
CH417 - Optical Methods in Chemistry Session 2 exercises

Upload your finished worksheet as a single pdf file on moodle before the next class
session in order to get participation credit.
Try to keep your books closed. Discuss with your fellow students to come to an answer.
Show your work.

Name:

1. Ray Optics

(a) Describe Fermat’s principle.

(b) Sketch rays for shadow, projection, pinhole.

(c) For a reflection from a mirror, the angle of incidence equals the angle of reflection. Sketch and
argue this law based on Fermat’s principle.

(d) In your experiment you want to collect light from your source with a small volume S in your
detector in point P. What optical element (mirror) do you use to collect the light e�ciently?
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Think about it in terms of focal spots. Sketch.

(e) You want to collect sunlight and focus it in a heat absorber for solar energy applications. What
optical element (mirror) do you use. Sketch.

(f) You have an object " at a distance z1=300 mm from a spherical mirror with a radius r=100 mm.
Where is the image formed. What is the magnification? If your object is 20 mm tall, do you get
a good image? Sketch.
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2. Wave optics

(a) In the Fresnel approximation a light wave is described by

U(r) =
Ao

z
exp[�ikz]exp[�ik

x2 + y2

2z
] (1)

i. Under which boundary conditions is the Fresnel approximation applicable?

ii. Discuss the di↵erent terms in U(r) as a function of z.

iii. Sketch the wavefront as function of z.

Cont.

z2 X2 y2 or 02 梦 I
Close to the axis and far from thesource
Remark 22 加州2 and Z TT actually are two different

scale requirements for x.pe
是 Amplitude decay with distance at

for
someofyouusing Zing

the speedof 1公 instead of 2 ⽔州
expfikz.li planar wave
exp Eik㖚⽵ parabolic wave

sphericalwave
nnn

jan.lt iiilrwaue
condition Condition optional

区2 X442 k ⽓毕 1

Or Z⼊ ⽔ y2
1⼊ is wavelength



CH417 - Optical Methods in Chemistry Session 2 exercises Page 4 of 4

(b) Sketch the wavefront of a spherical wave reflecting from plane mirror. Remember that the optical
rays are orthogonal to the wavefront.

(c) Sketch a plane wave from a parabolic mirror. Compare to a spherical mirror. What is the
di↵erence?

The End.
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