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Define quantities of light like lnminous flux and illuminance, specifying their SI

1 Student Textbook 5.6
umnits.

Quantity Symbol Definition Unit

Tuishssns Flix (P) The rate at which Ilght energy is emitted lumen (tm)
from a luminous source.
Nluminance (E) The lumingus fux faling 6n 3giveD Jux (1%) = lumen/m?
surface area at any instant.
Luminous (1) the luminous flux that falls on 1 m* of the dela (cd) _
Intensity . inside of a 1-m radius sphere. Ty Luminous flux

AESY
N S -—ﬁ-
P N
I, = —
V' 4nm
1
Question 1 Question 2
What is luminous flux (P)?
(P) The unit of illuminance (E) is:
A EE:?; Ils ::“?tr ;Ehf:iﬂta The tota | number of photons
luminous source emitted per second A lumen (Im) candela (cd)
The brightness perceived by The light intensity on a given
c the human eye area C lux (Ix) watt (W)
Question 3 Question 4

The luminous flux that falls on 1 m? of the inside of a 1-m

radius sphere is called:

Two light sources A and B are placed at the same distance from a
wall. Source A appears brighter than source B. This means that:

The luminous flux (P) of A is

The illuminance on the wall

A from A is greater than that
A Luminous flux Luminous power smaller than B -
from B
C Luminohs Intensity Winilitiig C Both sources have equal The luminous intensity (l,) of

illuminance

A is less than B




Question 5 Question 6
In the equation: £ = d:rz . What does x represent? In the equation: E = % What does x represent?
A Luminous flux B Luminous intensity A Luminous flux Luminous intensity
_ 1 Distance from the light
Power D Luminous density C Area of the surface source to the surface
Question 7 Question 8

The given equation is used to calculate the luminous flux:

P = x - 4w . What does x represent?

In the equation: £ = ?. What does x represent?

Distance between the source
i - ' : Surface area of a sphere :
A Luminous flux B Luminous power A p and the object
C Luminous intensity D lluminance ( Luminous intensity Luminous flux

Define diffraction as the bending of a wave as it passes the edge of a barrier.

Student Textbook 12

Diffraction is the bending or spreading of a wave as it passes the
edge of a barrier or through a narrow opening.

In 1678, Christiaan Huygens explained diffraction using the wave

model of light.

He proposed that every point on a wavefront (4> sall 44s2) acts as a
new source of tiny secondary waves (wavelets <l34).

These wavelets spread in all directions and remain in step

['EﬂhErEﬂt M} with each other. Barrier
A plane wavefront can thus be seen as an infinite line of point .

When the wavefront meets a barrier (%) or an edge (4), the
wavelets near the edge spread out in circular arcs, creating

liffraétion.

)




Question 9

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

e

C Reflection of light / Newton's principle D

Polarization of light / Newton's principle

Question 10

Which of the following best describes the diffraction of light?

A The change in direction of light waves when they B The bouncing back of light waves when they strike a
travel from one medium to another. smooth surface.
The interference of light waves from two or more Sgroending and Spl’[‘ﬂdllng DE It wmve s vlien Siay
C 3 x ; D pass through a narrow slit or around the edge of an
coherent sources, producing bright and dark fringes. bl

or dyes.

Describe that the colour of light is related to its wavelength and frequency.
3 | -Describe primary and secondary pigments and the effects of mixing pigments Student Iextbook 13-15

* Wavelength 34!l 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 (& 48);
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= Visible light (4 # =a!') wavelength range from 400 nm (4.00 x

Color and Wavelength

107 m) to 700 nm (7.00 x 10”7 m).

» Red light — longest wavelength and lowest frequency.

~ Violet light — shortest wavelength and highest frequency.

= 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).

Color by Addition of Light

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

e oVl televiss [

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

Visible Spectrum

[alira) ‘Waolet

M) [l S M) Fal i) N
Yol COrangs Hvdl Hoam=ila [imlra)

i N ¥

Red
Orange
elow
Green
Blue
Indigo
Violet

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



Color by Subtraction of Light

* (Objects can reflect (u<8), transmit (&%), or absorb (u<Say) light.

=  The golor 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
ather colors of white light

. 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  absorhs all colors of white light

* Dyes are used to color cloth and other materials.

=  Sources of dyes:

» Plants (e.g., mulberry tree — purple dye, saffron — yellow

dye).

» Insects (e.g., cochineal insect = red dye).

=  Adye is a molecule that absorbs some wavelengths and

reflects or transmits others.

= Pigments are usually made of crushed minerals (not

plants/insects).
Examples:
» Hematite — red pigment.

» Azurite — blue pigment.

» Pigment particles can be seen under a microscope.

Color by Subtraction of Light

Primary Pigments/Dyes
Ll Elaaly g gl

Secondary Pigments/Dyes
Ay i) sl g il Blalt

Complementary
Pigments/Dyes
dadiall £lually Silislal)

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

Primary pigments: Yellow, Cyan,
Magenta.

Examples:

*+  Yellow pigment absorbs BIli§,
reflects red + green.

*  (Cyan pigment absorbs péd, reflects
blue + green.

+  Magenta pigment absorbs SEeen,
reflects red + blue.

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

Secondary pigments: Red,
Green, Blue.

Examples:

*  Red pigment absorbs blue + green,

reflects red.

*  Green pigment absorbs ped * blue,

reflects green.

«  Blue pigment absorbs FelF Ereen,

reflects blue.

When pigments are mixed,

Examples:

* Yellow + Cyan — Green
(vellow absorbs blue, cyan
absorbs red).

«  Yellow + Blue — Blaek (all
primary colors absorbed).

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

they absorb more wavelengths.

Complementary pigment pairs:

10




Pigment Under Under Under Under Under Under Under
/Dye Absorbs | Reflects White Red Green Blue Magenta | Yellow Cyan
Color Light Light Light Light Light Light Light

Red(R) | G+B R R R BLK BLK R R BLK
GE;’“ R+B G G BLK G BLK BLK G G

Blue (B) | R+G B B BLK BLK B B BLK B

Magenta » R+B M R BLK B M R B

(M)
Yellow B R+G Y R G BLK R Y G
(Y)

Cyan (C) R G+B C BLK G B B G C

White .
MNothin R+G+B w R G B M b § | #
W) .
SN R+C+B | NoBi BLK BLK BLK BLK BLK BLK BLK
(BLK)
11
Question 11 Question 12

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

A Because all wavelengths B Because different A | Cyan B | White

bend equally in the prism wavelengths bend differently
C Because most of the light will D Because most of the light will C | Yellow D | Magenta

be reflected by the prism be absorbed by the prism

= Question 14
Question 13
A lighting designer wants to stock only secondary colors of

A white T-shirt has yellowed slightly with age. A laundry light—each one formed by mixing two primaries. Which set
additive gives the fabric a faint bluish tint, so it looks whiter should she buy?

under normal lighting. Why does the shirt appear whiter?
A | Red, Green, Blue B | Orange, Green, Violet

Blue and vellow are

A | Polarization removes yellow B | complementary and combine C | Red Yellow. Blue D | Yellow, Cyan, Magenta
to appear white : ; ' '

C Diffraction spreads blue D

more than yellow Cotton absorbs only yellow

12



Question 15 Question 16
Which color of light must be combined with blue Which of the following pairs of colors of light will
light to produce white light? combine to form white light?
A Red B Green A Red and blue B Green and cyan
C Yellow D Magenta C Blue and magenta D Red and cyan

Question 17

Which color bends most in a glass prism?

A | Red B | Yellow

C | Green D | Violet

Magenta

13

Question 18

)‘l red

The diagram represents overlapping areas of
light with different intensities of illumination.
Which of the following shows the resulting
colors in the regions (A, B, C, D)?

Prgreen

white screen

)# blue

Region A Region B Region C Region D
Cyan Yellow Cyan Magenta

B Yellow Cyan Magenta Yellow
C Magenta Yellow Cyan Magenta

14



Ei’:}et It?

Distinguish the difference between color by subtraction and color by addition,

\B Check Your Progress Page 21

22. Light and Pigment Interaction What color 23. Pigment Colors What are the secondary
will a yellow banana appear to be when pigment colors, and why do they give objects
illuminated by each of the following? the appearance of those colors?
a. white light

b. green and red light
c. blue light

15

IB Check Your Progress  Page 21

24. Combination of Pigments What primary
pigment colors must be mixed to produce
red? Explain your answer in terms of color
subtraction for pigment colors.

Question 19

Explain why a vellow dice in white light appears red when placed under red light,

16



Question 20

A toy car that looks magenta in white light is placed under green @

light only. What color will it appear, and why?

Question 21

A book with a red cover is illuminated only by green light in a dark room. What color will

the book appear, and why?

Question 22

Explain why mixing cyan and yellow pigments produces green under white light.

o213 1F11:48 Connection

Color printers use yellow, magenta, and cyan
pigments to create images.

These pigments are usually made from finely ground
compounds, such as:

o Titanium(IV) oxide — white
o Chromium(lll) oxide — green
o Cadmium sulfide — yellow

Pigments form suspensions (not solutions).

Their chemical form does not change when mixed, so
they still absorb and reflect the same wavelengths.

17

18

:{[eNelcy@® Connection

* Plants look green because of chlorophyll.

* There are two types of chlorophyll:

o One absorbs mostly red light.
o The other absorbs mostly blue light.

= Both types reflect green light, making plants appear
green.

* The absorbed red and blue light provides energy for
photosynthesis, helping plants make food.



Question 23

White light (which consists of the seven rainbow
colors) falls on a green leaf, as shown in the
figure. Which of the following statements best
describes what actually happens?

The eye sends a ray towards the leaf, The pigment particles in the green leaf
A which reflects back, making the leaf B absorb the green color and reflect all the
appear green. other colors.

The pigment particles in the green leaf
C | absorb all colors and reflect only the green D
color.

The pigment particles absorb all colors
and the leaf appears colorless.

19

Apply Malus’s law to light filtered by polarizer and analvser filters.

Student Textbook
Physics Challenge

16,17
18

In unpolarized light, these vibrations occur in all directions randomly.
In polarized light, the vibrations are restricted to just one direction.

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

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

The lines in the polarizer represent a polarizing axis.

Unpolarized light

Polarizer *

4 Polarizing axis

Folarized light

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.

20



Polarization by Reflection

Polarization can also occur when light is reflected,
such as from a sheet of glass or from a road.

Polarized reflected light causes glare. Polarizing

sunglasses reduce glare from the polarized light reflected
off roads.

Polarization by Filtering

= If you place a second polarizing filter in the path of the

polarized light from the first filter, the amount of light
transmitted through the second filter depends on the angle
between the two filters.

- The law that explains the reduction of light intensity as light
passes through a second polarizing filter is Malus's law.

I, = I,cos%*(A8)

where:

» [, =intensity after first filter (W /m?)
» I, =intensity after second filter (W /m?)
* f=angle between filter axes (degrees)

21

Question 24

Suppose that unpolarized light with intensity I is initially incident on the first of three polarizers in a line. The first
polarizer has a polarizing direction that is vertical. The second polarizer has a polarizing angle of 45. 0° with respect
to the vertical. The third polarizer has a polarizing angle of 90° with respect to the vertical. What is the intensity of
the light after passing through all three polarizers, in terms of the initial intensity?

22

Iy Polarizer 1
E| L ﬂ'

Polarizer 2
f#; = 45°




Question 25

A vertically polarized laser beam passes through a polarizer whose polarizing angle is 30.0°
from the horizontal. What is the intensity of the laser beam when it emerges from the polarizer?

