Data Analysis Task


	Dorothy Webster Kilbreda College 





Unit 3	Electronics RC Circuits


The data analysis chosen for Outcome 3 was based on a practical activity that the students did in class. 1 found it easier to write it because 1 just extended the idea to asking some questions on data very similar to their experimental data. 1 also chose it because it had a strong possibility of being an exam type question.  The analysis consisted of 3 sets of data that 1 obtained experimentally. The circuits were the same as the class experiment except for a change in resistors. 1 changed the data 1 obtained because the data gave almost perfect curves and 1 wanted the students to draw lines of best fit with not so perfect results( this fitted: excuse the pun, into the experimental atmosphere of the whole thing). Fitting the criteria to the questions I wrote took a little time but you can almost fit anything that is reasonable and covers the general idea. As long as you include explanations, calculations, manipulation of data technology interpretation etc you can generally write a comprehensive paper.





A copy of the:


a)	class experiment


b)	data analysis task


c)	solutions and marking scheme


d)	marking and criteria sheet


e)	2 examples of student marking sheets





This task was not proof read by anyone since there is only one Physics teacher at my school.  There may be some/many omissions/errors etc but this task worked well for my students.  They did not appear to be too stressed by the exercise and their marks ranged from 27/30 to 11/30.





There could be some ideas that you could personally use for your students in the future.





Ideas For Further Data Analysis


	a)	prac or data for ½ wave rectifying circuit.


	b)	Non - ohmic devices: diodes, light globes.


	c)	Transistor circuits


	d)	Magnetic field measurements





Any suggestions for improvement, correction or any type of constructive criticism would be gratefully received.





�
CLASS EXPERIMENT:  Resistor � Capacitor Circuits and Time Constants.





Purpose:


•	To measure an experimental time constant of a resistor�capacitor circuit using a stop watch, CRO and battery.


•	To measure an experimental time constant of a resistor�capacitor circuit using the CRO.


•	Compare the value measured with the predicted theoretical value.





Materials.


CRO and signal generator from EXP.5.


9V battery, 0.47(F non�polarised capacitor, 4.7k( resistor


Wires: 2 x BCN CRO leads, one with alligator clips the other with plug in lead.





Using your knowledge of using the CRO wire up the following circuits.


While taking measurements for both methods you need to take note of uncertainties in all measurements.


Do this as you go.





�


Method Part A


SG Settings freq uency @ 7 , Range @ x 10 , Waveform @ Square wave.  Amplitude about 8 you may need to play with this a little bit , Attenuator @ �20dB


CRO settings Time base @ 0.5ms , Channel A @ 0. 1 V/Div AC, Channel B @ 0.2 V/Div, coupling on TV , Source on INT. To view the input square wave you need to put the time base on 2ms first.


When you are sure the circuit is correctly wired, switch on both the CRO and the SG.


You will first have channel B switched on and you will sketch the square wave input.


Then change the settings as required and switch off B channel and switch on A channel with the adjusted settings.


You may need to play with the amplitude of the input on the SG until you observe one charging of the capacitor on the screen. It must fit the whole screen. See the diagram below. Using correct scaling, sketch the resulting waveform in your logbook.





�





�
You need to calculate how much of the divisions on the screen correspond to 63% of max voltage then read off the time base axis the corresponding time constant of this circuit ( making sure you include the scaling of the time base ). In your logbook include a description of how you did this.  Record this value in your logbook.


Turn off the SG and disconnect the output leads from the SG.


Switch the leads so that the resistor is connected to the �ve output of the SG and the capacitor to the +ve output.


Then connect the +ve lead for channel A on the +ve side of the resistor and the �ve lead to the –v side.


Switch on the SG and change the time base to 2ms and the volts/ Div to 0.5.


Sketch the observed waveform to scale.


Turn off the SG and switch the circuit back to the original setting for the next group.





PartB


You are using a different circuit seen below. DONOT complete the circuit until it has been checked. This is very important since you are using a polarised capacitor.


