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Abstract:

The second part of this experiment is conducted firstly, i.e. to determine the dead time of the Geiger tube. Then, the half life of radioactive indium is measured.

Intro:

(a) Dead time of Geiger Tube

Geiger tubes are limited in their ability to count very active sources, because of a “dead time” after each pulse during which the previous discharge clears away. This can be measured with the aid of the C14 double source slide. 

(b) The Half-Life of Indium

Let N(t) be the (very large) number of radioactive nuclei in a sample at time t, and let dN(t) be the (negative) change in that number during a short time interval dt. The number of decays during the interval dt is –dN(t). The rate of change of N(t) is the negative quantity dN(t)/dt ; thus –dN(t)/dt is called the decay rate or the activity of the specimen. The larger the number of nuclei in the specimen, the more nuclei decay during any time interval. That is, the activity is directly proportional to N(t) ; it equals ( multiplied by N(t):

- dN(t) / dt   =    ( N(t)
The constant ( is called the decay constant, and it has different values for different nuclides. A large value of ( corresponds to rapid decay.

The following formula tells how many remaining nuclei there are after a time t.

N(t) = N0 e - ( t
The half-life T ½ is the time required for the number of radioactive nuclei to decrease to one-half of the original number N0.

The main lifetime T mean , generally called the lifetime, of a nucleus or unstable particle is proportional to the half-life T ½ :

T mean =  1 / ( =  T ½  / ln 2 =  T ½ / 0.693
Experiment No.:

Week 4 Michaelmas Term

Method:

(a) To Determine the Dead Time of the Geiger Tube

An essential part of this experiment is to be familiar with the counting electronics. Plug in the Counter Unit and the “Amplifier and Bias Supply” unit. Switch on the latter and depress the mode change button located below the digital display until the kV indicator light shows. Check that the display is showing 0.57 k V ( which is the correct operating voltage for the Geiger tube ). 

To operate the counter, set the required time interval ( in seconds ) on the digital switches. With the switch as the 1 sec position, load the value of the time interval into the timer. Reset the counter to zero and depress the “run” switch. The counter will start to count and the timer will begin to count down. After the preset time has elapsed, the count is automatically halted. To repeat the count, reset the counter and reload the time. The count will begin immediately as the run switch is still closed.

Using the C14 double source slide, cover one of the sources only, with a small coin, and place the slide in the top position and count for a suitable period. Cover the other source only and repeat. Now with both sources exposed take a third count. 

A rough idea of the background count of the tube must be obtained by counting the number of counts for about 120 seconds..

Let the 3 recorded count rates be m1, m2 and m respectively.

Let the 3 true count rates be n1, n2, and n respectively.

Let ( be the dead-time in seconds.

(a) To Determine the half-life of Indium
Once the Indium source was obtained, it was placed in the upper slide under the Geiger tube. The number of counts was then measured every 5 minutes for one hour. A graph was plotted of count rate versus time and of natural log (count rate) versus time.

Results:
(b) The Dead Time of the Geiger Tube
N = background count = count # 1 = 85 counts / 120 sec

                                                Count # 2 = 92 counts / 120 sec




    Count # 3 = 89 counts / 120 sec




    Count # 4 = 86 counts / 120.

Average count per 120 seconds = 88 counts +/- 9.4 counts

M = count # 1 = 87,048 counts / 120 sec

         Count # 2 = 83,843 counts / 120 sec

Average count per 120 seconds = 85445.5 +/- 292.3 counts

Subtract background                         - 88.0 +/-    9.4 counts

M = 85,357.5 +/- 301.7 counts / 120 sec

M = 711.31 +/- 2.51 counts / sec

M1 = count # 1 = 64,805 counts / 120 sec

         Count # 2 = 64,536 counts / 120 sec

Average count per 120 seconds = 64670.5 counts / 120 sec

Subtract background                        - 88.0 +/-       9.4 counts

M1 = 64,582.5 +/- 301.7 counts / 120 sec

M1 = 538.18 +/- 2.51 counts / sec

M2 = count # 1 = 46,362 counts / 120 sec

         count # 1 = 46,129 counts / 120 sec

Average count per 120 seconds = 46,245.5 counts / 120 sec

Subtract background                        - 88.0 +/-       9.4 counts

M2 = 46,157.5 +/- 301.7 counts / 120 sec

M2 = 384.65 +/- 2.51 counts / sec
As ( is the dead time in seconds, then for the first case of M1 recorded count per second, there must be a total dead time per second of M1 (. Since the count rate is n1 per second, this means  n1 ( m1 ( ) counts are lost. Thus  n1 = m1 + n1 m1 ( or

. n1     =                                 m1


                                         1 – m1( 

and similarly for n2 and n.

