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Refraction, reflection, lenses, and image formation

Basic components
and their functions

What is inside?




Topics:

1. Properties o light

2. Light matter interaction

3. Refraction and reflection. Refractive lenses

4. Image formation



Properties of light. Electromagnetic spectrum

Penetrates Earth's
Y | N N
Atmosphere?
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray

Wavelength (m) 10 10710 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

10"° 10'° 10*° 10°°
Temperature of
objects at which o
this radiation is the )
most intense
1K 100 K 10,000 K 10,000,000 K

wavelength emitted
—272°C -173 °C 9,727 °C ~10,000,000 °C



Electromagnetic spectrum and tissue absorption

Absorption 1n tissue chromophores
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Properties of light. Waves

elevation
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Properties of light. Waves

Wavelength: A=635 nm
Power: P=2 mW

Spot (area): A=8 mm
Speed: ¢c=3.00x108 m/s
Area: A=8 mm?

€,=8.854187817... x 10712 F-m

|I=P/A=250 W/m?

E=430 V/m

Spot (area) =8 mm
Speed (c)=3.00x108 m/s
v =5x10'4 Hz



Properties of light. Speed
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Properties of light. Rays and wavefronts

WAVE FRONTS

Wave fronts are parallel surfaces connecting equivalent points on adjacent waves.

Wave Front 1l
_ Wave Front |

Successive wave “‘H\J Light Rays, showing the
fronts are 1

U Direction of Propogation
wavelength apart

(Fila = wys Eants,def)

(To simplify drawing light, rays and wavefronts are used instead)



Light matter interaction.

LAW OF REFRACTION
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Refraction and reflection

Reflection

@ The Law of Reflection
states that the angle of
incidence is equal to the
angle of reflection.

Angle of
Incidence

Angle of
Reflection

equals

@ Angles are measured with
respect to the ‘normal’
line.

Incident Ray

= |

PLANE MIRROR

Reflected Ray

@ 0, = 0, Law of Reflection



Light matter interaction. Snell’s law

incident reflected
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Light matter interaction. Fresnel equations for normal incidence

R, = (n1 - n2)2 / (n1 + n2)2 ~4% for air-glass
T.L =4 n1n2 / (n1 + n2)2 ~96% for air-glass



Refractive lenses. Focusing

_________

Positive (converging) lens

—# - - — - - — el

Lens maker’s equation:

1 1 1 (n—1)d
?_{ﬂ_l} Ry i nRiR; |’

R, R,

where n is the index of refraction of the lens
material, and R; and R, are the radii of curvature
of the two surfaces. For a thin lens, d is much
smaller than one of the radii of curvature (either
R, orR,)



Refractive lenses. Lens shapes
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Refractive lenses. Focus size

Is the focus really a point?,
No, the focus has a size proportional to the wavelength

The Point Spread Function
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Refractive lenses. Aberrations

Py

Chromatic aberration

SPHERICAL ABERRATION

A lens with spherical aberation focuses different A perfect lens without Spherical aberration focuses

rays to different points along the optic axis

all incoming rays to a single point on the optic axis
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Refractive lenses. Ray tracing

1. Any ray that enters parallel to the axis on one side of the lens proceeds towards
the focal point f on the other side

2. Any ray that arrives at the lens after passing through the focal point on the front
side, comes out parallel to the axis on the other side

3. Any ray that passes through the center of the lens will not change its direction

Chfect | Real image

R ﬁ? =




Refractive lenses. Ray tracing

» With ray tracing rules 1, 2 and 3, the position and size of an image can be
determined from the position and size of an object

» By tracing these rays, the relationship between the object distance and the
image distance can be shown to be (thin lens equation):

1+1_1
$1 S, f

» And the magnification of the image:

Sz hp
S1 hy



Image Formation by Lenses

https://www.youtube.com/watch?v=0SUGRvYwxw$8



Image formation: Real and virtual images

https://www.youtube.com/watch?v=mfytZxM8lho




