NOTES ON THE AC-LR Experiment
J. B. Bindell – April 7, 2011
These notes are meant to add a bit more understanding into the LR experiment unit.  It may help you to read through this material before class so that we can complete the experiment as quickly as possible and move onto the general topic of resonance.  It will also free up some class time to allow for some more problem solving.

The circuit that we are dealing with is similar to the following but with different numbers.

[image: image1.wmf]221500.0328.3

L

XLfL

wpp

===´´=W


For this problem, we will take R=65 ohms and L=0.03 h.  The frequency of the voltage (amplitude = 3.0 V) source is 150 Hz.  We want to explore the behavior of this circuit.  

It is useful to start with a few preliminaries.  Remember that the current is the same throughout this circuit.  The physical setup is the same as the last experiment that you did but for this one we need to extract some important information about the phase shifts around the circuit.  It is therefore necessary to keep careful track of the connections.  To do this, connect the power supply directly across the resistor, leaving the inductor out of the circuit entirely.  Next measure the voltage across the resistor with the voltage sensor. Since the resistor is linear, we would expect that the power supply voltage and the current through the resistor will be similar.  Therefore, we can always measure the current by checking the voltage across the resistor.  We will use this later.  For now, check to verify that the applied voltage and the measured voltage across the resistor are the same.  If the wires are switched, one will be the negative of the other.  If this is observed, switch the two power supply wires and keep them in the same order for the remainder of the experiment!  It will help to mark the two leads accordingly.
Next, we proceed to the actual experiment.  Again, keep in mind that the current can always be determined from the voltage across the resistor. (Ohm’s Law, remember??) Let’s do some preliminary calculations.  
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.  This is true only for the frequency stated above.  Revise the numbers accordingly for the experiment.  Note that for these parameters, 
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.  Next, we look at the overall circuit to obtain the impendence. We do this with the phasor diagram that we reviewed in class.  We use the simple diagram shown here:
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From this phasor diagram we can find the impedence Z as: 
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. Since V0=3.0 volts, the amplitude of the current is I=V/Z or I=3.0V/70.9=0.042A.The amplitudes of the voltages across the inductor and the resistor are, respectively: 
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and 
[image: image6.wmf]0.04228.31.19.

LL

VIXV

==´=

 Note the apparent problem here: the total voltage across the circuit appears to be 2.73+1.19=3.9V!  This is larger than the supply voltage.  But remember that these are PEAK values, not instantaneous values.  The difference is that the two are out of phase by the phase angle indicated in the diagram.  This angle is 
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.  Let’s try to make some sense out of this.
Remember that the whole pattern rotates counterclockwise so at time t, the diagram appears as:
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For an RLC circuit (all three elements), a very similar diagram results (below).  Here the capacitive and the inductive reactances, which are anti-parallel to each other, are simply subtracted to produce a net vector.  The calculations for both are almost the same from this point on.  But for now, let’s stick to the RL circuit and try to understand exactly what it means.

First remember that we have been looking at an impedance diagram (ohms) but a voltage diagram results if we just multiply each impedance (reactance) by the current.  This is essentially Ohm’s Law for AC circuits. The important point is that the voltage across an element is given by the “vertical” component of the voltage phasor.  The voltage across the LR circuit is, from the diagram, 
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.  The voltage across the resistor is IR Sin(t) and from the geometry of the diagram, 
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  We can plot this on EXCEL as:
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The total of VL and VR actually overlap the applied voltage (3 Volts) and can’t be seen as separate curves on the graph.  Here the two are plotted by themselves with the same result.
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	Some of the data is shown in the following table so you can verify the results.

t
	VR
	VL
	Total
	Applied

	0
	0
	1.19
	1.19
	1.168255

	0.2
	0.542367
	1.166279
	1.708647
	1.693927

	0.4
	1.063112
	1.096063
	2.159175
	2.152068

	0.6
	1.541474
	0.982149
	2.523623
	2.524413

	0.8
	1.958382
	0.829081
	2.787463
	2.796117

	1
	2.297216
	0.64296
	2.940176
	2.956349

	1.2
	2.544467
	0.431206
	2.975672
	2.998721

	1.4
	2.690278
	0.202261
	2.892539
	2.921543

	1.6
	2.728836
	-0.03475
	2.694089
	2.727892

	1.8
	2.658604
	-0.27037
	2.388234
	2.425489

	2
	2.482382
	-0.49521
	1.987167
	2.02639

	2.2
	2.207195
	-0.70032
	1.506879
	1.546504

	2.4
	1.844014
	-0.8775
	0.966516
	1.004964

	2.6
	1.407319
	-1.0197
	0.387621
	0.42336

	2.8
	0.914518
	-1.12124
	-0.20673
	-0.17512

	3
	0.385258
	-1.17809
	-0.79283
	-0.76662


You can verify these calculations for yourself.  But this should help you understand more of the experiment and how to examine the data.
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