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Describe the ray model of light, giving examples. -
1 Diff iate bety opaque, Iy and P di giving igure 2
Describe the transmission of light through different media. Figure 4
* Inthe ray model of light, light is represented as a
ray that travels in a straight path, the direction of
which can be changed only by placing an
obstruction in the path.
* In this module, we assume for the purpose of
simplification that all light sources are point sources.
\ / Reflected
Ray ray _~ Boundary
- — — \
/ e \ \ Refracted
Boundary ray

Figure 2 Light's straight-line path is demonstrated by the ray model. Light rays change direction when they are reflected
or refracted by matter. In either case, light rays continue in a straight path.

* Rays of light come from sources of light.

(% In the figure, which of the following light paths do not agree with the ray model of
light?

Light Source

6@ How can you see ordinary nonluminous classroom objects?

Surface

G@ Which of the following paths is incorrect according to the light ray model?

/
J

W N /
B 07 | =% r

- - G@Whm evidence have you observed that light travels in a straight line?
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Draw a ray diagram to find the image of an object located at a distance greater than twice the focal length of a concave mirror, and

13
determine the properties of the formed image.

Figure 14

Types of Media Based on Light Transmission
1. Transparent Media
e Definition: Allow light and clear images to pass through.
e  Examples: Air, clear glass, clean water, plastic wrap.
e Properties:

e You can see objects clearly through them.

e They may also reflect a small amount of light (reflections in windows).
2. Translucent Media
e Definition: Allow some light to pass through, but not clear images.

e  Examples: Frosted glass, lamp shades, frosted lightbulbs, wax paper.

e Properties:
e  Light passes through, but objects behind are blurry or not visible.
e They can also reflect part of the light.
Note:

Transparent and translucent objects do not only allow light to pass through them but also reflect part of the light. This
explains why we can see images in water surfaces or on glass surfaces.

3. Opaque Media
e  Definition: Do not transmit light; only reflect or absorb it.
e  Examples: Brick, wood, metal, fabric, stone, thick fabric

e Properties:

®  You cannot see through them.

e They may reflect some light, making them visible.

Opaque: reflects and absorbs light but does not transmit it
Translucent: transmits and reflects light but does not allow objects to be seen clearly through it

Transparent: transmits most of the light that reaches it
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2 Identify the speed of light in vacuum and light year. Student Textbook

The Speed of Light

* In 1926, Michelson measured the time required for
light to make a round-trip between two California
mountains 35 km apart and found the speed of light
to be (2.997996 + 0.00004) % 108 m/s.

* The speed of light in a vacuum is a very important
and universal value; thus it has its own special
symbol, c.

* Based on the wave nature of light, the International
Committee on Weights and Measurements has
measured and defined the speed of light in a vacuum
to be ¢ =299,792,458 m/s.

* For many calculations, the value c = 3.00 X 108 m/s is
precise enough.

* At this speed, light travels 9.46 X 102 km in a year.
This amount of distance is called a light-year.

. Distance of Light Travel How far does light travel in the time it takes sound to travel 1 cm in air at 20°C?

SOLUTION:

Sound velocity is 343 m/s, so sound
takes 3 x10~° s to travel 1 cm. In that
time, light travels 9 km.

Veound = 343 m/s
d

sound

tsound"
v

4 1x102 m
343 mis
=3x10"s
Viight = 3.00 x 10° m/s
diight = Viightfsound

=(3.00 x10° m/s)(3 x 10~ s)

- - =9x10°m=9 km
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‘Distance of Light Travel The distance to the Moon can be found with the help of mirrors left on the Moon by
astronauts. A pulse of light is sent to the Moon and returns to Earth in 2.562 s. Using the measured value of the speed
of light to the same precision, calculate the distance from Earth to the Moon.

SOLUTION:
d=ct

= (299,800,000 mls)(%)(2.562 s)
=3.840 x10°m

Critical Thinking Use the correct time taken for light to cross Earth’s orbit, 16.5 min, and the diameter of Earth’s

orbit, 2.98x10'! m, to calculate the speed of light using Roemer’s method. Does this method appear to be accurate?
Why or why not?

SOLUTION:

d_ 2.98x10"
t (16.5 min)(60 s/min)

=3.01 x10° m/s

This method appears to be accurate because it results in a value close to the accepted value of the speed
of light (3.00x10% m/s).

In 1987, a supernova was observed in a neighboring galaxy. Scientists believed the

galaxy was 1.66x10%! m away. How many years prior to the observation did the

supernova explosion actually occur?

A)5.53x10°yr  B)1.75x10°yr  C)5.53x102yr D) 1.74x10%yr

The illuminance of direct sunlight on Earth is about 1x10° Ix. A light on a stage has
an intensity in a certain direction of 5x10° cd. At what distance from the stage
does a member of the audience experience an illuminance equal to that of
sunlight?
A) 1.4x101 m B) 10 m C)7m D) 5x10' m

G = |
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3 Define diffraction as the bending of a wave as it passes the edge of a barrier.

State and explain Huygen'’s principle.

Figure 12 12

Diffraction and the Wave Model

In 1665 Italian scientist Francesco Maria Grimaldi observed that the edges of shadows are not
perfectly sharp. He introduced a narrow beam of light into a dark room and held a rod in front of
the light such that it cast a shadow on a white surface. The shadow cast by the rod was wider than
the shadow should have been if light traveled in a straight line past the edges of the rod. Grimaldi
also noted that the shadow was bordered by colored bands. He determined that both of these
observations could be explained if light bent slightly. He called the bending of light as it passes

the edge of a barrier diffraction.

Huygens’ principle In 1678 Dutch scientist Christiaan Huygens used a wave model to explain
diffraction. According to Huygens' principle, all the points of a wavefront of light can be thought of

as new sources of smaller waves.
These smaller waves, or
wavelets, expand in every i
: 5 % 2o Barrier
direction and are in step with
one another. A flat, or plane,
wavefront of light consists of e
an infinite number of point

sources in a line. Figure 12

|
\*A°A" )

illustrates Huygen’s principle.

Huygens' Principle

Figure 12 Huygens' wavelets combine to form a straight wavefront, except at the
edges of the wave. The wavelets spread out in a circular manner when a barrier

creates an edge.

What is the name of the wave phenomenon represented by the adjacent figure, which shows the
propagation of waves before and after passing the barrier? Also, which principle explains this

phenomenon?

A

Refraction of light / Huygens’ principle B

Diffraction of light / Huygens’ principle :

C

Reflection of light / Newton’s principle D

Polarization of light / Newton'’s principle

Which of the following best describes the diffraction of light?

The change in direction of light waves when they

The bouncing back of light waves when they strike a

A travel from one medium to another. B smooth surface.
. ¢ The bending and spreading of light waves when they
€ TIhe SobucioTaagIn HENt wmes froon b or mors D pass through a narrow slit or around the edge of an

coherent sources, producing bright and dark fringes.

obstacle.

i 3
M,
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Select the correct answer.
Which ward, when applied to light waves, best describes what happens during diffraction?

