Experiment No. 3

Determination of Specific Charge (e/m) of an Electron

l. OBJECTIVES

e To determine the order of magnitude of charge-to-mass ratio of an electron

Il. BACKGROUND [18]

The experiment of J. J. Thomson in 1897 on the measurement of the charge-to-mass
ratio (e/m) of an electron provided the best experimental evidence available at that time of the
existence of electrons. He showed that electrons, which he called corpuscles, follow well-
defined paths, have a well-defined charge-to-mass ratio, and have mass, momentum, and
energy that can be localized in space; that is, electrons show the attributes of a particle. He
demonstrated that an electron beam can be deflected by an electric field and magnetic field.

Thomson’s experiment consists basically of what we will find in a television picture tube:
an evacuated tube where electrons are emitted from a hot filament and accelerated by an
applied potential difference.

Passing through the slit in a screen, the electrons then enter a region in which they
move perpendicular to an electric field and magnetic field; these two fields are perpendicular to
each other, in an arrangement called crossed fields, whose effect is to deflect the electrons in
opposite directions. The beam striking the fluorescent screen at the other end produces a
bright spot. By measuring the displacement of the electron on the screen when only electric
field is applied (magnetic field is turned off) and by calculating the electron speed when the
magnetic force and electric force on the electron cancel each other out, Thomson was able to
arrive at a formula for determining the charge-to-mass ratio. Thomson then put forward a very
daring and important claim - which turned out to be correct - that electrons are a constituent of
matter. He further concluded that electrons were lighter than the lightest known atom
(hydrogen) by a factor of more than 1000 (the exact ratio proved later to be 1836.15).

The mass of the electron is difficult to determine experimentally. It is easier to
determine the specific charge of the electron e/m from which the mass of the electron can be
calculated if the elementary charge is known.

If a particle carrying an electric charge g moves with a velocity v in a magnetic field B
that is at a right angle to the direction of motion, it will experience the Lorentz force given by
F = qv X B. This force, because of the vector product, is always perpendicular to both the
magnetic field and the direction of motion. A constant force that is always perpendicular to the
direction of motion will cause a particle to move in a circle. This fact will be used in this



experiment to determine the charge to mass ratio of the electron by measuring the radius of
that circle.

In this experiment, an electron will be allowed to travel in a region where there is a
uniform magnetic field that runs perpendicular to its direction of motion. The electron’s path
will be deflected and thus it would travel in a circular path with constant speed. This deflecting
force which is the net centripetal force on the electron, given by

F=m— (1)

is due to the magnetic field providing a magnetic force with magnitude F = evB. Combining
these two equations, the electron then moves uniformly in a circle with radius

mv
r= 5 (2)

This equation contains two assertions which are capable of experimental verification:
the radius of the path increases in proportion to the velocity v of the electrons and in inverse
proportion to the magnetic flux density B.

If the electron is accelerated by thermionic emission from a filament by an accelerating
voltage V, , its speed is determined from the relation:

ev, = %mv2 (3)

Therefore the radius of curvature of the electron’s path must increase in proportion to
the square root of V,. When the magnetic field is provided by a pair of Helmholtz coils, the
magnetic field strength is determined by measuring the current through the coils given by:

(4)

=n (@) it

where n is the number of turns, d. the diameter of the coils and p, is the permeability for
vacuum. The radius of the path must then be inversely proportional to the coil current I. . And
the charge-to mass ratio (e/m) may then be calculated using equations (2), (3), and (4):
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The apparatus to be used in this experiment is shown in Figure 31. The main
components of the set-up are the fine beam tube and the Helmholtz coils.

Helmholtz coils

Electron Gun

Figure 31. Apparatus used to determine the e/m ratio

The fine beam tube is a spherical glass tube containing some noble gas under low
pressure. An electron beam inside the glass tube produces a beam of electrons. As the
electrons collide with the gas molecules, the gas molecules are stimulated to emit light which
makes it possible for us to see the path that the electrons traverse within the glass tube. The
Helmholtz coils supply the magnetic field that forces the electrons to move in a circular path.

