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3. Consider a thick sheet of glass (index of refraction n) that is bent at one end so the
cross section is as shown in the figure. The bend is perfectly cylindrical and the inner
radius is r and the outer radius is /. A laser is pointing vertically down and enters the
glass through the top side. What is the constraint that ensures that the laser light exists
through the left (vertical) face and nowhere else?

Solution Example:

If B is larger than the angle of total internal reflection at
point A, then the beam will stay inside the glass plate,
consequently we have the condition:
. x+r _ 1
sin 3 = Z =

R n

The B angle is the is minimized when x = 0, providing the
critical condition for the laser beam to stay inside the

N R glass. Thus, the ratio of the larger radius to the smaller
— <

< N radius must remain below the index of refraction of the
T glass plate.
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If the plate continues horizontally, as shown in the figures in the right,
there can be one or more additional internal reflections. In some case
the first reflection will happen on the lower side, in others the upper
side of the horizontal portion. In either case the geometry ensures that
@ is always larger than (3, therefore the condition of total internal

reflection is automatically satisfied.

Consequently, the R

s < n

r condition is always sufficient to ensure
good quality for a light guide (e.g., for a radio where the front panel is
far from the laser diode used as indicator on the PCB). LEDs have
broader angular emission than lasers, therefore the question is slightly
more complicated for LEDs. However the result is still a decent rule of

thumb for nice laboratory design.
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Sec. 2 -

Aleiner Q5 solution

Aleiner

a) The electric charge Q is uniformly distributed along the rod of the length
L. Find the electric field at the distances from the rod (i) much larger than L;
(ii) much smaller than L and near the middle of the rod; Solution: a) (i) At
the distance r >> L the field, E is not different from that of the point charge:
The answer is then E = QF/r3; (ii) Let us chose the cylindrical coordinate
system (), z) such that the rod is characterized by g’=0; —L/2 < z < L/2; The
electric field near the middle of the rod is obviously directed along p’ One finds

E = Qﬁffé% %W; The integral is mainly contributed by z ~ p, so that

the limits of the integration can be put to infinity. We find E= 2Qp(Lp?);

b) The same rod is now bent into the semicircle shape. Find the electric
field in the center of the semicircle.

Chose the cylindrical coordinate system(z, p, ¢) such that the rod is charac-
terized by the equation z = 0; p = %; w/2 < ¢ < 3pi/2 Electric field in the

center is clearly along ¢ = 0 direction and its absolute value is given by
3m/2 .
E=Q/L? [21]* d¢| cos 6| /pi = 2Q/ (x L?)
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