�


1. 	The object of this part is to complete the circuit and time the charging of the capacitor using a stop watch.


2. 	This will require you and your partner to be syncronised in how you connect the circuit and start timing.  You may need to give it a few trial runs before you perfect the timing. Accuracy is essential if you want meaningful results.


3. 	When the circuit is charging the line on the CRO will move slowly up the screen until it reaches the top.  While it does this you will use a stopwatch to time this charging. Record the time.


4. 	To discharge the capacitor all you do is connect the free end of the lead seen in the circuit to the +ve side of the resistor. See diagram.


�


5.	When ready begin timing the moment the lead is connected. Record the time.


6. 	Repeat steps 3 to 5 three more times. You should have 4 separate times for the charging and discharging of this circuit.





ANALYSIS.


Using the results from part A calculate the value of the time constant for the circuit and compare this to theoretical value. You need to include an uncertainty measurement for the experimental value.


Comment on how the waveform viewed for the voltage across the capacitor and the voltage across the resistor relate to the input square wave.


Using the results for charging and discharging and the physics principles you have studied, calculate the experimental value of the time constant for this circuit. Include some uncertainty calculations.  Compare the two methods and say which one would be the most accurate experimentally and why.





KILBREDA COLLEGE YEAR 12 PHYSICS


DATA ANALYSIS TASK


ELECTRONICS RC CIRCUITS





Task Duration 2x 45 minute periods plus 10 mins for using computer.


Total Time 100 mins.





You are to answer all the questions in your log book , which you will hand up at the end of the task.  Any work done on the graphics calculator must be saved on disk through the graph link on the physics lab. computer.  You can also print out any graphs you need using this facility.





A group of students set up the circuit shown below.  The wanted to observe the charging and discharging of capacitor and to measure the time constant of the circuit.


�


The input signal for the circuit ~~as a square wave generator set on approximately 125Hz. c capacitor was a 0.1 F non polarised capacitor and it was not changed during the experiments. low are the diagrams of what they observed on the CRO screen for the input and the capacitor voltages.





�


not to scale	not to scale	





Three different resistors were used for three lots of measurements with the same circuit. Their measurements are shown in the table on the next page.


�
�





The time/base setting for all the horizontal measurements taken was 2ms.


The volts/division was on 2 for the whole experiment.





1 a) 	In your log book draw up a suitable table that displays the time in ms and the voltage in volts for the three lots of measurements. Convert the data above from cm to ms for the time; and cm to volts for the voltage. Record them in your table.


   b) 	In the space available draw the voltage across the resistor as it would appear on the CRO screen for the given input voltage.


2 	Using the data from your table and graph paper , draw a graph for each resistance, on the same set of axes using a suitable scale, using the orientation of the graph paper effectively and labelling each graph clearly. Make sure you join the points with a smooth curve of best fit.


3 a) 	Write down how the time constant is related to the maximum voltage and 


   b) 	from these graphs determine the time constant value for each of the three circuits using this relationship.





4 	Using the equation, T = RC and the values for T that you obtained from the graphs, find the value of the three unknown resistors.


5 	When you did your experiment on an RC circuit, you used a 3.25k( resistor and a 0.1 (F capacitor.





What was your experimental time constant ( ( ) value?  Is your value consistent with these other three calculated values?  If so explain why, if not explain why not.


6 	You have been told that the mathematical relationship between Voltage and time in the charging and discharging of a capacitor is:


For charging		Voltage = Vmax (1 – e-t/T)


For discharging	Voltage = Vmax ( e-t/T)


Your last task is as follows:





a)		Using the T value you obtained for R 1 substitute it into the above equations and write them down.


b)		You will now enter these equations into your graphics calculator as yl and y2.


c)		By choosing suitable values for Xinin, Xmax, Xscl, Ymin, Ymax and Yscl graph these to enable you to clearly see the key features of both graphs.


d)		Download the screen of the two graphs using the graph link program on the computer and save it on disk. Get a printout of the graph and paste it in your log book. Label the values on the axes that you think may be relevant. What does the intersection point represent? How could you get the time constant from this graph using your calculator� explain.


End of Task





The remaining material was had for the scanner to decipher.


