CH417 - OprtIicAL METHODS IN CHEMISTRY SESSION 3 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. Beam optics
A Gaussian beam is described by

. Wo —P2 . . p2 .
U(r) = AOLL](Z)exp[w(Z)%xp[—zkz — ik SR() +i&(2)] (1)
and p = y/x2 + y2
(a) Describe the meaning of w(z) = wo, /14 ()2

Beam width &S & Tuaction of 2, cle[)ending on  beam waist w,

ond Rajleijh 'eﬂjﬂl X,

Describe the meaning of R(z) = 2[1 + (£)2].

z

The curvature of L fronfo of a (istance 2

Describe the meaning of {(z) = tan™"=.

Phase retandation of X Cousian Deam

Describe the meaning of w, :\F‘;.
Beam waist, which is the bem mdius ot 2=0. The
tightest -focus vf‘the beam
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2. What is the correlation between beam optics and Ray optics for z — co0? What is the Rayleigh length?

2 smodl : Peom OF‘ticS XS0 : Rcfy Dptics /
z
: - X
gy = Wo |+(§;)1 , ig:o gy = Wo'—z—o 1) N

tond = 2
Ragleigh fongth 2o i the distance thwt tokes Tmm 2=0 Tor peam radius
o increase ﬁom W 10 V2 wo; beam Crog Section o increase ‘fram Twe fo 20w

3. The confocal parameter of a Gaussian beam relates the Rayleigh length and beam width. It is defined
2
as twice the Rayleigh length and is given by 2z, = 2”; o,
What is the relationship between depth of focus and focal spot size? How do you obtain the smallest

possible focal spot?

2

om
Pe[)‘ﬁ\ ffr ’fOCus: d=2% = > W
propartional o and  inverse propor"[ional T A

Obtin  Smallest Possible ‘fowl st’(: Yt
According b next qu&s‘ﬁon (84), foral size 2w %A -

So AL TUDT for & smaler ol size.
(OP‘ﬁonaI) Remark = “focal point size is liwited by diffraction, So the minimum

ow. s on the soale of A or min{2we} v A, the approximation
equation 2uo % AL wil il when 2w, s oompamble ™ N
Soarth “Airy Disk Rades” i you o infnsted

4. When a Gaussia¥ beam is focussed with a e diameter of the spot can be described by 2w, = %/\F#
and Fy = f/D is the so called F-number. f is the focal length and D the diameter of your lens, i.e.
maximum beam width w(z) that your optical components can allow.

You want to focus your HeNe laser (640 nm, beam waist of laser = 1mm) as tightly as possible.

You have two lens kits available. One contains optics with a diameter of 1 cm and focal lengths of 2
cm, 5 cm, 10 cm. The other kit contains larger optics with a diameter of 5 cm and focal lengths of 10
cm, 20 cm, and 50 cm.

Cont.



CHA417 - Optical Methods in Chemistry Session 3 exercises Page 3 of 3

How do you setup your system? Argue. Sketch. E

Remark : D in equa'[ion 2we R 7\ actuahj reFmen‘l's
" Effec‘tive" Lene  Diamefer  instead trf Lens Diameler.

Va{ *1;'-{-33}--.-- 'foml SPO‘[ size in this Case =—74T-7\;£T instead ‘Tf
o

Thus, the jdea is To  in H%} > @‘fz 2¢m, P=[cm ®1L"°0”'/D=5cm
. n s l = l . .
Omjmul beam waist = [mm, we need o Tl'uf?j),ow'ng op‘hwl [ensyroup

+o extend the beam waist : <k
° n =<l Iny

What is the resulting spot size? Acco’\d”g —l—a 9€0me—h\j we have 3 - :E_
for case @, we need fiml Tp=Jcm and initie]  D; = 2w, = 20m
+ ;Dt =5 ='F_z
Di=lom 0 f=2om, D=lem
D.=5em f

Two lble (T T2 stts ) fi=20m Fa=loom @‘f =foom, T, = boem
8] uses one Lens twice, o oy Cfi. fo) = (tocm, bocm)

'for ase @, ve ned final Dp=5on  wit B— 5o =_f_

Di=lom

T
only | PDSSible (‘fu.fz) set: (3 ‘f,:wn, 2 =[00Cm,

Focal S[)ﬂ‘t SiZe 2w = ‘%‘7\- 2 I‘BZIAV"\, The End.



