Lecture Demos

M3-42 FABRY-PEROT INTERFEROMETER — SODIUM
M4-25 INTERFERENCE IN LARGE SOAP FILM - SODIUM AND WHITE
N1-14: REFLECTION GRATING - LARGE

L4-02: REFRACTION - BEER MUG IN WATER
L4-03: REFRACTION - ROD IN WATER
L4-06: REFRACTION IN CLOUDY WATER

L5-13: PLEXIGLASS SPIRAL WITH LASER
L5-11: LASER WATERFALL
L6-09: REAL IMAGE OF CONVERGING LENS
combine with above:
(L6-14): IMAGE OF CONVEX LENS - WITH AND WITHOUT BAFFLE

L3-16: FOCUSING OF HEAT WAVES BY MIRRORS
L3-18: FOCUSING OF HEAT WAVES - OVERHEAD PROJECTOR

L3-23: IMAGE ON SCREEN USING CONCAVE MIRROR
L3-31: GIANT MIRROR - CONCAVE AND CONVEX



Change of Class room: See schedule on website

Where:

Chemistry building

(attached to Physics building)
Room # 1402

When:
October: 8, 13, 20, 27, and 29




Exam | — Will be graded and posted by Tuesday next week

Problem 1 - B and E transformation between moving frames
Quiz #3b, Hwk #35.5

Problem 2 - Biot-Savart law from current Arc
example done in class, Hwk problem 34.46, quiz #1a and #1d

Problem 3 - Solenoid - very similar to Hwk # 34.40

a) derivation in class and in book, one of the few examples of the utility of
ampere's law

b) RHR for direction of B-field from current

c) E-field inside solenoid very similar to quiz #3a

d) E-field direction application of Lenz's law (lots of homework)

Problem 4 - E&M traveling wave
Derived in class and in book (eq 35.24), wave direction ~S ~ E x B, B=E/c, S
is intensity, meaning of "plane wave"

Problem 5 - RLC circuit -
Hwk problem 36.8, and strongly related to 36.7

Problem 6 - displacement current between parallel capacitors
Quiz #3d, Hwk problem 35.38



Different limits for light behavior

Three limits for observing properties of light:

1. Physical optics — light as a wave
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2. Ray optics --- light
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Ray optics -- Light travels in straight lines in direction of Poynting vector



Light Rays

Ray optics -- Light travels in straight lines in direction of Poynting vector

An object is a source of light rays,
emanating from every point in all
directions --- scattered light and
light sources

The eye is sensitive to how much
the rays are diverging to give a
sense of where object is located in
space (eye separation is the main
mechanism, not just from one
eyeball).

Diverging bundle of rays
4

Think of this as triangulating back
to the source of the diverging rays
to find where source is located.




Ray diagram

FIGURE 23.5 A camera obscura.

{a) Image on
back wall
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Darkened room

Object

(h)

These rays don't make

The image is upside down. If the
hole is sufficiently small, each
point on the image commesponds to
one point on the object.



Law of reflection (specular)

FIGURE 23.7 Specular reflection of light.

(a) The incident and reflected rays lie in
a plane perpendicular to the surface,

Reflective
surface
ib) ?Jt}rlmﬂl

Angle of Angle of
incidence reflection

|
|
|
|
. \ | / Reflected ray
Incident ray 4o
|

Reflective surface

Specular reflection (object smooth and
flat over an area large compared to
wavelength)

For large flat mirror:
Angle of incidence = angle of reflection

Diffusive reflection (object not smooth,
but locally obeys the law of reflection)

FIGURE 23.9 Diffuse reflection from an
Irregular surface.

Each ray obeys the law of reflection
at that point, but the irregular surface
~canses the reflected rays to leave in
g many random directions.

Magnified view of surface
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Law of reflection (specular)

FIGURE 23.7 Specular reflection of light.

(a) The incident and reflected rays lie in
a plane perpendicular to the surface,

Reflective
surface
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Reflective surface

Specular reflection (object smooth and
flat over an area large compared to
wavelength)

For large flat mirror:
Angle of incidence = angle of reflection

Diffusive reflection (object not smooth,
but locally obeys the law of reflection)

FIGURE 23.9 Diffuse reflection from an
Irregular surface.

Each ray obeys the law of reflection
at that point, but the irregular surface
~canses the reflected rays to leave in
g many random directions.

Magnified view of surface



Law of reflection

FIGURE 23.10 The light rays reflecting from a plane mirror.

{a) ib) {c)  Object distance Image distance
5 5 5’
Object Object Object _» @ Virtual
P |_-z27 image
Eve
i |
£ Mirror : \
Ravs from P oreflect from This rellected ray appears The reflecied rays all diverge from P*, which
the mirror. Each ray obeys to have come from point P’ appears to be the source of the reflected rays.
the law of reflection. Your eye collects the bundle of diverging rays

and “sees” the light coming from P,

“
Il

s (plane mirror)



Law of reflection

FIGURE 23.11 Each point on the extended
object has a corresponding image point
an equal distance on the opposite side
of the mirror.

