Chapter 34

Electromagnetic
Images Spectrum
10nm+
34-1 Properties Of Light :gs": Gam
103 am l
* light is an Electromagnetic wave which are transverse. e
*Visible light is part of the electromagnetic spectrum of i | Xrays i

1nm4

waves. Violet

10nm4 Ultraviolet
*Light ranges from violet (400 nm) to red (700 nm) < 100nm L / radiation g’::n
: = o
(VlOlet, i’,ﬂliiﬁ, ) = , urange &Red) % 108 nm=1um+ Yellow
*It has a constant speed in space. g 10um+ Visiblelight
*The actual speed of light is 2.9979x10% m/s. : 100m ¢ \Unfared ~ 7000m
: 8 2 6 1000um=1mm+ radiation
 Identify the characteristic properties of waves: s :
; : 10mm=1cem+ Microwaves
- Reflection - Refraction o |
- Interference - Diffraction 100cm=1m+
- Doppler Effect i
100m, Radio waves
1000m=1km+
10km + 1

100 km +

34-1: Properties Of Light

Reflection

The law of reflection states:

Reflection

Normal

I
Angle of I Angle of

incidence | reflection

Mirror

The angle of incidence = The angle of reflection

9 incidence = 9 reflection
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34-1: Properties Of Light

Refraction

n is index of refraction

velocity of
index of lightin
refraction c vacuum
n=-—
v velocity of
lightin the
medium
Medium Index of Medium Index of
Refraction, n Refraction, n
Air 1.00029 Vacuum 1.00000
Ice 1.31 Acetone 1.36
Water 133 Ethyl Aicohol 136
b)
Snell’s Law:
ny sinf; = no sin s
3
34-1: Properties Of Light
Refraction i
. Position
Snell's Law: Real Position
n sinfy; = nasiné,
Virtual image Observed by Refraction
ApparentFish
Incoming
UOM Ww
by Eye
Figure6 " olRen "
Actual Fish
4
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34-1: Properties Of Light

Reflection
normal to surface
1
incident ray reflected ray 0 incidence 0 reflection

nl
n,

Refraction

Snell’s Law:

: refracted ray ny sin @, = nosin s
© 2006 Encyclopadia Britannica, Inc.

nis index of refraction

34-1: Properties Of Light

Principal I-\pplications
(
Applications of Reflected light

\
Applications of Refraction of light
plane and curved mirrors, CDs, DVD Lenses,

prisms, and fiber-opftic.
\ v
Miyrors fictiaes
| &
Plane N,""°f5 Spherical Mirrors A /
Flat mirror Curved Mirrors |\ /) ,‘.
A curved mirror is a 4 AN \

- = C 3
section of a sphere. Double | Convex

convex | concave

Convex Mirrors \ VAW \

Plane
convex

ConL[ave Mirrors

\
\

U WO (L[N - (A WA |

\
s

Double | Convex- Plane
concave | concave concave

If the inside surface is reflecting,

If the outside surface of the
the mirror is concave.

sphere is reflecting, the mirror 6
is convex.
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34-1: Properties Of Light

Principallllpplications

[ |
Applications of Reflected light Applications of Refraction of light
% . v
Miyrors Lenses
( \ -
Plane Mirrors Spherical Mirrors A\
Flatiisviar Curved Mirrors \_\. |

A curved mirror is a y
: Double | Convexs-  piape
section of fl sphere. conver | OWERY®.  comvax

Conéave Mirrors Convex Nhrrors

4_3‘93‘..:.4.“ 3‘»)4.“ 3)’—3&“ S‘JA.“ :
Double éonvex— Piane
concave | concave concave

If the inside surface is reflecting, If the outside surface of the \
the mirror is concave. sphere is reflecting, the mirror \ 7
is convex. g
Reflection Characteristics SAL.T

\
( I \ \

Size Attitude Type

ulmn Front mirror Real
Image appearsin front of the

mirror

Same Q
upright’ HIRROR
Larger Q
Inverted [{IBBOEB  Behind mirror

smaller O e e
laterally inverted

virtual

ﬂ I' object mirrol virtual image
m= o’l’l Image appears behaind the
mirror
8
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34-2: Two Types of Image

Real Image

object

lens

><

real image

object

Virtual Image

-._--
—
-
-
-

Spherical mirrorvirtua| image

]

-
-
_—
—
e

Real Image 1s formed by the actual
intersection of light rays.