O focussing O circulating

scattering o ‘ 2 transmitting

According to Huygens’ Principle, in order for a wave to be diffracted when it passes through an opening,

the opening must be

Select the correct answer.

Ouday cuts two slits in a large, opaque piece of black construction paper. One slit is 0.1 centimeter wide,
and the other is 1 centimeter wide. He then holds the paper up to a spotlight so that it is covering the
light completely. Which slit will most likely cause diffraction?

The 1 centimeter slit, because The 0.1 centimeter slit,
O more light will pass through O  because more light will pass
the opening. through the opening.
The 1 centimeter slit, because The 0.1 centimeter slit,
. more of the light will be because more of the light will
= prevented from passing be prevented from passing "
through the opening. through the opening.

Select the correct answer.
Huygens' Principle was formulated by observing ocean wavefronts and the wavelets that they produced.
Under what condition would the same principle apply to light rather than water?

The light wave would have to The light wave would have to

have a great amount of energy. ~ be pure white light.

The light wave would have to The light wave would have to

pass through a wide opening. pass through a tiny opening. v

What types of waves can be diffracted?

Only light waves can be ® All types of waves can be

diffracted. diffracted. v
Only sound waves can be Only high energy waves can be
diffracted. - diffracted.
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Describe that the color of light is related to its wavelength and frequency.
4 Describe white light as a combination of the spectrum of colors, each having adifferent wavelength. Figure 14 13
Describe primary, secondary, and complementary colors of light and the effects ofcorresponding combinations.

* Wavelength >3+ Jskll (A): the shortest distance between points of a wave where the wave pattern repeats
itself.

* Frequency 23 (f): the number of complete cycles of waves passing a point in unit time
Speed of light (m/:

* Wavelength and frequency have an inverse relationship (4ss 4): ./@ -

Frequency (Hz)
Wavelength (m)

o A Gt A NAANAA AN
f\ \ { {) 1 p K :\ \ High
‘ Frequency
- }\] X ViUV | k} / | \
ﬁ Low
}\ Frequency
Trough \\
Color and Wavelength
Visible Spectrum

= Visible light (#4) ¢ ') wavelength range from 400 nm (4.00 x
10" m) to 700 nm (7.00 x 10”7 m).

» Red light - longest wavelength and lowest frequency.

» Violet light - shortest wavelength and highest frequency. i e - o
= When white light passes from air — glass — back to air:

» Each wavelength bends differently due to the wave nature of

light.

» Shorter wavelength = bends more.
» Longer wavelength = bends less.

* This unequal bending spreads white light into a spectrum (dispersion of light).

- -
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Color by Addition of Light

=  When red, green, and blue lights are projected with correct intensities, white light is formed.

o pelitin televist !

= Screens use three colors: red, green, blue (RGB).

Primary Colors of Light

Secondary Colors of Light

Complementary Colors of

Light

The primary colors of light are:
red, green, blue.

When combined in correct
intensities, they form white

light

By mixing them in pairs, three
secondary colors are formed:

* Red + Green = Yellow
*  Blue + Green = Cyan
* Red + Blue = Magenta

A secondary color is formed
by combining two primary
colors.

The secondary colors are:
Yellow, Cyan, Magenta.

These are different from the
primary/secondary colors in
art (paint/dyes).

Complementary colors: two
colors of light that combine to
make white light.

Examples:

*  Yellow + Blue = White
*  Cyan + Red = White
*  Magenta + Green = White

Practical example: bluish
detergents make yellowish
clothes appear whiter.

Magenta

Question 11

Question 12

Why white light splits in a prism?

A Because all wavelengths
bend equally in the prism

B Because different
wavelengths bend differently

C Because most of the light will
be reflected by the prism

D Because most of the light will
be absorbed by the prism

Question 13

A white T-shirt has yellowed slightly with age. A laundry
additive gives the fabric a faint bluish tint, so it looks whiter
under normal lighting. Why does the shirt appear whiter?

A | Polarization removes yellow

Blue and yellow are
B | complementary and combine
to appear white

C Diffraction spreads blue
more than yellow

D | Cotton absorbs only yellow

When the red and green sub-pixels in a phone screen are
lit at equal brightness and the blue is off, the pixel
appears a single color. What color does the pixel show?

A | Cyan B | White
C | Yellow D | Magenta
Question 14

A lighting designer wants to stock only secondary colors of
light—each one formed by mixing two primaries. Which set

should she buy?
A | Red, Green, Blue B | Orange, Green, Violet
C | Red, Yellow, Blue D | Yellow, Cyan, Magenta

4y sding Ladgal Jlay galijy S palad Uiy,
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The diagram represents overlapping
areas of light of the same intensity.
Which of the following indicates the
colors that appear in areas (A, B, C)?

white screen

L 5 guall (o AddNaia Cilabiva (aahadil) ana ) Jiay

Lgld el B

(A,B,C) 3htial) 3 43300 &) s cpms b Laa s

‘)\\ red

‘ Py green
o

;)w blue

A B
B C

A B c I

A B I | c

The complementary colour of blue light is: 52 Y e guall aaiall ¢l
a) Red ¥ (a
b) Yellow Y (b
¢) Cyan s st (c
d) Magenta sV (d
G 3

M, 4 sling Tadgad oy galing JSise anlad Uiy,




pLINIR o |

2028 cssin

(S

N7y

P

5 Describe primary and secondary pigments and the effects of mixing pigments or dyes.

Student Textbook

15

Color by Subtraction of Light

= (Objects can reflect (u<Sx), transmit (3%), or absorb (u<i«) light.

= The color of an object depends on:

1. Wavelengths present in the light source.

2. Wavelengths absorbed or reflected by the object.

M,

A red object reflects red absorbs
other colors of white light

N

. It's called color by subtraction because pigments/dyes absorb (subtract)

parts of white light, and the reflected remainder is the color you see.

A white object reflects all

An object is seen as black if it

colors of white light equally  absorbs all colors of white light

= Sources of dyes:

dye).

» Plants (e.g, mulberry tree — purple dye, saffron — yellow
» Insects (e.g, cochineal insect = red dye).

* Adye is a molecule that absorbs some wavelengths and

* Dyes are used to color cloth and other materials. .

Pigments are usually made of crushed minerals (not

plants/insects).

Examples:

» Hematite — red pigment.

» Azurite - blue pigment.

Absorbs one primary color of
light and reflects the other two.

Primary pigments: Yellow, Cyan,
Magenta.

Examples:

*  Yellow pigment absorbs Bili§,
reflects

e Cyan Elgment absorbs 8l reflects

¢ Magenta pi entabsorbs-
reﬂecm&

i 3
M,

A pigment that absorbs two
primary colors and reflects only
one.

Secondary pigments: Red,
Green, Blue.

Examples:

+  Red pigment absorbs BIESEreen,

reflects red.

*  Green pigment absorbs FEdNBINE,
reflects green.

+  Blue pigment absorbs FEGIREIeeH,

reflects blue.

When pigments are mixed,

they absorb more wavelengths.

Examples:

*  Yellow + Cyan — Gieen
(yellow absorbs blue, cyan
absorbs red).

*  Yellow + Blue — HIEEK (all
primary colors absorbed).

