Math:  Chapter IV:  Section 7 - 12
Section:  7 – Energy Resolution (full-width at half-maximum)

1. The energy at half-maximum for a Cs-137 source is from 635 keV to 689 keV.  What is the percent energy resolution and is it acceptable?

689 -635 = 54 keV

% energy resolution:  54 keV x 100 % = 8.2 %, acceptable



662 keV

3.  Determine the percent energy resolution for Cs137 when the energy spread at half-  maximum is 611 keV to 713 keV.  Is the instrument performing within standard limits?
713 keV – 611 keV = 102 keV

% energy resolution:  102 keV x 100 % =  15.4 %, not acceptable



662 keV

4.
If the energy spread for Cs137 is 630 keV to 694 keV at half-maximum, does the instrument have an acceptable energy resolution?

694 keV – 630 keV = 64 keV

% energy resolution:    64 keV x 100 % = 9.6 %, acceptable





662 keV
Section 8:  Well Counter or uptake probe constancy (precision) using chi square 
1. A well counter gave the following results for a Cs137 stick source.  Calculate the chi-square and determine it’s acceptability.
	#
	n
	n - n¯
	(n - n¯)2

	  1
	13,777
	126.50
	16,002

	2
	13,765
	114.5
	13110

	3
	13,575
	75.5
	5700

	4
	13,511
	139.5
	19,460

	5
	13,615
	35.50
	1260

	6
	13,715
	64.5
	4160

	7
	13,529
	121.5
	14762

	8
	13,557
	93.5
	8742

	9
	13,783
	132.5
	17556

	10
	13,678
	27.5
	756


∑ n = 13,6505  
Mean of n = 13,650.5 

∑(n - n¯)2  = 101,508                                                                                                                   

x2 = ∑(n - n¯)2
 / n¯ =  101,508 / 13650.5 =  7.43
Degree of Freedom = 10 – 1 = 9; acceptable

3.
Do the values obtained from an uptake probe meet standard chi-square limits?
	#
	n
	n - n¯
	(n - n¯)2

	1
	13,824
	31
	961

	2
	13,787
	6
	36

	3
	13,815
	22
	484

	4
	13,776
	17
	289

	5
	13,762
	31
	961

	6
	13,829
	36
	1296

	7
	13,754
	39
	1521

	8
	13,793
	0
	0

	9
	13,793
	0
	0

	1
	13,792
	1
	1


∑ n = 13,7925  
Mean of n = 13,793 

∑(n - n¯)2  = 5549
x2 = ∑(n - n¯)2
 / n¯ =  5549 / 13793 =  0.4
Degree of Freedom = 10 – 1 = 9; unacceptable
5.
What is the chi-square value for a well counter that produced the following values for a long-lived sealed source?  Is instrument precision acceptable?

	#
	n
	n - n¯
	(n - n¯)2

	1
	11,148
	39
	1521

	2
	11,125
	62
	3844

	3
	11,356
	169
	28561

	4
	11,141
	46
	2116

	5
	11,211
	24
	576

	6
	11,126
	61
	3721

	7
	11,255
	68
	4624

	8
	11,254
	67
	4489

	9
	11,139
	48
	2304

	1
	11,116
	71
	5041


∑ n = 111,872  
Mean of n = 11,187 

∑(n - n¯)2  = 56797
x2 = ∑(n - n¯)2
 / n¯ =  56,797 / 11,187 =  5.077
Degree of Freedom = 10 – 1 = 9; acceptable
Section 9:  Well Counter Efficiency

1.
A 0.3 μCi source of Cs137 gives a counting rate of 294,000 cpm in a well counter.  What is the counter efficiency?  Cs137 has an 85 % abundance at 662 keV.