Since the true counts must add up:






.n1 + n2 = n

and therefore



m1
           +
       m2

       =                  m

      

                  (1 – m1 ()                              (1 – m2 ()                          (1 – m ( )

         m1( 1 – m2 () + m2​ ( 1 – m1 ( )                      =                            m


             ( 1 – m1 ( ) ( 1 – m2 ( )
         


          (1 – m ()

Now cross multiply:

. m1( 1 – m2 () ( 1 – m ( )  +  m2 (1 – m1( ) ( 1 – m ( ) = m (1 – m1( ) ( 1 – m2 ( )

. ( m1 – m1 m2 ( ) ( 1-m ( ) + ( m2 – m1m2 ( ) (1 – m ( ) = ( m – m m1( )( 1 – m2 ( )

m1 + m2 – 2m1m2( - mm1( - mm2​( + 2m1m2 m(2 = m – m m2( - m m1( + m m1m2(2

(2 ( m1m2 m ) - ( ( 2 m1m2 )  +  ( m1 + m2 – m ) = 0

Divide by m1m2 m:

(2  - 2(       +         m1 + m2 – m          =  0

                                                         m                      m m1 m2  
Entering our values for m, m1 and m2, 2 values of ( are obtained:

( = +0.051  &  -0.051

( = +0.054
n1  =                  538.18                          =  - 19.18

               [ 1 – ( 538.18 x 0.054) ]

( = - 0.051
n1   =                    538.18                         =   18.92 

                [ 1 – ( 538.18 x –0.051 ) ]

Therefore, the latter value of ( ( ( = -0.051 ) must be the correct result as it is impossible to obtain a negative count.

With regards to the uncertainties in the ( m1 + m2 – m ) term, they will be negligible compared to the denominator of the term, as it will cause the fraction to tend to zero as m, m1 and m2 increase.  

The resulting error in ( will be related to the error in m and it will become more significant as m increases.

Any dead time in the counter would also affect the result. If there was a dead time in the counter, we would have less accurate readings as the errors would be increased.

(a) To Determine the Half-Life of Radioactive Indium
	Time - Min
	Count Rate – background

Radioactivity
	Ln [ Count Rate ]

	1 +/- 1/60
	481 +/- 33
	6.175867 +/- 0.069245

	2 +/- 1/60
	1045 +/- 43
	6.951772 +/- 0.041229

	3 +/- 1/60
	1557 +/- 50 
	7.350516 +/- 0.032097

	4 +/- 1/60
	2058 +/- 56
	7.62949 +/- 0.027084

	5 +/- 1/60
	2563 +/- 61
	7.848934 +/- 0.023761

	10 +/- 1/60
	4951 +/- 80
	8.507345 +/- 0.016238

	15 +/- 1/60
	7270 +/- 95
	8.891512 +/- 0.013093

	20 +/- 1/60
	9299 +/- 106
	9.137662 +/- 0.01143

	25 +/- 1/60
	11431 +/- 117
	9.344084 +/- 0.010212

	30 +/- 1/60
	13385 +/- 125
	9.50189 +/- 0.009374

	35 +/- 1/60
	15238 +/- 133
	9.631548 +/- 0.008741

	40 +/- 1/60
	16890 +/- 140
	9.734477 +/- 0.008271

	45 +/- 1/60
	18525 +/- 146
	9.826876 +/- 0.007872

	50 +/- 1/60
	20022 +/- 151
	9.904587 +/- 0.007552

	55 +/- 1/60
	21494 +/- 156
	9.975529 +/- 0.007272

	60 +/- 1/60
	22867 +/- 161
	10.03745 +/- 0.007037

	
	
	


· For this part we have 2 graphs, plotted by the computer.  One of them is a data plot representing the time evolution of the radioactivity (which decreases exponentially) of the Indium radionuclid we used.

N(t) =N0e-t
N(t) is the radioactivity at some moment t, N0 is the (initial) radioactivity at moment t=0, and  is the decay constant, which is specific for each radionuclid. 

· The other one (linear fit) represents the Ln (natural logarithm) of the radioactivity vs time. As you can see, it is a straight line with negative slope. |a2| (the slope=a2 calculated by the computer) is the decay constant for that specific radionuclid. 

· Our purpose is to calculate the half-life for the Indium decay process we studied:


· |a2| represents the absolute value (|a2|>0) of a2.
· The accepted value for the half-life of Indium 116 is T1/2=54 min.

[image: image1.wmf]Time Evolution of Radioactivity

y = 27995e

-0.0585x

R

2

 = 0.9576

0

5000

10000

15000

20000

25000

30000

0

20

40

60

80

Time - Min

Evolution of radioactivity

Series1

Expon. (Series1)



[image: image2.wmf]Ln of Radioactivity Vs Time

y = -0.0585x + 10.24

R

2

 = 0.9576

0

2

4

6

8

10

12

0

20

40

60

80

Time - min

Ln of Radioactivity

Series1

Linear (Series1)


From the first graph, two points on the y-axis, one being twice the value of the other were taken several times and the average was taken.

The Half Life of indium was measured to be 32min 25 sec +/- 1 sec.
From the second graph, ( = - a2 = 0.059 +/- 0.007

Therefore, T1/2 = 0.693 / 0.059 +/- 0.007



 = 11.74 +/- 0.34 min
The first graph produced a more accurate result because any errors in the measurement of the count were quite small compared to the actual count.

The points on the first graph fitted the curve better than the second graph.

The accepted value for indium is 54 mins.
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