CH417 - OrTiCcAL 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.

Light fravels  between Tuwo points lony “the poth that
requires the least time, as a:mparecl T vther nearbj porths

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

e a7 B

shadow projection pinhol

(¢) 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.

A B ar two rondom points on same side
of the mirr. M Aond A ore s,mdr.‘c
aboet M. AOB is shorfer than any Alo'B

Bi =0 =6r

d) In your experiment you want to collect light from your source with a small volume S in your
g y y
detector in point P. What optical element (mirror) do you use to collect the light efficiently?

Ell;Fﬁcal Mirror
Focks all h‘ght from F. & F

< after one reflection event



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

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.

Parabolic Miﬂ‘ort FOCM£ FD-M"Q' ,I}h't NI ’fOCOlI PW"T
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//
/

(f) You have an object 1 at a distance z;=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.

Somm
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bed- 4

X,=300mm S Xo=60mm .

/""5 %= -3 (orsivvyly-b
1= 2omm, hz-ll-mm
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Paraxial aPPrommmvn (sind v putand ) is nl wel sactisfieq
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Cont.
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2. Wave optics

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

1'2 +y2
L (1)

i. Under which boundary conditions is the Fresnel approximation applicable?
22 A+ or 0°= L;,z «|
Close to the axis and Tar om the Source
Remark: 2> X4Y* ond 2> Th acfually are 4wo different

ii. Discuss the different terms in U(r) as a function of z. scale nqm‘rgments Tor\ X, y&

A
U(r) = —2exp|—ikz]exp|—ik
z

&: AMPWMde’ dew) with distice ot |(For some o‘f You using 2»,/’;?:5?
54 the syecd 0‘[ 1z insteod qf z?>)”l+yl)
exp [-—ikz]: planar  toave
CX[) [-i[«z—:zt]; Parabvl.‘c wave

ill. Sketch the wavefront as function of z.
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Cont.
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(b) Sketch the wavefront of a spherical wave reflecting from plane mirror. Remember that the optical
rays are orthogonal to the wavefront. -~ — = =

= -

(¢) Sketch a plane wave from a parabolic mirror. Compare to a spherical mirror. What is the
difference?

\ /
\ /

R
Remork: (\L))/

Lse  Wave Trorft that's rerrendicuiar to -the propagorﬁm difection
o dificf the Pmoess, Imrortan‘t ‘thirﬂ fo know is that after
reflecfion ond before -facus. payes Qre COnverm SPhefical waye

The End.



] ! I
SRR g
LININON <
SN AN
"\. } E /—m
' ISSSNNUEEN 2N
T el TR ;
|\ =
| > )
A X/ e /|
T o o
a1 XA | |
%ﬁ/d/ [ |
A f
\ F } | oo
‘ R

A parabolic mirror only has one focal point. Hence the wavefronts form a parabolic shape that slowly
shrink and close in on the focus.

However, for a spherical mirror, the focal point at r/2 is only valid for paraxial rays. There exist other
focal points for rays that hit the mirror far from the optical axis.

Images are from Thorlabs, Inc.



