
1. Geometric optics
A. The water acts as if it were a fiber-optic cable, and total internal reflection causes the
light to seem like it is bending. In reality, the light is reflected inside the stream of water,
propagating away from the laser. Not all of the light follows the water, only that which is
at the exact critical angle. Light gradually leaks out, else we would not be able to see it in
the water. This effect occurs for all wavelengths of light smaller than the diameter of the
“water fiber”, provided that the critical angle can be achieved.
B. Visible light and radiowaves have different wavelengths: visible light’s wavelength is
less than 1 micro meter, and radiowaves’ wavelength is tens and hundreds of thousands
times more than that. Reflection would appear when the surface irregularities are smaller
than the wavelength, but sheet iron has irregularities larger than 1 micro meter and
smaller than 1 mm.

2. Maxwell's equations and plane waves



3. Wave-particle duality
A.

I. Explain how these results contradict the model of light acting only as a wave, and introduce
the notion of a wave particle duality. Conclude with the formula E = hf, for a photon.

Answer:
If we assume light to only act as wave, then we would assume the measured current to depend
completely or almost completely on the intensity of the light, with no known dependence on



frequency. Additionally, if light interacted with the material like a wave, then with very low
intensity light, we would expect the material to require some time to gather enough energy to be
able to expel an electron, but in the experiment, the current appears immediately. Lastly, the
intensity of the light should directly predict the kinetic energy of the electrons, the frequency
should not impact it.
However, if in addition to wave properties, we give light particle properties, then all the
experimental results can be explained by the energy in light being carried in small
packets(photons) rather than a uniform wave. 2 for example is quite easily explained, because if
the photons are carrying enough energy then, they will immediately transfer it to the electron
causing it to eject from the material, rather than waiting a continuous interval until it absorbs
enough energy from the wave. 1 and 3, can be fully explained by the energy of a photon being
given by E = hf. This would explain the threshold frequency in 1, as photons without enough
energy can not transfer it to electrons, therefore they do not eject. 3 is also explained similarly
because the photons at a certain frequency will only transfer a certain amount of energy, with
intensity dictating the amount of electrons ejected rather than their kinetic energy; a higher
frequency will lead to a higher energy transfer, therefore the electrons will have higher kinetic
energy.

II. For a given metal surface, the energy required to expel an electron is 2.5eV. Calculate the
maximum wavelength of light capable of emitting photoelectrons.

Answer:

B.

propertie / experiment wave particle both

spread of light x

energy absorption & consumption x

light diffraction x



single/double slit experiment x

photo effect x

heat radiation x

interference of light x

4. Identifying elements with spectrometry
From every peak’s distance we can calculate an angle by which the ray exits the grating:

θ =  𝑡𝑎𝑛−1(𝑙/0. 4𝑚),  𝑤ℎ𝑒𝑟𝑒 𝑙 𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑝𝑒𝑎𝑘 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑐𝑟𝑒𝑒𝑛
We don’t know the values of n for the peaks, but we know we have to sets of peaks that are
consecutive, so we take n as the number for the first half of peaks, and n+1 for the second. We
write down the given formula for both cases:

𝑛λ
𝑖

= 𝑑 𝑠𝑖𝑛(θ
𝑖, 1

),  (𝑛 + 1)λ
𝑖

= 𝑑 𝑠𝑖𝑛(θ
𝑖, 2

),  𝑤ℎ𝑒𝑟𝑒 𝑖 𝑖𝑛𝑑𝑒𝑥𝑒𝑠 𝑡ℎ𝑒 6 𝑖𝑛𝑐𝑜𝑚𝑖𝑛𝑔 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ𝑠

Subtracting the first equation from the second, we get:
λ

𝑖
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) − 𝑠𝑖𝑛(θ
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) )

Plugging in the formula for angles:

λ
𝑖

= 𝑑 ( 𝑠𝑖𝑛( 𝑡𝑎𝑛−1(𝑙
𝑖, 2

/0. 4𝑚) ) − 𝑠𝑖𝑛( 𝑡𝑎𝑛−1(𝑙
𝑖, 1

/0. 4𝑚) ) )

Without further simplification we calculate 6 incoming wavelengths:
410nm - from peaks at 18 cm and 31.2 cm,
426.5nm - from peaks at 18.9 cm and  33.3 cm,
492.5nm - from peaks at 22.6 cm and 43.8 cm,
587nm - from peaks at 29 cm and 74.3 cm,
610nm - from peaks at 30.8 cm and 90.7 cm,
656nm - from peaks at 34.8 cm and 220.9 cm,
We mark those peaks on the diagram:



And notice that there are peaks which are generated only by H (410nm), He (492.5nm), Li
(610nm), so those are present in the object. As out of many spectral lines of Be we found only
the ones which coincide with other elements, we conclude that Be is not present in the sample.
Answer: H, He, Li


