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As mentioned in the text book +Figure 2

reflection law
° Reflection: The bouncing back of light into the same medium.
» Dark bodies: They are the bodies from which light does not pass.. An example of them:
you are holding a book and directing it to the path of light, the light will not penetrate t e
e The behavior of light depends on: 1- The reflective surface. 2- The angle of |nC|den

+ The law of reﬂecbnttteplsm/ / m&] Llni Lnl Lence and t

he angle of
reflection. l\/j
° Law of reflection: angle of incidence | = angle of reflec

LAW OF REFLECTION
The angle that a reflected ray makes as measured from the normal to 3 reflective surface

equals the angle that the incident ray makes as measurad from the same normal
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reflecting surface.

denominator column
The denominator: is an imaginary l

line perpendicular to the surface.

A ray of light is incident
on a flat reflective
surface

ey The components of reflection are: the normal, the incident ray, the
" reflected ray, the angle of incidence, the angle of reflection, and a flat

- The incident ray, the
reflected ray, and the
normal to the reflective
surface lie in one plane
perpendicular to the
reflecting surface.

- Although light spreads
In three dimensions, Its
reflection is in one
plane, i.e. in two
dimensions.



2 The diferance hefweasn cnecnlar and diffocs raflecrtfian A mentioned inthe text book +Figure 4 1751 40N
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e Light rays incident in parallel are reflected in

a parallel direction.

 Rays that fall on it are parallel and are
reflected from it are also parallel.

e Reflects light in one direction.

Figure 4 Motice that the image of the light
bulb is reflected on the table by the smooth

mirror. The surface of the paper only reflects
a featureless area of light.



Reflections types As mentiened in the text book«Figure 4 180

L f:= 1] [ -
..u_'.__..t:...l_u:__,iL“E'E'J_l

4 , )
o Rays fall on all rough surfaces in a parallel
manner, but they are reflected in a non-parallel
manner.

o When-the reflected raysiaresnot parallel,;it.is
called.scattering of.light from.a rough._surface.
o The incident ray has parallel lines.

The reflected ray has irregular lines g = g,

Figure 4 Motice that the image of the light
bulb is reflected on the table by the smooth
Rough Surface: mm mirror. The surface of the paper only reflects

a featureless area of light.




Reflections types As mentiened in the text book«Figure 4 180
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The law of reflection applies 1o both smooth and rough surfaces. For a
rough surface, the angle that each incident ray makes with the normal
equals the angle that its reflected ray makes with the normal. On a
microscopic scale, however, the normals to the surface locations where the
ravs strike are not parallel Thus, the rough surface prevents the reilected
ravs from being patallel-l-tlxis gase, the rdHeciad-savsare scarered i
different directions. Wkhispeaula? sefleCritne 35 With\a-nfirfol, ¥eliican |
see yvour face. But no matter how much light reflects off a wall or a sheet
of paper, vou will never be able to use them as mirrors. Recall thar you
can only see an object, such as a sheet of paper, if light reflects off that object
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Figure 6

e The bird is a body.. and the light reflects off the body of the bird in an irregular way.

e The light from the bird falls on the mirror and is reflected.

e The light will appear to Mary as shown in the dotted lines shown in the figure, i.e. as if it is
coming from a point behind the mirror.

e In Figure 6, Mary will see the rays of light coming from,the.body of;the bird in the same way..
Thus, the image of the bird consists of the union/oef the images|of points resulting from the
reflected light rays.. This image is considered imaginary.

e Imaginary image: These images consist of the convergence of the extensions of light rays
reflected from the mirror..and they are always located on the other side of the mirror..And the
Images of real objects formed in plane mirrors are always imaginary because they cannot be
collected on a barrier.




Figure 6

Object point

--l-—|—_—_

Diverging
rays

Mirror

Figure 6 Rays that refiect from the bird will
disperse in many directions. Unly a few that
travel toward the mirror are shown. The

image is located where multiple light rays
from a point on an object seem D converge.