294,000 cpm
___________  x 100 % = 52.7 %



(0.3 μCi)(2,220,000 dpm/μCi)(.838) 

3.
A Cs137 source containing 0.41 μCi activity provides 240,000 cpm.  What is the well counter efficiency?





240,000 cpm _____________ x 100 % =  31 %



(0.41 μCi)(2,220,000 dpm/ μCi)(.85)

5.
What would be the instrument efficiency if the above source produced a counting rate of 256,800 cpm?





256,800 cpm_____________  x  100 % =  60 %



(0.22 μCi)(2,220,000 dpm/ μCi)(.87)


7.
A 1.8 μCi I131 source gives 1,335,000 cpm.  What is the well counter efficiency?





_____________1,335,000 cpm ____  x 100 % = 40 %




(1.8 μCi)(2,220,000 dpm / μCi)(.838)
Section 10 -  Window Calculations:  Centerline plus percent window
1.
What energies will be accepted by a 15 % window set around the 140 keV Tc99m peak?


140 keV x 0.15 =  140 keV + 10.5 keV or 129.5 keV to 150.5 keV


          2

3.
What energies are included if a 20 % window is used for the 93 keV peak of Ga67?  The 


185 keV window?


93 keV x .20 =  9.3 keV 
93 keV  +  9.3 keV or 83.7 keV to 102.3 keV

       2
5.
If a 20 % window is used for both the 171 keV and 245 keV photopeaks of In111, will the windows overlap?

171 keV x .20   = 17.1 keV
171 keV + 17.1 keV or 153.9 keV to 188.1 keV


       2

245 keV x .20   = 24.5 keV
245keV + 24.5 keV or 220.5 keV to 269.5 keV

      2

No, the windows will not overlap 

7.
Kr81m images are to be acquired after a Tc99m MAA study.  Will Tc99m activity be excluded when a 20 % window around the 190 keV peak is used?


190 keV x .20
 = 19 keV 
190 keV+  19 keV  or 171 keV to 209 keV ; yes



2
Section 11.  Window Calculations:  Upper and lower levels descriminators

1.
What will the LLD and the independent ULD settings be for a 10 % window around the   159 keV I123 peak?  

159 keV +  159 keV x 0.10 = 159 keV + 8 keV





2


LLD set at 151 keV and the ULD set at 167 keV
3.
If a 10 % window is wanted for counting Co57 samples, what LLD and ULD must be used?  The primary photopeak is 122 keV.


122 keV +  122 keV x .10  = 122 keV + 6 


        

 2


LLD set at 116 keV and ULD set at 128 keV
5.
A spectrum of an I123 source was acquired.  The central 75 % of the peak fell between 146 and 172.  At what settings should the threshold and window be set to cover this range?


Actual percent window:  172 -146 = 16 %





   159 keV

7.
If a 20 % window is needed for the 364 keV peak of I131, what threshold and window settings must be used?


364 keV +  364 keV x .20  =  364keV + 36.4 keV




2

Threshold:  328 keV

Window : 73 keV
9.
What percent window is utilized when a Co57 source is counted with an LLD of 110 keV and ULD of 130 keV?  Eγ  = 122 keV


% window = 130 – 110  x 100 % =  16 % window




122 keV
Section 12.  Camera Sensitivity

1.
If a 185 μCi source produces 57,508 cpm, what is the camera’s sensitivity?  The background was 850 cpm.




57508 cpm – 850 cpm = 306 cpm





185 μCi

3.
When a 108 μCi source is used, 44,645 cpm are obtained for a given camera.  What is the instrument’s sensitivity if the background reading is 1,122 cpm?




44,645 cpm – 1,122 cpm = 403 cpm




108 μCi

5.
Calculate the sensitivity for a camera that produces 51,819 cpm in response to a 127 μCi source.  A background count of 547 cpm was obtained.




51,819 cpm – 547 cpm  = 404 cpm

 

 127 μCi

7.
Camera sensitivity is to be adopted as a quality control indicator for your nuclear medicine department.  Weekly values have been acquired for two months.  They are to be averaged and used as the standard comparison.  Calculate the standard value – 10 %.  Assume background has already been subtracted from each value.


Week
            Activity in μCi

CPM
      Sensitivity

1


122


48,329

396 

2


138


56,856

412

3


119


46,172

388

4


145


59,305

409

5.


136


53,176

391

6


130


53,820

414

7


147


56,301

383

8


139


54,905

395

Mean = 3188 cpm/ μCi  = 398 cpm / μCi





8


398 cpm / μci – 40 cpm = 358 cpm /μCi
