Blackbody Spectrum:  Seeking Patterns in Data Sets
Learning Target:  I can relate the wavelength maximum and total intensity of a hot object to its absolute temperature.
Pre-Phase:  You will need some tracing paper and a pair of scissors for your work at home, and access to a Cent-O-Gram balance during your next in-school laboratory session.
· A black body does not reflect radiation, but emits radiation as a function of the disordered energy (thermal energy).   http://electron6.phys/utk.edu/teacher//electromagnetic%20waves.htm 
Experimental Phase:
1) At home:  Go to the University of Colorado – Boulder PhET website, and select “Play with Sims”.   Open the “Blackbody Spectrum ” Simulation and select “Run Now”.
· The blackbody energy distribution observes a Gaussian distribution.  Write two (2)  hypotheses, each answering the following questions:

· What is the relationship between intensity of the energy radiated by the blackbody and the temperature in degrees Kelvin?

Hypothesis #1 -
· What is the relationship between the wavelength of the peak (maximum) of the Gaussian curve and the temperature in degrees Kelvin?

Hypothesis #2 - 
· We will use tracing paper cutouts of the Gaussian curve as a measure of the total radiation intensity [The tracing paper is assumed to be of uniform density.  Therefore, the area under each curve is directly proportional to the mass of the paper cutout.].   Each cutout will be massed separately in a balance to the nearest 1,000th of a gram, and the mass will be recorded for each temperature in degrees Kelvin.

· Start Point:  Increase the Intensity axis scale from 100 to 0.1 by toggling the plus (+) circle on the upper left hand side of the screen.  Using the Zoom Out Toggle, minus sign (-), on the lower right hand side, scale the Wavelength axis to 24.  Lower the temperature of the blackbody to 300 K by lowering the index on the temperature scale.  Notice that the curve cannot be distinguished from the wavelength axis.  
· In the table, below, record the temperature, a dash under wavelength maximum (no distinguishable experimental wavelength maximum), and the area underneath the curve as 0.000 g for trial 1.  
	Trial
	Temperature (K)
	Wavelength of the Peak Maximum (µm)
	Tracing Paper Mass (g) (as a function of Area under the Curve)

	1
	
	             ---------------
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	


· With the sliding arrow, increase the temperature to slightly over 1000 C.   Place tracing paper on the screen and trace the area underneath the Gaussian Curve.  Write the corresponding temperature in degrees Kelvin under the curve.  The area under the curve is a measure of the intensity of the energy radiated at all wavelengths.  Save the trace for the laboratory phase of the experiment.
· Record the wavelength, in µm, corresponding to the peak (maximum) of the Gaussian Curve and record it in a table of wavelength and temperature in degrees Kelvin.

· Repeat the procedure for several temperature until the maximum of a curve is at the top of the Intensity chart.  This will be the last data point of this experiment.

2) In the laboratory:  Mass all traces, and record the data in the table provided above.

Post-Phase:  

1) With your graphing calculator (or alternately, in an Excel spreadsheet), list the Temperature as L1, the wavelength of the peak maxima in L2, and the area under the curve (energy intensity related by mass, in grams) as L3.
2) In Plot 1, graph the Temperature (X-axis: L1) versus the wavelength of the peak maxima (Y-axis: L2). [If you are using Excel, make a graph of these two parameters].

a. Based on the plot, what relationship do these two parameters appear to hold?___________________

b. List in L4 the reciprocal of L1.  Turn off Plot 1, and create a Plot 2 with 1/T (X-axis: L4), keeping Y-axis: L2.  Adjust your window to accommodate the new X-axis values.  The graph of Plot 2 should give you a linear plot.
c. Do a Linear Regression for L4, L2.  Record the slope of the line (include units):_______________________

d. The Wien Law gives the wavelength of the peak of the radiation distribution, λmax = 2.90 x 103 µm K .
                                                                                                                                                                                   T

e.  Compare your experimental slope, recorded in 2) c., above, with the accepted coefficient of the Wien Law, 2.90 x 103 µm K.  What is the percent error of your determination?

3) Turn off Plot 2, and create a Plot 3 with the Temperature (X-axis: L1) versus relative total energy intensity (Y-axis: L3). [If you are using Excel, make a graph of these two parameters].


a. Based on the plot, what relationship do these two parameters appear to hold? ____________________

b. According to Maxwell Planck, the total energy intensity of a black body is a function of T4: a quartic (4th power) function. Test this hypothesis by creating a new list (L4 = L14). 
i. Change Plot 3 with the Temperature to the fourth power (X-axis: L4), keeping the total energy intensity (Y-axis: L3).  Adjust your Window to show all the values on the X-axis.  

ii. The graph should be a linear plot.  Do a Linear Regression L4, L3.  
iii. Write the slope of the line.   Do not forget to write the expected units: _________________.  This value is related to the Stefan-Boltzmann Law, derived from experiments by Stephan (1879) and Boltzmann (1884). 

Conclusion:  State whether your hypotheses were confirmed or denied.  Modify or restate the predictions so that they match the observed laws.

Hypothesis #1 –

                Hypothesis #2 – 

In a brief statement, comment on the use of the graphing calculator as a tool to find patterns between data sets:
