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34.2 Light rays from the object at point P
) - . are reflected from a plane mirror. The
34.1 Light rays radiate from a point reflected rays entering the eye look as

object P in all directions. For an observer though they had come from image point P
to see this object directly, there must be
no obstruction between the object and the

observer’s eyes.

Object point: apparent
source of rays source of
reflected rays

Plane mirror
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34.4 Construction for determining the
location of the image formed by a plane
mirror. The image point P’ is as far behind
the mirror as the object point P is in front
of it.

After reflection, all rays
originating at P diverge
from P’. Because the
p rays do not actually pass
~_  through P’, the image
S~ is virtual.

0T~

- 4 .
Object distance Image distance

Triangles PVB and P'VB are congrue"nt,
sols| = |s'}.




34.6 Construction for determining the
height of an image formed by reflection at

a plane reflecting surface.

For a plane mirror, PQV and P'Q'V are con-
gruent, so y = y' and the object and image are
the same size (the lateral magnification is 1).
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34.3 Light rays from the object at poini P
are refracted at the plane interface. The
refracted rays entering the eye look as

though they had come from image point P'.

When n, > ny, P' is closer to the surface than P;

for n, < ny, the reverse is true.
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Object point: Image point: apparent
source of rays source of refracted rays
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¥\ refraction of light
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34.5 For both of these situations, the
- object distance s is positive (rule 1) and
the image distance s’ is negative (rule 2).

(a) Plane mirror

O,
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_ Inboth of these specific cases:
Object distance s is Image distance s’ is
positive because the negative because the
object is on the same image is NOT on the
side as the incoming same side as the
Iig{u. outgoing light.

(b) Plane refracting interface
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34.11 The sign rule for the radius of a
spherical mirror.

- Center of curvature on
same side as outgoing
* light: R is positive.

Outgoing

R<0—>eC

Center of curvature not on
same side as oulgoing

light: R is negative.

Outgoing
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concave micror

34.13 The focal point and focal length of
a concave mirror.

(a) All parallel rays incident on a spherical
mirror reflect through the focal point.

j¢—R (positive) —)‘l

Focal
W point

E—A——s5s =0
>
Focal length/s’ = g—_rf

(b) Rays diverging from the focal point reflect
to form parallel outgoing rays.

l&—— R (positive) —9‘1

ConNVex mirror

(a) Paraxial rays incident on a convex spherical
mirror diverge from a virtual focal point.

\l(\—/ R (negative) —
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Virtual focal

(b) Rays aimed at the virtual focal point
are parallel to the axis after reflection.

\%\—/ R (negative) —>
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34.19 The graphical method of locating an image formed by a spherical mirror. The colors of the rays are for
identification only; they do not refer to specific colors of light.

(a) Principal rays for concave mirror (b) Principal rays for convex mitror
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@ Ray parallel to axis teflects through focal point. @ Reflected parallel ray appears to come from focal point.
@ Ray through focal point reflects parallel to axis. @ Ray toward focal point reflects parallel to axis.

@ Ray through center of curvature intersects the surface normally @ As with concave mirror: Ray radial to center of curvature intersects
and reflects along its original path. the surface normally and reflects along its original path.

@ Ray to vertex reflects symmetrically around optic axis. @ As with concave mirror: Ray to vertex reflects symmetrically around
optic axis. '
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s + if the object is in front of the mirror (real object)
— if the object is behind the mirror (virtual object)*
s' + if the image is in front of the mirror (real image)
— if the image is behind the mirror (virtual image)
rf + if the center of curvature is in front of the mirror
(concave mirror)

— if the center of curvature is behind the mirror (convex mirror)




34.14 Construction for determining the position,
orientation, and height of an image formed by a
concave spherical mirror.

The beige and blue triangles are similar, so the
lateral magnification is s = Y/y = —=s'/s. The

negative value of i means that the image is inverted
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(b) Construction for finding the magnification of an image
formed by a convex mirror

As with a concave spherical mirror,

B i)




Lﬁh5e§ re Ffo«c{' lljl\-}— - rays e/'{‘}\&r Conver 9@ :
H«ou;),\ Fo(a/ FOir\ or 441\/??'76

(o~ (:'OC"’I) Pb\(\+

cor\vifpl‘r\a /t’I\S Aiver ne [ens

34.31 F, and F are the second and first
34.28 F) and F, are the first and second focal points of a diverging thin lens,
focal points of a converging thin lens. The respectively. The numerical value of f is
numerical value of f is positive. negative.

(a) (a)

Optic axis (passes Second focal point: Second focal point: The point

UKGagh ccnr[t;rs ;])f ?‘he point to whl;c]h from which parallel incident
curvature of bot incoming paralle rays appea to diverge
lens surfaces) rays converge >

K—f—>—f =3

For a diverging thin lens, fis negative. -

-
Focal length s (b)
* Measured from Jens center
* Always the same on both sides of the lens
* Positive for a converging thin lens

First focal point: Rays
converging on this point
emerge from the lens
parallel to the axis.

(b)

First focal point: Rays
diverging from this
point emerge.,

from the

lens paralle!

to the axis.




Paraxiale Strahlen; Gauss Optik
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34.36 The graphical method of locating an image formed by a thin lens. The colors of the rays are ’for
identification only; they do not refer to specific colors of light. (Compare Fig. 34.19 for spherical mirrors.)

(a) Converging lens (b) Diverging lens
Q 4/;\; /
e —':7,/'
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P F,

@Paral]el incident ray refracts to pass through second focal point £, @Parallel incident ray appears after refraction to have come
from the second focal point /.

@ Ray through center of lens does not deviate appreciably. . .
@P;ay through the first focal point F| emerges parallel to the axis. (2)Ray through center of lens does not deviate appreciably.
@Ray aimed at the first focal point F; emerges parallel to

the axis.
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s’ + (real image) for images in back of the surface (transmission side)
— (virtual image) for images in front of the surface (incident side) : :

rf + if the center of curvature is on the transmission side F < 0 A ey 7\ ~ ) )u\ S
— if the center of curvature is on the incident side 5 4

s + (real object) for objects in front of the surface (incident side)




34.29 Construction used to find image position for
a thin lens. To emphasize that the lens is assumed to sand s’ are both positive;
be very thin, the ray QAQ' is shown as bent at the the image is inverted.
midplane of the lens rather than at the two surfaces
and ray QOQ' is shown as a straight line.

3fl.38 Principal-ray diagram for an image formed by a thin
diverging lens. .










Sphérische Aberration
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Real Image Vs Virtual Image
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34.39 Principal-ray diagram for a combination of two converg-
ing lenses. The first lens (A) makes a real image of the object.
This real image acts as an object for the second lens (B). eyepi ece
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Paraxiale Strahlen; Gauss Optik

Sphéische Aberration
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