4 Properties of Plane-Mirror Images As mentioned in section] review (B 1R3-184
A piasad U pall 8 A0 S0l ppead | alad

- When you see your image reflected, raise your left hand.
- Smooth reflects light from it in a regular way - Plane mirror:
- Characteristics of plane mirrors: Imaginary - have the same size - Moderate - have the same
dimension -
It is: body diameter - body length - body height - height: image diameter - image length - image
height

x0: the distance of ‘F‘ Si'b‘FCt from tl}e}ql_rror - XI: the7 ﬂaEiGiOf thla |mage from the mirror

Figure 8 Viewed in a mirror, your Reight
and distance from the mirror appear the
same. There is, however, a difference. You
are facing the opposite direction.
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The properties of spherical mirrors and the images they form depend on : the
shape of the mirror and the location of the object.

Concave mirror : It is a reflective surface that is curved inward, and its edge is
curved towards the viewer. Its properties depend on the extent of its concavity.
The concave mirror has: center of curvature c - radius of curvature r - and F
focus - and € focal length.

The principal axis: is a line perpendicular to the surface of the mirror.

Focus F: It is ﬁmggzzﬁmtsmupamuel to the axis

Focal length £: is the distance between the mirror and the focus. It can be
expressed by the equation ¢ = r/2.
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Diagrams of concave mirrors

Figure 12: It shows reflected rays that gather at point | at which the image is
formed, and the collected light rays form a real, enlarged and inverted image of
the object.

. Reel picture:

1 / Ne mef«” 515!5]5' *f the confluence of

I reflectéd raysand can be collected on a

barrier.. The real eye does not see it if it is in a

location where the reflected rays do not fall on
) P L it, and you cannot see the image from behind

|  HEmEsnemmesmer [ unless you put a barrier in the location where

/ / - the image is formed




Real images formed in concave mirrors

2f>x,>f

- Figure 13 :

If the body fﬁfﬁﬁgryﬁ (I I [
curvature and . e T &
image is formed for it, and its size is Iarger .

than the size of the body itself (magnified) . |

Ray 1
™

Principal plans

The image is enlarged for an object between f
and 2.



Real images formed in concave mirrors

® Figure 13:

If the object lies at a distance xo l
greater thanit ﬁpﬁe c}csgl m@'/“ .
the spherical concave mirror is a real - =

and inverted - image of the object )

(miniature).. that is, the object is

behind the center of the mirror's e W T R

curvature.

Principal plane --""fl



Concave mirror defects NP 55,

Figure 15:
Only paraIIeI rays close to the principal axis
are reflected passing through the focus.
The other rays gather at points closer
to the mirror, and this defect called
spherical tion, ogcyns.
This spheric Ittpgr: IC[ut bmSE/
the reflected light rays do not gather at the
focus, which makes the image appear blurry.

Figure 15 Spherical aberration occurs for

Spherical aberration: A defect in a spherical- aieii e
concave mirror that does not allow light rays
to come into focus.



parabola N\ -

Figure 15:

o The parabor_c]mlrror has n757her|cal
: SEReLLLIne/

We can reduce sph erration by

reducing the ratio between the diameter of | SphericalMimor | | ParabolicMimor |

the mirror and the radius of curvature. Figure 15 Spherical aberration occurs for

spherical mirrors but does not occur for par-
abolic mirrors.

Hirﬁf
dameler =




Imaginary images formed in concave AN

mirrors N

“When an object approaches the focus in a concave mirror, the image
moves away from the mirror.

If the body falls into the focus of the mirror, the rays are reflected in

parallel, so they do not meet together at all, and the image that was

Nalnfo i awnalsvaticlin]]



Imaginary images formed in concave . | .\

When the object is located between the mirror and the focus in the concave mirror,
an imaginary image is formed for it, as shown in Figure 16.
Ray 1: drawn parallel to the principal axis.. and reflected in the focus.

Ray 2: It is drawn in the form of a line that extends from a point on the body to the
mirror.. and is reflected parallel to the main axis.. and its extension passes through
the focus.

Rays 1 and 2 in Figure 16.diverge/ from the mirror and form an imaginary image, and
their extension meets behind the mirror.

___________________




convex mirrors

Convex mirror: It is a reflective surface that is curved outwards..and its edges bend
away from the observer.
Characteristics of a convex mirror: It is an imaginary image only (because the rays
reflected from it are always dispersed). The focus and the center of curvature are
cated behind

Figll;arf/ 17It reactastttig)TS J&JD@A ln5llwral<lsl and is reflected

from it, and its extension passes behind the mirror.

