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A current passes through the filament, so the metal filament is heated

by the current (its temperature rises).

The free (conduction) electrons in the metal gain enough kinetic energy

to overcome the work function and leave the metal surface.

This process is called thermionic emission.
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Accelerated through p.d. V:  ½mv2 = eV,  so  v2 = 2eV / m

In the field, magnetic force = centripetal force:  Bev = mv2 / r

so  v = Ber / m,  giving  v2 = B2e2r2 / m2

Equate:  B2e2r2 / m2 = 2eV / m

so  e / m = 2V / (B2r2)

e / m = 2V / (B2r2) = (2 × 320) / ((1.5 × 10-3)2 × (0.040)2)

= 640 / (2.25 × 10-6 × 1.6 × 10-3) = 1.78 × 1011

= 1.8 × 1011 C kg-1  (2 s.f., as the data are to 2 s.f.)

1.8 × 1011
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Thomson's specific charge for the cathode ray particles was much larger

(about 1800 times larger) than the specific charge of the hydrogen ion.

He concluded that cathode rays are made of particles (electrons) with a

very small mass, much smaller than the mass of a hydrogen ion, and a

(negative) charge, i.e. they are subatomic particles.
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This calculated value agrees with the measured (experimentally

determined) speed of light, e.g. Fizeau's result, so light was concluded to

be an electromagnetic wave.

0 90 180 270 360

c = 1 / √(μ0ε0) = 1 / √(4π × 10-7 × 8.85 × 10-12)

= 1 / √(1.112 × 10-17) = 3.0 × 108 m s-1  (2.998 × 108)
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Photon energy = φ + Ek max = 6.2 + 0.50 = 6.7 eV

E = 6.7 × 1.6 × 10-19 = 1.07 × 10-18 J

λ = hc / E = (6.63 × 10-34 × 3.00 × 108) / 1.07 × 10-18

= 1.86 × 10-7 m = 186 nm

186
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Wave model: more energy is transferred to each electron (over time), so

electrons can gain enough KE to reach T: it predicts an increase in the

photocurrent.

Photon model: photon energy depends on frequency, not intensity, so

each photon's energy and the maximum KE of the electrons do not

change.

So the electrons are still unable to reach T: it predicts no change, the

photocurrent stays at zero. This is observed, confirming the photon

model.

The emitted electrons have a range of kinetic energies, and increasing

the p.d. means electrons need more energy to cross the gap, so fewer

electrons have sufficient kinetic energy to reach T.

So fewer electrons per second reach terminal T, and the current

decreases.
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PM2 lies along the direction of the Earth's motion through the ether,

while PM1 is perpendicular to it. If the speed of light depends on the

Earth's velocity through the ether, light would travel at different speeds

relative to the apparatus in the two directions.

So, although the paths are the same length, the time taken for light to

travel from P to M2 and back to P would be greater than the time

taken from P to M1 and back to P. This time difference gives a phase

difference between the two beams, which produces the fringe pattern

seen in the telescope.

Rotating the apparatus through 90° swaps the roles of the two arms, so

the time difference would reverse. This changes the phase difference

between the waves at each point, so the fringe pattern was predicted

to shift (by 0.4 of a fringe spacing).

Results: the apparatus was capable of detecting a shift of about 0.05 of

a fringe spacing, much smaller than the 0.4 predicted. However, no shift

was detected when the apparatus was rotated, either then or in later

repeats at different times of year.

Conclusion: the experiment showed that the Earth has no detectable

absolute motion through the ether, so absolute motion cannot be

detected. The ether does not exist and light travels without needing a

material medium; the speed of light is the same in all directions. (An
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alternative explanation proposed was that the Earth drags the ether

with it.)
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The speed of light in free space (a vacuum) is invariant: it has the

same value for all observers in all inertial frames of reference.

Physical laws have the same form in all inertial frames of reference

(frames moving at constant velocity relative to each other).
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0.62

82%
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Time in Earth frame: t = d / v = 1310 / (0.990 × 3.00 × 108) = 4.41 × 10-6 s

Proper time (muon frame): t0 = t √(1 − v2/c2)

t0 = 4.41 × 10-6 × √(1 − 0.9902) = 4.41 × 10-6 × 0.141

t0 = 6.22 × 10-7 s = 0.622 × 10-6 s

(or: L = 1310 × 0.141 = 185 m, t = 185 / (0.990 × 3.00 × 108) = 6.23 × 10-7 s)

From Figure 7 at t = 0.62 × 10-6 s, percentage remaining = 82%

82
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