Source

Question 26

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.

0 = 25°
A 121 W/m? B 325 W /m?
B 560 W,/m? D 1120 W /m?
23
Question 27

The figure shows unpolarized light incident on polarizer 1 with polarizing angle 8, = 0° and then on polarizer 2 with polarizing
angle 0; = 90°, which results in no light passing through. If polarizer 3 with polarizing angle 85 = 50° is placed between
polarizers 1 and 2, which of the following statements is true?

a) No light passes through the three polarizers. Unpolarized light

Polarizer 1
H1 = “':

b) Less than half, but more than zero, of the light Unpolarized light

passes through the three polarizers. Polarizer 1

8, = 0°

Polarizer 3
c) Exactly half of the light passes through the three @y = 50°

polarizers. Polarizer 2

@, =90°
d) More than half, but not all, of the light passes
i Polarizer 2
through the three polarizers. Z 9, = 90"
e] All of the light passes through the three
polarizers.

No light passes

24



PHYSICS Challenge

You place an analyzer filter between the two cross-

polarized filters, such that its polarizing axis is not F“-tir“ :?‘;]La:nzed
parallel to either of the two filters, as shown in the figure p

to the right. | .

1. You observe that some light passes through filter 2, "'\

though no light passed through filter 2 before you
inserted the analyzer filter. Why does this happen?

2. The analyzer filter is placed at an angle of 8
relative to the polarizing axis of filter 1. Derive an
equation for the intensity of light coming out of
filter 2 compared to the intensity of light coming
out of filter 1.

Polarizing —
axes

25

l'":rrr,,.-"’
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Question 28

Unpolarized light with intensity /, = I passes through two ideal polarizers. The emerging
polarized light has intensity [, = 0.30 I . What is the angle ¢ between the two polarizers?

Question 29

Unpolarized light of intensity I is incident on a polarizing filter, and the emerging light
strikes a second polarizing filter, as shown. What is the light intensity emerging from the
first polarizer and the second polarizer?

1
A h=2ll|llz =<l B

h = ‘;'fn" I =035,

&=

I D

C ==Ll =

- R

1
h==Illh =1l

26

Filter 2

T
IEH" 90" — @

Unpolarired light

Polarized light

oy

MNonpolarized
light

Polarizing
fiters

Polarized ligh



-Apply mathematical equations to calculate unknown physical quantities
5 | (wavelengths, frequencies, or speeds) when light waves are doppler shifted
based on the relative speed of the observer and the light source.

Student Textbook

Practice problems -

{Ium:ept

Formula

When Applied

Meaning

Observed Frequency

Fops = £ (14 -)

C

Use when finding the frequency
seen by an observer if the
source /observer is moving.

“+" — moving toward each other — 4 |
[ blue shift).

“=" — moving away each other = A T
(red shift).

Use when comparing the

“+" — moving away each other -1 1
(red shift).

v
nhs'?:[;:: ﬁlﬁa;;:;l;gth AA=Aps —A=1 (—) A observed wavelength with the
¢ emitted one. "=" — moving toward each other — A |
(blue shift).
Red Shift Aops = A (wavelength increases) | Occurs when the source moves Light shifts toward the red end of
fons < f (frequency decreases) away from the observer. spectrum.
Blue Shift Aops < A (wavelength decreases) | Occurs when the source moves Light shifts toward the blue end of

fons = [ (frequency increases)

toward the observer.

spectrum.

Key Relationship

c=fA

Speed of light is constant

If A increases — f decreases.
If A decreases — fincreases.

27

Question 30

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
C Toward red and blue D None of the above
Question 31

Which of the following expresses the observation of waves with a frequency different from their
original frequency?

A

Polarization phenomenon B

Diffraction phenomenon

C

Doppler effect

Huygens’ principle

28



PRACTICE Problems Page 20

16. Oxygen can be made to produce light with a
wavelength of 513 nm. What is the frequency of
this light?

17. A hydrogen atom in a galaxy moving with a speed
of 6.55x10° m/s away from Earth emits light with
a frequency of 616 x10"™ Hz. What frequency of
light from that hydrogen atom would be observed
by an astronomer on Earth?

29

PRACTICE Problems Page 20

18. A hydrogen atom in a galaxy moving with a
speed of 6.55x10° m/s away from Earth emits
light with a wavelength of 486 nm. What
wavelength would be observed on Earth from
that hydrogen atom?

19. CHALLENGE An astronomer is looking at
the spectrum of a galaxy and finds that it
has an oxygen spectral line of 525 nm, while
the laboratory value is measured at 513 nm.
Calculate how fast the galaxy would be moving
toward or away from Earth and how you know.

30



Question 32

A man is piloting a spacecraft on a mission from Earth toward the nearest star to our solar
system. The star is a red dwarf, but it appears green to the observer. If you know that

(‘;I’Hf."d = 680 nm,

Acreen = 932 NN )

What is the speed at which the man must be piloting the spacecraft so that the star appears to

him in green color?

A 6.4 x 107 m/s B 5.45 x 107 m/s
C 7.5 x 10" m/s D 3.2x10°m/s
ﬁ“ﬂtﬂ
aot®”
WaWaWaWaP 4
A
31
Question 33

An astronomer observes a distant galaxy that normally emits blue light with a wavelength of
470 nm, but due to its motion, the light appears yellow with a wavelength of 590 nm.
What fraction of the speed of light in vacuum (c) is the galaxy moving relative to Earth?

A

012¢

B

0.18 ¢

C

0.26¢

D

0.31c

32



Question 34

A distant star emits light with a frequency of f = 6. 00 x 10'* Hz. However, an observer on

Earth measures the frequency as f,,s = 5.40 x 10'* Hz. Find the velocity of the star relative
to Earth. State whether the light is red-shifted or blue-shifted.

A 3 x 107km/s. (red — shefted) B 3 x 10* km/s. (blue — shefted)

C 3 x 10* km/s. (red — shefted) D 3x 107km/s. (red — shefted)

¢ wﬁ

33

Question 35

A monochromatic source emits light of frequency f = 6 x 10'* Hz. The source moves toward an observer at
250 km/s, and the observer moves toward the source at 170 km/s (same line).
a) Find the observed frequency.

b) Find the observed wavelength and the wavelength shift.

34



Question 36

Assume a red source emits light of frequency f = 4.3 x 10'* Hz . The source moves away from an observer at

6.8 x 10° km/hr, and the observer moves away from the source at 1.2 x 10° m/s (same line).

a) Find the observed frequency.
b) Find the observed wavelength and the wavelength shift.

35

-Apply the law of reflection in drawing ray diagrams and solving numerical
problems.

Student Textbook
Example probleml
Practice problems

29,30
31

= Normal: an imaginary line drawn perpendicular to the surface at the point of incidence.

* Ray (£<): a line drawn at a right angle to a wavefront; represents the direction of wave travel.

= Incident Ray (& glal): the incoming ray of light that strikes a surface.

» Reflected Ray (u«Seds £lad): the ray of light that bounces off the surface after reflection.

= Incident ray, reflected ray, and normal all lie in the same plane (2D plane) even
though light travels in 3D.

Incident
light

NS

| N
Plane h"‘. _
of travel

MNormal

Reflected light]

Surface

= Law of Reflection: The angle of incidence (8;) is always equal to the angle of reflection (8,), both measured from the

normal to the reflective surface.

» B;:angle of incidence (degrees).
¥ 0,: angle of reflection (degrees).

36



PRACTICE Problems Page 31

1. Explain why the reflection of light off ground glass
changes from diffuse to specular if you spill water
on it.

3. Suppose the angle of incidence of a light ray
is 42°.

a. What is the angle of reflection?

b. What is the angle the incident ray makes with
the mirror?

c. What is the angle between the incident ray and
the reflected ray?

37

2. What is the angle of incidence of a light ray
reflected off a plane mirror at an angle of 35°
to the normal?

4. Light from a laser strikes a plane mirror at an angle
of 38° to the normal. If the angle of incidence
increases by 13°, what is the new angle of
reflection?

g
-

PRACTICE Problems Page 31

5. 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?

6. CHALLENGE You are asked to design a retro-
reflector using two mirrors that will reflect a
laser beam by 180° independent of the incident
direction of the beam. What should be the angle
between the two mirrors?

38



Question 37
A light ray strikes a plane mirror and makes an angle of 35° with the plane of
the mirror. What is the angle of reflection? 35
A 35° B 45°
C 55° D 90°
Question 38
Suppose the angle of reflection of a light ray is 45°. What is the measure | 45°
of the angle between the incident ray and the reflected ray? !
A 45° B 90°
C 120° D 130°
39
Question 39

As shown in the figure, which of the following expressions correctly

represents the relationship between the angle of incidence #; and the
angle of reflection 6,7

A 6, = 6, = 80° B 8; = 6, = 40°

C 6, = 50°,0, = 30° D g; = 30°,6, = 50° .

Question 40

Three plane mirrors My, M, and M; are arranged perpendicular to each other. A
light ray strikes mirror M; with an angle of incidence of 35°. After reflecting

successively from My, M, and M3, what will be the angle of reflection from the
third mirror (M;)?

A 35° B 45°

.

C 55° D 56° =

40



Question 41

Two plane mirrors are inclined at an angle of 60° as shown in
Figure. A ray of light parallel to M, strikes M,. What is the
angle of reflection from mirror M,

A 10° B 20°
C 30° D 50°
41
Question 42

If an incident ray directed towards a
corner reflected as shown, at what angle 0
does the reflected ray emerge?

A yF o
B 68°
C 44°
D 46°

42




Question 43

A plane mirror makes an angle of 30° with

the horizontal. If a ray strikes the mirror
vertically as shown in the figure, find the
angle between the incident and reflected
rays.

Incident
ray

Reflected
FH}’

A 30°
B 60°
C 90°
D 120°

43

Question 44

In the figure shown below, a ray is incident
on a plane mirror. Find the value of 0 for
which the ray retraces its path after the
third reflection.

A f=af2
B @ =2a
C 0=a
D 8 =a/4

44




Question 45

In the given figure, by what angle should the
mirror be rotated such that the reflected ray
becomes horizontal along positive x-axis?

A 10° clockwise (CW)

10° counter-clockwise (CCW)

B
C 20° clockwise (CW)
D 20° counter-clockwise (CCW)

Question 46

A ray of light makes an angle of 10° with the
horizontal above it and strikes a plane mirror
which is inclined at an angle 8 to the horizontal.
The angle 0 for which the reflected ray becomes
vertical is

A 40°

50°

B
C 80°
D 100°

s

Vertical
"

& -
F _.' & IR
Al

m’b'”%ﬁ‘;;_ Horizontal

Fre
7 Plane mirror

45

EXAMPLE Problem 1

CHANGING THE ANGLE OF INCIDENCE A light ray strikes a plane mirror at an
angle of 52.0° to the normal. The mirror then rotates 35.0° around the point
where the ray strikes the mirror so that the angle of incidence of the light ray
decreases. The axis of rotation is perpendicular to the plane of the incident and
the reflected rays. What is the angle between the initial and final reflected ray?
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Question 47

A light ray strikes a plane mirror at an angle of 15° to the normal. The mirror then rotates 20° around the point
where the beam strikes it so that the ray’s angle of incidence increases. The axis of rotation is perpendicular to the
plane of the incident and to the reflected rays. What is the final angle of reflection of the light ray

47

Question 48

A light ray strikes a plane mirror at an angle of 38.0° to the normal. The mirror is then rotated by 22.0° (about the
point of incidence) so that the angle of incidence increases. The axis of rotation is perpendicular to the plane of the
incident and reflected rays. What is the angle between the incident ray and the final reflected rays?
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Question 49

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

™ 2ﬂ=

A 30° clockwise
B 30° counter-clockwise
C 50° clockwise
D 50° counter-clockwise

49

Question 50

In the figure shown, the incident ray is
rotated by 2° in clockwise sense, the
mirror is rotated by 8° in
counterclockwise sense, then the angle
by which reflected ray will be rotated

is

18° clockwise

18° counter-clockwise

16° clockwise

Sl || >

16° counter-clockwise
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Draw a ray diagram to locate the position of an image formed by a plane
mirror, showing its properties.