Virtual Image is formed by the imaginary
intersection of light rays.

9
34-2: Two Types of Image Terms you need to know
Optical Axis Base line through the center of a mirror or lens
Center of Curvature The center of the spherical shell of which the mirror is a small part C
Radius of Curvature  The distance from the mirror’s surface to the center of curvature R
Focal Length Focal length is equal to half the radius of curvature f
Focal Point Point where reflected or refracted rays meet & image is formed F
Height of object The height of the object h,
Height of image The height of the image h;
Object distance The distance between the object and the mirror p; d,
Image distance The distance between the image and the mirror i;d;
object distance (p) ~, image distance (i)
object ) ' Image
IJ Focal Point(F) Optical (h)
(o) 1 o | system i
Center of curvature (C) Radius ofCurv'Eture ®) N Optical Axis
Pocal} Length {_ _ Or Principle a¥is
(f)
Dr. Hana'a S. Farhan King Abdul-Aziz University hfarhan.kau.edu.sa Ch(34)



34-2: Two Types of Image

) object distance (p) e b
object ' Optical | Image distance (i) Image
I Focal Point(F) ) (h)
(h,) system i
" @
) ” Optical Axis
Focal Length o / Or Principle axis
(f)
Mirrors Lenses
Real image Virtual image Virtual image Real image
s
object . object Image
Optical F i
(h,) F system (h,) ( _ (hy)
Optical '
4——————————T- > 1IMNAage
Local Length_ Focal Length ST ¢
Image : :
(hi), H 4 ) 3
1mmage y uble
g xvl:alx Double
Real images form on the side where the object conare
is located (side to which light is going).
Virtual images form on the opposite side. 11
S Reflection from a Flat Mirror
o e utterfly is '
34-3: Plane Mirrors R raly here.. ME tloos _,5 )

object
(h,)

Real image =

Plane Mirror: i=—p

Virtual image

Actual light
path to eye \-Theeye hind
this is the light
Eye 1 path

lnd

MIITOT www hozemsekeck com

S. Same object A. upright

L. Behind mirror

T. Virtual

The image that is formed by a flat mirror has the following properties. ©
* The object and image distances from the mirror are equal.

* The image is unmagnified, virtual, and upright.
* The image has front-back reversal.

Dr. Hana'a S. Farhan
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34-4: Spherical Mirrors

Spherical Mirrors, Focal Points of Spherical Mirrors

A
[ |

Concave errors 3 yaiall 51 yall Convex Mirrors PP (R J‘J\

\\\\ I”
\\ ’I
R
/ Virtual
ocus 2 focus
’ P, Central r €
axis T30 /
/
Cenual v
\ cl\l!
i i

1
Spherical Mirror: f = 2 R

R (f ) = + ve for concave R (f ) =»- ve for concave
(real focal point) (real focal point)
13

34-5: Images From Spherical Mirrors

Images from Spherical Mirrors

Spherical Mirrorequation: — + — = ——
p i f
1 . 1 !
object distance  image distance focallength

Lateral Magnification: m=—-——L-= B

Mirror

Center of
cur'mlui R

C || v
I
Principal
axis.

Real images form on the side where the object is located (side to which light is gomg)
Virtual images form on the opposite side.

