	15894
	725.8
	526785.64
	60

	11
	1050
	16135
	966.8
	934702.24
	60

	12
	1050
	15861
	692.8
	479971.84
	60

	13
	1050
	16050
	881.8
	777571.24
	60

	14
	1050
	15888
	719.8
	518112.04
	60

	15
	1050
	15924
	755.8
	571233.64
	60

	16
	1050
	16044
	875.8
	767025.64
	60

	17
	1050
	16003
	834.8
	696891.04
	60

	18
	1050
	15943
	774.8
	600315.04
	60

	19
	1050
	16107
	938.8
	881345.44
	60

	20
	1050
	16061
	892.8
	797091.84
	60


	
	
	
	Total (B)
	Total (C)
	Sigma
	S

	Mean
	15168.200
	
	15831
	12797005.8
	123.1592
	820.6866765

	
	
	
	
	
	
	


From the analysis we found that the sigma value and the S value for background data was close.  The value of sigma was calculated, giving the standard deviation.  

Part VI: Relating Radioactivity to the Inverse Square Law

Abstract and Introduction:
We find that many physical phenomenons, especially those measured over a distance, vary according to the inverse square law.  In this case, the inverse square law states that as you increase the distance of the sample from the counter, the radioactivity decreases by the inverse of the distance squared.  In this experiment we measure the radioactivity of a sample at different distances from the Geiger counter.  The data is analyzed and graphed to determine if radioactivity obeys the inverse square law.

Experimental Setup:  The Geiger counter was placed on its side along a measured track (the distance was printed on the side).  The source was placed facing the Geiger counter down the track a set distance.  Counts were measured and recorded.

	Distance (m)
	1/d^2 (m^-2)
	CPM

	0.1
	100.00
	18074

	0.2
	25.00
	4246

	0.3
	11.11
	1436

	0.4
	6.25
	618

	0.5
	4.00
	312

	0.6
	2.78
	214

	0.7
	2.04
	154

	0.8
	1.56
	156

	0.9
	1.234568
	118

	1
	1
	110



Interpretation:  The data was plotted:
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By plotting the data against the inverse square of the distance we find that the activity makes a nearly straight line.  Thus we conclude that radioactivity follows the inverse square law. 

Part VII: Energy Calibration of a Photomultiplier Tube

Abstraction and Introduction:  When using a photomultiplier tube it is necessary to calibrate the instrument to known energy levels.  The tube used is similar to that described above in introduction and theory (page 1).  The electrical signal sent from the tube to the computer is converted from analog to a digital signal and the computer interprets the digital signal in channel designations.  Calibrating the system involves matching up the channel designations with the physical values (energy levels).  In this procedure we calibrate the signal of Na 22 with the accepted tabulated values.  

Procedure:  A sample of 22Na was analyzed using a photomultiplier tube attached to a computer.  Data was recorded over a period of time to create a gamma spectrum.  The resulting spectrum using a log scale:
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Un-calibrated spectrum.
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Calibrated Spectrum

Conclusion:  Channels 0, 588, and 415 were used to calibrate the energy.  Channel 415 was designated the equivalent of 1274.00 keV.  Channel 588 was designated to be 1785.00 keV.  Finally channel 0 was designated to be 0.00.  

Part VIII: Gamma Spectra From Common Commercial Sources

Abstraction and Introduction:  Gamma rays are photons emitted from the transition of nuclei from an excited energy state to a lower energy state.  The purpose of this experiment is to observe the gamma spectra from several radioactive sources.

Procedure:  We began by checking the calibration against a 137Cs source.  We found that the observed photopeak was at 666.3 keV (within the prescribed 10keV of the monopeak centroid 661.6keV).  Furthermore, the spectrum produced was congruent with the published, accepted spectrum.  

Data was then collected for 133Ba, 60Co, and 54Mn.  The data was analyzed using the following graphs:
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Count Activity vs. Energy for Ba 133
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Count Activity vs. Energy for Cobalt 60
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Conclusion:  For Barium, the monopeak centroid was found at channel 115, which corresponds to 347.96keV.  For Cobalt, the monopeak was found at 1169.36 keV.  For Manganese the monopeak was found at 839.48 keV.  

Part IX: Compton Scattering

Abstract and Introduction:  The Compton effect is a collision of a gamma photon with an atomic electron in which the relativistic mass-energy and momentum are conserved [2].  These collisions cause a certain amount of detectable energy to be released from the deflected ( particles.  When a gamma particle enters the photomultiplier, it bounces off an electron releasing a detectable amount of kinetic energy.  The Compton edge is a representation of when a gamma enters the NaI crystal and Compton scatters off of an electron.  The amount of kinetic energy from the effect is Emax , defined by the equation
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The Compton edge formed represents the maximum energy given to the electron.  The Compton edge occurs at 477 keV, the maximum energy given to an electron.  The peaks that occur at lower numbers are due to less violent collisions that emit less than the maximum energy.  Finally a second peak occurs at 185 keV which represents the energy from gamma interaction with electrons outside the photomultiplier.  Gammas Compton-scatter back into the photomultiplier.  The peak representing this effect is known as the Compton backscattering peak [2].  The purpose of this experiment is to observe the three energy peaks in different radioactive materials.  