-Represent mathematically the relation between image position and object
position, as well as the image height and object height for a plane mirror.

Student Textbook
Check vour progress

32,33
33

The image forms where the reflected rays appear to diverge.

Object point

The image of the object is:

= Virtual (=<3 4l 4 5) (not formed by actual meeting of rays).
» Upright (A4as) and located behind the mirror.

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

Size of the Image: The image height equals the object

Diverging
rays

- “ Diverging
rays

Mirror §

! Image point

h!*=hﬂ

Position of the Image: Image appears the same distance
behind the mirror as the object is in front:

Ii — —Iﬂ

51

Orientation of Plane-Mirror Images

Vertical mirrors (in front of the object)

Horizontal mirrors (beneath or above the object)

Cibject Image

BAirru

Front-back reversal

(illusion of left-right swap)

Top-bottom inversion

(illusion of up-down swap)

Plane mirror [ G H T
12345678 8VYoarESI P T T TS Ve
Object Image L ! H L
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\&® Check Your Progress

Page 33

8. Adoglooks at its image, as
shown in Figure 9. What are the
image position, height, and type?

500 cm

I ’ 30m

Question 51

In the diagram below, a person is standing 5 meters from a plane mirror. The chair in front of the person is located 2
meters from the mirror. What is the distance between the person and the image he observes of the chair?

53

Plane
mirror
c
s
L .
P 5m *

Question 52

object?

An object is placed 30 cm in front of a plane mirror. Which statement describes the image of the

A

The image is the same size and 30 cm
from the object.

The image is the same size and 60 cm
from the object.

The image is smaller and 60 cm from the

The image is smaller and 30 cm from the

. object. object.
Question 53
Virtual images are formed by rays.
A parallel refracted
L converging diverging
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Question 54

Salam of (1.5 m) height stands at (0.5 m) 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?

A Virtual, 1.5 m
B Virtual, 1.0 m
C Virtual, 0.5 m
D Real, 0.5 m
Question 55

In the figure, Mariam observes the image of

the ball at position B when looking into the .
plane mirror. From Ahmad’s position, where = N &
will he observe the image of the ball? e ~
'-:-f ':'l‘ ':I‘
A A mw:l- C; E!
B B
A &
C C Ahmad Plane Mirror T:'
D D
55
Question 56
According to the figure, what are the cat’s image position
and image height formed by the mirror?
Position of the image Height of the image FRone Shirvoe
Object {cat)
A -2.5m -40 cm T - -2.5m -
4u:n_:“
B 5.0 m 2.5m 1.
a3 S
C 40 cm 2.5m i
D 2.5m 40 cm
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Question 57

A boy is holding a card with the word PAL in front

of a plane mirror as shown. Which option correctly

shows the appearance of the word in the mirror? Eﬁ:ﬂ
A PAL B A4
Mfﬁf
C 1vd D bVI
Question 58
A plane mirror is used to form an image
of an object. At which labelled point is A St
the image formed? <
— ray of light
A A : :
B B TTPTIITIITIITTTT?
plana mimor
L C D
D D
57

Question 59

Scout P signals to scout (Q on the other side of a
valley by using a mirror to reflect the Sun’s rays.
Which mirror position would allow the Sun’s rays
to be reflected to scout Q?

mirror Sun's ; Sun's
rays : rays
A 1// B \(/ |

Sun's . Sun's
C f.a-"" rays D jﬁ/ rays
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Question 60

Diagram shows a student standing 5 m in front of
a mirror. If the mirror is moved towards the
student by a distance of 1 m, what is the distance
between the student and his image?

A 4
B 5
C 8
D 10

Question 61

The diagram shows the image of a clock in a plane
mirror. Which is the actual time?

A 4:15
B 4:45
C 10
D 7:45

59

Question 62

Which diagram correctly shows a ray of light reflected by a plane mirror?

ray of
light

&
ray ol
light

60




Question 63

The diagram shows an object in front of a plane mirror. The mirror forms an image of the object. At
which labelled point is the image formed, and which type of image is formed?

A atM real
B atM virtual
C atN real
D atN virtual

o M

® object

61

Question 64

Which diagram shows how the light from a candle is reflected by a mirror, and shows the position of the

imageformed?

image of
candle |

image of |
candie ||

|| cardie

candle

candle

of ¢ , )
image J /,1 R
=

= ﬁ;:— aye

marmor

D

" Py
f-l"' candle
image of ]
- | = aye

i
;- b

AT
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-Describe defects im concave mirrors, such as curved aberration, and how they
: Student Textbook 35
8 | can be corrected. 10
-List some of the uses of concave and mirrors
Feature Concave Mirror Convex Mirror
Shana Inward-curving reflective surface Outward-curving reflective surface
p (curves toward the observer) (curves away from the observer)
Parallel rays converge at the focal point Parallel rays appear to diverge from the focal
Ray Behavior (converging mirror) point behind the mirror (diverging mirror)
Focal Length (f) Positive Negative

Image Formation

Can form real or virtual images

Always forms a virtual, upright, and smaller

(depending on object position) image
Aoolications Car headlights, shaving/makeup mirrors, Store security mirrors, car side-view
op © telescopes, solar concentrators mirrors, traffic mirrors
Concave Mirror o, Convex
—f..._ Mirror
Concave Vs. Convex S
Mirrors 7(

Geometric Center is In front of the mirror

Geometric Center is behind the mirror

63

Defects in Concave Mirrors

Spherical aberration: inability of spherical mirrors to focus all parallel rays to a single point.

Cause of spherical aberration:

= [n a spherical mirror, light rays parallel
to the principal axis do not all meet at a
single focal point.

= Rays near the principal axis reflect and
pass through the actual focal point (F).

=  Rays far from the axis (at the mirror’s
edges) converge closer to the mirror, not
at F.

Resulting defect:

» Since rays do not converge at the
same point, the image appears

blurred or fuzzy instead of sharp.

Parabolic mirrors vs. spherical mirrors:

« Parabolic mirrors eliminate
spherical aberration because all
parallel rays converge exactly at the
focal point.

* Spherical mirrors are easier and
cheaper to make but suffer from
spherical aberration.

Applications and corrections:

* Large telescopes and precision optical
instruments often use parabolic
mirrors to avoid this defect.

* To reduce cost, many telescopes use
spherical mirrors combined with
secondary mirrors or corrective
lenses to fix spherical aberration.
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Spherical Mirror

Parabolic Mirror

Y

N\

<

Y Y Y|Y Y




Question 65

Question 66

Which of the following mirrors is used in car side

Which mirror is used in a solar cooker to focus sunlight at

mirrors? one point?
A Convex mirrors Concave mirrors A Convex mirrors B Concave mirrors
Plane mirrors Parabolic mirrors C Plane mirrors D Parabolic mirrors
Question 67 Question 68

Which mirror is used in car headlights to make the light
rays parallel?

Which mirror helps a store security guard see a large area
of the shop at once?

A Convex mirrors Concave mirrors A Convex mirrors B Concave mirrors
C Plane mirrors Parabolic mirrors C Plane mirrors D Parabolic mirrors
Question 69 Question 70

Which of the following statements is true about the
spherical aberration of concave mirrors?

Which of the following statements is not true about
spherical aberration?

Occurs because the reflected

We can reduce it by
increasing the ratio of the

We can reduce it by

Occurs because the reflected : :
decreasing the ratio of the

A parallel rays don't converge B

i ays c at a foc : mirror’s height to its radius

A | light rays converge it a focal mirror's diameter to its at a focal point. 5

point. . of curvature.

radius of curvature.
_ ) It occurs for parabolic It occurs for spherical

C It nccur‘s.fur parabolic It occurs Ifurﬁphc'ncal C aliire. D v

Mirrors. mirrors.

Question 71 Question 72

Which mirror shape eliminates spherical aberration?

Spherical aberration occurs because:

A

Convex spherical mirror

Parabolic mirror

Plane mirror

Cylindrical mirror

Lighit ravs bend too much Ra?rs parallel to the principal
A B | axis donot meet at one focal
near the focus :
point
The mirror is placed at an . . )
C angle to the axis D The mirror is too small
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Question 73
The mirror shown suffers from . » A I
=
®
A spherical aberration s
B chromatic aberration .
# field Curvature . ¥ \
D diffraction
Question 74
The shown mirror is used to eliminate =
1Y N\
A spherical aberration » -
B chromatic aberration »
-
C field Curvature
-
D diffraction

67

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

Student Textbook

36-38

ga s a3 Ray Diagram J) awy 44, 5h
Slada) e (B9l £ 3l (B Juadllly

68




Question 75

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. | ¢
C The image is real, upright, and the same size as the object.

D No image is formed because the rays do not meet.

Question 76

Mahmoud places an object as shown in the diagram.
What are the characteristics of the image that will be
formed by the mirror?

A The image is not seen. s i
C F__—
B The image is virtual. e
C The image is upright. - il =
D The image is real.
69
Question 77
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 o _ " " -
principal axis B F c
B bounces off the mirror as if it is issued from F
C bounces off the mirror along the same incidence direction
D bounces off the mirror as if it is issued from C
Question 78
The given figure shows a ray incident toward the
focal point of a convex mirror. How is the reflected Be
ray oriented? o
A The reflected ray bounces off the mirror and appears
" e L TETET TR = 1. L ] Ty BN r T
coming from C. wincipal axis A F C
The reflected ray is parallel to the principal axis.
The reflected ray passes through A, the symmetry of F with
respect to themirror.
D The reflected ray passes through point B.
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Question 79

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

Question 80

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
-l : - ] L]
) principal axis A F C
B bounces off the mirror as if it is issued from F
= bounces off the mirror along the same incidence direction
D bounces off the mirror as if it is issued from C
Question 81

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?

72




Question 82

Question 83

Which location of an object creates a virtual image in a
concave mirror?

In what way is a convex mirror and a concave mirror
similar?

. They have the same kind of Virtual images can be
h al At th f :
A At the focal point B t the center of curvature A e B produced by both.
C Between the focal point and D Between the mir_rnr and the C Only real images are D They produce images with
the center of curvature focal point produced by both. the same height of the object.
Question 84 Question 85

Which statement about x,, in a diagram of reflection is
true?

The image obtained for an object placed in front of a
concave mirror is virtual, right side up, and larger than
the object. Where is the object placed?

It is the object position
A | relative to the mirror and its B
value is always positive.

It is the object position
relative to the image and its
value is always positive,

It is the object position

C relative to the center of D

curvature and its value is
always negative.

It is the object position
relative to the focal point and
its value is always negative.

between the focal point and
A p B at the center of curvature
the center of curvature
: ' between the focal point and
at the focal point :
c P D the surface of the mirror

Question 86

-

— e —p
S5cm Secm

e

Question 87

What is the focal length of the
mirror?

A f=+10cm

B f=-10cm

C f=+5.0cm

D f=-5.0cm
What is the radius of curvature
of the mirror?