Virtual image — light rays

. Sp } Spr - do not physically pass
through image.
F
4 Eye perceives the rays
7 _2*"Q diverging from the image
2% location

I \

The .rays. from P and Q that

reach your eye reflect from

different areas of the mirror.

Your eye intercepts only

a very small fraction of

all the reflected rays.

1. Rays from each point on the object spread out in all directions and strike every
point on the marror, Only a very few of these rays enter your eye, but the other
rays are very real and might be seen by other observers,

2. Rays from points P and Q enter vour eye after reflecting from different areas of
the mirror. This is why vou can’t always see the full image of an object in a very
small mirror.



Refraction

s

Refraction of a parallel beam of light
and of rays from a point source

Angle of
incidence

Incident
ray

The ray has .
a kink at the ™"
boundary.
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Figure 35.14 As a wave moves
from medium 1 to medium 2, its
wavelength changes but 1ts
frequency remains constant.
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FIGURE 23.17 The ray diagram of a laser beam passing
through a sheet of glass.

#)Draw normal to boundary.

&) Draw ray diagram.

I
|-t-"’f‘

=
If

n, = 100

€) Show smaller angle in I
medium with larger r.

¥ Label angles, measured

I from normal.

SOLVE a. Snell’s law, the final step in the Tactics Box, is
nysinf; = n,sinf,y. Using #; = 60°, we find that the direction
of travel in the glass 1s

o nlsinﬂ]] , _,(F.inﬁ{}"‘
f#, = gin = gin

iz

= sin~'(0.577) = 35.3°

b. Snell’s law at the second boundary is n,sinfl; = n,sin#,. You

can see from Figure 23.17 that the interior angles are equal:
f, = 8, = 35.3°. Thus the ray emerges back into the air travel-
ing at angle

- S0 H*_!,

0, = sin"( ) = gin~'(1.58in35.3%)

iy
= sin~'(0.867) = 60°

This is the same as #,, the onginal angle of incidence. The
glass doesn’t change the direction of the laser beam.

c. Although the exiting laser beam is parallel to the initial laser
beam, it has been displaced sideways by distance d. FIG-
URE 23.18 shows the geometry for finding d. From trigonome-
try, d = Isin¢g, Further, ¢ = #, — 8, and ! = #/cos®,, where 1 is
the thickness of the glass. Combining these gives

, ¥ .
d = lsingd = - Ezsm(ﬁ'l — B3}
B (1.0 cm)sin24.7* -

cos35.3°

0.51 em

The glass causes the laser beam to be displaced sideways by
0.51 cm.

FIGURE 23.18 The laser beam is deflected sideways by
distance d.

Initial lager beam

Displaced laser beam

ASSESS The laser beam exits the glass still traveling in the same
direction as it entered. This 15 a general result for light traveling
through a mediom with parallel sides. Notice that the displace-
menl d becomes zero in the limit £ — 0. Thas will be an important
observation when we get to lenses.



Total Internal Reflection

FIGURE 23.22 Refraction and reflection of
rays as the angle of incidence increases.

The angle of incidence is increasing. g\ ﬂ
ﬂz ¥ &g

Transmission is getting weaker. L o Ty =

- o N
Critical angle when 0, = 90° ; C;‘r"ﬂ ¢ -

Reflection is getting stronger. ———>

Total internal reflection
occurs when 6, = 0.



Total Internal Reflection — Fiber optics

FIGURE 23.25 Light rays are confined

within an optical fiber by total internal
reflection.

(@) TIR (Glass fiber

TIR

Detector

ih) Plastic protective cover

H\H‘C]addhlg

N

Core (few pm diameter)



Image formation by Refraction
line perpendicular to the boundary is called the optical axis

. = - r u L
s 1s called the object distance s’, the image distance
FIGURE 23.27 Finding the virtual image P’ _ ' N
of an object at P. We've assumed [ =5 tanI = § tan 62
ny = ns.
. tand,
S = A}
tan6,
Object »  Optical Siﬂﬂl no
) i Snell’s law : -
sin@,  ny

paraxial rays sinf =~ tanf =~ 6O

- / tanf, sin#, n, n,
Rays diverge from the .~ ~ — ) I — = §
- k.

virtual image at P’ tan 92 Sin 92 ”1 Hl




Approximate

D [ S p e rS [ O N Color wavelength
) Deepest red 700 nm
n increases as A decreases. Red 650 nm
" Green 550 nm
Blue 450 nm
Deepest violet 400 nm

Index of refraction can be a
function of frequency (or
A (nm) wavelength). Therefore, different

300 400 500 600 700 800 frequencies will diffract to different
angles via Snell’s law:
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Thin Lenses -- Intro

Converging lens Diverging lens

‘l-"Dc:ﬂ length f

Focal length _.f“/
Parallel rays ]

Parallel rays "3/
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Thin Lenses -- Intro

| Special rays

Lens plane —

T

T —
e
—

I M

X_____________——h—______

All the rays leaving one point in the
object plane (P) are refracted by the lens and
converge to one point in the image plane (P").

