I-V Characteristics  SP222

Purpose   To study the current-voltage characteristics of several devices commonly found in electrical circuits:  a carbon resistor, a diode and a small light bulb.  You will connect each of these devices across the output of a direct-current (DC) power supply and measure the current I  through it as a function of applied voltage V  for charge flowing in each of the two possible directions.  

Introduction   The electrical resistance R of a conductor is defined as the ratio of the potential difference, or voltage, V, applied across the conductor to the current I that passes through it:
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If the conductor is made of a homogeneous material formed into a shape of uniform cross-sectional area A and length l, the resistance can be expressed in terms of these dimensions and an intrinsic property of the material called its resistivity:
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In this expression,  represents the resistivity of the material.


The resistivity of many materials, including most metals, depends on the material's temperature but does not depend on the applied voltage (or, more properly, on the electric field in the material).  If the resistance of a device does not depend on the applied voltage, the device is said to obey Ohm's Law, or to be "ohmic".  Devices for which the resistance depends on the applied voltage are called "non-ohmic".  The carbon resistor you will study is an ohmic device, while the diode is a non-ohmic device.  The filament in the light bulb is made of an ohmic material, but the light bulb's resistance will change as you change the applied voltage.  Thus, the light bulb is a non-ohmic device.  The resistance of the bulb changes because the filament heats up, and the resistivity of the filament material depends on its temperature.  If you could keep the temperature of the filament constant as you changed the voltage, its resistance would also remain constant.

Note on measurement      Use two portable multimeters to measure the Voltage and Current.

Part I.  Setup

(1)
Wire the Tektronic power supply and a resistor in series.  Add to the circuit a voltmeter and an ammeter to measure the voltage across and the current through the resistor.  WARNING: DO NOT EXCEED THE RATINGS OF THE AMMETER.  FIRST CHECK CURRENT WITH 20 A (OR 10 A) SCALE - IF THE CURRENT IS BELOW THE RATED FUSE FOR THE mA SCALE, SWITCH YOUR WIRE TO mA.
(2)
Turn on the Power Supply and verify that your meters are operational.  Also, verify that both the ammeter and voltmeter read either positive or both read negative.  This tests that your sign conventions for voltage and current are consistent.  If the two meter readings don't have the same sign, switch the leads on one of the meters.

Part I.   CURRENT-VOLTAGE CHARACTERISTICS OF CARBON RESISTORS

(1)
Vary the voltage across the resistor in your circuit by turning the Voltage knob on the Power Supply.  When you have a data point you want to keep, record the data point.  Save your data.  Reverse the connections to the resistor so the direction of current through it reversed.  Record 10 values of current and voltage for voltages from about 0.0 V to 9 V and again save the data.  Make two plots (using Excel), one for each data set, of voltage versus current and with a linear least squares fit on each.  Are the two graphs the same or not?  Does the measured resistance agree with the values gotten from the color code? 

Part II.  CURRENT-VOLTAGE CHARACTERISTICS OF A DIODE

(1)
Replace the resistor in your circuit with a diode.  Record 20 values of current and voltage for each direction of charge flow through the diode, and save these data in single data file.   You will find that when charge flows in the "forward" direction, the voltage cannot be raised above about 1 V.  For this direction take your 20 values in the zero- to one-volt range.  For the reverse direction, take values out to 9 V.  Record any markings that you find on the diode and relate them to the "forward" direction of the device.   Repeat the measurements for the forward direction (the one for which the currents are larger) and save them as a separate data file.

(2)
Make an I vs. V plot for the diode with the forward direction chosen as positive current, positive voltage.

(3)
Plot a V vs. I curve for the diode with the forward direction chosen as positive.  What is the range of resistance for the diode.  