A r=5cm

B r=10cm

C r=15cm

D r=20cm

H
Ll
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10

-Apply the mirror equation to calculate the image distance, the object distance,
or the focal length of a spherical mirror using appropriate algebraic signs for
focal length and corresponding distances

Example problem2,3
Practice problems

gﬁ 54 9 Jualllly 7 g pdia J)gedd) (KT
Ohaday) (e @Jﬂi ¢ Jad)

Symbol Meaning Sign Convention
+ = virtual image
- li
m Magnification - n-za \mage
|m| <1 = image smaller
lm| > 1 = image larger
: + —» image is upright
h; e Helgat - = image is upside down (inverted)
h Object Height always positive
0
% P + = image in front of mirror (real)
' & - = behind mirror (virtual)
Xg Object Position always positive
Sign conventions (we'll use these throughout)
X (+) always
X (+) for real images, (-) for virtual images.
f (+) for concave mirrors, (-] for convex mirrors.

75

magnification (m) = S

Mirror equation:

11

Infer the type, orientation, and size of an image from the magnitude and
algebraic sign of magnification.

Student Textbook 35

Symbol

Meaning

Sign Convention

+ — virtual image
- = real image

- ragngeranon lm| < 1 — image smaller
Im| > 1 - image larger
! + — image is upright
h I Height
: B S - = image is upside down (inverted)
hg Object Height always positive
Image Position + = image in front of mirror (real)
- \ - = behind mirror (virtual)
Xo Object Position always positive

76

magnification (m) =

41,42




Question 88

An image formed by a concave mirror has a magnification
of m = -2.0. Which statement best describes the image?

Question 89

A convex mirror produces a magnification of
m = +(.5. What can you infer about the image?

A Virtual, upright, and twice the Real, inverted, and twice the A Real, inverted, and half the Real, upright, and larger than
size of the object size of the object size of the object the object
C Real, upright, and half the Virtual, inverted, and smaller C Virtual, upright, and smaller Virtual, inverted, and larger
size of the object than the object than the object than the object
. uestion 91
Question 90 Q
Based on the given figure,
Which of the following quantities represents the ratio of find the magnification of |
the object height to the image height? the image. p
A m = +0.5 I
A Focal length (f) B | Inverse of focal length (1/1) e e
B m = -0.5 Iem :
o Inverse of magnification -
C Magnification (m) D [”"“g] C m=+2.0
D m=-2.0
Question 92 Question 93

A mirror forms an image 5 cm high with a magnification
of m = -2. What type of mirror is it, and what is the height
of the object?

A Concave mirror, B Concave mirror,
object height = 10 cm object height = 2.5 cm

C Convex mirror, D Convex mirror,
object height = 2.5 cm object height = 10 cm

A mirror produces an upright image 4 cm high of an
object placed in front of it. If the object height is 8 cm, find

the magnification and state where the object is placed
relative to the mirror.

m =-0.5 m = +0.5
A | petween Fandthemirror | B | Anywhere In frontefthe
mirror
C m=+2.0 D m=-2.0
Beyond C Between C and F

78




12 C'nmpare and contrast ]]hll]h concave, and convex mirronrs rt-garﬂlng the Student Textbook 43
properties of images formed and the algebraic
. Object Image Location Image Size Orientation | Magnification
Mirror Type | ; scation (x,) (x) (Height) Image Type | 4ititude) (m) FOUREICHES L)
Reduced
Beyond C Between F & C (diminished) Real Inverted -
AtC At C Same size Real Inverted -
Concave Between C & F Beyond C Enlar%ied Real Inverted - +
(Converging) (magnified)
: : Highly enlarged
AtF At infinity (blurred) Real Inverted ‘il
Between F & : : Enlarged : .
M Behind mirror (magnified) Virtual Upright +
Behind mirror
Anywhere in Reduced . :
front [bet\:feen e (diminished) Virtual Upeight * B
mirror)
Behind mirror
Anywhere in at same : : .
Plane len::ll'_lﬂ__ b distance a8 Same size Virtual Upright + co
> object
79
Question 94

Which of the following can produce images that are enlarged and virtual?

Convex mirror

Plane mirror

Concave lens

Concave mirror

Four students are facing four different

a concave mirror?!

: . : Aalide L) pe ao )yl el G day jl iy | A Only Saeed
MIrrors, and their reflections appear as o XA Lyl A LS gl (I8 o 3y B8
shown in the table below:
— — . ———— = B Only Rashed
- Saif < Hamad 3> |Saeed 3=~  |Rashid >, | Student Il
b phaats - Alias b e — Ay plie A s — W] La b e AlGas Baeall & 0
Reduced- upright | Reduced-inverted | Same size - upright | Enlarged-upright Image’s type L Hamad and Rashid
Which student(s) is (are) facing o o 1
’ il adgutiblioey! | p Saif and Rashid
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Question 95

Which of the following mirrors always produce virtual images?

A Convex mirror i3 Plane mirror
C Concave lens D Aand B
Question 96

Which of the following can produce inverted images?

A Convex mirror B Plane mirror

C Concave lens D Aand B

81

Describe refraction of light (or a wave) as it crosses the boundary between two

S
3 different medinms and represent that in a ray diagram. . .
TN E ; P—— . .
14 ;:,:;:;] the index of refraction of a medium and relate it to the properties of the Studdit Textbook &

=  Refraction is the change in speed and direction of light when it crosses a boundary between two transparent

mediumes.

Vacuum 1.00
Air 1.0003*
Water ' 1.33
| Ethanol 1.36

\\  Float glass 1.52
Quartz 1.54

) .
Air] Water Air] Glass alrl Diamand Flint glass | 62 ]

Diamond | 242

*  The index of refraction (n) tells us how much slower light travels in a material compared to in air (or vacuum). It
determines the speed and direction of light entering it from another medium.
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Bending of Light & Index of Refraction

When light enters a medium with a higher index of
refraction (nT) — it slows down and bends towards

the normal.

When light enters a medium with a lower index of
refraction (nl) — it speeds up and bends away

from the normal.

[f light enters perpendicular (along the normal) -

it passes straight through with no bending.

At the boundary, frequency does not change.

When light slows down in a medium, its wavelength decreases.

The speed of light is always slower in a medium than in a yvacuum.

EEEA ......1

m< n,
SO 8,

sin B, > sin @, = - -
S0

8, > 8,

A

n=152 n=1.00
(5lass

M> N,
S0
sin 8, < sin &,
S0
8" <8,

Air

Where

Therefore, the wavelength in any medium is shorter than in a vacuum.

To find index of Refraction:

n=

¢ = speed of light in vacuum.
v = speed of light in the medium

- l-'.“-“'l-'l-

=
v

e e g ey rrry |
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Question 97

Question 98

When light passes from air into water, it bends:

The reason for the bending of light during refraction is:

Gets totally internally
reflected

Passes straight without
deviation

A | a : length onl Unequal reflection from
Toward the normal B Away from the normal Sl 10 WY USET ny the surface

Does not bend at all D Parallel to the surface C Change Inniél}lrlrl:;t]mn of the Change in speed of light

Question 99 Question 100
If the angle of incidence is 0°, the light ray: When light passes from glass to air, which of the following
increases?
Bends away from the : .
normal B Bends toward the normal A Aﬂg][" of refraction De I'J.E{t}r of medium

C Index of refraction

Angle of incidence

84




Question 101

A beam of light passes from the air through a thick piece of glass as
shown. Which of the following angles is the angle of refraction?

A 1 B 2
L 4 D 5
Question 102

The diagram shows the passage of a ray of light from air into a

substance X. What is the angle of incidence?

40

50
A 40° B 50°
C 20° D 70° 20°
85
Question 130

What happens to the refracted beam when light passes through air to glass and then back to air?
Nglass < Mair

it refracts away and then toward the normal B it refracts toward and then toward the normal
C | itrefracts toward and then away from the normal D | it refracts away and then away from the normal
Question 104
What quantity do we get when dividing the speed of light in a vacuum by the speed of light in a medium?
A | the index of refraction of the medium B | the critical angle
C | the wavelength of the light in the medium D | the frequency of the light in the medium
Question 105

A light beam falls perpendicular to a surface separating two transparent media with different refractive indices.
Assume 1, > N;. In this case, which of the following correctly describes the relationship between the angle of

incidence 0; and the angle of refraction 8,.7

A

g >8,

B

C

8, =0, = 90°

D

86
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Question 106

A ray of light enters a glass block and is refracted as shown in the figure. Why is
the ray of light refracted towards the normal?

Air a4
A Because the refractive index of air B Because the refractive index of - N
is greater than that of glass glass is greater than that of air AN
Glass
C Because both air and glass have the D Because the refractive index does Y
same refractive index not affect the bending of light 1
Question 107 Question 108

Which of the following determines the angle of
refraction of light as it crosses the boundary between

The
because the velocity changes.

of light can change when light is refracted

two media?
. The smoothness of the ,
A | The color of light only B surface between the media A | Frequency B | Medium
; : The distance traveled by
C | The index of refraction D the Hghtin-each medixm C | Transparency D | Wavelength
Question 109

A ray of red light from a laser passes into a semi-circular glass block. What is shown at M?

A Reflection
B Rarefaction
C Refraction
D Dispersion

“—glass block
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Question 110

The rays of light from a ray box pass through three transparent media separated by boundaries at positions
1, 2, and 3, as shown in the figure. Each boundary represents the interface between two different media. Use
the given refractive indices to identify the possible material of each medium (M,, M,, M,).

_Uacuum 1.00
Air 1.0003"
Water 1.33 _a
Raybox Ethanol 1.36
ﬂ-:-at glass 1.52
Quartz 124
Flint glass 1.62
Diamond 2.42
Medium 1 Medium 2 Medium 3
A Vacuum Ethanol Float Glass
B Float Glass Ethanol Air
& Quartz Ethanol Flint Glass
D Diamond Float Glass Quartz
89

Question 111

The rays of light from a ray box pass through three transparent media separated by boundaries at positions
1, 2, and 3, as shown in the figure. Each boundary represents the interface between two different media. Use
the given refractive indices to identify the possible material of each medium (M,, M,, M,).

Water Vacuum 1.00
Air 1.0003"
_Water 1.33
Ray box > Ethanol ) 136
Float glass 1.52
Quartz 1.54
Flint glass 1.62
Diamond 2.42
Medium 1 Medium 2 Medium 3
A Air Flint Glass Quartz
B Float Glass Ethanol Quartz
C Float Glass Flint Glass Water
D Diamond Float Glass Quartz
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-Describe some applications of total internal reflection

15 -Explain some natural phenomena, such as the formation of mirage or
rainbows or others, which involve optical phenomena like reflection, refraction,
total internal reflection, or dispersion of light.

N T : T

Student Textbook 48,49

16 | Define dispersion and explain the dispersion of light through a prism. Student Textbook 49,50

* The critical angle (@_) is an angle of incidence that causes a ray to exit along
the boundary between two mediums. (8, = 90°)

Retfracted
Iq"! Y

A Critical ray Air

Water
618
8=8 | Reflected

1
ray

Reflected
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 8, is greater than the critical angle 6.

