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Science in Motion

Juniata College

Determination of the Operating Voltage

PA State Standards:

3.7.10.B
Apply appropriate instruments and apparatus to examine a variety of objects and processes.


Describe and use appropriate instruments to gather and analyze data.
2.5.11.B
Use symbols, mathematical terminology, standard notation, mathematical rules, graphing and other types of mathematical representations to communicate observations, predictions, concepts, procedures, generalizations, ideas and results.
1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:
A Geiger-Muller (G-M) tube connected to a scaler is used to detect nuclear radiation.  In this experiment, you will determine the operating voltage for your G-M tube.  A proper operating voltage is important for two reasons.  First, if the instrument is operated at too low a voltage, radiation passing through the tube will not be detected.  Conversely, too high a voltage can shorten the life of the tube.

Once data for this experiment has been plotted, a voltage in the lower plateau region of the curve should be selected.  If a broad plateau exists, a point one third of the way along the plateau should be selected.  If the plateau is narrow, select a point midway along the plateau.  The operating voltage should be recorded and used for all future experiments.

Guiding Question:
Please answer the following question before beginning the lab.
What will the graph of counts per minute (cpm) vs. voltage look like?  Draw your prediction below.
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Equipment/Materials:

Beta source


Forceps 


Graph paper or computer

Scaler


Shelf

Safety:
· It is good technique to handle all radioactive sources with forceps.

· Always wear goggles in the lab.

Procedure:
1.
Plug in the scaler, and allow it to warm up for a few minutes.  Set the voltage to 200V.  To set the voltage, press the HV button and adjust with the UP and DOWN buttons.
2.
Using forceps, put the beta source on the counter shelf, and place the shelf in the second shelf position from the top beneath the window of the G-M tube.

3.
Press the TIME button and adjust the time to 10 seconds by using the UP and DOWN buttons. Press the COUNT button to begin counting, then press TIME to get out of TIME mode.  If no significant counts appear, increase the voltage to 220V and take another count.  Continue until a significant count is obtained.  The voltage where significant counts begin to be obtained is called the starting potential.

4.
Set the voltage to the next even 20 volt increment, and obtain a one minute reading.  Increase the voltage in steps of 20 volts taking one minute counts at each setting until a value of 700 volts is reached.

5.
Using forceps, remove the beta source from the detector, and place it away from your counting setup.

6.
Plot the data for the beta source, and determine the operating voltage.  Select a voltage one third of the way along the plateau or in the middle of the plateau if it is less than 150 volts wide.  Use this setting for future experiments.

Note:
If you happen to exceed the desired voltage or want to recheck a previous value, turn the voltage down to zero and then bring it back up to the desired voltage.  A potential, once applied to the G-M tube, is not quickly discharged and can produce erroneous results.  Turning the voltage down to zero will help discharge this potential.  As the G-M tube ages, the starting potential tends to increase.  Each time you use this instrument for experiments take a count 40 volts above and below this operating voltage to ensure that you are still operating on the plateau.

Data:
	Voltage
	CPM

	200
	

	220
	

	240
	

	260
	

	280
	

	300
	

	320
	

	340
	

	360
	

	380
	

	400
	

	420
	

	440
	

	Voltage
	CPM

	460
	

	480
	

	500
	

	520
	

	540
	

	560
	

	580
	

	600
	

	620
	

	640
	

	660
	

	680
	

	700
	


Calculations:



Using graph paper or a computer, plot count rate (y-axis) as a function of voltage (X-axis).  The graph should contain the following information:

Questions:

1. What was the starting potential?

2. What is the plateau region?

3. What is the operating voltage?
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