Complementary pigment pairs:

*  Yellow & Blue
*  Cyan & Red
*  Magenta & Green

49 sliag adgal Jlay galyng JSime pdad Uiy

reflects or transmits others. » Pigment particles can be seen under a microscope.
Color by Subtraction of Light
Primary Pigments/Dyes Secondary Pigments/Dyes Cqmplementary
sl Elpualy g sl i S £l g i3l Pigments/Dyes
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When magenta and yellow pigments are

LY sﬁiMU@lﬁfﬁE@ﬂ?iE&éhﬂ;

mixed, the resulting colour is: sl o sl
a) Blue auo¥ (a
b) Red seaYl (b
¢) Green R
d) Cyan & sl (d
Mixing cyan and yellow pigments gives: b £ huall g 4 glacd) Flual) 7 e
a) Red »aY (a
b) Green =¥ (b
¢) Blue G (c
d) Magenta Y (d

The pigment cyan absorbs:

1 sband) Flaall aiag

a) Red light saa¥l ¢ guall (g
b) Blue light G ¢ sall (b
¢) Green light =iyl e sall (¢
d) Yellow light Jha) ¢ sall (d

When all three primary pigments (cyan,
magenta, and yellow) are mixed in equal
amounts, the result is:

& Slaad)( DU dpilad) flual) pran bl a1 Ladie

sl Gl (A gludia CiliaSy) sl g (g Y g

a) White oany (a
b) Black 25aY) (b
Gray e (c
d) Blue EESINC
G 3
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Describe the polarization of light by reflection. Student Textbook 16 & 17

State and explain Malus’s law.

Apply Malus’s law to light filtered by polarizer and analyzer filters. PHYSICS Challenge 18
In unpolarized light, these vibrations occur in all directions randomly. Unpolarized light

In polarized light, the vibrations are restricted to just one direction. Peliktig sk

Polarization is the production of light with a specific pattern of oscillation. , W .
A

Key idea: Polarization does not change the speed or color of light — it only ,
changes the direction of vibration of the electric field.
Polarizer L

Polarized light

sl

The lines in the polarizer represent a polarizing axis.

The light with the portion of the electric field that oscillates parallel to the polarizing axis passes through.
The light with the portion of the electric field that oscillates perpendicular to the axis is absorbed.

The intensity of unpolarized light as it emerges from the first polarizer reduces to half.

Polarization by Reflection Polarization by Filtering
. Polarization can also occur when light is reflected, . If you place a second polarizing filter in the path of the
such as from a sheet of glass or from a road. polarized light from the first filter, the amount of light
transmitted through the second filter depends on the angle
. Polarized reflected light causes glare. Polarizing between the two filters.
sunglasses reduce glare from the polarized light reflected
off roads. - The law that explains the reduction of light intensity as light
passes through a second polarizing filter is Malus’s law.
o Pl | larizing il
] block refl 1 ligl

I; = I,cos%(A0)

where:

1, =intensity after first filter (W /m?)
* I, =intensity after second filter (W /m?)
* 0= angle between filter axes (degrees)

SRS 4 sing Ladgal Jlay sy Sie el L,
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The figure shows a light ray passing through
two polarizing filters. The intensity of
observed light is (36.0 %) of the intensity
coming out the first filter.

What is the angle between the polarizing axes
of the two filters!

i yal) ildalin éJJ‘“O.'Ha:'J‘J‘ ke la

B (aadipa B 0900 1S 8 gl JSAN) (i
(36%) <1 sall ) dlial gl cuhaiieaal) ¢ gual)
S lipal) ye B lall £ gl 00y

it g & gl
Unpolarized Light

:}rfé‘ ,'\__,rl'
<t ‘\».

a) 45.54°

b) 75.54°

c) 36.87°

d) 53.13°
Unpolarized light of intensity 80 W/m?
passes through filter 1. The analyzer 25 23/ ha) g 80 8ady haiiial) p© ¢ gl jay
filter is placed at an angle of 40° relative a0 40 49 2 Jlaal) i ja pudg ol 1 g sal)
to the polarizing axis of filter 1. J gdisall GUaiiu) ) gaal dpailly
What is the intensity of light coming out 2 el e g A & pual) 30 A La
of filter 2?

Filter 1 Polarized
light
\' Analyzer
\ e
~V Filter'ir
TS 'rf,} 20° — @

a) 19.7 W/m?

b) 29.7 W/m?

c) 9.7 Wm?

d) 0.97 W/m?

G 3o
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Unpolarized light of intensity 100 W/m?
passes through two polarizers with axes
at 30° to each other.

What is the transmitted intensity?

2 22/ bl 9100 Bady ubiial) i ¢ gudal) oy

oarall Laguaaryl da 53 30 Ais ) glavay (ol

S ¢ gadal) 3ol A La

a) 25 W/m?

b) 50 W/m?

¢) 37.5 W/m?

d) 75 W/m?

In the adjacent figure the light is transmitted through the second filter with an intensity
of 100 W/m? . What is the intensity of the light emitted by the source? Th polarizing
axis of the second filter makes an angle of & = 25° from the horizontal.

C 560 W /m? D 1120 W/m?
Source
0 =25°
G 3
L5 4 sling adgad Jlay galyg e agled Uiy,




7 Relate the speed of light to its wavelength and frequency.

Student Textbook 18

PRACTICE Problems 16 20

Observed Light Frequency ( fobs )

fobs=f(l+%) fobs=f fobs=f(l-%)
§ § §
V=0.0 fosi<f

fobs> f

The source and observer are
moving toward each other.

The source and
observer are at rest
related to each other.

The source and
observer are moving
away from each other

Doppler Shift (A1)
Ad=(-2)A Ad=0 AA=(+2)2
Aobs < 4 V=0.0 Aobs > A

A A : Negative ( -)
The relative velocity of
the source is direction
toward the observer.

The source and
observer are at rest
relative to each other.

A A : Positive (+)
The relative velocity of
the source is away from

the observer.

The light is blueshifted

The light is redshifted

AA:Aobs'A

What is the frequency of oxygen’s spectral
line if its wavelength is 513 nm?

Adgh S 1) CaasSU Audal) Jadd) 00 5 La
513 nm s > 54

a) 5.85x10'* HZ

b) 58.5x10" HZ

¢) 5.85x10 HZ

d) 585x10'" HZ

4y sding Ladgal Jlay galijy S palad Uiy,
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Define the Doppler Effect.
Explain the doppler’s effect of light. Student Textbook 19
Relate frequency change (fobs - f) and doppler shift (1obs - 1) to actual frequency ar*‘l length using
Apply h ical ions to calcul ' physical ities ( | hs, fi ies, or speeds) when light waves are

doppler shifted based on the relative speed of the observer and the light source.
Describe that the doppler shift could be positive or negative based on the direction of
the relative velocity of the source and the observer.

PRACTICE Problems 17 & 18

20

What is doppler effect?

