
10. Glass plate (10 points)

There are two possible setups. First, we consider the interference of the beams, re-
flected from the upper and lower surfaces of the glass plate, see Figure, upper drawing.
Second, we direct the beam on the edge of the plate. As a result, on the screen, there
will be almost the same diffraction pattern, as from a single slit (lower drawing in the
Figure).

In the first case, we need to calculate the optical path difference, see Figure. ∆l =
2(n|CD| − |AB|) = 2(nd/ cosβ − d sinβ sinα) = 2d(n/ cosβ − sin2 α/n); we keep in
mind that sinβ = sinα/n. We need to find such a change in α, which gives rise to the
change of ∆l by λ (this corresponds to a transition from one diffraction minimum to
another one):

∆α · d(∆l)

dα
= λ.

Then, we can relate the measured quantity, the distance between the minima on the
screen a = L∆α (where L is the path length |AB|+ |BC|) to the plate thickness.

d(∆l)

dα
= 2d(sinα/ cos2 β − sin 2α/n) = 2d sinα(cos−2 β − 2 cosα/n).

So, Lλ = 2ad sinα(cos−2 β − 2 cosα/n); hence,

d = Lλ/2a sinα(cos−2 β − 2 cosα/n).

We can easily measure α and calculate β; for n, we can use typical value n ≈ 1.4, or use
the Brewster angle αB measurement to find n = tanαB. For the precise measurement
of a, we count several, e.g. 10, inter-minima intervals, and divide the distance between
the farthest minima by 10.

In the second case, the angular distance between the minima is given by ∆α = 2λ/d,
so that a = 2Lλ/d and d = 2Lλ/a. Numerically, the thickness was d ≈ 0.20mm.


