PURDUE D) EpaRTMENT OF Physics

Physics 42200
Waves & Oscillations

Lecture 28 — Geometric Optics
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Sign Conventions
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* Convex surface:
— S, is positive for objects on the incident-light side
— §; is positive for images on the refracted-light side
— R is positive if C is on the refracted-light side



Sign Conventions

* Concave surface:
— S, is positive for objects on the incident-lig
— S; is negative for images on the incident-lig
— R is negative if C is on the incident-light sid

Nt side
Nt side

S



Magnification

e Using these sign conventions, the

magnification is
nySi

m p—
nz So

e Ratio of image height to object height
* Sign indicates whether the image is inverted



Thin Lenses

* The previous examples were for one spherical
surface.

* Two spherical surfaces make a thin lens
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Thin Lens Classification

* A flat surface correspondsto R — oo
* All possible combinations of two surfaces:

Diverging lenses (positive) Converging lenses (negative)
R;<0 | |R,=00
R,<0 | |[R,>0 R,>0 | |R,>0
Double  Plano Concave Double  Plano Convex

concave concave meniscus convex convex meniscus



Thin Lens Equation

First surface:

So1  Si1 R4
Second surface:
n, (4279 Ny, — Ny
+ — =

Add these equations and simplify usingn,,, = 1and d — O:
1 1 1 1
=0 ()

(Thin lens equation)



Gaussian Lens Formula

Recall that the focal point was the place to which
parallel rays were made to converge

F

-
Parallel rays from the object correspond to s, — o

ands; — f: %z(nl—l)(Ril—Riz)

This lens equation: 142 = (n,—1) (i — i) =

Si  So R;1 Ry

1
-



Gaussian Lens Formula

e Gaussian lens formula:

1 N 1 1

So Si f
e Newtonian form:

XoX; = f*

(follows from the Gaussian formula after about 5 lines of algebra)

e Allyou need to know about a lens is its focal length



Example

R =50 mm

Plano-convex spherical lens

 What is the focal length of this lens?
— Lets, » o, thens; = f

1 ( 1 1 1
FmM T P\RR,
— The flat surface has R; = oo and we know that R, = —50 mm

NG 1\ 1
f_( o )<oo_—50mm)_100mm
f =100 mm



Example

* Objects are placed at
s; = 600 mm, 200 mm, 150 mm, 100 mm, 80 mm

* Where are their images?

1 1 1
: _ - ‘Si: Sof

So Si f

s; = 120 mm, 200 mm, 300 mm, oo,




Focal Plane

Thin lens + paraxial approximation:  #**

— All rays that pass through the center, 0, do not bend
— All rays converge to points in the focal plane (back focal plane)
— F, lies in the front focal plane



Imaging with a Thin Lens

* For each point on the object we can draw three rays:

1.
2.

A ray straight through the center of the lens

A ray parallel to the central axis, then through the image
focal point

A ray through the object focal point, then parallel to the
central axis.



Converging Lens: Principal Rays

Optical axis

Object

Principal rays:
1) Rays parallel to principal axis pass through focal point F..
2) Rays through center of lens are not refracted.

3) Rays through F_ emerge parallel to principal axis.

In this case image is real, inverted and enlarged
Assumptions:
P Since n is function of A, in reality each
 Monochromatic light color has different focal point:
chromatic aberration. Contrast to

mirrors: angle of incidence/reflection
* Paraxial rays (near the optical axis) not a function of A

e Thin lens



Diverging Lens: Forming Image

_--7" F,

e 2 , O.A.
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Assumptions:
e paraxial monochromatic rays

. e thin lens
Principal rays:

1) Rays parallel to principal axis appear to come from focal point F.
2) Rays through center of lens are not refracted.
3) Rays toward F, emerge parallel to principal axis.

Image is virtual, upright and reduced.



Converging Lens: Examples
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Lens Magnification

Fi Image
" tical axi
optical axis
® ® P

F, «
1 1 1 )
+—= /
s, S f
Green and blue triangles are similar: Magnification equation:
_ Vi 8
M,=—t=-—-—L
T yo SO
Example: f=10 cm, s,=15 cm | = transverse
1 1 1
+ - si=30cm MT:—3ocm :_2

15cm s, B 10cm 15¢m



Longitudinal Magnification

The 3D image of the horse is distorted:
e transverse magnification changes along optical axis
e longitudinal magnification is not linear

Longitudinal magnification: Negative: a horse looking towards the
, lens forms an image that looks away
M. = dx, T IYE from the lens
L= g — 2 M
X, X,

(f21x,)==(f?122)




Two Lens Systems

®
0

< Sop1———>

1 1 1

e Calculate s;; using— = I
" fi  So1 Sy
* Ignore the first lens, treat s;; as the object distance for

the second lens. Calculate s;, using
1 1 1

f2 B So2  Si?

* Overall magnification: M = m;m, = (_ SSA) (_ SLZ)
o1




Example: Two Lens System

An object is placed in front of two thin symmetrical coaxial lenses
(lens 1 & lens 2) with focal lengths f,=+24 cm & f,=+9.0 cm, with a

lens separation of L=10.0 cmm. The object is 6.0 cm from lens 1.
Where is the image of the object?




Example: Two Lens System

An object is placed in front of two thin symmetrical coaxial lenses
(lens 1 & lens 2) with focal lengths f,=+24 cm & f,=+9.0 cm, with a

lens separation of L=10.0 cmm. The object is 6.0 cm from lens 1.
Where is the image of the object?

(not really to scale...)



Example: Two Lens System

An object is placed in front of two thin symmetrical coaxial lenses
(lens 1 & lens 2) with focal lengths f,=+24 cm & f,=+9.0 cm, with a

lens separation of L=10.0 cmm. The object is 6.0 cm from lens 1.
Where is the image of the object?

Lens 1: 1 1 1
=+ ) 5, =-8cm
fl So1

Si1

Image 1 is virtual.
Lens 2: Treatimage 1 as O, for lens 2. O, is outside the focal point of

lens 2. So, image 2 will be real & inverted on the other side of lens 2.

S =L—5;,; mmp s,=180cm

l _ i i Image 2 is real.

fZ S02 Si2 Magnification: M= (— =5 Cm) (— 18cm) = —1.33

6cm 18cm