0 Doppler effect is the change in frequency o a wave for an observer

moving relative to its source.

the observer observes an upward shift nfrequency when the

wave source is approaching,

And a downward shift in frequency when the wave source is

retreating

Doppler effect applies to all waves including;

= Sound waves,
= Light waves )

= Water waves

Observed Light Frequency

speed of light, if they are moving away from each other.
v

§ f obs = f (1 %)
‘°»S ade (
;'\ Doppler Shift

observer, divided by the speed of light.

(Aops — A) = AA =

The observed frequency of light from a source is equal to the actual frequency of

the light generated by the source, times the quantity 1 plus the relative speed

along the axis, divided by the speed of light, between the source and the observer
! 7~ if they are moving toward each other, or 1 minus the relative speed, divided by the

AP ““da\v 5\

i)

The difference between the observed wavelength of light and the actual
wavelength of light generated by a source is equal to the actual wavelength
of light generated by the source, times the relative speed of the source and U;\)
>
L]
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C
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A hydrogen atom in a galaxy moving with a
speed of 6.55x10° m/s away from Earth
emits light with a frequency of 6.16x10'* Hz.

What frequency of light from that hydrogen
atom would be observed by an astronomer
on Earth?

Ao oy &l 2T 5 aa A G g g B3 Caas
234 e g i Y e 1y 6.55%10° m/s
6.16x10" Hz

LSl AN Cpan g agd) B3 (£ gadall 33 55 La
fua ) e ¢l alle

a) 6.29x10'* HZ

b) 6.03x10'*HZ

¢) 6.29x10'? HZ

d) 6.03x10'?HZ

A hydrogen atom in a galaxy moving with a
speed of 6.55%10° m/s away from Earth
emits light with a wavelength of 4.86x107 m.

What wavelength would be observed on
Earth from that hydrogen atom?

e oy &l ATI B ja A (i g pugel) B3 Ll
Jshy Ie g 2 N o Jams 6.55%10° m/s
4.86x107 m >34

s e 4iBadle (e A L sall J skl La
T gl 83 (e

a) 4.97x107 m

b) 4.97x10° m

¢) 3.99x107 m

d) 3.99%107 m

If a distant galaxy emits light in the green region of the visible spectrum. Will the observed
wavelength shift toward the red light or the blue light?

A Toward blue B Toward red
G Toward red and blue D None of the above
G 3o
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9 Describe the law of reflection.
Apply the law of reflection in drawing ray diagrams and solving numerical problems.

Student Textbook 28&29

Figure 3 29

The Law of Reflection

LAW OF REFLECTION

The angle that a reflected ray makes as measured from the normal to a reflective surface
equals the angle that the incident ray makes as measured from the same normal.

6, = 6,

The normal

Incident ray

Reflected
ray

0; 6,

Mirror surface

A light ray incident upon a mirror makes an angle

of 36° with the mirror. What is the

angle between the incident ray and the reflected ray?

a) 36° b) 72° ¢) 108° d) 48°

A card, with numbers written on it, was
placed so that its surface is perpendicular to
the surface of a plane mirror as shown in
the figure.

Which of the following diagrams shows the
image of the card in the mirror?

G883 Cuay G g ald ) clgale oS By

ek LS & gia 51 e el o Lagas Lgadan
Jsdd A

A p<iall B gual) G AN Cilabadal) e (s
31 _sal) B ABUall

Card A3l

[3812]

e

A giasa 51 e

Plane mirror

2) 5183

N

c)

4

P
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As shown in the figure. LoalSady) JSG ) el
Which of the following formulations 9l b ool AN dudly ) jsall
correctly expresses the values of incidence fraaa JSdy 0, ousaiN) 0; b i)
angle 6; and reflection angle 6,.?

80°
a) 60,=6,=50.0°
b) 6,=6,=40.0°
c) 6;=40.0°,0, =50.0°
d) 6,=6,=80.0°
Three plane mirrors My, Mz, and M; are arranged perpendicular to each other. A M,

light ray strikes mirror M, with an angle of incidence of 35°. After reflecting
successively from My, M3, and M3, what will be the angle of reflection from the

third mirror (M;)?
A 35° B 45° \ ",
C 55° D 56° M,

Figure shows a plane mirror onto which a
light ray is incident. If the incident light
ray is turned by 10° and the mirror by
20° as shown in the figure, then the
angle turned by the reflected ray will

be

Reflected
ray

A 30° clockwise \
B 30° counter-clockwise . 20
C 50° clockwise
D 50° counter-clockwise

G 3
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10 Differentiate between diffuse and specular reflection and give examples. Figure 4

- What is the difference between : Specular reflection

and Diffuse Reflection ?

!
1 1
1 I

Smooth Surface: Specular Reflection

Rough Surface: Diffuse Reflection

Specular reflection

A smooth surface, such as a mirror, produces specular
reflection, in which parallel light rays reflect in parallel.

Diffuse reflection

reflected rays are not parallel, as shown. This scattering of light off a
rough surface is called diffuse reflection.

NOT :
The law of reflection applies to both smooth and rough
surfaces

o'l
5\ -| a. ﬁ’, 4 sding ladgal Jlay ool g ST asbed Lk,




As shown in figure, light falls on a
reflecting surface.

Which of the statements below is
incorrect?

Ll e o LS uSle b o 5 g Jilany

fhasaua e AUl < lal)

a) The reflecting surface is rough

odia Sl mlandl (a

b) All reflected light can be seen

Ausaiall ¢ guall s JalS 33 053 (b

¢) The reflection is defuse

alaiie e SIS (c

d) All reflected light can’t be seen

SiSaidl g yiall e a JASEN ) 800 ¥ (d
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41 |Defineaplane mirror. , _ Student Textbook 2 &n
Describe the properties of an image formed by a plane mirror.

Represent h i the relation b: image position and object position, as well as the image height and object height for a | Student Textbook | 32 &33
plane mirror. Check Your Progress 8 | 33

12

The image forms where the reflected rays appear to diverge. o
vergin 1

rays

Object point
The image of the object is: —t

* Virtual (428 4 4 5) (not formed by actual meeting of rays).
* Upright (d£as) and located behind the mirror. 3

Important: Plane mirrors always form virtual images where = b
extensions of reflected rays converge behind the mirror only.

Size of the Image: The image height equals the object

hl=ho

Position of the Image: Image appears the same distance

behind the mirror as the object is in front:

xl - —xo

Mariam observed the ball's Image in Position (B)

B) adsall 85 811 3 PRURLATIRA
Where is the location of the ball's image that will (B) B9all (28,80 3500 30

55l 8 daal 5w 280 gall i B
be seen hy Ahmad M el o

? \'.Q
H"‘N s Al
/‘///“ 7 g \R ——
* o LR 3 L )
‘., ‘., ‘.,
peaal At } c B
Object Point
N s
L ‘.,
— Pians Mirror D
a) Location D D aisdl(a
b) Location B B sl (b
¢) Location C C asd(c
d) Location A A &sdl(d

- -
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You position two plane mirrors at right
angles to each other. A light ray strikes
one mirror at an angle of 60° to the
normal and reflects toward the second
mirror. What is its angle of reflection off
the second mirror?