® Ray 2: It falls on the mirror and is reflected from it so that its extension passes in
the focus behind the mirror, parallel to the principal axis.

e Rays 1 and 2 will disperse and their extensions will meet behind the mirror~and

an imaginary, moderate, miniature image will be formed.

® A convex mirror allows’the observer to see a large area around him, which is called thé\field
of vision. The field of vision is wide.
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Figure 17 Convex mirrors produce images
that are always virtual, upright, and smaller

than the object.



uses of convex mirrors

® Convex mirrors are used in the side mirrors of cars to assist in rear vision, as shown in
Figure 18. They reduce the size of the images and make them appear farther than they are.

nttps://t.me/lI5inll

Figure 18 Images from convex mirrors are
smaller than the object. This increases the
field of view and decreases the driver's blind

spot.



MIRROR EQUATION

The reciprocal of the focal length of a spherical mirror is equal to the sum of the reciprocals of
thelimage position and the objegt pesition.

o111 IN
X% Y X
ocal Leng J 4

The distance of the The distance of the
body from the image body from the mirror



negative values :

® When the image is imaginary, the value of the xi dimension is negative, meaning
that it is formed behind the mirror.

o An imaginary image consists of intersecting stretches of reflected rays.

o In concave mirrors, the imaginany imagefis: formed, when the object is located
between the focus and'the mirror, and the focus is in front of the mirror and the

focal length is positive.
® In convex mirrors, the focus is behind the mirror and the focal length is negative.
® The equation of spherical mirrors does not correct spherical aberration because it
uses the approximation of rays parallel to the axis.



Image diameter - The distance of the

length - height body from the image
MAGNIFICATION
Body diameter - The distance of the

length - height body from the mirror



Magnification m: One of the properties of spherical mirrors is the ratio of the image
length to the body length.
If the images are imaginary, the value of xi is negative, meaning that the magnification
m is positive, and they are moderate, which means that the length is positive.

If the image is feali then.the distance of the image is positive.afid the magnification is
negative .. and this indicates that the'image-is‘inverted..and the length is negative.
When the body is behind the center of curvature C.. the absolute value of enlarging the
real image is less than 1.. and this means that the image is smaller than the body.

If the object falls between the center of curvature C and the focus F .. then the
absolute value of the:magnification is greater than 1 .. and this means that the image is
larger than the body.



2- Find the focal length
f=r/2
f =20/2
f=10

4- We use the Magnification
equation to find the image
_ hi _length hi
hc, X 1

Example 2

1- Find the data
r, the radius of its curve: 20.0 cm.
ho , a body with a length of 2.0 cm
%0, af ter the body: 30.0 cm.
What is the image length?
After image:

3- We use the equation of
spherical mirrors to find the
dimension of the image xi

1, 1 1 1, 1

L PO
2 30

== shift solve

m

X "X 15:3([ 53@]

== shift solve

REAL IMAGE FORMATION EY A CONCAVE MIRROR A concave mirror has a radius of curvature
of 20.0 cm. You place a 2.0-cm-tall object 30.0 cm from the mimor. \
tion and image height?

El ANALYZE AND SKETCH THE PROBLEM

* Draw a diagram with the object and the mirror. . N
Ky
* Draw two principal rays to locate the image in the diagram >
&
KEMNOWN UNKNOWN b, ;
T _ 9 . P
h,=2.0cm X, = c ~F/
;= 30.0cm = * —-_}}_H
hl
r= 200 cm ’ T
f’l E
E1 SOLVE FOR THE UNKNOWN / —— ; —
Focal length is half the radius of curvature.
F
i
i
_ 200 cm
i —
=40 0Nem
L& therelationship befween the fogal lengthland objett position to solve for image
poOsSRion:
Aoz nkuy A
TN
i f
S -
=1
0.0 emi30.0 cmj)
= ey 5 ' -
300 em —10.0 cm
= 15.0 cm (real image, in front of the mirror
Use the relationship between obpect height and obje wd image position 1o solve

for image height.
i} -

Y B —— e ——

—Jin ]

Xa

=

{150 emi2 .0 cm)
= = .| ¥

300 em

= =10 cm (inverted, smaller image)

El EVALUATE THE ANSWER
» Are the units correct? All positions and heights are in centimeters.

s Do the signs make sense? Positive position and negative height agree with the drawing.