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

921

= 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 > ng, 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)

Ny (Glass fiber)
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G . ; od Description of Light Result
Phenomenon Cause / Conditions | Optical Principle(s) S b j
Behavior Observation
Hot air near the road is l-lghgzlﬂl:zl:lll;sl?'mhf‘;l d A virtual image appears
less dense and has a Refraction through air b = yup e on the road, resembling
; e . toward the cooler aii 2
Mirage lower refractive index layers of different g Zo water or reflection —
i 3% o (higher n). The brain ; R i
than the cooler air refractive indices : ~ .| an optical illusion due
traces the bent rays as if .
above. : ) to gradual refraction.
coming from below.
RO WheSi W i:ight Shorter wavelengths White light separates
passes through a prism : , :
; : . (violet) bend more than into a spectrum of
Dispersion of Light OF MR seRton-ans longer ones (red) colors —
different refractive Dispersion [
g ; because they slow down
indices for different . i
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
Rai - reflecting, and Refraction, Reflection, | internally, then refracts | rainbow may form with
inbow Formation reversed colors and

dispersing within them.
Each droplet actsas a
tiny prism and mirror.

and Dispersion

again exiting. Different
colors emerge at slightly
different angles.

lower brightness due to
two internal
reflections.
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Question 112

If a ray of light is incident upon an air surface from another medium at an angle greater then the critical

angle, the ray will .
A Partly refract and partly diffract B Partly refract and partly reflect
C Reflect, only D Refract, only

Question 113

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
c Iehf;lzi? will be partially reflected and partially D The Wahfwill be totally transmitted

Question 114

What is the critical angle for light passing from mineral oil (n = 1.47) to air (n = 1)?

42.9°

B

90°

64.8°

D

234"

24




According to the figure. Which of the following is correct? What occurs to a light ray, when it falls

nz

at an incidence angle of (50.0") from

water to air?
(nwu,t{:r = 1.33 y Ngir = 10)

A | Refracts along the boundary

B | Reflects internally in total

C | Refracts in air by an angle less than (50°)

Refracts in air by an angle greater than

(50°)

Light & s ny

A g, = 60°
B 6. = 90°
C n = ns
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Question 115

of the plastic?

A plastic tube is immersed in a liquid of refractive index 1.4. Light travelling in the plastic tube
strikes the inside surface at an angle of incidence of 70°. The light undergoes total internal
reflection. What describes the values of the critical angle in the plastic and the refractive index

s VAN
FA N
e T~~~
D~ NGO\ N
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Question 116

A plastic tube is immersed in a liquid of refractive index 1.4. Light travelling in the plastic tube
strikes the inside surface at an angle of incidence of 70°. The light undergoes total internal

reflection. What describes the values of the critical angle in the plastic and the refractive index
of the plastic?

critical angle
in plastic

refractive index
of plastic

o O W »

greater than 70°
greater than 70°
less than 70°

less than 70°

greater than 1.4
less than 1.4
greater than 1.4

less than 1.4

liquid of refractive
index 1.4

light

reflected ray

plastic tube
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Question 117

A ray of light in glass is incident on the surface at an angle c. The angle c is the critical angle.
Which diagram shows what happens to the light?
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Question 118

A ray of light in a transparent medium of refractive index 1.8
is incident on the surface as shown. The light enters air. What
is the angle between the refracted ray and the normal in air? ”
A 2go B 330 medium \60°/
30°
C 54° D 64°
99
Question 119
In which diagram is the path of the light ray not correct?
A B

air

perspex /

alr

100




Question 120

Three rays of light are incident on the boundary between a glass block and air. The angles of
incidence are different.

air
glass

A 15° B 30° C 45° D 60°

101

Question 121

Three rays of light are incident on the boundary between a glass block and air. The angles of
incidence are different.

60° medium
Y

vacuum
A sin 60° sin 60° sin 90° - sin 90°
sin 30° sin 90° sin 30° sin 60°
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Question 122

Light travels through a glass block as shown. Which angle is
the critical angle for light in the glass?

air

glass

Question 123

glass?

Light travels through a glass block as shown. Which angle is the critical angle for light in the

103

Question 124 Question 125

When driving on a hot day, the road ahead looks like it is

covered with water. What causes this illusion?

Reflection of light from the

In a mirage, light bends upward because:

A Diffraction of sunlight — i
road surface through air A Cooler air is near the road SOCIIETARES w. m‘.i e
= e " lower refractive index
efraction of light through air . : :
C layers with different SEHEEEEa o gk T Qe

temperatures

particles

The road reflects light
strongly

The cooler air below has
higher density

Question 126

When white light passes through a glass prism, the violet

Question 127

A rainbow is produced because light in raindrops

light deviates more than red light because: undergoes:

A Violet light travels faster in Violet light has a higher A Only refraction Refraction and diffraction
glass refractive index in glass

C Red light interacts more The prism shape amplifies C Refraction, internal

strongly with the glass

shorter wavelengths only

reflection, and dispersion

Scattering and polarization
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Question 128

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 1:1..n.1fn internal reflections inside D The air refractive index increases with height
raindrops
Question 129

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 Rainbow formation D All three depend equally on reflection and
refraction
105
Question 130

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?

wituile wihile
ligghit
A — pnﬁm
spacirum
spectrum
whilie

: Ism
_—prism___

C

spectrum ’,ﬁf spectrum /
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Question 131

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
A Red Violet 1.51 1.53
B Red Violet LE3 151
C Violet Green 1.53 1.51
D Green Violet 1.51 1.53

1
S Il-z
———-—
T 3
~ -
. |
=3 ) e ™
S
N o
.‘.}p il
nq. L

Glass Prism
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Question 132

A ray of green light passes through a glass prism, as shown. Which colors of light refract as shown in the table?

refracts more refracts less
than green than green
A red blue
B red yellow
c violet blue
D violet yellow

/\
/7 v\g ight

Question 133

The diagram shows the dispersion of white light by a glass prism. Why does dispersion occur when white light

enters the glass?

A The frequency of red light decreases more than that of violet light.
B The frequency of violet light decreases more than that of red light.

C The speed of red light decreases more than that of violet light.

D The speed of violet light decreases more than that of red light.

-

_ﬁ

white light

ﬂ\ red light

violet light

glass prism
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-Distinguish between a convex (converging) lens and a concave (diverging) lens. Student Textbook 51,
17 | —Compare and contrast convex and concave lenses regarding the properties of | Check vour progress 54
images formed and the algebraic signs for different quantities involved. S0 60
Focal Length | Object Location Image Orientation | Magnification
Lens Type f) (x.) Location (x) Image Size (Height) | Image Type (Attitude) (m)
Xq > 2f 2f > x; > [ | Reduced (diminished) Real Inverted —_
Xo = 2f X =2f Same size Real Inverted —_
Convex + 2f >x,>f x; > 2f Enlarged (magnified) Real Inverted —
(Converging)
Xo=Ff At infinity ngrt:ruiﬂ!;:ir]gea Real Inverted
x| > X, , : :
- Enlarged [magnified Virtual Upright
f>x,>10 (negative) rged (magnified) irtu prig +
— Xp > 0 lfgnzg];iﬁ]u Reduced (diminished) Virtual Upright +
109
Convex Lenses
Feature Convex Lens Concave Lens
Shana Thicker at the center, Thinner at the center,
P thinner at the edges thicker at the edges
Alternate Name Converging lens Diverging lens
_ _ Refracts parallel rays to :
Refraction Refracts parallel rays_tn spread out (diverge) as Double Convex Plano Convex  Convex Meniscus
Behavior IO, LOTR] Rt if from a focal point
focal point Nohiind tha lans Concave Lenses
Can be real or virtual Always forms a virtual,
Image Formed depending on object upright, and smaller
position image
A convex lens acts as a converging lens and a concave lens acts as a

diverging lens only when the surrounding medium has a lower Double Concave Plano Concave Concave Meniscus|
refractive index than the lens material (e.g., glass in air).

convex lens concave lens

light rays light rays

Concave Lens Convex Lens
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\B Check Your Progress  Page 60

50. Types of Lenses The cross sections of four
different thin lenses are shown in Figure 38.

a. Which of these lenses, if any, are convex,
or converging, lenses?

b. Which of these lenses, if any, are concave,
or diverging, lenses?

111

Question 134

Which length is the focal length of the lens shown in the diagram?

1| & 'EE!'QiEiEI'E!ﬂ 11! !EEHE A R - : -
¥ o 89 5 sl b Gyl

i

lens—

L |

A B C D 5 A .

Question 135
Light travels through a glass block as shown. Which angle is the critical angle for light in the
glass?
A Itis larger and inverted. <o st >

B Itis larger and upright.

C Itis smaller and inverted. object

D Itis smaller and upright.

eye
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Question 136

The rays of light from a ray-box pass through three lenses placed at positions 1, 2 and 3. What type of lens is

used at each position?

ray-box : —_—
E >
pr::snt'icm 1 pc:sit'inn 2  position 3

Position 1 Position 2 Position 3
A Converging Converging Converging
B Converging Converging Diverging
C Diverging Diverging Converging
D Diverging Diverging Diverging
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Question 137

The diagram shows an object on the principal axis of a converging (convex) lens. A principal focus of the lens
is at F. Where is the image formed by the lens?

|

]

A/F,JEI"IS

obje

cth

pr

INncipa

| axis

A Between O and F
B Between F and Q
C AtQ

D To the right of Q
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Question 138

The diagram shows a thin converging lens of focal length f. Where must an object be placed to produce a real
image in the position shown?

A B c D
- - - - - .
e T I -

image

Question 139

A student draws three rays of light from point (p) through a converging

lens. Which of the rays are drawn incorrectly?

A Ray (X) and ray (Y) B Ray (X) only
C Ray (Z) and ray (Y) D Ray (Z) only
115

Question 140 Question 141
Which of the following can produce images that are Which of the following can produce images that are
enlarged and virtual? inverted?
A | Convex mirror B | Plane mirror A | Convex mirror B | Convex lens
C | Concave lens D | Convex lens C | Concave lens D | None of the above

Question 142

Which of the following statements about a concave lens is true?

Its focal length is positive

B | Its focal length is negative

Displays real images

D | It has infinity focal length
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Question 143
Which of the following optical devices can be found hidden under piece A? A v
. , o -
A Convex mirror E Concave mirror : )-( -
G Convex lens D Concave lens E
Question 144
As shown in the figure, an object is placed in front of the concave lens. _
What happens to the image’s properties as the object gets closer to the /
image?
A Stay the same B Appear behind the lens
& Become enlarged D Become inverted e B
117
Question 145
An object placed in front of the convex lens as shown in the |

figure. Determine the location of the image (if any)?

A Position B
A
B No image is found |
C Position D
r_CHlI'I:I'IlwI
D Position A i

Question 146

The ray diagram shows two rays from a point on an object
placed in front of a diverging (concave) lens. What are the

properties of the image produced? N
A real and larger than the object il

object
real and smaller than the object

diverging

B
C virtual and larger than the object
D

lens

virtual and smaller than the object
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Question 147

Question 148

What is the characteristic of image formed by a convex
lens that is placed at the focal length of the lens?

Which of the following is a characteristic of the image
formed by a concave lens?

A Virtual B Upright A Upright B Inverted
C Reduced D | Noimage can be found C Real D Enlarged
Question 149 Question 150

Which of the following can burn a piece of paper by
sunlight?

The radius of curvature of a lens is times the focal

length of the lens.

A A convex lens B A concave lens

A 2.0 B 1.5

C A convex mirror D A plane mirror

C 0.5 D 4.0
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Question 151

An object is placed in front of a diverging lens as shown on the scale diagram. The principal
focus F is marked on each side of the lens. At which position will the image be formed?