Laguianal 4aild 49 32 il glna (o] pa i g liSay
60 49 3a 5aa) 931 e ¢ gudal) pla ey )
51)413&3@&@3@1& gé}aﬂl&ai@ud
SAEN 51 all (e AdlSald) 4 50 5 La ALY

a) 30°

b) 60°

c) 40°

d) 90°

Salam of (1.5m) height stands at (0.5m)
away from a plane mirror, depicted his
image as shown in Figure.

What is the image's type and how far away is
it from Salam?

4 sisa 3l yo (A4S ) gea I Hhaig (1.5) 4 sh aDl
JSAN 8 range o LS ¢ (0.5m) ddlus die 25

a) Real, 0.5m 0.5m 45 (a
b) Virtual, 1.0m 1.0m ¢4 238 (b
¢) Real, 1.0m 1.0m «ddsa (¢
d) Virtual, 0.5m 0.5m ¢4y 35 (d

A dog looks at its image, as shown in S 8 i ge g LS ol g ) ISl
Figure. flge 519 lgeldli )) 55 ) pall iuaga 5o La
What is the position, height, and type of
image?
50.0 cm 3.0m
Figure 9
a) -3m, 50.0cm, virtual -3m ¢« 50.0cm <4 5 (a
b) -3m, 50.0cm, real -3m ¢« 50.0cm «42ss (b
¢) 3m, 50.0cm, virtual 3m ¢« 50.0cm 4 5 (¢
d) 3m, 50.0cm, real 3m ¢ 50.0cm «4dss (d
‘—_H.ﬁ
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Define the principal axis, the focal point, and the focal length of a spherical mirror.
Relate the focal length to the radius of curvature of a spherical mirror.

Figure 10

Properties of Curved Spherical Mirrors

Move a metal spoon toward and away from your face.
Look at your image on both sides of the spoon. Your
image may appear larger or smaller, or it may even be
inverted. The properties of curved mirrors, such as a
metal spoon, and the images that they form depend on
the shape of the mirror and the object’s position.

The way that a spherical mirror reflects light depends on
its curve. Figure 10 shows two spherical mirrors and
some important points and distances for understanding
how they form images. A spherical mirror is shaped as if
it were a section of a hollow sphere. The mirror (M) has
the same geometric center (C) as a sphere of radius r.
The distance r is also called the radius of curvature.

Concave Mirror

The straight line that includes line segment CM is called
the principal axis, or line perpendicular to the mirror’s
surface that divides the mirror in half.

Focal point Light rays from the Sun to Earth are
almost parallel because the Sun is so far away. When you
point the principal axis of a concave mirror toward the
Sun, all the rays reflect through a point. You can locate
this point by moving a sheet of paper toward and away
from the mirror until the smallest and sharpest spot of
sunlight is focused on the paper. This spot is the
mirror’s focal point, which is the point at which incident
light rays that are parallel to the principal axis converge
after reflecting from the mirror. This is point F.

Convex Mirror

>

Principal axis
c

Principal axis

> \\

-
~\

s&F

Mirror surface /

| ——
>~ =y

Mirror surface /

Figure 10 For concave and convex mirrors, the distance from M to F (the focal point) is half the distance from M to C.

For the mirror on the left in Figure 10, a ray parallel to the principal axis is reflected and crosses
the principal axis at point F. Note that the distance from M to F is half the distance from M to C.
The focal length ( f) is the distance between the mirror and the focal point and can be expressed

asf=§.
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14 Draw a ray diagram to find the image of an object located at a distance from concave mirror, and determine the properties of the Figure 14 & 15 28
formed image.
15 Draw a ray diagram to find the image of an object formed by a convex mirror and determine the properties of the formed image. | Figure 16 39

4. object between mirror and focal point(X.<f)

image is:

1. upright
2. larger than
object

3. virtual

image is:

1. upright

2. smaller than
object

3. virtual

="
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Why \convex mirrors are used in cars as
passenger-side rearview mirrors?

convex mirrors are used in cars as passenger-side rearview
mirrors. The convex mirrors provide a larger field of view. But,
because the reduced image size makes the objects appear farther
away than they really are, there is often a warning on passenger-
side rearview mirrors of cars stating that objects may be closer
than they appear.

What image forms if the object is between the focal
point and concave mirror?

A The image is virtual, upright, and larger than the object.
B The image is real, inverted, and smaller than the object. 3 ¥ "
G The image is real, upright, and the same size as the object.
D No image is formed because the rays do not meet.
- -
G Yo
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The given diagram shows a ray incident on a convex
mirror parallel to its principal axis. How is the
corresponding reflected ray drawn?

A bounces off the mirror and passes by A

»e

: > prncipal axis
bounces off the mirror as if it is issued from F

B
G bounces off the mirror along the same incidence direction
D

bounces off the mirror as if it is issued from C

Where should the object be positioned in front of the
concave mirror, as shown in the figure, so that its
image appears behind the mirror?

A Position 1
B Position 2
C Position 3
D Position 4

The given diagram shows a ray incident on a convex
mirror parallel to its principal axis. How is the
corresponding reflected ray drawn?

A bounces off the mirror and passes by A

e

" SO 5 principal axis
bounces off the mirror as if it is issued from F

bounces off the mirror as if it is issued from C

B
g bounces off the mirror along the same incidence direction
D

M, A sding lad gad Jiay il g Siaa el Uiy,
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Student Textbook 47

c
16 Calculate the refractive index of a medium using a suitable mathematical representation (n==).
v Check Your Progress 38 50

index of refraction (n)

INMXOFREFMION
The index of refraction of HJJH-,».-.].,.-. o the s n BX/’O MLS

in avacuum di }‘J the o of Fght in the
. h_ € Lasp«l - bgﬂ} i Vo Quwn
> SPCcan—P— Q;\g(&l’ C yneofite
N c

Can index of refraction be less than one?

No, because speed of light in vacuum (c) is
always more than speed of light in medium (v)

index of refraction (n)

3X l.o?’m,&

9. Speed of Light What is the speed of light in chloroform

(n = 1.51)?
n- < /C
" AN Ly
c <

V= = - 3XxI0 6
n o 192.6 y10 m/

. <
= 1L,9B3LX/0 ),

i
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The speed of violet light in crown glass 1.96 x 108m\s.
What is the index of refraction of crown glass?

M, A sding lad gad Jiay il g Siaa el Uiy,



Describe total internal reflection and the conditions under which total internalreflection takes place.
Describe some applications of total internal reflection.

17 Student Textbook 48

Total internal reflection occurs when :

1. light traveling from a region of a higher index of refraction to
aregion of a lower index of refraction strikes the boundary.

2. incidence angle at an angle greater than the critical angle

such that all light reflects back into the region of the higher index of
refraction

Refracted
ray

Critical ray

Air
Water

Reflected
ray

Total internal reflection

= Total internal reflection is used in communication via optical fibers.

= Light travels through the transparent glass fiber core (n,) and always hits the internal boundary with the
cladding (nz) at an angle greater than the critical angle.

= Since ny > ny, all the light is reflected back inside the fiber instead of escaping. (Total internal reflection)

* No light is transmitted through the cladding boundary. (Cladding is the outer layer)

» Light pulses inside fiber optic cables can carry large amounts of information.

