
































Using Your Basic Stamp to read out a Geiger Tube

 

for a Geiger counter.
In this part of the lab, we are going to use a the Basic Stamp as a data acquisition system

You need:

1) Board of Education with Basic Stamp 2

leave the breadboard bare.
Set up the stamp as you did in the first part of the "What is a Microcontroller" Lab but

Procedure
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Now, put the CD4040BE on the Breadboard

2) A power supply (or 9V Battery)

3) The interface cable to the computer (a DB9 serial cable)

5) A CD4040BE Ripple Carry Binary Counter (This is a Chip)

6) Model 528 Eberline Geiger counter and

7) The special connector cable

8) The Geiger Tube program disk (may already be in your computer)

9) Some jumpers for making connections

4) Compter running DOS (need a serial port!)

10) An amplifier in a clear plastic box (just an OP AMP really)

12) A radioactive source (ask your instructor)

11) A few resistors and LED’s
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The CD4040 outputs a binary number that is supposed to be the number of times

The idea is that we are going to 
pulse the         line up and down.φ1

the φ1 pin was pulsed. 

We are going to use this feature to count pulses from a Geiger tube, but first we need
to check and make sure everything was hooked up correctly. We are going to do this
by pulsing P0 enough times to check each binary output. Q1 corresponds to the 0 bit.

In case you’ve never been exposed to binary numbers, they work like this for the 
CD4040 (and lots of other things too)

  

 (In the table below, 1 means the pin is "high" or about  +4V,
   0 means the pin is "low" or about  0V)

000000000001
000000000010
000000000011
000000000100
000000000101
000000000110
000000000111

1
2
3
4
5
6
7

Number of CountsQ12...............Q1

100000000000
110000000000
111000000000
101000000000
111111111111
000000000000

2048
3072
3584
2560
4095
       0

Number of CountsQ12...............Q1

(CD4040BE)
Chip

Make the following connections:

A number is the sum of 2’s, raised to the power of the bit position. You can actually
watch this happening.

#counts = 2048*Q12+1024*Q11+512*Q10+256*Q9+128*Q8+64*Q7+32*Q6+16*Q5+8*Q4+4*Q3+2*Q2+Q1



Once you have the chip hooked up, load and run the program: geigerte.bs2

The program is set up to pulse 128 times, read the binary output, and then form 
a word from the binary data. You can put different numbers into the program 
to test different pins. I.e. you could try 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024
and 2048. This would let you know if you mixed up any pins.

Question: How many counts do you read if you pulse 4096 times? Why?

You can set the number of pulses very high and watch the operation of the counter

the high and low pin settings so you can hear or see individual pulses.
with a data probe. You may need to vary the amount of time you pause between

Hooking up the data probe:
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Ok, now move the probe from Q1 - Q12. What
did you notice about the rate of pulsing? See how
the different bits work?

If you are convinced that your counter is working, you can start to connect the
Geiger Counter. Lets make sure the Geiger counter is working, at some level.
1) Check the battery by turning knob to BATT
2) OK? Turn knob so that X1 is selected
3) Have your instructor bring you a source. Co60 will be a good choice.

     more than 2000/min. (Note: you may need to press RESET first)
5) Hook up the geiger counter to the Data Probe using these connections:

Repeat step 4, did you get pulses in the data probe?
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4) Bring counter close to source. Meter should raise a little. You don’t need

Amplifier Data probeGeiger



Now, remove the connection from P1 to the CD4040 (we don’t need to pulse artificially now) and
hook up the Geieger counter "Input" to the pin. Place the source close to the Geiger tube and

φ1

Vss

Inputchance of recognizing a High
level and a Low level. The 

counter will pulse the φ1

" Conditioning " the input this way
gives the CD4040 chip a better

Now that the Geiger counter is working, leave the source in place and load the program:
geigerme.bs2      Run it. It is set up to take 12 readings of 10 seconds lengths each. If you
add up these readings and divide by 2 you should roughly duplicate the meter reading on
the geiger counter.

Note on program structure:
Most of the programs in the lab had this kind of structure:

Top: Let the computer know what variables you need
Middle: Operate on variables
Bottom: Data output

φ1
look at Q1 with the data probe. Getting any action? You may want to check your connections, or
you may need to hook up a circuit to help the geiger counter trigger the CD4040. A suggestion is
shown below (you may want to have your instructor check your set up before you try this, and
you may wait 20 sec. or so and look again.)

You are ready to procede with some physics measurements if your counter set up checked
out ok. You may find it convenient to modify the geigerme.bs2 program to make your data
taking easier. Before you modify this program though, copy it to a file you won’t destroy, like
mygeig.bs2.

Proceed to the following experiments.

Do experiment 2.6 first. If you have time, graph your results. If the results make sense then:
Hint: Set up your program to do this part automatically. You will still have to graph the results.

Detector once you’ve started. You also may have to throw away your first data point. 

4700 Ohmresistor are sets a definite
low level, and the Geiger 

pin High. You may not need this though.