Centerof curvature: R=2 f 2 f= % R
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34-5: Images From Spherical Mirrors

Sign Conventions for Mirrors

ik acall) 51 jall ala) aua|
+ I()bject is in front of mirror (real object) ( =i il
object distance| p - = -
A 1) 31 pall ils N
(Object is behind mirror (virtual object) (S puapl) B a0 A oy
+ image is in front of mirror ( real image) |(ohds 5 5l ) 51 alal 5 guall
image distance| 7 - -
image is behind mirror (virtual image) | (4585 5 pall) 31 ) iS5 ) peal
Magnificati + Image is upright ks 5 gl 098
agnification [ m s
v Image is inverted A gl 5 guall (gSS
Magnification | m = JES b thrge S s L
<1 Image is small 3 fuda 5 pall (3
+ 1 50 alat (50 dagll (3985 Lastis concave mirrors sha 3
Focal Length | f = - - - -
B pall G (o 55l aadd) 585 Latie convex mirrorizias 3 s
N
"N ¢ Convex Mirrars . .
R (R S object distance (p) -
a>)l_|4l > _).J x} \ Lzl 3; o 7 2. 4 - - opteal
: ' o object Image,, N ~— [
St (h.) (ho) Timagc distance (i)
. — ' »

-

: £
Real image ()

34-5: Images From Spherical Mirrors

Locating Images by Drawing Rays

i 15
Virtual image

There are three rays that can be used to locate images formed by a mirror and that

are easy to draw . These are:
1. A ray that is parallel to central axis reflects through F.

2. A ray that reflects from mirror after passing through Femerges parallel to central

axis.

3. A ray that reflects from mirror after passing through Creturns along itself.

B}M\ '8})&“

Concave Mirrors

(converging)

Dr. Hana'a S. Farhan King Abdul-Aziz University
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34-5: Images From Spherical Mirrors
Concave Mirrors /

1 a,>rR
2 R>dy>f
: do=f
4

dy <f

Object is more than

two focal length

Object is between
curvature and focal

length

Object is at focal
point

Object is between
mirror and focal
point.

S: smaller
L: front

S: larger
L: front

A: inverted
T: Real

A: mverted
T: Real

No image is formed

S: larger
L: back

34-5: Images From Spherical Mirrors

d,>R
2 R>dy>f
® do=f
4

dy <f

Dr. Hana'a S. Farhan

Convex Mirrors

Object is more than
two focal length

Object is between
curvature and focal
length

Object is at focal
point

Object is between
mirror and focal
point.

S: smaller
L: back

S: smaller
L: back

S: smaller
L: back

S: smaller
L: back

King Abdul-Aziz University

A upright
T: virtual

A: upright
T: virtual

A: upright
T: virtual

A: upright
T: virtual

A: upright
T: virtual

hfarhan.kau.edu.sa
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34-5: Images From Spherical Mirrors

Example (1):
Assume that a certain spherical mirror has a focal length of +10.0 cm. Locate and
describe the image for object distances of f (+ve)=»concave mirror 3_=2a3l e
A) 25.0 cm, 10.0 cm, and ) 5.00 cm.
(
111
; i ? object 1s located at the focal point l +1 _ i
L1 5 i 10
_ Wt .
557710 | f\ i=-10cm
— ) _ iz,
i=16.7cm _ _ M, TS
. 16.7 No image 1s formed
m= LA —0.668 im/>1=® the image is bigger
p 25 1 1 1 than the object (twice)
. . —t-=— m:+ve=» image is upright.
Eﬂ:lt; i‘?eﬁlﬁge is smaller 10 7 10 i (-ve)= the image is located
meved ixrjlage is inverted behind side of the mirror and
i(+ve)P the image is located 1 =0 is virtual
on the front side of the mirror t
and is real m 6

e ]

objed L—F S: larger A: upright L:back T: vitfial

S: smaller A: inverted L: front T: Real

34-5: Images From Spherical Mirrors

Uses of I\i[irrors

[ )
Concave Mirrors Convex Mirrors

Concave mirrors are specially
designed to collect light and bring
it to a single point.

Convex mirrors take objects in a large
field of view and produce a small image

b Because convex mirrors allow you to see
% more than plane mirrors, they are often
used for security in stores as well as rear-
/f VIEW MIrTors in cars.

Flashlight

Telescope @
Cosmetic mirror @

Headlights
of a car
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