> Example applications 2

e

14. You place an object 36.0 cm in front of a concave mirmor with a 16.0-cm focal length.
Determine the image position.

15. You place a 3.0-cm-tall object 20.0 cm from a 16.0-cm-radius concave mirror.
Determine the image position and image height




> Example applications 2

e

16. A concave mirmor has a 7.0-cm focal length. You place a 2 4-cm-tall object 16.0 cm from
the mirror. Determine the image height




2- We use the equation of
spherical mirrors to find the
1 cﬁminsuonlof t{\e _lmfge xi

[

r—— .. rr—

Xg -9?‘36— X 8o

== shift solve

Example 3

1- Find the data
f, focal length: -0.50cm.
ho , forklift length : 2.0cm .
%0, at a distance of 5.0 cm.
i, how far is its image from the
mirror: ?
hi, how tall is it?

3- We use the zoom
equation to find the image
}|ength,hi
1

.

m_ho_ Xo
x 2
m=-—=

-G:45

== shift solve

IMAGE IN A SECURITY MIRROR A convex security mirror in a warehouse has a -0.50-m focal
length. A 2.0-m-tall forklift is 5.0 m from the mirror. What are the image position and image
height?

KB ANALYZE AND SKETCH THE PROBLEM

* Draw a diagram with the mirror and the object.
* Draw lwo principal rays to locate the image in the diagram.

i)
KNOWN UNKNOWN j i e )
h,=20m =7 h"‘t::‘;-i
¥, =50m =17 iy
f=—=0.50m

B3 SOLVE FOR THE UNKNOWN

Use the relationship between focal length and object position to solve
for image position.

Ak 1
i i gy
fx,
= _¢ 7
X4 |

(—0.50 m}(5.0 m}

A Sidedililer=—050m . =50m
50m—{=050m
= —0.45 m (virtual image, behind the mirror)

Use the relationship between object height and object and image position to solve
far image height.

f X
i
0.
|"|i =—3
45 mil m
- { 0.45 }'.2 0 ] l Sobschibule o — (85w, i, = 2.0m, ¢ 50 im
50 m

= 0.18 m {upright, smaller image)

El EVALUATE THE ANSWER
=« Are the units correct? All positions and heights are in meters.

» Do the signs make sense? A negative position indicates a virtual image; a positive height
indicates an image that is upright. These agree with the diagram.




Compare mirrors

Table 1 Single-Mirror System Properties

Mirror Type

Pane i i o] = x, Positive virtual same size
o n Ag .~ U 1
' (negatve) m =1 laterally inverted
: Megative real reduced
-'...i' -:. -'- ir -_-" j;. .-'i':
i < | Inverted
Negatee real enlarged
Concave * rox., N ] B r .
- mi > inverted
Ty i > X, Positive virtual enlarged
X =>4 :
| ' : (negative) mt > 1 upright
C " i>kl>0 Positive virtual reduced
onvex . >0
' (negative) < 1 upright
\ J




Mirror comparison - plane and
convex

Table 1 summarizes the characteristics of the images formed in a mirror of objects located on its principal axis.
Imaginary images are formed behind the mirror and its dimension is always negative.

When the absolute val mag mflcatlo | ween zero a age of the object is reduced..and the
negative valhttﬂﬁ Satu 7 fs tm@ [l 1nve h vl espect to the body.
Plane mirrors and convex mirrors are just an imaginary image.

A flat mirror gives equal images of things.

Convex mirrors give miniature images, which makes the field of vision wide.



mirror comparison - concave

A concave mirror is a real image of the object when it is located at a distance greater than the focal
length.

A concave mirror is an imaginary image of an object when it is located at a distance less than the focal

nttps://t.rrre/ll5inll

A concave mirror gives enlarged images of an object when it is within the focal length range.

A concave mirror is an enlarged and upright image of an object when it lies between the focal length and
the radius of curvature.

A concave mirror is danlinverted microcosm when the ob ject lies beyond the radius of curvatute



THANK YOU

Any questions ? Don't hesitate to ask for our help