O O | W | >

-"r‘l

object B
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Explain defects in spherical lenses such as spherical aberration and chromatic
- P P Student Textbook 56
aberration and how thev can be corrected.
Type of Defect Cause / Reason Effect on Image Correction Method | Notes / Examples
*  Meniscus lens
s i e | SO et | Bt | e
Spherical edges of a spherical lens w7 e _ e
Ahesrstion focus at different points or out of focus, (parabolic) surfaces to
_ T especially at the edges. focus all rays at one *  Double convex lens
than rays near the center. . i
point. - least spherical
aberration.
Different colors q Yitad Use achromatic lenses | * Occurs only in
4 (wavelengths) of light L5 made by combining one lenses, not in
Chromatic ; fringes or blurry edges, -
Ab ti refract by different nkctally 3t fncd convex and one concave mirrors.
ersauon amounts, causing P y - lens of different d Caused by
: . borders. S A : .
dispersion. refractive indices. dispersion of light.
Chromatic Aberration Spherical Aberration
Simple Lens Achromatic Lens hﬁ
Whita Egi Wi hite light \ \ - ..‘-‘-h‘-
- } T
=

121
Question 152
Which of the following statements is true about the spherical aberration of lenses?
A Inalhﬂ]ty ul’la spherical lens to focus all parallel rays to B | All parallel rays focus on the same position
a single point
. This is seen as an apparent ring of color around an
C It can only be seen with concave lenses D : :
object viewed through a lens

Question 153

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

A Il:'lﬂhlill'}lr u_*::fa spherical lens to focus all parallel rays to a B All parallel rays focus on the same position
single point
. This is seen as an apparent ring of color around an
C It can only be seen with concave lenses D : .
object viewed through a lens
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Question 154

What is common between spherical mirrors and spherical lenses?

A Both can produce chromatic aberration B Both can suffer from spherical aberration
C Both disperse light into colors D | Both always form real images
Question 158
Which type of lens produces the most spherical aberration?
A Plano-convex B Meniscus lens
C Double convex D | Biconcave
123
Question 156
In high-precision optical instruments, spherical aberration is reduced by:
A Using mirrors instead of lenses B Using multiple lenses combined
C Using only concave lenses D | Using colored filters
Question 157
Chromatic aberration occurs because:
A Light rays bend evenly across the lens surface B Light reflects differently from mirror edges
C Lens curvature changes with temperature D | Different colors of light refract by different amounts
Question 158
Which of the following does not show chromatic aberration?
A Convex lens B | Concave lens
C Plane mirror D | Meniscus lens
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Question 159

An achromatic lens is made by combining:

A oo lansee afiic same ralrciiing tadidl . Dne convex and one concave lens of different refractive
indices
G Two convex lenses of equal curvature D | One convex and one mirror
Question 160
The main purpose of an achromatic lens is to:
A Focus all rays at infinity B Block ultraviolet light
C Cancel out color dispersion D | Increase magnification
Question 161
In an achromatic lenses, the refractive indices of the materials are chosen so that:
A All colors converge at one focal point B | Red and blue light diverge
C Only green light passes through D | Dispersion increases
125
Question 162

The figure shows parallel rays passing through a convex lens but
failing to meet at a single point. What can be done to correct this
defect and obtain a sharper image?

A Use a system of multiple lenses.

B Reduce the distance between the object and the lens.
C Replace the lens with a concave lens.

D Increase the thickness of the lens at the center.

Question 163

The image shows a convex lens causing the separation of white
light into different colors after refraction. What can be done to e P
correct this defect and make all colors focus at the same point? h{ffk ~White
A Use a parabolic lens instead of a spherical one. a :
B Replace the lens with an achromatic lens.
C | Increase the curvature of the convex lens to reduce refraction. White 8 o "
I'q*...j'l White
D Use mirrors instead of lenses to focus light.
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Question 164

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

Question 165

The figure shows white light separating into different colors after passing
through a convex lens. This defect can be corrected by combining two
lenses. Which two lenses are used to fix this problem?

A

Two convex lenses made of the same material

One convex lens and one concave lens of different materials

Two concave lenses

B
C
D

One convex and one plane lens

>
White light
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-Define nearsightedness (Myopia) and farsightedness (Hvperopia).
-Describe the formation of image in case of nearsightedness and farsightedness
and how defects in vision are corrected using concave and convex lenses,

Student Textbook
Check yvour progress

57 -

Feature / Aspect Farsightedness (Hyperopia) Nearsightedness (Myopia)
Definiti The focal length of the eye is too long, so light The focal length of the eye is too short, so
AR focuses behind the retina. light focuses in front of the retina.
Effect on Vision Nearby objects appear blurry; distant objects Distant objects appear blurry; nearby

are seen clearly.

objects are seen clearly.

Image Formation

Image forms behind the retina.

Image forms in front of the retina.

Correction Lens

Convex lens (converging lens) - reduces focal
length and focuses image on retina.

Concave lens (diverging lens) - increases
focal length and focuses image on retina.

Common in glder people (over 45 years) due to

Often occurs in younger people or

eye.

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 Correction Convex lens converges light before it enters the | Concave lens diverges light before it enters

the eye.
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Nearsighted Farsighted
—
A nearsighted eye focuses A farsighted eye focuses images at
images at a point in front of the a point behind the retina, making
retina, making distant images blurry. nearby images blurry.
— -
—— -
A concave lens corrects A convex lens corrects
nearsightedness by increasing farsightedness by reducing
the focal length. the focal length.
129
|B Check Your Progress  Page 60
57. Eyeglass Lenses Which type of lens, convex QI.I estion 1- 6 6

or concave, should a nearsighted person use?

Which type should a farsighted person use?

See Figure 40. Explain. What type of lens is used to correct farsightedness?

A Convex lens B Concave lens

Nearsighted Farsighted
Figure 40 C Achromatic lens D Cylindrical lens
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Question 167

Question 168

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

Why does most of the refraction occur at the air-cornea
boundary rather than at the lens?

To control the amount of

To provide most of the

Because the difference in

Because the cornea is indices of refraction

A light entering the eye refraction of lignt entering A transparent = between air and cornea is
the eye greater
C To change the focal length To detect colors and light C Because the lens has a h Because the retina absorbs
of the eye intensity smaller curvature more light
Question 169 Question 170

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

What is the process called when the eye changes the
shape of its lens to focus on near or distant objects?

A To collect light from To prevent chromatic _ .
distant stars aberration A Refraction B Reflection
To reflect light onto the To provide fine focus for , ,
C retina near and distant objects C Accommodation b Adaptation
131
Question 171 Question 172
In a nearsighted eye, where are images of distant objects
formed? What type of lens corrects nearsightedness?
A On the retina Behind the retina A Convex lens B Concave lens
C On the cornea In front of the retina C Achromatic lens D Cylindrical lens
Question 173 Question 174

How does a concave lens correct nearsightedness?

By converging light rays

By reducing the focal
length

In a farsighted eye, where are images of nearby objects
focused?

By diverging light rays so
the image forms on the
retina

By converging light rays
so the image forms on
the retina

A On the retina B In front of the retina

C Behind the retina D On the cornea
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Question 175

distant object?

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

A

2N\

-

(V.
N

Question 176

nearby object?

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

4
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Describe the optical systems and formation of images in common optical
20 | . P ; & P Student Textbook 59
instruments.
Instrument A Gpticn) Image Formation Process| Type of Image Produced | Special Features / Notes
Components & & P
= Light from distant object
enters as parallel rays.
: d * Used for viewing distant
—— * Objective lens focuses light objects (stars, planets).
: Fh]ECtWE convex to form a real, inverted
ens i i i . . ' i
Refracting Telescope image at its focal point. Inverted, magnified, Inverted ln*llﬂge 15
(Keplerian Telescope) _ virtual acceptable in astronomy.
« Eyepiece convex lens|’ This image acts as the
(often achromatic) ::h]tlrct for the eyepiece * Eyepiece o .Fl:en
L achromatic to reduce
, color distortion.
= Eyepiece produces an
El’l]il]'EE'[' virtual image_
Oibjective

real image of
distant object
e . -
o *
T —_— =
eyepiece focal point
lens

light from
distant object

). @

objective
lens
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ens ~

et

Real image ol \“-._
distant chjec
I'I
IlI
Eocal "|,
B NH'MA

Lisghtt fream
distant object




Main Optical ! ]
Instrument p Image Formation Process| Type of Image Produced | Special Features / Notes
Components
* Light enters through
aperture, passes through
* Convex IEHF convex lens to form real « CCD converts light into
(achromatic) inverted image on reflex electrical signals.
mirror.
* Mirror Real, inverted image |- igital i .
Camera [SLR] * Mirror reflects image to ’ B Produces dlgltﬂ:l image
prism, which inverts it for on CCD .
* Prism viewing. * Prism corrects
orientation for
* During capture, mirror viewfinder.
; ]magE SCLISUE [CCD] lifts, and image hits
Sensor.
Prism
Aperture &
Image sensor Mirror
Shutter Shutter
open closed
Lens
Main Optical : Type of Image :
Instrument Componmll Image Formation Process Pioducad Special Features / Notes
* (Object placed between Eyepiece
one and two focal
lengths of objective.
Objective * Objective lens forms a Used for viewing small | Objective
convex lens real, if'wm:d' Virtual, objects. : lenses
magnified image. .
Microscope inverted, S
Eyepiece convex|., this image acts as the magnified Prnvit:!es high on slide
IE"S [:Ihjl"."!:t for the E‘}I"E"Fl'iEl:E'. mﬂglllfit‘ﬂtlﬂll. Light lens
* Eyepiece produces a Lamp
larger, upright virtual "
image.
Main Optical : Type of Image A
Instrument Components Image Formation Process S Special Features / Notes umbscre )
— Eyeplece
* (Objective lens forms real
Convex inverted image.
s i Two optical tubes
objective lens , Upright, . i
* Prisms cause total it i E b provide 3D view. _—
Binoculars Bvenieciiths internal reflection to EEal ;
Yep flip the image upright. Use prisms for image
appearance | : ,
. inversion correction.
Two prisms » Eyepiece lens magnifies
it. Dbjecﬁueﬁens
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light?

Question 177: Why would you want the shutter to be open longer when taking a photo in dim

53. Chromatic Aberration All simple lenses have
chromatic aberration. Infer why you do not
see this effect when you look through a
microscope, which has two convex lenses.

Question 178

Question 179

In a refracting telescope, what does the objective lens do?

What type of image is formed as the final image in a
refracting telescope?

A d : | Collects light and forms a
Produces a virtual image | B real inverted image A Real and inverted B Virtual and upright
C Reduces EhI?Dm-EItiE D Magniﬁeg the final image L Real and U]J[‘ighl.’ D Virtual and inverted
aberration
137
Question 180
Why is the final image in a refracting telescope inverted?
i Because of chromatit R HRrdatinn 5 Because the first image fﬂrrqed by the objective
lens was already inverted
C Because the eyepiece lens inverts the image D Because of reflection in the prism

Question 181

What type of lens is usually used as the eyepiece lens in a telescope to reduce color distortion?

A Normal convex lens B Normal concave lens
L Achromatic lens D Meniscus lens
Question 182
What type of lens is used in a single-lens reflex camera?
A Concave lens B Achromatic lens
C Plano-convex lens Meniscus lens
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Question 183

What is the function of the reflex mirror in a camera?

To focus light on the sensor B To reflect light upward to the prism
C To capture the image electronically To control shutter speed
Question 184
What happens when the shutter-release button is pressed in a camera?
A The mirror is ralsed1anr,l light hits the sensor B The image is reflected toithe viewfinder
directly
C The lens changes shape D The prism captures the image
Question 185
What does the CCD sensor in a camera do?
Reflects light to the prism B Converts light into electrical signals
C Forms a virtual image Adjusts the focus automatically
139
Question 186
In binoculars, two prisms are used mainly to:
A Magnify the image B Invert the image again to make it upright
C Focus light onto the retina D Reduce color dispersion
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-Apply the equation for illuminance of a point source to numerical problems.

