147D         Capacitor-Resistor Time Constant with Data Logger



[147 is the non Data Logger Version of this experiment]
Apparatus:
Two electrolytic capacitors (1000µF & XµF), mounted 100Ω and 100kΩ resistors, Digital multimeter set on 200µA DC, Voltmeter, XLogger Current sensor, Computer, Push-to-make switch, Power supply set on 9V, Stop watch and wires.

Initial Set Up Diagram:
 













Initial, Non Datalogger Procedure:
1.
Set up the circuit above using the 1000µF capacitor and the 100kΩ resistor.


Be careful to connect the capacitor the right way around.  

2.
Once you switch on, the ammeter should register a current that starts to fall from an initial value of about 100µA (0.100mA) to nearly zero over a period a few minutes. If you close the switch, momentarily, this current returns to its initial value of about 100µA before decaying again. The voltmeter will read initially zero and then rise up to about 10V in the same time. 

Do not record any measurements and move onto step 3 after a minute or so.

3.
The time constant of the capacitor-resistor circuit is equal to RC where R = resistance in ohms and C = capacitance in farads. 

Calculate the time constant expected above.

4.
Change the setting of the multimeter being used as an ammeter to 200mA DC.

5.
Replace the 100kΩ resistor with the 100Ω resistor. 
Calculate the new time-constant expected.

6.
Repeat step 2. 
Note the difficulty you would have trying to obtain any measurements..


To obtain measurements this time you will need to make use of a data-logger.

Datalogger Procedure:
7.
Replace the multimeter being used as an ammeter by the XLogger Current Sensor. 
Attach this sensor to one of the USB ports of your computer. 
Log on and start up the Excel program.
8.
From the top menu bar select ‘Xlogger’ and then from the drop down menu ‘Start Xlogger’ Another, lower down, menu bar with icons should appear.
9.
From this lower menu bar click on the 3rd icon from the left ‘Continuous Logging’. 
10.
A new window should appear entitled ‘Change Settings’. Don’t! 
Instead click the ‘Ready to Start’ button at the bottom.

11.
Further along the icon bar locate the green ‘start’ arrow icon, place the mouse selector arrow over it – but do not click it yet!

12.
Press down the push-to-make switch in your circuit. 

13.
Click the green start icon and then straight away let go of the switch. You should see a decay curve being plotted on the computer screen. Plotting should stop after 10 seconds.
14.
On your graph the time constant is equal to the time taken for the current to fall to 37% of some initial value. 

Estimate (very roughly!) the time constant from your graph. 

Is it as expected?

15.
You can gain a much better curve if you reduce the time taken for readings from 10 seconds to one second. Do this in the following way:


(a) Click the ‘fresh start’ icon which is to the left of the now grayed out start icon.

(b) Click ‘YES’ twice


(c) Click the ‘Continuous Logging’ icon


(d) In the ‘Change Settings’ change the ‘Duration of Activity’ time from 10 to one second and then click the ‘Ready to Start’ button.


(e) You will now see an information window telling you that the graph will not be plotted until after all the measurements have been recorded. Click ‘OK’


(f) Repeat steps 11 to 13 above. NOTE: You will have to release the switch as soon as you have clicked the start button.

16.
With this new curve you should be able to obtain a more reliable estimate of the time-constant.

17.
Replace the 1000µF capacitor with the unknown capacitor, XµF.

18.
Using the data-logger set up, obtain a decay curve for this case and hence determine the value of the unknown capacitance, XµF. Quote a percentage uncertainty for your value.

19.
Explain why the datalogger set up you are using could not be used in the above way with your initial capacitor-resistor combination (step 1)*. What change would be needed?
* Try to do this if you have time.
A





Supply 





set at 9V





multimeter on 200µA (0.200mA) range





push to 





make 





switch





100kΩ resistor





X





Y





+





+





V








KT
July 11, 2010
v. 2.0

