
CH417 - Optical 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
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(a) Describe the meaning of !(z) = !o

q
1 + ( z

zo
)2.

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

Describe the meaning of ⇠(z) = tan�1 z
zo
.

Describe the meaning of !o = �zo
⇡ .
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Beam width as a function of z
, depending on beam waist wo

and Rayleigh length Z.

The curvature of wave front at a distance z

Phase retardation of a Gaussian beam
.

-
Beam waist, which is the beam radius at 2=0 .

The

tightest focus of the beam
.
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2. What is the correlation between beam optics and Ray optics for z ! 1? What is the Rayleigh length?

3. The confocal parameter of a Gaussian beam relates the Rayleigh length and beam width. It is defined

as twice the Rayleigh length and is given by 2zo = 2⇡!2
o

� .
What is the relationship between depth of focus and focal spot size? How do you obtain the smallest
possible focal spot?

4. When a Gaussian beam is focussed with a lens the diameter of the spot can be described by 2wo ⇡ 4
⇡�F#

and F# = 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 !(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.
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↑

z= 0 : Ray Optics-
WRI

= W.NE
,

Wil
=

Wo E -10 >

tanp=

Rayleigh length Zo is the distance that takes from z =0 for beam radius
to increase from wo to wo

;
beam cross section to increase from two to 2TIs

Depth of focus : d=2Zo = wo"

proportional to wo and inverse proportional to X .

obtain smallest possible focal spot :

According to next question (0 .4)
, focal size zwo :** I

So xLf↓DY for a smaller focal size .

COptional) Remark : focal point size is limited by diffraction ,
so the minimum

of zwo is on the scale of X or min(zwob-X ,
the approximation

equation zwow *** will fail when zwo is comparable to X .

Search "Airy Disk Radius" if you are interested .
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How do you setup your system? Argue. Sketch.

What is the resulting spot size?

The End.

Remark : D in equation zwo* A actually represents
"Effective" Lens Diameter instead of Lens Diameter .

De[D - - . :- ..... focal spot size in this case = I**, instead of

Thus , the idea is to min !? ) Of = 2cm , D = 1cm&+=10cm, D=

x
5em

Original beam waist=Imm ,
we need to use following optical lens group+z

eto extend the beam waist : ti
Dis 0 8 SDf

According to geometry we have Pt= I
for case I ,

we need final Df = 1cm and initial Di = 2w.
=2mm

Free Di
f2

8 a
.

D+
= 5

=2
,

O *
Di= 1cm ① f =2cm , D = 1cm

.

D2=50m
two possible (f ,f) sets : ⑪+1 = 2cm +z= 10cm &2 +, =10cm , f2 = 50cm

⑰, uses one Lens twice , so only (f , fel = (10cm, 50cm) S

7-

for case & ,
we need final Df = 5cm with 1 = 50 = I

,f2 Di

I
-

-8 OO -Di= 10m -
Dz= 5cm 2+= 10cm,D= 5cm

only 1 possible (fi , fz) Set : 2 +,
= 20m , fz = 100cm .

Focal spot size zwo
= #4 . 2 = 1 . 63MM .