Student Textbook
Example probleml1

6-8
9

L__ P _IL L
C 4mr?  r? V4w
141

EXAMPLE Problem 1

ILLUMINATION OF A SURFACE What is the illuminance on your desktop if it is lit by a 1750-Im lamp

that is 2.50 m above your desk?

PRACTICE Problems Page 9

1. A lamp is moved from 30 cm to 90 cm above the
pages of a book. Compare the illumination on the
book before and after the lamp is moved.
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2 -Relate luminous intensity to illuminance. Practice problems
Check your progress
Quantity Symbol Definition Unit
st Pas (P) The rate at which Ilght energy is emitted luirien (Im)
from a luminous source.
Manditsce (E) The luminous flux fallm.g on a given hk (i) = lumen/im®
surface area at any instant.
Luminous (1) the luminous flux that falls on 1 m? of the candelicd)
Intensity v inside of a 1-m radius sphere. Luminous flux

P = 1755107 Im

250m




PRACTICE Problems Page 9

2. Draw a graph of the illuminance produced by a
lamp with a luminous flux of 2275 Im at distances
from 0.50 m and 5.0 m.
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PRACTICE Problems Page 9

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?

4. A screen is placed between two lamps so that they
iluminate 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
L ] [ ]
P = 2375 Im 2.5 m|—-4
P = 1445 Im

Figure 9
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PRACTICE Problems Page 9

5. What is the illumination on a surface thatis 3.0 m 6. A public school law requires a minimum

below a 150-W incandescent lamp that emits a
luminous flux of 2275 Im?

illuminance of 160 Ix at the surface of each
student’s desk. An architect’s specifications call
for classroom lights to be located 2.0 m above the
desks. What is the minimum luminous flux that the
lights must produce?
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PRACTICE Problems Page 9

7. CHALLENGE Your local public library is planning
to remodel the computer lab. The contractors have
purchased fluorescent lamps with a rated luminous
flux of 1750 Im. The desired illumination on the
keyboard surfaces is 175 Ix. Assume a single lamp
iluminates each keyboard. What distance above
the surface should the lights be placed to achieve
the desired illumination? If the contractors had
also already purchased fixtures to hold the lights
that when installed would be 1.5 m above the
keyboard surface, would the desired illuminance
be achieved? If not, would the illuminance be
greater or less than desired? What change in the
lamp’s luminous flux would be required to achieve
the desired illuminance?

=

&
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E Check Your PI'DQ ress Page 11 11. Luminous Intensity Two lamps illuminate a
screen equally from distances shown in

Figure 11. If Lamp A is rated 75 cd, what is
10. Mluminance Does one lightbulb provide more Lamp B rated?
or less illuminance than two identical light-
bulbs at twice the distance? Explain.

Lamp A Screen Lamp B
w L ]
- 50m . 30 m—+
Figure 11
12. Distance of a Light Source A lightbulb
illuminating your computer keyboard provides
only half the illuminance that it should. If it is
currently 1.0 m away, how far should it be to
provide the correct illuminance?
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Question 187
Screen 2

A small lamp acts as a point source of light. Two flat screens are placed along the same
straight line with the lamp, as shown below. Screen 1 is placed 30 cm away from the
lamp. Screen 2 is placed 10 cm away from the lamp. The illuminance on Screen 2 is
measured to be 200 Ix.

10 cm

30 cm

Screen 1

a) calculate the illuminance on Screen 1.

b) Find the luminous intensity of the lamp.
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Question 188

Lamp

A lamp and a candle act as point sources of light. The luminous
intensity of the lamp is 10 cd. A small screen is placed between them
as shown in the figure.

2r

a) Find the luminous flux of the candle so that the illuminance produced by the lamp on the screen is equal to that

produced by the candle.

b) How would the illuminance of the lamp on the screen change if:
* The distance between the lamp and the screen is doubled.
* The luminous flux of the lamp is tripled (while the distance remains constant).
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Question 189

A screen is placed between two lamps so that they illuminate the screen equally.
Lamp 1 emits a luminous flux of 1445 Im and is 25 cm from the screen.

a) What is the distance of lamp 2 from the screen if its luminous flux is 2375 Im?

b) Find the luminous intensity of lamp 2.
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Question 190

A streetlight contains two identical light bulbs 3.3 m from the ground. If the community wants to save electrical
energy by removing one bulb, how far from the ground should the streetlight be positioned to have the same
illumination on the ground under the lamp?
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-Draw a ray diagram to find the image of an object formed by a curved mirror
and determine the properties ol the formed image.

-Apply the mirror equation to calculate the image distance, the object distance,
or the focal length of a spherical mirror using appropriate algebraic signs for
focal length and corresponding distances.

-Calculate the magnification produced by a spherical mirror.

Student Textbook J6-38
Example problem2,3 | 41,42
Practice problems

In order to draw images formed by

curved mirrors, remember that: A ray parallel to the principal axis is

reflected through the focal point (F).
This ray is called the

Principal axis

152



In order to draw images formed by
curved mirrors, remember that:

A ray that goes through the focal point (F)

is reflected parallel to the principal axis.
This ray is called the

Principal axis

Back of
mirror

In order to draw images formed by
curved mirrors, remember that:
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A ray that strikes the vertex (V) is

reflected like a plane mirror.

(Angle of incidence = Angle of reflection)
Inciﬂﬂn ¢,
B . @ ] A4
Principal axis C
ray
pefiectS e s Back of
“BQ\EE irror
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In order to draw images formed by
curved mirrors, remember that:

Principal

Back of
mirror

A ray that goes through C
(the center of curvature) is reflected back
along its own path.
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For each concave mirror shown, draw the image formed and describe the image properties

156

Type Real
Orientation  Inverted

Size Reduced
Location Between C & F
Type Real
Orientation  Inverted

Size Same size
Location At C



For each concave mirror shown, draw the image formed and describe the image properties

f +
W |+ et sl
x; Type Real
1t Orientation  Inverted
M Size Larger
(magnified)
Location Beyond C
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For each concave mirror shown, draw the image formed and describe the image properties

_ -

Type Virtual P e

Orientation  Upright
Size Larger

Location Behind mirror

C

f +

Object Wl
x, +
X — Image s
m +

158



For each concave mirror shown, draw the image formed and describe the image properties

R il Properties of the image:
X + e irtua
0 Typ Vi |
X; — Orientation  Upright
m + Size reduced
i L pp——— Location Behind mirror
M ¥ F
- .h

159
Symbol Meaning Sign Convention
+ = virtual image
_ 1i
m Magnification i rfaa —
|m| <1 = image smaller
i 15 Tage ey magnification (m) =
_ + = image is upright
I H t
h; mage Bl - =+ image is upside down (inverted)
hg Object Height always positive
AT + = image in front of mirror (real)
M ’ - - behind mirror (virtual)
Xo Object Position always positive
Sign conventions (we'll use these throughout)
(+) alwa : .
Xo & Mirror equation:
X (+) for real images, (-) for virtual images.
f (+) for concave mirrors, (-) for convex mirrors.
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EXAMPLE Problem 2

REAL IMAGE FORMATION BY 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 mirror. What are the image position and

image height?

PRACTICE Problems

12. Use a ray diagram drawn to scale to solve
Example Problem 2.

161

Page 41

Mirror Type: Concave

Symbol | Sign | Value
X +
X, +
h; -
hg +
m -
f +

Mirror Type: Concave

Symbol | Sign | Value
X; + |15cm
X, + |30 em
h; - 1cm
h, + | 2cm
f + |10 em
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PRACTICE Problems Page 41

13. You place an object 36.0 ¢m in front of a concave
mirror with a 16.0-cm focal length. Determine the
image position.

14. 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.

PRACTICE Problems ELEEA

15. A concave mirror 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.

16. CHALLENGE You place an object near a
concave mirror with a 10.0-cm focal length. The
image is 3.0 cm tall, inverted, and 16.0 cm from
the mirror. What are the object position and
object height?
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Mirror Type: Concave

Symbol | Sign | Value
Xi +
h; -
m -
f +

Mirror Type: Concave

Symbol | Sign | Value
X *
h! -
m -
f L 4

Mirror Type: Concave

Symbol | Sign | Value
X +
hi o
m -
f +

Mirror Type: Concave

Symbol | Sign | Value
X; »
h; -
m -
f +




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

X
h; +
m +
f
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PRACTICE Problems Page 42

17. 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
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PRACTICE Problems Page 42

18. A convex mirror has a focal length of —13.0 cm.
You place a 6.0-cm diameter lightbulb 60.0 cm
from that mirror. What are the lightbulb’s image
position and diameter?

19. A 7.6-cm-diameter ball is located 22.0 cm from
a convex mirror with a radius of curvature of
60.0 cm. What are the ball's image position and
diameter?

PRACTICE Problems Page 42

20. A 1.8-m-tall girl stands 2.4 m from a store’s
security mirror. Her image appears to be
0.36 m tall.

a. What is the image’s distance?
b. What is the focal length of the mirror?

21. CHALLENGE A convex mirror is needed to
produce an image that is three-fourths the size
of an object and located 24 cm behind the mirror.

a. What is the object’s distance?
b. What focal length should be specified?

167
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Mirror Type: Convex

Symbol | Sign | Value
X -
h; +
m +
f -

Mirror Type: Convex

Symbol | Sign | Value
X -
h; +
m +
f -

Mirror Type: Convex

Symbol | Sign | Value
X -
h; +
m +
f -




\® Check Your Progress  Page 43

22. Image Properties If you know the focal
length of a concave mirror, where should you
place an object so that its image is upright
and larger compared to the object? Will this
produce a real or virtual image?

23. Magnification You place an object 20.0 cmin
front of a concave mirror with a focal length of
9.0 cm. What is the magnification of the image?

24. Object Position The placement of an object
in front of a concave mirror with a focal length
of 12.0 cm forms a real image that is 22.3 cm
from the mirror. What is the object’s position?

\B Check Your Progress  Page 43

25. Image Position and Height You place a
3.0-cm-tall object 22.0 cm in front of a concave
mirror that has a focal length of 12.0 cm. Find
the image position and height by drawing a ray
diagram to scale. Verify your answer using the
mirror and magnification equations.

26. Ray Diagram You place a 4.0-cm-tall object
14.0 cm from a convex mirror with a focal
length of —12.0 cm. In a scale ray diagram
show the image position and height. Verify
your answer using the mirror and the magnifi-
cation equations.
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\® Check Your Progress  Page 43

27. Radius of Curvature You place a 6.0-cm-tall
object 16.4 cm from a convex mirror. If the
image of the object is 2.8 cm tall, what is the
mirror’s radius of curvature?

28. Focal Length A convex mirror is used to
produce an image that is two-thirds the size of
an object and located 12 ¢m behind the mirror.
What is the focal length of the mirror?

29. Critical Thinking Would spherical aberration be
less for a mirror whose height, compared to its
radius of curvature, is small or large? Explain
your answer.
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Question 191: The figure shows the image formed by a concave mirror that has a focal length of 8 cm. Using the scale
provided in the diagram, determine both the position and height of the object so he properties of the image formed
are as shown. Then, verify your results using the mirror equation and the magnification formula.