» Fiber optics allow communication over longer distances compared to other methods.

_-n, (Cladding)

n, (Glass fiber)

The critical angle for a beam of light passing from water into air is 49°. Which of the following statements is true
for a beam of light with an incident angle less than the critical angle ?

A The beam will all be absorbed B The beam will be totally reflected

The beam will be partially reflected and partially

C D The beam will be totally transmitted
refracted
i =
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Explain some natural phenomena, such as the formation of mirage or rainbows or others, which involve optical phenomena like
18 reflection, refraction, total internal reflection, or dispersion of light. Student Textbook 49 & 50
Define dispersion and explain the dispersion of light through a prism.
G & s od Description of Light Result
Phenomenon Cause / Conditions | Optical Principle(s) p s 5 /
Behavior Observation
Hot air near the road is L'gh::;(:::ﬁh?lz::;ds A virtual image appears
less dense and has a Refraction through air g ) ¥y i on the road, resembling
toward the cooler air
Mirage lower refractive index layers of different ; - water or reflection —
: . o (higher n). The brain Ao s
than the cooler air refractive indices .. | an optical illusion due
traces the bent rays as if :
above. h § to gradual refraction.
coming from below.
SIS W W I{ght Shorter wavelengths White light separates
passes through a prism . :
. : (violet) bend more than into a spectrum of
Dispersion of Light or mediuntypts Refraction and longer ones (red) colors —
different refractive Dispersion
SRR = because they slow down
indices for different ; X
more in the medium. ROYGBIV
wavelengths.
A spectrum-shaped arc
Sunlight enters Light refracts entering | (rainbow) appears in the
raindrops, refracting, the drop, reflects sky. A secondary
> reflecting, and Refraction, Reflection, | internally, then refracts | rainbow may form with
Rainbow Formation dispersing within them. and Dispersion again exiting. Different reversed colors and
Each dropletacts as a colors emerge at slightly | lower brightness due to
tiny prism and mirror different angles. two internal
reflections.
Mirage Dispersion of Light Rainbow Formation
Refraction at the
B Slower
Ray
Wave trums_]_’ LWaveFets

Faster

A

Reflection of light from the

When driving on a hot day, the road ahead looks like it is
covered with water. What causes this illusion?

B Diffraction of sunlight
road surface through air
Refraction of light through air . . :
C layers with different D R of.hght oy Qe
2 ) particles
temperatures
G 3=
-‘!Jﬂ-,
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In a mirage, light bends upward because:

. Hot air near the road has a
A Cooler air is near the road B R 0 W
C The road reflects light D The cooler air below has
strongly higher density

When white light passes through a glass prism, the violet
light deviates more than red light because:

Violet light travels faster in Violet light has a higher
A B o :
glass refractive index in glass
C Red light interacts more D The prism shape amplifies
strongly with the glass shorter wavelengths only

A rainbow is produced because light in raindrops
undergoes:

A Only refraction B Refraction and diffraction
C SRSERCIN, Intecny D Scattering and polarization
reflection, and dispersion B r

| ., a3 sing Ladgal ey saliyy Sise el Uiy,
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A secondary rainbow appears outside the primary one and has reversed colors because:

A The light passes through larger droplets B The sunlight contains higher intensity red light

C The light undergoes two internal reflections inside
raindrops

D The air refractive index increases with height

A scientist observes three different light behaviors:

1. Mirage on hot summer days.

He decides to test which phenomenon depends on 2. The interaction of white light with glass prism.
both refraction and reflection of light. 3. Rainbows after rain.

Which of the following correctly identifies the
phenomenon he should study?

A Mirage only B Dispersion through a prism
C Sishnkiow fosmmation D All three depend equal!y on reflection and
refraction

A teacher demonstrates the dispersion of white light using a triangular glass prism. Which diagram correctly
shows how white light splits into its component colors as it passes through the prism?

white

white
light
e ~

A - ~
o o spectrum
white white
light
- prsm
o - i
spectrum spectrum
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According to the figure, white light passes through a triangular glass prism and disperses into seven colors
(rays 1-7). Choose the correct answer based only on the figure.

Ray 1 Ray 7 n, ny
-F
A Red Violet 1.51 1.53 —3
a3
B Red Violet 153 1.51 O -
&9 S
C | Violet | Green | 153 | 151 | & -
: <
D Green Violet 1.51 1.53 / Glass Prism
19 Explain defects in spherical lenses such as spherical aberration and chromatic aberration and how they can be corrected. I Stude.nt Textbaok I 3
I Figure 33 I 56
Type of Defect Cause / Reason Effect on Image Correction Method | Notes / Examples
*  Meniscus lens
. Use multiple lenses or - most spherical
. Rays passing through the Image appears blurred non-sphefical aberratiolr)l
Spherical edges of a spherical lens ¢ ’
Ahavatton focus at different points or out of focus, (parabolic) surfaces to
g especially at the edges. focus all rays at one *  Double convex lens
than rays near the center. f &2
point. - least spherical
aberration.
Different colors d o Use achromaticlenses |+  Occurs only in
. (wavelengths) of light SIOguCES (epse made by combining one lenses, not in
Chromatic fringes or blurry edges, R ol
Ab y refract by different rhclalll 2t fndid convex and one concave mirrors.
erration amounts, causing bo?‘ders y & lens of different . Caused by
dispersion. L refractive indices. dispersion of light.
Chromatic Aberration Spherical Aberration
Simple Lens Achromatic Lens
White sgnht Whiite ight -
> ==

4y s ling Ladgad oy gabijg Sia palad Uiy,
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Which of the following statements is true about the spherical aberration of lenses?

A Inability of a spherical lens to focus all parallel rays to

a single point

All parallel rays focus on the same position

C It can only be seen with concave lenses

This is seen as an apparent ring of color around an
object viewed through a lens

Which of the following statements is true about the chromatic aberration of lenses?

A Inability of a spherical lens to focus all parallel rays to a
single point

All parallel rays focus on the same position

C It can only be seen with concave lenses

This is seen as an apparent ring of color around an
object viewed through a lens

An achromatic lens is made by combining:

A Two lenses of the same refractive index

One convex and one concave lens of different refractive
indices

C Two convex lenses of equal curvature

One convex and one mirror

The figure shows parallel rays passing through a convex lens but
failing to meet at a single point. What is the defect in the lens

shown in the figure?
A Chromatic aberration
B Spherical aberration -
C Astigmatism
D Distortion
G 3o
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Describe the process by which your eye focuses light and forms an image. Student Textbook 57858
20 Define near ighted (Myopia) and farsighted (Hyperopia).
:::c:‘i;i:elef::::!ion of image in case of nearsighted and farsighted and how defects in vision are corrected using concave Figure 35 s8
Feature / Aspect Farsightedness (Hyperopia) Nearsightedness (Myopia)
Definition The focal length of the eye is too long, so light The focal length of the eye is too short, so
focuses behind the retina. light focuses in front of the retina.
Effect on Visids Nearby objects appear blurry; distant objects Distant ob.iects appear blurry; nearby
are seen clearly. objects are seen clearly.
Image Formation Image forms behind the retina. Image forms in front of the retina.
Co tion Lens Convex lens (converglng lens) - redyces focal | Concave lens (diverglng'lens) - mcrgases
length and focuses image on retina. focal length and focuses image on retina.
Common in older people (over 45 years) due to Often occurs in younger people or
Effect of Age lens rigidity (presbyopia). teenagers due to longer eye shape.
Type of Vision Problem Difficulty focusing on near objects. Difficulty focusing on distant objects.
Light Rays after Co tion Convex lens mm:;;ght before it enters the | Concave lens dmggegi)l'leght before it enters

Nearsightedness (Myopia)

AA

Farsightedness [Hyperopia)

49 sliag ndgal Jlay gabipg Sia palad Uiy,
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What type of lens is used to correct farsightedness?