Note that the tube is extremely fragile, and the wires sticking out from the tube have
current and voltage, so be very careful.



DATA
Table:

PROCEDURES [18]
(The set-up has been pre-arranged by the lab technician)

1.

Switch on the e/m apparatus. Start the magnetic field in the coil by turning on the
power supply for the coil. Note that there is a ten minute warm-up time before you
should take final measurements. Get the current reading as registered in the meter
in the power supply.

Bring the anode potential in the tube to 100 V. Observe the circle formed by the
electron beam. Using the mirror placed at the back of the tube, measure the
diameter of the circle formed by the electron beam. (Note: A masking tape with
several marks is pasted on the mirror. To measure the diameter of the circle,
position the mirror in such a way that the luminous beam, its image and the
corresponding marks coincide without parallax)

Repeat #2 but with the anode potential increased by 25 V. Repeat this until you
reach an anode voltage of 250 V.

Tabulate your results using the table below. Make a graph of V, vs. r2. Estimate the
best-fit line for your data points and solve for charge-to-mass ratio, e/m, using the
slope for your line and equation (5).

Anode Voltage Radius, r Radius?, 12

(V)

(cm) (cm?)

100

125

150

175

200

225

250




slope

=1.26x10° Vs/Am

(e/m) ryupo =1.758x 10" C/kg

(e/m)pxp =

IV.

EVALUATION

1. The Earth’s magnetic field is approximately 0.1 mT and is pointing into the ground at
an angle of about 66 degrees with respect to the horizontal. Discuss how much
difficulty the Earth’s magnetic field will cause in your experiment.

2. Ifit were possible to arbitrarily orient the apparatus, in what direction (parallel, anti-
parallel, perpendicular, other) should it be aligned in order to minimize the effects of
the Earth’s magnetic field? Explain your reasoning

3. If the tube were turned so that the velocity of the electrons is no longer
perpendicular to the external magnetic field provided by the Helmholtz coils, how
would the results of your experiment vary? How would the path of the electrons
vary?



	Experiment No. 1
	Measurement of the Diameter of a Hair Strand
	I. OBJECTIVES
	II. BACKGROUND [1]
	III. PROCEDURES [1]
	IV. EVALUATION

	Experiment No. 2
	Introduction to Interferometry
	I. OBJECTIVES
	II. BACKGROUND
	III. PROCEDURES 
	IV. EVALUATION

	Experiment No. 3
	The Index of Refraction of Air
	I. OBJECTIVES
	II. BACKGROUND 
	III. PROCEDURES
	IV. EVALUATION

	Experiment No. 4
	The Index of Refraction of Glass
	I. OBJECTIVES
	II. BACKGROUND 
	III. PROCEDURES
	IV. EVALUATION

	Experiment No. 5
	Atomic Line Spectra of Noble Gases and Metallic Vapors
	I. OBJECTIVES 
	II. BACKGROUND [7]
	III. PROCEDURES [7]
	IV. EVALUATION

	Experiment No. 6
	Determining the Wavelengths 𝑯𝜶, 𝑯𝜷, and 𝑯𝜸  of the Hydrogen Atom
	I. OBJECTIVES
	II. BACKGROUND [8]
	III. PROCEDURES [8]
	IV. EVALUATION

	Experiment No. 7
	Electron Diffraction in a Polycrystalline Crystal
	(Debeye-Scherrer Diffraction)
	I. OBJECTIVES
	II. BACKGROUND [10]
	III. PROCEDURES
	IV. EVALUATION

	Experiment No. 8
	Determination of Planck’s Constant
	I. OBJECTIVES
	II. BACKGROUND [16]
	III. PROCEDURES
	IV. EVALUATION

	Experiment No. 9
	Determination of Specific Charge (e/m) of an Electron 
	I. OBJECTIVES
	II. BACKGROUND [18]
	III. PROCEDURES [18]
	IV. EVALUATION

	Experiment No. 10
	Absorption of Beta Particles and Gamma Rays 
	I. OBJECTIVES
	II. BACKGROUND [20]
	III. PROCEDURES [20]
	IV. EVALUATION
	REFERENCES:



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