Procedure:  Spectrums were acquired using a photomultiplier.  The spectrums were graphed and from these graphs we picked out the Compton edge, the photopeak energy, and the backscatter energy.  

Conclusion:  For Barium 153 we found the photopeak at 347.57 keV (channel 117), the Compton edge at 194.15 keV (channel 69), and the backscatter energy at 129.37 keV(channel 49).  For Manganese 54 we found the photopeak at 837.87 keV (channel 272), the Compton edge at 649.8 keV(channel 212), and the backscatter energy at 187.68 keV (channel 67).  Finally for Cobalt 60 we found the photopeak at 1168.10 keV (channel 380), the Compton edge at 975.98 keV (channel 317), and the backscattering energy at 207.07 keV (channel 73).  

Part X:  Pair Production and Annihilation

Abstract and Introduction:  β- and β+ particles produce 511 keV photons when they annihilate.  Through gamma spectroscopy, we can observe the effects of annihilation.   Furthermore, a positron can be produced with an electron by a gamma particle with an energy greater than 1,022 keV (two electron masses).  This occurs when all the gamma’s energy is converted into an electron-positron pair.  The positron annihilates with an electron to produce two 511 keV gammas [2].  The purpose of this part is to observe the 511 keV peaks and the peaks created by pair production.  

Procedure:  The photomultiplier was calibrated against a Cesium 137 source.  Sodium 22 and Cesium 137 were each placed under the photomultiplier on the fourth shelf and energies observed.  The following graphs resulted:
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Conclusion:  We found the annihilation peak for Cesium 137 to be 178.86 keV (channel 66) and the photopeak to occur at 669.57 keV (channel 217).  For Sodium 22 we found the photopeak to be at 1280.82 keV (channel 436) and the annihilation peak to be at 510.02 keV (channel 168).  

Works Cited:

[1]  Serway, Raymond.  Physics for Scientists and Engineers, 4th Edition.  Harcourt (Saunders

                                           College), 1998.

[2]  Nuclear Physics (Packet)

[3]  Peterson, Randolph.  Experimental Gamma Ray Spectroscopy and Investigation of Environmental Activity.  Spectrum Techniques, 1996.  







_1037138360.xls
Chart1

		0.01

		0.02

		0.03

		0.04

		0.05

		0.06

		0.07

		0.08

		0.09

		0.1



Distance (m)

Activity (CPM)

Distance vs. Acitivity

59787.9333333333

42626.7333333333

29934.3333333333

21589.5333333333

16127.7333333333

12225.9333333333

9784.5333333333

7932.3333333333

6492.3333333333

5355.9333333333



Sheet1

		Shelf		Distance (m)		Corrected Activity		Counts Per Minute		Shelf Ratio		Voltage		Count		Elapsed		Time Of Day		Date

		No Sample		0		7.5333333333		22.8				1050		38		100		2:29:12 PM		Thu Nov 09 2000

		1		0.01		59787.9333333333		59803.2		1.4024482904		1050		99672		100		2:31:40 PM		Thu Nov 09 2000

		2		0.02		42626.7333333333		42642		1		1050		71070		100		2:34:21 PM		Thu Nov 09 2000

		3		0.03		29934.3333333333		29949.6		0.702349796		1050		49916		100		2:36:20 PM		Thu Nov 09 2000

		4		0.04		21589.5333333333		21604.8		0.5066554102		1050		36008		100		2:38:32 PM		Thu Nov 09 2000

		5		0.05		16127.7333333333		16143		0.3785704235		1050		26905		100		2:40:24 PM		Thu Nov 09 2000

		6		0.06		12225.9333333333		12241.2		0.2870690868		1050		20402		100		2:43:26 PM		Thu Nov 09 2000

		7		0.07		9784.5333333333		9799.8		0.2298156747		1050		16333		100		2:45:28 PM		Thu Nov 09 2000

		8		0.08		7932.3333333333		7947.6		0.1863796257		1050		13246		100		2:47:23 PM		Thu Nov 09 2000

		9		0.09		6492.3333333333		6507.6		0.1526101027		1050		10846		100		2:50:07 PM		Thu Nov 09 2000

		10		0.1		5355.9333333333		5371.2		0.1259603208		1050		8952		100		2:52:15 PM		Thu Nov 09 2000
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Sheet1

		#Run		Atomic Number		Activity - CPM		Corrected Activity - CPM		Percent Backscatter		Voltage		Count		Elapsed		Time Of Day		Date

		Background Check		0		23.4						1050		39		100		3:15:17 PM		Thu Nov 09 2000

		0		0		42642		42618.6		0		1050		25		100		3:05:48 PM		Thu Nov 09 2000

		Cu		29		74299.2		74275.8		74.2802438372		1050		123832		100		3:08:02 PM		Thu Nov 09 2000

		Al		13		74127		74103.6		73.8761949008		1050		123545		100		3:23:19 PM		Thu Nov 09 2000

		Pb		82		80254.2		80230.8		88.2530162887		1050		133757		100		3:30:24 PM		Thu Nov 09 2000
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