Convex lens

Concave lens

Achromatic lens

Cylindrical lens

What is the main function of the cornea in the human eye?

To control the amount of

To provide most of the

of the eye

A . : refraction of light entering
light entering the eye the eye
C To change the focal length To detect colors and light

intensity

What is the role of the lens in the human eye?

To collect light from

To prevent chromatic

distant stars aberration
C To reflect light onto the To provide fine focus for
retina near and distant objects

49 sliag adgal Jlay galyng JSime pdad Uiy




In a nearsighted eye, where are images of distant objects
formed?

A On the retina B Behind the retina

C On the cornea D In front of the retina

A man is farsighted. Which ray diagram shows what happens in his eye when he looks at a

nearby object?
A B Cc D
FRQ - dwldall dlies¥!
=
Anphy e wataton fo Huminanee of 2 peim soure to et robloms. Student Textbook -
1 Define |um-im:|us .intzns-it :cify-ing its Sl units. Figure 7 7
Relatel PRACTICE Problems 3 & 4 9
Quantity Symbol Definition Unit
Lonalions Wik (P) The rate at which hght energy is emitted lumen (Im)
from a luminous source.
Muxatiiince (E) The luminous flux falllng on a given uz () = lumen/m?
surface area at any instant.
Luminous (1) the luminous flux that falls on 1 m? of the candela (cd)
Intensity v inside of a 1-m radius sphere. Luminous flux
D
A 'Sg:-
r ’
g P _I 2P -
—_— — T em— v T —
4nr:  r? 4n
- -
- ﬁ
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3. A 64-cd point source of light is 3.0 m away from a
painting. What is the illumination on the painting
in lux?

Point source with intensity I = 64 cd, » = 3.0 m

I 64
4. A screen is placed between two lamps so that they
illuminate the screen equally, as shown in Figure 9.
The first lamp emits a luminous flux of 1445 Im and
is 2.5 m from the screen. What is the distance of the
second lamp from the screen if the luminous flux is

2375 Im?
Screen
z &
P = 2375 Im 2.5 m}—
P =1445 Im
Figure 9
A screen is illuminated equally by Lamp A and Lamp B.
Lamp A: ®4 = 1445 1m, 74 = 2.50 m.
Lamp B: &5 = 2375 lm, find r3.
P ®
Equal illuminance = —;’ = —23.
) r
S 25
TR = TA\ —.
oTrp A 5,
Compute:
2375
. rg = 2.50 @*43.205111%
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Apply the mirror equation to

the image di

, the object di:

algebraic signs for focal length and corresponding distances.

2 Define magnification as the ratio of the image height to the object height.
Calculate the magnification produced by a spherical mirror.

Draw a ray diagram to find the image of an object formed by a convex mirror and
determine the properties of the formed image

, or the focal length of a spherical mirror using appropriate

Student Textbook

38-40

EXAMPLE Problem 3

42

1
Xo

Symbol Meaning Sign Convention
+ = virtual image
: - - - real image
» e |m| <1 - image smaller h
P . TN Ly magnification (m) = —
+ - image is upright h,
h Image Egigc - - image is upside down (inverted)
ho Object Height always positive
+ - image in front of mirror (real)
x. SRS - = behind mirror (virtual)
Xo Object Position always positive
Sign conventions (we’ll use these throughout)
+) alwa 1 1
x5 (+) always Mirror equation: — = — + —
X (+) for real images, (-) for virtual images. f Xi
f (+) for concave mirrors, (-) for convex mirrors.

EXAMPLE Problem 3

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 forklift's image position and image height?

Mirror Type: Convex

Symbol

Sign | Value

+ |+

Xi
h;
m
f
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1 ANALYZE AND SKETCH THE PROBLEM
+ Draw a diagram with the mirror and the object.
« Draw two principal rays to locate the image in the diagram.

Known Unknown
h=20m x=7
x,=50m h="7

f =-050m

2 SOLVE FOR THE UNKNOWN

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

: S 1
=X
fx,
= X~
__ (—0.50 m)(5.0 m) ; . o
=50m-(—050m) Substitute f= —0.50 m, x_ = 5.0 m.

= —0.45 m (virtual image, behind the mirror)
Use the relationship between object height and object and image position to solve for

image height.
< h, =2
m= h—o = R

—-xh

F o

i X

—{—0.45 m)(2.0 m)
= E0m Substitute x = —045m,h. =20m,x, =50 m.

= 018 m (upright, smaller image)

3 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.

M, A sing Ldgal Jlay by S aided Uil
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Ray diagrams to find the image of an object using convex mirror

Ray Diagrams for Mirrors

Ray 1 is parallel to
the axis and
reflects in away
that its extension
comes through

Ray 2 extension
passes through F
reflecting parallel
to the axis.

H
- c
_\ﬁ. ~

Ray 3 extension
passes through C
and reflects back

|
|
i image is:
|

1. upright

2. smaller than
object

3. virtual

=
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You place an object 20.0 cm in front of a convex

mirror with a —15.0-cm focal length. Find the
image position using both a scale diagram and
the mirror equation.

Horizontal Scale:

1 block = 1cm

State and apply Snell's law of refraction. Student Textbook 44-48
3 Define the critical angle as the angle of incidence at which the refracted light ray lies along the boundary of the two mediums.
Calculate the critical angle using Snell's law.
Describe total internal reflection and the conditions under which total internal reflection takes place. Figure 21 48
Snell’s Law of Refraction
nysinf; = n, sinf,
A Incident B
N E
n,: Index of refraction of the first medium (where the light comes from). . 0, Werms
0,: Angle of incidence (measured between the incoming ray and the normal). Medium 1 /:
0
n,: Index of refraction of the second medium (where the light enters). B\
Meodium 2 :
0,: Angle of refraction (measured between the refracted ray and the normal). 0, ‘\"",:,""
o g
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The critical angle (8_) is an angle of incidence that causes a ray to exit along the boundary between
two mediums. (6, = 90°)

Refracted
ray

Total internal reflection happens when:

= Light goes from a medium with higher index of refraction — to a medium with lower index of
refraction.
* The angle of incidence 6, is greater than the critical angle 0.

The light then reflects back inside the medium with the higher index of refraction.

EXAMPLE Problem 4

ANGLE OF REFRACTION A beam of light in air hits a sheet of float glass at an angle of 30.0°. ST A’(
What is the angle of refraction of the light ray?

