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1- Lenses: 8.5 points I1- Tomake it clear: 11.5 points + 1 point bonus
Where should the lens be placed? 2.5 7/"7' 1| In orgcr to light boats located far away, the rays going out of the lens should aim at infinity
(1) We want an image that has the same size but is reversed, which means thaty = -1 0.5 , The Ijghl source n.msl menlafore.he placed at the first focal pol.mr F of the lens . |
Thi in: DA = - DA, 0.25 2) | The first focal point of a diverging lens Is located after the lens and Is therefore virtual The
Fhl.s el :~UA = ' conjupate equation I ,f ;7— light source cannol be on this focal point for a diverging lens.
wl}urh c]an hf e / 3) | The paraxial approximation is valid provided the rays remain close to the optical axis and with |
H? ) 'TA il r small angles with respect to the optical axis.
T oa T__ Ifwe use a single lens of large diameter, the rays going from the light source towards the bor-
msulting in: OA=-2/* — ! ders of the lens will be at large angles with respect to the optical axis, and large distances. The |
Equivalent miethod with y = FO/FA paraxial approximation will no longer be valid
2) The abject being real, 0A <050 />0, itis a converging lens. 015 | 0,79 These peripheral rays will not resultin a heam of parallel rays, and will not reach distant boats. |
Ray diagram (see last page) 6 4) | Inorder to reduce the light intensity reduction in the initial propagation direction, the scat- |
1) In order to create a virtual object, one needs to use an auxiliary convergent lens. We 1 ‘

tering power should be as small as passible.

have o position alight source,  real object and the auxiliary lens so that the image is real. According (o the expression of the scattering power, one needs to use the largest ivisible)

The position of the image is determined using a screen. The first lens Ly of the diagram

et : : ; 4 ?7' wavelength, ‘

should then he placed so that this image would be where the virtual object AR is. / ILis thereflore beller to use red light.

Complete scheme with legends of the corresponding experiment with the different ele- | 0.5 5) | we recall that the deviation correspands to the angle of rotation of the ray after a diopter.

ments described Considering the deviations on each diopter. D = D, + D, (see figure 1).

2) Intermediary image A, B, on the first focal plane of L, 0.5 Firstincidence: D) = i) - r,

Final image at infinity 0.5 Second incidence : Dy = rz - iy

Incident ray towards B and F;, parallel to the optical axis between the two lenses, then 1 resultingin: D=Dy+Dy=b-n+r— =1 +r, - A

passing by F, after L, (red) g 5_ 6) | a) The prism fulfills its role if the rays exit from the prism horizontally.

Incident ray passing by O; and B, parallel 1o the red ray after L; (green) 1| 7 This implies that D must be equal to i |

Incident ray parallel to the optical axis towards B, emerging after L, from F and then 1 : Bonig|

parallel 1o the red ray after L, (blue) b) In that case r; = A: Since r, depends in the incident angle iy, the apex angle A should be | {

1 the paths are not complete of anly after L, only half the points. different depending on the prism position relative to the center.

Cleanness of the drawing, respect of parallelism and dashed/solid lines 0.5 7) | a) Clean drawing with correct angles (see figure 2) |
On the incidence point B on the vertical face of the prism, the ray is perpendicular to the |
diopter (zero incidence), and is not deviated. |
The ray reaches the second face of the prism on C, with an incident angle . Using tnangle |
BCF we getthat a = A. i
On C, the ray is directed towards a less refractive medium, so that total reflection can occur, |

- We define the critical incidence angle i. such thatsin(i,) = ok = # hence i, =36°. |
Asa=A=40°, a > i, there is total reflection on C
with a reflection angle equal to A. |
The ray finally reaches the bottom face on £ with an incident angle f = 180° -90° - A=10°. |
) This time, f < i, the ray will be refracted in the air, with a refracted angle r;, |
’ sa that n-sin(f) = n,, sin(ra), |
=3=17°, |
Figure 1: Successive deviations There will be partial reflection on E. 5

ond medium is less refractive).,

One can check that the refracted angle is larger than the incident angle § (logical, as the sec- !;
I 0.

Figure 2: Optical path b If the angle i) is small, the refracted angle r) will be also small. As i, = A~ ry, the incidence
angle i; on the second face will be close to A and may be larger than i, resulting in a total re-

flection; the light will therefore not be transmitted towards the boats, making such lighthouse
useless...
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