From drawing

Hl.;ri:untnl Scale: Symbol Sign Value .
1 block = 1cm X; + 11cm
Vertical Scale: + 29.3 cm '
2 blocks = 1 cm Yo .
h; - 0.7S cm
h, + 2cm
4 + 8 cm

172



Question 192

Khaled puts a candle in front of a curved mirror and sees the image
of the candle on a screen in front of the mirror. The image is
inverted and larger than the candle itself. The diagram shows the

image of the candle which Jane observes. Complete the diagram by Ell : :
drawing suitable rays to show where the candle (object) was .
placed to get this image. -0

a) Name the type of mirror that can produce this image.

b) The focal length of the mirror is 24.0 cm and the image is 60.0 cm from the front of the mirror. Calculate the distance the
object must be placed in front of the mirror to produce this image.

d) Find the magnification of the image
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Question 193: The figure shows a convex mirror with an object placed in front of it and its
corresponding image formed by the mirror.

a) Using the scale provided in the diagram, determine the focal length of the mirror.
b) By drawing the appropriate ray diagram, show how to locate the focal point on the figure.
c) Calculate the magnification produced by the mirror.

Horizontal Scale:
1 block = 1cm

Vertical Scale: fo)
2 blocks =1 ecm

b
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Question 194: two concave mirrors are placed 40 cm apart and face each other. A point object lies between
them at a distance of 12 cm from the mirror whose focal length is 10 cm. The other mirror has a focal
length of 15 cm. Find the position of the final image after reflection from the second mirror.

M M
-+ L
40 cm
175
-Calculate the refractive index of a medinm using a snitable mathematical
23 representation (n = c/v). Practice problems 46

-State and apply Snell’s law of refraction.
Calculate the critical auglt usiug Snell’s law.

Student Textbook 47,48

Snell’s Law of Refraction

‘ ny{sinf, = n, sin 0, \

n,: Index of refraction of the first medium (where the light comes from).

8,: Angle of incidence (measured between the incoming ray and the normal).

n,: Index of refraction of the second medium (where the light enters).

0,: Angle of refraction (measured between the refracted ray and the normal).
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Modium 1 '$

Medium 2 r___,l\




T E TR TR R EEEEREEEREEW

* When light enters a medium with a higher index of :
refraction (nT) — it slows down and bends towards m<n ny >Ny
the normal. : o o e
. sin B, > sinfy, ==~ sin 8, < sin 8,
. ; . . : SO SO
* When light enters a medium with a lower index of : 8, > 0, 8 < 0,
refraction (nl) — it speeds up and bends away :
from the normal. 6 =8,
: 6, =8,

ok b i b B B A B 4 & & & & o of o o

T Y T R TR R R R E R R R R R TR RN rrrrrrr\.r\.rui
L]
L

= The critical angle (0_) is an angle of incidence that causes a ray to exit along the boundary between

LR R R R R R R R R R R

...1-

Bending of Light & Index of Refraction

[f light enters perpendicular (along the normal) -
it passes straight through with no bending.

n, sin 8,= n,sin 6,

n=152 n=1.00

(5lass Air

At the boundary, frequency does not change.
When light slows down in a medium, its wavelength decreases.
The speed of light is always slower in a medium than in a yvacuum.

Therefore, the wavelength in any medium is shorter than in a vacuum.

177

two mediums. (6, = 90°)

Where

¢ = speed of light in vacuum.
v = speed of light in the medium

(e g e e Fy F e RR| I-I“-‘-‘-'l-

Refracted
ray

Water
)
P E Reflected

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 0, is greater than the critical angle 6.

The light then reflects back inside the medium with the higher index of refraction.
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EXAMPLE Problem 4

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

Medium | n
Vacuum 1.00
Air 1.0003*
Water 1.33
Ethanol 1.36
Float glass 1.52
Quartz 1.54
Flint glass 1.62
Diamond 2.42

179

J
PRACTICE Problems SENA Medium | n

Vacuum 1.00
PRI Air 1.0003"

30. A laser beam in air enters ethanol at an angle Wat 133
of incidence of 37.0°. What is the angle of s :

refraction? Ethanol 1.36

Float glass 1.52

Quartz 1.54

Flint glass 1.62

Diamond 2.42

31. As light travels from air into water, the angle of
refraction is 25.0° to the normal. Find the angle
of incidence.
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PRACTICE Problems Page 46 s i

Vacuum 1.00
Air 1.0003"
32. Light in air enters a diamond facet at 45.0°. What Water 133
is the angle of refraction? Ethanol 1.36
Float glass 1.52
Quartz 1.54
Flint glass 1.62
Diamond 2.42

33. 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?
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PRACTICE Problems Page 44 " edum

Vacuum 1.00
Air 1.0003*
34, CHAfLLEHGE Light trajurel_s from ::lir into another Water 133
medium. The angle of incidence is 45.0° and
the angle of refraction is 27.7°. What is the other Ethanol 1.36
medium? Float glass 152
Quartz 1.54
Flint glass 162
Diamond 2.42
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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 at an
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

| 55°

glass block

ray of

(b) Determine the speed of light in the glass block. light

(c) Calculate the critical angle for the glass-air boundary.
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Question 196: A light ray travels successively from air (n = 1) into water (n = 1.33) and then into flint glass (n
—] 1. 52}'.

a) Calculate the speed of light in water and in flint glass. 407

b) The ray strikes the air-water interface with an angle of incidence 8; = 40° with respect to the vertical. Find the
angle of refraction in flint glass.

c) If the ray travels from flint glass to water and strikes the interface at angle of 8; = 65°. Describe what would
happen the ray and explain your answer.
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Question 197: A ray of light strikes a surface made of quartz (n=1.54) at angle 8, = 50° as shown in the figure. The
quartz surface is placed on top of water surface (n=1.33), and the ray initially travels through air (n=1.00).

a) Calculate the speed of light in quartz
N

b) Find the angle of refraction of light as it enters the quartz surface.
¢) Calculate the critical angle of the light ray as it strikes the boundary between quartz and water.

d) Will the ray pass through the water surface beneath quartz? Explain your answer.
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-Draw a ray to find the image of an object located at different distances from a !
: Student Textbook
lens and determine the location and properties of the formed image. _ 32,53
: : Example problems
-Apply the thin lens equation to calculate the image distance, the object Practice nrbbiems
distance, or the focal length of a convex or a concave lens using appropriate P o
; Check vour progress
algebraic signs for focal length and corresponding distances ;
: 45,55,51,55,56
-Calculate the magnification produced by a thin convex or concave lens.

24

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 1 1 1
X (+) for real images, (-) for virtual images. f a x_l + I_ﬂ
f (+) for convex lenses, (-) for concave lenses.
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Magnification

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

Symbol Meaning Sign Convention
+ = virtual image
m Magnification -y r-:aal i
lm| < 1 - image smaller
Im| > 1 - image larger hi Xi
M === v e
i + — image is upright hu Xo
; I Heigh
0, mage Height - = image is upside down (inverted)
hy Object Height always positive
" P i W + — on the other side (real)
' 8 - — on t he same side (virtual)
Xo Object Position always positive
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Convex lenses

Case 1: If the object is located beyond (2F).

Properties of the image
Located between F and 2F

Reduced (diminished)

Inverted

Object (o) Real
“ 2 . 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.
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Convex lenses

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

Object (o)

T

Properties of the image
Located at 2F

Same size

Inverted

Real

Quantity o

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.
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Convex lenses

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

Properties of the image

Located Beyond 2F

Enlarged (magnified)

Inverted

Real

Quantity +/-

f +
X, +
Xj +
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.

190




Convex lenses

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

Properties of the image

Located at infinity

Highly enlarged (infinite)

Inverted
Real

= 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.

Properties of the image

Farther from the lens than
the object

Enlarged (magnified)

Upright

Virtual

Quantity + /=

f +
Xy *
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.
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Concave lenses

Properties of the image

Regardless of where the object is placed, the image formed will be: Between F and the lens
Reduced (diminished)
Principal Plane Upright
Virtual
——

Quantity + /-
f -

X, "

Concave Lens

Xi
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.
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= v
lem = cﬂ’@u
AN IMAGE FORMED BY A CONVEX LENS An object is placed 32.0 cm from a convex lens

that has a focal length of 8.0 cm.
a. Where is the image?

b. If the object is 3.0 cm high, how tall is the image?
C. What is the orientation of the image?
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PRACTICE Problems Page 55

43. A 2.25-cm-tall object is 8.5 cm to the left of a
convex lens whose focal length is 5.5 cm. Find
the image position and height.

44. An object near a convex lens produces a
1.8-cm-tall real image that is 10.4 cm from the
lens and inverted. If the focal length of the
lens is 6.8 cm, what are the object position
and height?
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PRACTICE Problems Page 55

45. An object is placed to the left of a convex lens
with a 25-mm focal length so that its image is
the same size as the object. What are the image
and object positions?

46. 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?
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47. 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.

197

48. CHALLENGE A magnifier with a focal length of
30 cm is used to view a 1-cm-tall object. Use a
ray diagram to determine the location and size

of the image when the magnifier is positioned
10 cm from the object.
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|& Check Your Progress ~ Page 60

51. Image Position and Height An object is
placed 1.5 m from a convex lens with a focal
length of 1.0 m. Use the thin lens equation to
determine the distance of the image from the
lens. If the object height is 2.0 m, what is the
image height? Is the image real or virtual? Is
the image inverted or upright?

55. Image Position and Height A 6.0-cm-tall
object is placed 5.0 cm from a convex lens
with a focal length of 4.0 cm. Draw a ray
diagram to determine the image location and
size. Confirm your results using the thin lens
equation and the magnification equation.
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|& Check Your Progress  Page 60

56. Diverging Lens A 6.5-cm-tall salt shaker is
viewed through a diverging lens with a focal
length of 5.0 cm.

a. Ifthe shaker is 6.0 cm from the lens, what
is the image distance from the lens? Is the
image virtual or real?

b. What is the magnification? Is the image
smaller or larger than the object?

c. The salt shaker is now 4 cm from the lens.
What is the distance of the image from the
lens? The magnification? Is the image now
smaller or larger than the object?
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Question 198:

Part (A): A concave lens has a focal length of 10 cm. An object 3.0 cm tall is placed 20 cm in front of the lens. Find the location of
the image and determine its height.

Part (B): the figure below shows the image formed by a concave lens. Using ray diagram construction, locate the position of the
object to form the shown image.

201

Question 199; The figure shows the image formed by a convex lens that has a focal length of 12 cm. Using the scale
provided in the diagram, determine both the position and height of the object so that the properties of the image
formed are as shown. Then, verify your results using the mirror equation and the magnification formula.

From drawing
Symbol Sign Value

Horizontal Scale: X

2 block = 1cm

Vertical Scale: Xg

2 blocks =1 cm hy
hy,

202




Question 200: Two convex lenses, each with a focal length of 30 cm, are placed 100 cm apart. An object is placed 60 cm in
front of the first lens. Determine the position and magnification of the final image formed by the two-lens system.

rEAEH BLOCKIS10 X 10 CM

i

k. e

R\I
|
E
60 CM 7 100 CM Y‘
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Question 201: A convex lens of focal length +3.0 cm and a concave lens of focal length -4.0 cm are placed 18 cm aparton a
common principal axis. An object of height 2.0 cm is placed 6.0 cm in front of the convex lens.

a) Find the position of the final image formed by the two-lens system.

b) Calculate the overall magnification of the final image.
¢) Draw aray diagram showing the formation of the image and indicate its position, orientation, and size,

(EAGH BLOGK 18 1 1 oW |
I | |

18 CM

ey
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