Part III  STEFAN LIGHT BULB: THE CURRENT-VOLTAGE COMBINATIONS IN THIS SECTION OF THE LAB ARE DANGEROUS!
Light Bulb Data: Using the Pasco Low Voltage Power Supply and the multimeters,  take data for the Stephan (Boltzmann) Bulb.  Use the Protek multimeter on the 20 A scale for the ammeter.  DO NOT CHANGE TO mA SCALE - IT IS VERY EASY TO BLOW THE FUSE ON THE MULTIMETER WITH THIS CIRCUIT.  Your first (or lowest) measurement should have a current value near 0.15 A.  This, along with the determined potential difference across the light bulb will give you R0.  The reference temperature can be assumed to be T0 = 300 K.  Record as much data as you can between 0 and 0.5V, then record data every 0.5 volt for 3 volts and finally every volt up to a maximum of 14 volts.  The bulb is designed to operate up to a maximum of 13 volts.  Take the data for voltages above 10 volts quickly and then turn the voltage down.  If you cook the bulb at 14 volts,  it will die (poor laboratory technique).  To your  I-V Table add columns for R, R/Ro, Power, Temperature, Corrected Power = Power/Emissivity  and provide room for expansion.  Plot Ln(Corrected Power) vs Ln(T).    Repeat the plot using on your highest 6 temperature points of only data above 2300 K.  It has been  suggested that an object radiates energy at the rate 

P = ß A  (T) T n

where ß is a constant, A is the area of the radiating surface, (T) is the emissivity of the object (its efficiency as a radiator as compared to a perfect radiator), T is the absolute temperature and n is an unknown integer.  Note, the attached table gives emissivity as a function of temperature for tungsten.  Discuss your results in terms of this model.  What value do you find for n ? The low temperature data does not fit the model.  Are their energy loss mechanisms other than radiation that should be considered.  Might they be relatively more important at lower temperatures ?
Tungsten  Data
	T
	rho  
	rel rho
	DelRel/deg
	emis(650)
	relEmiss

	300
	5.65
	1.000
	
	0.472
	1.000

	400
	8.06
	1.427
	0.00427
	0.470
	0.996

	500
	10.56
	1.869
	0.00442
	0.468
	0.992

	600
	13.23
	2.342
	0.00473
	0.466
	0.987

	700
	16.09
	2.848
	0.00506
	0.464
	0.983

	800
	19.00
	3.363
	0.00515
	0.462
	0.979

	900
	21.84
	3.865
	0.00503
	0.460
	0.975

	1000
	24.93
	4.412
	0.00547
	0.458
	0.970

	1100
	27.94
	4.945
	0.00533
	0.456
	0.966

	1200
	30.98
	5.483
	0.00538
	0.454
	0.962

	1300
	34.08
	6.032
	0.00549
	0.452
	0.958

	1400
	37.19
	6.582
	0.00550
	0.450
	0.953

	1500
	40.36
	7.143
	0.00561
	0.448
	0.949

	1600
	43.55
	7.708
	0.00565
	0.446
	0.945

	1700
	46.78
	8.280
	0.00572
	0.444
	0.941

	1800
	50.05
	8.858
	0.00579
	0.442
	0.936

	1900
	53.35
	9.442
	0.00584
	0.440
	0.932

	2000
	56.67
	10.030
	0.00588
	0.438
	0.928

	2100
	60.06
	10.630
	0.00600
	0.436
	0.924

	2200
	63.48
	11.235
	0.00605
	0.434
	0.919

	2300
	66.91
	11.842
	0.00607
	0.432
	0.915

	2400
	70.39
	12.458
	0.00616
	0.430
	0.911

	2500
	73.91
	13.081
	0.00623
	0.428
	0.907

	2600
	77.49
	13.715
	0.00634
	0.426
	0.903

	2700
	81.04
	14.343
	0.00628
	0.424
	0.898

	2800
	84.70
	14.991
	0.00648
	0.422
	0.894

	2900
	88.33
	15.634
	0.00642
	0.420
	0.890

	3000
	92.04
	16.290
	0.00657
	0.418
	0.886

	3100
	95.76
	16.949
	0.00658
	0.416
	0.881

	3200
	99.54
	17.618
	0.00669
	0.414
	0.877

	3300
	103.30
	18.283
	0.00665
	0.412
	0.873


T:  absolute temperature (K)

rho:  resistivity   (µ„ cm)

rel rho:  rho(T)/rho(300K)

emis:  emissivity of tungsten at 650 nm

relEmiss:  emis(T)/emis(300K)