Far focal point

Optical axis

|
:R“ Object plane

Near focal point

A

\\
f

+ Image plam:f

P!
|
|
|

P’ a real image

inverted image,

image points in the image plane.

All points on the object that are in the same plane, the object plane

-

K

]
fal

= A sharp, well-focused

image is seen on 4 screen
placed in the image plane.

|
|
[
|
r, l

The rays don’t
stop unless they're
blocked by a screen.

\"""‘Thﬁ image will be blurry and
out of focus on a screen in
these planes.



Thin Lenses -- Intro

FIGURE 23.39 Rays from an object at
distance s < f are refracted by the lens
and diverge to form a virtual image.

A ray along a line through the near focal

point refracts parallel to the optical axis.
5 :

Virtual
Image

Object

L

f f;/‘

The refracted rays are diverging.
They appear to come from point P’.

FIGURE 23.40 A converging lens is a
magnifying glass when the object distance
is less than f.

(a) The refracted rays are diverging
pr [and appear to come from P’.

&

Virtual Object
image K
—F i
7 !

Your eye “sees” the
virtual image at P’.
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Thin Lenses, Diverging Lens -- Intro

Parallel rays

\\ Parallel rays
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Any ray initially parallel to the
optical axis diverges along a line
through the near focal point,

-
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,,..-r"/_:.. == Far f-:ﬁ:s:il point
// f

Any ray directed along a line toward
the far focal point emerges from the
lens parallel to the optical axis.

Rays are not bent.

Center of lens

Any ray directed at the center
of the lens passes through in a
straight line.



Imaging at refractory surface

A line through C is
normal to the surface.” glr ~ H“"“‘Spherical surface

Object Image

point point
P — P’
$ s\
Center of
R sphere
n n,
- + ! !
nysinf; = n,smé, tana =~ a = tanfg = B = tangp = ¢ =
s +d P=PF s'—d =@ R—d
n,0, = nyb, But d — 0 for paraxial rays, thus
t t t
a0 = — — _r e
Hl = o + ¢ 5 R
= b — A t t n n Hy — N
92 (f) .B ”1_+_:ﬂ2_——, 1 —?: 2 1
s R R s § ) R

ni(a + ¢) = ny(dp — B)



Imaging at refractory surface — Convex

A line through C is
normal to the surface.

Object
point




Imaging at refractory surface — Concave
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Imaging at refractory surface — Concave
ArS




Imaging at refractory surface — Flat
ArS
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Thin Lens Formula:
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Thin Lens — Ray tracing Converging Lenses




Thin Lens — Ray tracing Diverging Lenses

.l"/
Y1 Y7 -
T . ¥l |II e
e 7 VI I| _I!,_.
— - Ll
"_:._h:?_____."-— i I| |I 11
— | T
_ﬁ_:_:_—— == ?}' ==
. —— =y
i M L._ﬁ'ﬁ ﬂ F] | H"""'\-u._ Fg_,r
| ) f | E‘t‘
7. Jl}cqu - I Iy
| 1
10, 'I}crn-rh- '|| | I'.
l 30.0 cm 5,00 e
(a)
= 100 crm —»

(b}

5,00 cm —=

—— 100 cm ———

(c)

pl

Figure 36.31 (Example 36.10) An image is formed by a diverging lens. (a) The object
is farther from the lens than the focal point. (b) The object is at the focal point

(c) The object is closer to the lens than the focal point.






Various shaped lenses

0 (

Biconvex Convex— Plano— ix
COMCAVE COMNVEX \
(2) :
|
|
|
|
|
{
' /
!
/
v
s
Biconcave Convex— Plano— £
COncave CONCave
(a} Cﬂ.n'ﬁre rglng len T haye a P'E"Sl' F|gu re 36.29 The Fresnel lens on

the left has the same focal length as
the thick lens on the right but is
made of much less glass.

tive focal length and are thickest at
the middle. (b) Diverging lenses
have a negative focal length and
are thickest at the edges.



Spherical Mirrors:
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Spherical Mirrors — Ray tracing Concave Mirrors

(b)
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Spherical Mirrors — Ray tracing Convex Mirrors

THE FAR SIDE® By GARY {ARSON

Front Back

1N MIRROR ARE
CLOSER THAN THEY APPEAR
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Spherical Mirrors — Signh convention
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This ray entered parallel to the This ray was heading for the
optical axis, and thus appears {0 -—._ : focal point, and thus emerges
have come from the focal point. u parallel to the optical axis.
, 5
Special rays

Optical axis

" Mirror plane















