


 Lesson One (light)
DEFINITIONS

1. Concave Mirror: reflects light rays causing rays to
CONVERGE or come together at focal point

A A\

front __,

7 Convex Mirror: reflects light from surface causing rays to
DIVERGE or spread apart from focal point

front —>

3. Center of Curvature (C): the point that is the distance of
the RADIUS from the mirror. (note the distance is represented by
alower case letter while an upper case letter represents the point

itself)

C is always 2xt
orf=¢
2
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4. Principle Focus (F): the point where reflected rays
converge to or diverge from.

5. Focal Length (f): distance between mirror and F (half the

radius)

and f=r/2= ¢/2

6. SphericalA aberration: when using a spherical mirror, light
rays do not converge or diverge exactly at F causing spherical
aberration. To eliminate this problem a PARABOLIC mirror
is used. :

7. Real images are:

e produced in front of a mirror when light rays converge.

e can be projected onto a screen
o usually it is INVERTED (when compared to the object).

8. Virtual Images:

appear to be BEHIND the mirror
light rays do not converge

can not be projected on a screen
usually erect (right side up) |
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MIRRORS & LENSES

' RAY DIAGRAMS

o Ray diagrams involve the drawing of two rays from the object
to the mirror (or lens) and the two reflected (for Mirrors) or
refracted rays (after striking the mirror or lens) to locate the
image.

o Almost always, the two easiest rays (from the obj ect) to draw
are:

i to the mirror (or lens) parallel to the principal axis and the
reflected (mirror) or refracted (lens) ray through the focal
point. A

ii. to the mirror (or lens) through the focal point and
returning parallel

Sample Ray Diagram

Curved
Mirror

N

~Principal
AXIs
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Lesson 4 (Light)
ReriecTions rrom CurvVed mirrors

CONVEX - Convex mirrors are mirrors that are curved outward.

CONCAVE - Concave mirrors are mirrors that are cu.rved inward,

Terms You Need to Know:

Centre of curvature (C) — center of sphere
Principle axis — cenfer line

Vertex — where the mirror meets the principle axis (center of mirror)

Radius of curvature ~ distance from (C) fo the vertex
Focal point (f) - half the distance between (C) and the vertex
Focal length — distance from the focal point (1) fo the vertex

When rays of light that are parallel to the principle axis hit a concave mirror, they reflect in such a way that
they all move through a single point on the principle axis = the focal point (focus the light)

N\
\ ,/-

'/7’d/l :: - »J  Principle Axis
4 ./
N

S,

When the focal point is on the same side as the source of the light rays, it is considered a
focal point. All concave mirrors use a real focal point.

When rays of light that are parallel to the principle axis hit a convex mirror, they will reflect in such a way that
they all appear to come from a single point on‘th\g principle axis. (spread the light)

et R B C Principle Axis




This point is on the opposxte side of the mirror from the light rays and is considered a
focal point. All convex mirrors use a virtual focal pomt

Because of the way light reflects from curved mirrors there are two names that can refer to each type of mirror:

A concave mirror can be called a _ mirror.

- A convex mirror can be called a mirror.§

RAY DIAGRAMS USING CURVED MIRRORS

When drawing a wave diagram for curved mirrors, we draw two incoming rays of light to determine where the
image will form. The position, size and type (real or virtual) of an image produced by a curved mirror can then
be found.

CONCAVE MIRRORS-

A. The object is beyond the centre of the curvature. o
The image is - T

Step One - Line in from top of object (O) o mirror

Step Two - Reflect through focal point (f) c Principle axis

Step Three - Line from top of object through (f) to mirror

Step Four - Reflect straight out parallel to principle axis

O——bO

Principle axis

C. The object is between ¢ and f.
The image is - o

Same as A

Principle axis

B. The object is at the centre of the curvature.
The image s - .
Same as A,



D. The object is at the focal point. -

Principle axis

o
There is image. ‘ I
f

The image is - o

Step One - Line in from object to mirror I

Step Two - Reflect through focal point but now ® $ o
extend to virtual side of mirror c f Principle axis

Step Three - Line from fop of object through (C)
and extend fo virtual side of mirror

SAMPLE DIAGRAMS USING CONVEX MIRRORS

E. The object is inside the focal point. *SPECIAL WAY TO DRAW* \

When using convex mirrors, the focal point used is always a virtual focal point. The images that form are
always the same. *SPECIAL WAY TO DRAW*

The image is -
Step.One - Line in from object to mirror
. 0
Step Two - Reflect off virtual focal point 4
Step Three - Line up with focal point and & 2
draw line to mirror - extend into virtual side L .
Principle axis f c

Step Four - Reflect parallel to principle axis
- extend info virtual side

IMPORTANT CONCEPTUAL UNDERSTANDING:
By looking at the diagrams, we observe that certain things are true about virtual and real images:
All real images are inverted  =-h; (results in a negative height of image (hy)
All virtual images are erect ~ =+h; (results in a positive height of image (hi)
All real images are formed in front of the mirror (where the light actually meets)
=+d; (positive distance to the image from mirror)

All virtual images are formed behind the mirror (the light cannot reach here)

=-di  (negative distance to the image from mirror)
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PROBLEMS (¢ )

16.1 Light Fundamentals

(3) Convert 700 nm, the wavelength of red fight, ( 7.004/0 )
%s:a melres.

