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The filament (cathode) is in an evacuated glass tube (vacuum). A low

voltage heater supply of about 6 V is connected across the filament so

a current passes through it and heats it.

Electrons gain enough energy to escape from the hot metal surface: this

is thermionic emission.

A dc accelerating pd of about 2000 V is connected between the

filament (negative) and an anode with a hole in it (positive). The

electrons are accelerated towards the anode and some pass through the

hole to form a narrow beam.
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Beam undeflected: electric force = magnetic force

eV / d = Bev,   so   v = V / (dB)

v = 750 / (0.0500 × 0.640 × 10−3)

v = 2.34 × 107 m s−1   (≈ 2.3 × 107 m s−1)

vv = vh tan θ = 2.34 × 107 × tan 25°

vv = 1.09 × 107 m s−1   (≈ 1.1 × 107 m s−1)
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The specific charge of the electron was much larger than that of the

hydrogen ion (proton), which had the largest specific charge known

before: about 2000 times larger.

So the electron has a much smaller mass than the hydrogen ion, so it

is a sub-atomic particle.

Time between plates:  t = L / vh = 0.100 / (2.34 × 107)

t = 4.27 × 10−9 s

Vertically from rest:  vv = at,  so  a = vv / t

a = 1.09 × 107 / 4.27 × 10−9 = 2.56 × 1015 m s−2

Force on electron:  ma = eE = eV / d

so  e / m = ad / V

e / m = (2.56 × 1015 × 0.0500) / 750

e / m = 1.71 × 1011 C kg−1

1.7 × 1011
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Method 2 will minimise the percentage uncertainty. In method 1 the

angle is whatever it turns out to be when the field is switched off, so

the spot is unlikely to be on a scale line and its position must be
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estimated between lines.

In method 2 the pd can be adjusted so that the centre of the spot is

exactly on a scale line, and a large angle (e.g. 15°) can be chosen, so

the percentage uncertainty in θ is smaller.

The magnetic field (or coil current) is read from a meter, which has a

smaller percentage uncertainty than reading the angle.
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At long wavelengths the experimental results agree with the theoretical

prediction.

Experimentally the intensity rises to a peak at a certain wavelength and

then falls to a cut-off at a low (non-zero) wavelength, but the theory

predicts no peak and no cut-off.

The classical theory predicts that the intensity tends to infinity as the

wavelength tends to zero (in the ultraviolet), which is not matched by

the experimental results.

theoretical prediction
(classical), I → ∞ as λ → 0

experimental
results

cut-off

agree at long λ
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Planck proposed that electromagnetic radiation is emitted in quanta

(discrete packets of energy), and the energy of each quantum is

proportional to its frequency, E = hf.
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Before 1800 there were two models of light: Newton's corpuscular

(particle) theory, in which light is a stream of tiny particles, and

Huygens' wave theory, in which light is a wave.

To explain refraction, Newton's corpuscular model predicted that light

travels faster in a denser medium such as water or glass than in air

(the corpuscles are attracted towards the denser medium). Huygens'

wave model predicted that light travels slower in water or glass than in

air.

Foucault showed that light travels faster in air than in water. This

matched the prediction of the wave model, so it suggested that

Huygens' wave theory was correct and that Newton's corpuscular theory

was wrong.

Maxwell's theory predicted the existence of electromagnetic waves,

consisting of oscillating electric and magnetic fields, perpendicular to

each other and to the direction of energy transfer and in phase. His

equations related the electric and magnetic fields and gave the speed of

electromagnetic waves in free space as c = 1 / √(μ0ε0), where μ0 (the
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permeability of free space) relates to magnetic flux density and ε0 (the

permittivity of free space) relates to electric field strength. This gave a

value of about 3 × 108 m s−1.

Fizeau's measured speed of light in air matched this predicted speed of

electromagnetic waves, which suggested that light is an electromagnetic

wave.

Hertz produced and detected radio waves and his measured speed of

radio waves was equal to the speed predicted for electromagnetic waves,

so this confirmed Maxwell's theory of electromagnetic waves.

Together these results showed that light is a transverse electromagnetic

wave, rather than a stream of corpuscles.
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8.1 × 105 s < 8.64 × 105 s (9.4 days < 10 days), so yes, A can deliver

the food in time.

231 m > 210 m, so yes, the cargo will fit into the cargo hold of A.

Planet frame:  t = s / v = 1.4 × 1014 / (0.50 × 3.00 × 108)
t = 9.33 × 105 s  (10.8 days)
Proper time t0 in A's frame:  t = t0 / √(1 − v2/c2)
t0 = 9.33 × 105 × √(1 − 0.502) = 9.33 × 105 × 0.866
t0 = 8.1 × 105 s  (9.4 days)
Maximum: 10 days = 10 × 24 × 3600 = 8.64 × 105 s

Ship's length is measured by P, who sees it moving: l = 200 m

l = l0 √(1 − v2/c2),  so  l0 = l / √(1 − 0.502)

l0 = 200 / √0.75 = 200 / 0.866

Proper length of hold, l0 = 231 m

(or cargo in A's frame: l = 210 × 0.866 = 182 m < 200 m)
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