Physics 290

Fall 2004


The Photoelectric Effect

Before coming to lab: Learn about using the LINEST function in Excel.  Part of the Excel help text for LINEST at the end of this lab.  Make up a small sample of test data and fit it to a line with uncertainties using LINEST.

In this experiment, we will shine light of various wavelength (frequency) and intensity onto a metal surface and study the electrons that are emitted as a result of this light.  Specifically, we will monitor both the maximum kinetic energy of the electrons and the number of emitted electrons.

The apparatus

The photoelectric device used for this experiment consists of an emitting surface and circular collecting wire housed in an evacuated glass tube. A metal housing shields the tube from extraneous light and also serves as an electrostatic shield.  Light enters through a hole in the shield, passes through the glass, and strikes the emitting surface.  Emitted electrons are collected on a loop of thin wire in front of the emitting surface.


Figure 1. A is connected to the emitting surface and B is connected to the collecting wire.


If an external potential difference of sufficient magnitude is applied across the tube terminals A and B (fig. 1) the photo-emitted electrons will be unable to reach the collector. The voltage, which just stops the fastest electrons, is the critical stopping potential Vstop.  The voltage that is just able to stop the fastest emitted electrons (charge 1e) directly measures the energy of these fast electrons.

In practice, we use a clever and sneaky way to measure Vstop. A capacitor connected as in figure (2) will be charged by the electrons which pass from emitter to collector until the accumulation of charge corresponds to a voltage on the capacitor equal to the stopping potential. Since the stopping potential prevents any more charge from reaching the collector and, hence, the capacitor, the voltage across the capacitor will become steady at a value of Vstop.
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Figure 2.

A Special Instrument that does the job.


Due to the incredibly small amount of charge that we will be working with, we need a special type of voltmeter.  Typical voltmeters let a small amount of current through, but we need a voltmeter that lets less than 10-13 amps through. An electrometer is a voltmeter with a very high internal resistance. Figure (3) shows the equivalent circuit for our electometer.  Note the very large value for the equivalent resistance and small value for the equivalent capacitance.  The circle with a “V” in it represents an ideal voltmeter having infinite resistance and no capacitance.  For experiment 1, we will take advantage of the capacitance associated with the meter and merely connect the meter (in voltmeter mode) to the photoelectric tube. Thus the voltage we read will be the voltage built up on the internal capacitance of the meter. For experiments 2 and 3, we use the electrometer as a current meter.
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Figure 3. 
Circuit representing the electrometer itself.

The Experiments:

1) Measurement of stopping voltage as a function of light frequency.

With a series of optical filters called “bandpass” filters we can select a small range of light wavelengths. We will illuminate the photoelectric tube with a given wavelength of light and wait until a stable voltage is read on the electrometer. Repeat this for a number of wavelengths to produce a table of stopping voltages and corresponding wavelengths. Plot Vstop vs. frequency to find values for the work function, W, and for Planck’s constant, h.

The attached spectrum is a plot of light intensity versus wavelength for our light source.  (Note that there is more light energy hitting the tube at some wavelengths than at others. Hmmmm…..Does this affect experiment 1?  Experiment 2) will answer this important question. )

2) Measurement of stopping voltage as a function of light intensity.

We will use optical filters called “neutral density” filters to reduce the intensity of the incoming light in a systematic way.  Compile a data table of stopping voltages and relative light intensities; then graph Vstop vs. light intensity. You only need to do this for one wavelength/color of light hitting the photo-electric tube.

3) Measurement of photoelectric current as a function of light intensity - fixed frequency.

As in 2) above, use only one light frequency and make measurements as a function of light intensity.  Choose a frequency that gives a large current.  Again, we will use neutral density filters to attenuate the light.

Analysis
1) Plot a graph of Vstop vs. frequency. Fit the best straight line to the plotted points and use LINEST to determine the fitting parameters and their uncertainties. (Determine the slope and intercept and the uncertainties associated with both.)  From the slope and intercept, derive the work function for the emitting material and your measured value of h (in eVs and in Js).  Note that 1 eV = 1.60 x 10-19J.

2) Graph Vstop versus light intensity.

3) Graph current versus light intensity.

Be sure to discuss briefly the meaning of your results in all 3 sections.

Special precautions with this apparatus:

· Both collector and emitter are made of the same material, so they are equally able to emit electrons when illuminated.  Make sure the light is focused onto the emitter and misses the collector (circular ring of fine wire).

· High humidity causes condensation on the surface of the apparatus which conduct electrons. Since these currents are unpredictable and comparable to the photon induced current, you shouldn’t try to do the experiment when it is raining or extremely humid. The manufacturer says that less than 70% humidity is required for proper operation.

· Turn on the electrometer and lamp 15 minutes before taking readings. 

· Avoid moving or flexing any cables or contacts; slight movements can cause erratic readings by changing the capacitance of the circuit.

· Depress the “zero check” button on the electrometer while changing the illumination. This will discharge the internal capacitor before each trial.

LINEST

Calculates the statistics for a line by using the "least squares" method to calculate a straight line that best fits your data, and returns an array that describes the line. Because this function returns an array of values, it must be entered as an array formula.  To get the fit parameters and their uncertainties, select a 2x2 block of cells, type the LINEST formula using the syntax below, then enter the formula as an array by holding down CTRL-SHIFT-ENTER.

The equation for the line is:

y = mx + b 

The array that LINEST returns is {m, b}. LINEST can also return additional regression statistics if you enter it into a 2x2 cell block. The returned values in your 2x2 cell block are as follows…

	slope
	y-intercept

	Slope standard deviation
	y-intercept standard deviation


Syntax
LINEST(known_y's,known_x's,const,stats)

Known_y's   is the set of y-values you already know in the relationship y = mx + b. 

Known_x's   is an optional set of x-values that you already know in the relationship y = mx + b. 

Const   is a logical value specifying whether to force the constant b to equal 0. 

· If const is TRUE or omitted, b is calculated normally. 

· If const is FALSE, b is set equal to 0 and the m-values are adjusted to fit y = mx. 

Stats   is a logical value specifying whether to return additional regression statistics. 

· If stats is TRUE, LINEST returns the additional regression statistics, so the returned array is {mn,mn-1,...,m1,b;sen,sen-1,...,se1,seb;r2,sey;F,df;ssreg,ssresid}. 

· If stats is FALSE or omitted, LINEST returns only the m-coefficients and the constant b. 

Note   To enter the formula as an array, press CTRL+SHIFT+ENTER. If the formula is not entered as an array formula, the single result is the slope.
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