.iighi takes 1.28 s to travel from the moon o (3 B )
Earth. What is the distance between them?

@The sun is 1.5 % 10° km from Earth. How ( 5.0MDs )
fong d-:aea it take for its light to reach us?

creased delay in the appearance of lo from

one orbit to the next was 14 s, < ay
a. How far does light travel in 14 87

b. Each orbit of lo is 425 h. Earth fraveled b - € lem/g

TAND ™

the distance calculated abbve in 42,5 h. -
Find the speed of Earth in km/s,

¢. See if your answer for part bvis reasonable,
Calculate Earth's speed in orbit using the
orbital radius, 1.5 x 10° km, and the period,
ong vear.

N
20 I<mjg /
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17.1 How Light Behaves at a Boundary

(A ray of light strikes 2 ‘mirror at an angle of

53° to the normal. X _

a. What is the angle of reflection?
b, What is the angle between the incident ray
and the reflected Jr‘?
YA ray of light incident Upon & mirror makes an
angle of 36.0° with the mirror. What is ihe an-

gle between the incident ray and the reflecied
_. ray? -

}A ray of light has an angle of Incidence of
2 30.0° on a block of quartz and an angle of re-
fraction of 20.0°. What s the index of refrac-
Yion for this block of quartz?

, PR

[

A tight ray strikes the surface of a pond at an

Aangle of incidence of a6.0° Al what angle is
the ray refracted? '

7. Light is incident &t an angle of 60.0° on the
surface of a diamond. Find the angle of re-
fraction.

8. A ray of light has an

angle of incidence of.
25 (° in crown glass. What is the angle of re-
__ fraction? : ’
| A ray of light passes frofn water into Crowm
~ glass al an angle of 23.2° Find the angle of
refraction. A
10, Light goes from fiint glass into ethancl. The

angle of refraction in the ethanol is 25°. What
,_ is the angle of incidence In the glass?

74

{11} Abeam of light strikes the flat, glass side of a

water-filled aguarium at an angle of 407 to the
normal. For glass, n = 1.50. At what angle
does the beam -

a. enter the glass?

b, enter the water?

@_O 2)

M ase \
b a@ﬁ%ﬁ)



Practice Problems: | ces on a Cl “:5 h "F\>
cledstics of ihe images {realivirtusl,

Compleie the following ray diagrams and stete the chara

1.
erectinveried, larger/smalier/sams size).
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yvayve Mation and ssometncal Upics

Characterietics:

Reflections from Curved Mirrors — Equations

The position, size and nature of the image produced by curved mirrors can also be described mathematically.

5E

MAGNIFICATION

h; OR di
_ .

ho ‘ : do '
MIRROR EQUATION

1 1

= —+

f do di

Example 1

An object 3.00 cm tall is placed 10.0 cm in front of concave mirror that has a focal length of 3.0 cm. Find the
characteristics of the image produced by using the mathematical formulae.



Example 2

An object 2.5 cm tall is placed 9.0 cm in front of a convex mirror that has a focal length of 4.0 cm. Find the
characteristics by using the mathematical formulae. :

Example 3

An object 3.5 cm tall is placed 4.5 cm in-front of a concave mirror that has a radius of curvature of 6.0cm. Find the
characteristics of the image produced by using the mathematical formulae.
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Curved Mirror Problems:

1. An object 5.0cm tall is placed 7.0cm in front of a concave mirror. If a real image is produced that is also 5.0cm
tall, what is the focal length of the mirror? (3.5 cm) -

2. An object 3.0cm tall is placed 6.0cm in front of a mirror. If a virtual image is produced that is 1.0 cm tall, what is
the focal length of the mirror? What kind of mirror is used? (-3.0cm, convex)

3. An object is 9.0 cm tall is placed at the focal point of a concave mirror. If the focal length is 5.0cm, what is the
size of the image? (no image produced)

4. A convex mirror produced an image that is 3.0cm behind the mirror. If the focal length of this mirror is 5.0cm, at
what distance from the mirror is the object placed? (7.5¢cm)

5. An object is placed 8.0cm in front of @ convex mirror that has a radius of curvature of 8.0 cm. Whatis the
magnification of this object? (0.33)

6. An object is placed 5.0cm in ‘froht of a concave mirror. The magnification of the object is 2.5. If a real irhage is
produced, what is the radius of curvature of the mirror? (7.1cm) '



'3, An object 4.0cm tall is placed 8.0cm in front of a concave mirror. If the real image produced is 6.0cm téll, what is
the focal length of the mirror? (4.8cm) ‘