Do the supplement next. Be sure you don’t change the geometry between the source and the



Counting Statistics
Your job in this lab is to see if your set up behaves 
the way you expect for a radioactive decay. The
number of decays you observe in a given amount 
of time, for a given radioactive source and detector
should follow a known statistical behavior. Lets say
you were going to measure the number of decays
from a Co60 source for a minute, and you did this
20 times. Each minute you wrote down the number
of decays that occured in that minute. You don’t 
expect the numbers to be exactly equal, but you
do expect them to fall within some reasonable
interval of counts. Statistically speaking, you’d
expect the number of counts to follow a bell shaped
curve (a Gaussian curve) if you got, on average,
about 20 or more counts in a minute. In fact, if you
define your Gaussian this way:

π σ2

(X-Xavg)
σ−0.5

2

e

(X is each number
you wrote down)

You expect to see a distribution that looks like:

If you took lots of data and made a graph of the
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number of times X was a certain number, you’d
expect to see a curve like the one above. You’d
also expect that:

Σ
i=1

n

Xavg =
n

Xi

and

Σ
n

i=1

(Xi - Xavg)
2

σ =    

n

Xi = number of counts

Number of trials

n= # of trials

in a single trial

for large n, and Xavg of around 20 or higher, and your detector
worked, etc.

σ should be pretty close to Xavg

Now, what is pretty cool about counting statistics is that

Experiment 2.6 (Supplement)

Now, in the write up from the Ortec Corporation for this lab,
the definitions of the variables they use  are a little challenging.

When they say R as a rate, what they really mean is that R
is the number of counts in a SET interval. For instance, if you
took 320 counts in one minute, R=320 and NOT 5.3/sec. The
idea is that you keep the amount of time you look constant,
and use the number of counts in that constant, set, time as R.

In the histogram of 
(Xi-Xavg)

σ the units on the bottom

0-1-2-3 1 2 3

distribution.
distribution of width 1. Sometimes this is called a Normal
reasonable for your data. You should see a Gaussian 
What you are doing is seeing if your estimate of the σ is

σ
(Xi-Xavg)

should actually be dimensionless.
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Bad things happen in 2’s ?!?!?
Your job in this part of the lab is to verify one of the 
more bizarre consequences of the random nature of
both noise and radioactive decays.

single decay
1) In a small interval of time, dt, there is at most a

2) The probability of finding a decay in this interval
of time is proportional to dt
3) A decay in dt is independent of decays at other
times

Consider a process such as particle decay where:

And the probability of not finding a decay in the time
dt is Pj(dt)=1-Pi(dt) = 1-Mdt

The probability then of finding a decay in the time
dt is Pi(dt)=Mdt     (M is a constant)

If we keep in mind that the decays are independent

can be expressed Pj(t+dt) = Pj(t)Pj(dt) or, combined
with the above, one can form the quantity

Pj(t+dt)-Pj(t) = -MPj(t)

          dt

since Pj(0) = 1, Pj(t) = e

or Pj(t) = Pj(0)e

...so what?

Well, lets combine some probabilities. Figure the probability
that you have no decay in time t, and one decay in dt is:

                                Pj(t)Pi(dt)=(e        Mdt)

And the probability/(unit length) becomes Me

This is how the time between events should be distributed
in a random process. You are going to verify this.

Procedure: Once you have finished with the counting 
statistics portion of the lab, load the program geigeran.bs2

This program loops 65000 times (about 2.5msec/loop)

geiger tube hit. (You may need to put a 4700 Ohm 
resistor on the input to stop multiple hits)

Write down each number. Probably you need 250 or
so points to do a good job. Make sure that the rate
in the counter is not too high (a few/second is fine).

You can also do different rates as a check. If you
completely remove the source, you can measure
the background to see if it is random.

?Does your data confirm the relationship Me -Mt

What is M for your data? What is the average 
time between events for your data?

Challenge: Can you get the computer to write the
data to a file for you to analyze later?

-Mt

-Mt

-Mt

-Mt

Experiment 2.6 (Supplement)

the probability to get no decays in a long time, t+dt, 

and checks to see if the counter has incremented. If
so, you will get the number of loops since the last

Note on N events in time t:
It is interesting to consider what happens in over a
long time scale where there is more than one decay.
The probability for finding N decays in a length of
time t+dt will be made up of the probability of finding
N decays in t + 0 events in dt and N-1 decays in t
and 1 event in dt [remember 1) from above].
Pn(t+dt) = Pn(t)Pj(dt) + Pn-1(t)Pi(dt)
                = Pn(t)(1-Mdt) + Pn-1(t)(Mdt)
or
Pn(t+dt) - Pn(t) = -MPn(t) + MPn-1(t)
           dt

Which has a solution (which I looked up):

Pn(t) = 1 (Mt)  e
N -Mt

N!
N=0

infinity   

Pn(t) = 1and

N  a   Pn(t) = e       e  -MtaMt       Pn(at)Consider 

= e        e-MtaMt  

Now a derivative with respect to a while you
let a go to 1 gives you the average value of N,
and by similar means, you can compute the
standard deviation on N (which is N). 