1 ANALYZE AND SKETCH THE PROBLEM i "
» Make a sketch of the air and float glass boundary.

1028

Known Unknown

» Draw the light ray and label 6,, 6,, n,, and n,.

6, = 30.0° 6,="2 Vacuwum 4 il
Air 1.0003*

n, =100 Water 133

n, =152 Ethanol 136
Float glass 1.52

2 SOLVE FOR THE ANGLE OF REFRACTION

) Quartz 154
Use Snell’s law to solve for the sine of the angle of refraction. Flint glass 162
n,sin 6, = n,sin 6, Diamond 2.42

n|
sin 6, = (,—,;) sin 6,

6, = sin™' ((,:—;) sin 0‘)
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Question 195: A ray of light travels inside a glass block (refractive index n = 1. 56) and strikes the top surface atan |
angle Xto the normal, as shown in the figure. The light escapes into air making an angle of 55°with the normal.

light escaping
(a) Using Snell’s Law, calculate the angle X shown in the figure. from top of block
top of block Air |

(b) Determine the speed of light in the glass block. ':;,:'

(c) Calculate the critical angle for the glass-air boundary.

PRACTICE Problems Page 46

A laser beam in air enters ethanol at an angle Medium n
of incidence of 37.0°. What is the angle of Vacuum 1.00
refraction? Air 1.0003"

Water 1.33 1

Ethanol 1.36

Float glass 1.52

Quartz 1.54

Flint glass 1.62

Diamond 242
G i

I .’ ay sing L pad ey salyg Sise el Uiy



As light travels from air into water, the angle of
refraction is 25.0° to the normal. Find the angle
of incidence.

Light in air enters a diamond facet at 45.0°. What
is the angle of refraction?

A block of unknown material is submerged in
water. Light in the water enters the block at an
angle of incidence of 31°. The angle of refraction
of the light in the block is 27°. What is the index
of refraction of the material of the block?

CHALLENGE Light travels from air into another
medium. The angle of incidence is 45.0° and
the angle of refraction is 27.7°. What is the other
medium?
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Draw a ray diagram (using at least one light ray that is parallel to the principal axis and another ray that passes or appears to pass
through the focal point) to find the image of an object located at diffrent distances from a convex lens (greater than or equal twice the
a focal length, between the focal length and twice the focal length, and smaller than the focal length), and determine the location and

Student Textbook 51-55

properties of the formed image.
Apply the thin lens ion to calculate the image di: , the object di , or the focal length of a convex or a concave lens using PRACTICE Problems 46 & 47 55
appropriate algebraic signs for focal length and corresponding distances.

Thin Lens Equation

= The problems that you will solve involve spherical thin lenses, lenses that have faces with the same curvature as
a sphere.

= Based on the thin lens model, as well as the other simplifications used in solving problems for spherical mirrors,
equations have been developed that look exactly like the equations for spherical mirrors.

= The thin lens equation relates the focal length of a spherical thin lens to the object position and the image

position.
Sign conventions (we'll use these throughout)
X (+) always > 3 _ 3
. —— - ——
X; (+) for real images, (-) for virtual images. f X X
f (+) for convex lenses, (-) for concave lenses.

Magnification

The magnification equation for spherical mirrors also can be used for spherical thin lenses.

Symbol Meaning Sign Convention
+ = virtual image
2 = - - real image
fi
. e |m| <1 - image smaller
|m| > 1 - image larger A h; X
. + — image is upright ho Xo
| Heigh
h; T - — image is upside down (inverted)
hg Object Height always positive
% -AAE— + - on the other side (real)
\ 8 - — on t he same side (virtual)
Xo Object Position always positive
Gt o
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Convex lenses
Properties of the image
Case 1: If the object is located beyond (2F). Located between F and 2F
Reduced (diminished)
Inverted
Object (o) Real

TN F > Quantity +/-
—\‘ . f "
image () - ”

0

m —

= We will focus on two principal rays to locate the image:
» Parallel Ray — refracts through the focal point on the other side.
» Focal Ray — refracts parallel to the principal axis after passing through the lens.
= By tracing these two rays, we can determine the position, size, orientation, and type of the image.

Convex lenses
Case 2: If the object is located at (2F). Located at 2F
Same size
Inverted
Object (o) Real
| F _ F 2F Quantity | +/-
ar | \ Image (i) f +
+ |
X +
m -

=  We will focus on two principal rays to locate the image:
» Parallel Ray - refracts through the focal point on the other side.
» Focal Ray - refracts parallel to the principal axis after passing through the lens.
= By tracing these two rays, we can determine the position, size, orientation, and type of the image.

H—oﬁ . TA. . g L - Y
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Convex lenses

Case 3: If the object is located at between (2F) and (F).

Object (o)

F 2F Image (i)

AN

Properties of the image

Located Beyond 2F

Enlarged (magnified)

Inverted
Real

Quantity S

r +
X, - .
X, .
m -

=  We will focus on two principal rays to locate the image:
» Parallel Ray - refracts through the focal point on the other side.
» Focal Ray — refracts parallel to the principal axis after passing through the lens.

= By tracing these two rays, we can determine the position, size, orientation, and type of the image.

Case 4: If the object is located at (F).

Convex lenses

Properties of the image

Located at infinity

\\
-

[ -]

Highly enlarged (infinite)

Inverted

Real

- -~
2F ‘X

~

= We will focus on two principal rays to locate the image:

» Parallel Ray - refracts through the focal point on the other side.
» Focal Ray — refracts parallel to the principal axis after passing through the lens.
* By tracing these two rays, we can determine the position, size, orientation, and type of the image.
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Convex lenses

Case 5: If the object is located at between (F) and the lens.

~
~
-~

————— -

Image ()~ -~
F 2F
- - N .
2F g
L7 object (o)

s
'
'

Properties of the image

Farther from the lens than
the object

Enlarged (magnified)
Upright
Virtual

Quantity +/=

f +
X, +
X, -
m .

=  We will focus on two principal rays to locate the image:

» Parallel Ray - refracts through the focal point on the other side.
» Focal Ray — refracts parallel to the principal axis after passing through the lens.
= By tracing these two rays, we can determine the position, size, orientation, and type of the image.

Concave lenses

Regardless of where the object is placed, the image formed will be:

Principal Plane
Object (o)
T 2F T ,_:’ F 2F
- "’1 el
Principal Axis “ Image (i)
Concave Lens

Properties of the image

Between F and the lens
Reduced (diminished)
Upright

Virtual

Quantity +/-

f —

X, +
m +

=  We will focus on two principal rays to locate the image:

» Parallel Ray - refracts through the focal point on the other side.
» Focal Ray — refracts parallel to the principal axis after passing through the lens.
= By tracing these two rays, we can determine the position, size, orientation, and type of the image.

G 3o
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Calculate the image position and height of a
2.0-cm-tall object located 25 cm from a convex
lens with a focal length of 5.0 cm. What is the
orientation of the image?

Use a scale ray diagram to find the image
position of an object that is 30 cm to the left of a
convex lens with a 10-cm focal length.
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