Champlain College - St-Lambert! Physics 203-NYC

Lab #9
Electron Diffraction

1. Objectives
To observethe wave propertiesof electronsandto usethesepropertiesand Bragg scatter
ing to measure the spacing between carbon atoms.

2. Apparatus
Electrondiffraction tube, high voltage power supply 6.3 volt AC power supply vernier
calipers.

3. Theory

The electrondiffraction tube consistsof an electronOgun®hich is essentiallya cathode
heatedto a high temperatureat which point electronsare emittedby a processknown as
thermionicemission.Theseelectronsare then acceleratedhrougha high voltage so that
they arrive at a thin layer of graphite.The atomsof graphiteact somewhatike a grating
andthe scatterecklectronwavesinterfereto producewhatis called a diffraction pattern.
The spacingbetweencarbonatomsare just aboutof the sameorder of magnitudeasthe
wavelength of these electrons.

4. Procedure
a) Connectthetubeinto the circuit shownbelow The 6.3 volt is connectedo the heatersup
ply for the electrongunwhile the high voltage(2500to 5000V) is connectedo the anode
to accelerate the electrons. Switch on the heater supply and let the tube warm up a minute.

b) Setthe high voltagesourceat somevalue between2500and 500 volts and switch on the
high power supply Two prominentdiffraction rings abouta centralmaximumshouldap-
pear Measurethe diameterof eachring. Theseare both first order maxima,the two rings
correspondingdo the two possiblevaluesof the spacingbetweencarbonatoms(0.213nm
or 0.123 nm) (see figure 1)

Becauseelectronswill not be all travelingat exactlythe samespeedthe ringswill not be
perfectlythin. Whenmeasuringhe diametersgstimatethe uncertaintyby alsomeasuring
the thickness of each ring.

c) Repeathe previousstepwhile varying the voltagein stepsof 400to 500V for atotal of 5
readings.

5. Analysis
The deBroglie wavelength of an electron is given by

h h
p mv
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The velocity of the electronis determinedrom the acceleratingsoltageV. Assumingthat
the electronsare producedrom the electronOgun@ith a negligibleinitial velocity; it will
acquire a velocity v equal to:

M2 eV

=" or = —

eV > v m
which means tha! = JL_
2eVm

The beamof electronswill thenpassthrougha very thin pieceof graphite.The diffraction
rings observedarethosethat correspondo spacingin the carbonatomsof d = 1.23« and
213+ (1+=10"1m)
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Figure 1: Hexagonal structure of carbon in ® ,

its graphite form

Figure 2: Crystal structure of graphite
(not to scale).

The rings formed represent the first order maxima and these are formed when

2dsin! = " = JL

- 2eVm
As in ordinaryreflection,theincidentangle(! ) equalsthe reflectedanglesothatthe angu

lar separatiorbetweenincidentandreflectedelectronsequal<2! (seefig 3 and4). Thean
gle! in the previous equation can be determined from noting that:
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R
tan2! = —
L

where L is the distancefrom the graphiteto the screenand has beenmeasuredo be
13.5cm.
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Figure 3: Bragg rel3ection from two
adjacent lattice planes separated by a
distance d.
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Figure 4: The Bragg angle ! is just
half the total angle by which the
incident beam is del3ected.

6. Analysis o
For eachring, plot a graphof sin! vs.1/ V andfrom the slopesdeterminethe 2 values

for d. Compare these with the values given in Figure 1.
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