8. an object 3.0cm tall produces a virtual image that is 2.0cm tall. If the image is 2.5cm behind the mirror, what is
the focal length of the mirror? What kind of mirror is used? (-7.5cm, convex)

. An object 5.0 cm tall produces an image that is 7.0cm behind the mirror. If the radius of curvature of this mirror is
10.0cm, what is the magnification of the object? What kind of mirror is used? (2.4, concave)

[0. When an object 4.0 cm tall is placed 7.0 cm in front of a mirror, the image is 6.0 cm tall and virtual.
a) What type of mirror is used? How do you know?(concave)

b) Find the focal length and radius of curvature of the mirror. (21 cm, 42 cm)



14 A convex mirror is used to monitor the aisles in a store. The mirror has a radius of curvature of 40m,anda15
m tall customer is standing 12 m in front of the mirror.

a) Locate the image of the customer. (-1.7m)
b) How tall is the image? (+0.21 m)
¢) Is the image real or virtual? Explain. (virtual)

d) Is the image erect or inverted? Explain. (erect)

17, A man is using a mirror to shave his chin. When he stands 1.48 m in front of the mirror, the inverted image of
his chin is produced 32 cm in front of the mirror. Determine the radius of curvature of the mirror. (0.526 m)

- 13. An object 5.0 cm tall produces an image that is 2.5 cm behind the mirror. If the radius of curvature of this mirror
is 12.0 cm, what is the magnification of the object? What kind of mirror is used? (0.58 times, convex mirror)






Llesson S5 @Q%@m 2 .mvi&uv.

\ &8 T
FORMULAE:
1 o+ 1 = _1 AND
d - d, f
h; = ~d. = m <« magnification
h, d,
where : distance to the object is o

—_

d
distance to the image is d
height of the object is h,
height of the image is h

—

" MIRROR EQUATION RULES <+ n Pront of m'\rror->

- = behind mirvor
1. d, +(positive) | .

2. + for real Amages
— for virtual images

front —a»\
3. f  + for CONCAVE mirrors Fis+4 -
(F is in front of the mirror) F ) |
. |
— for CONVEX mirrors Front /
( f is behind the mirror) K :_‘ F is ==

Physics20.Light..mirrea4.Nordheimer | 4



Sample Problems

1. A 5.00 cm object is placed 10.0 cm in front of a concave mirror that has a focal
length of 4.00 cm. Describe the image. Use the formulae to find:
a. the distance of the image b. the magnification.
a1 =1+1 1 = 1+ 1
o f do 4 4.00cm  10.0cm d;
Therefore: 1 = 1 -1 = 1=025/cm-0.10/cm= 0.15/cm

dv 4 10 d;

and d = 6.66666cm Therefore d; = 6.67 cm
And since the sign of d; is positive, the image is real.

b = m -667cm = m m = -0.667
e 10.0 cm -
eif magnificataion i‘s negative, image is INVERTED
oif m <1, image is smaller
Therefore: image is: 1. inverted 2. smaller 3. real
2. A 3.7 cm high object is placed 8.0 cm in front of a convex mirror that has a focal length of

5.0 cm (remember the focal length is negative as it is a convex mirror. Describe the

image. Use the formulae to find:
a. the distance of the image - b. the magnification c. size of image

(Note - find size of image means to find “h”)

o= L+

a. 1] =1+ 1 SO -1 1
fA d; do . 5.0cm 8.0cm d;

= .0.20/cm - 0.125/cm =-0.325/cm so d; = -3.1 cm

=1 -1
50 8.0

And since the sign of d; is negative, the image is virtual.

b. -dj = m -(-3.lem) = m m = 0.38
do 8.0cm ‘

o magnification is positive therefore the image is ERECT
o m< 1 Therefore image is smaller

Therefore image is: 1. ERECT 2. SMALLER 3. VIRTUAL
C. hi = m h; =mh, =0.36(3.7 cm) = 1.4 cm
h,

Physics20.Light.Mirvir5.Nordheimer 3



) 5 Leagon D
REVIEWING CONCEPTS (p38%)

E' escribe the physical properties of th
fg,; person seen in a plane mirror.
) Where Iz the image of an object in & plar
mirror? 4 , sbfect in a plane
3. What causes the defect t
PAL mEee MRS defect that all concave
4. Describe the physica
image. -

How does a virual image differ fro
iy does a virual image differ from a rea
g ; orm a real

APPLYING CONCE

| @i? you use a shaving or makeup mirror under-
water in a swimming pool, wil its fo cal fengih
change? Explain. .
@‘{cm have to-order a large concave mirror for
a plece of high quality equipment. Should you
order a spherical wirror oF 8 parabolic mirrar?

o Explain.

73 )Locate and describe the physical properties
of the image praduced by a concave mirror
when the object is located at the centre of
- curvature, | | .
a)An object is located beyond the centre of

curvature of @ spherical concave mMmirror
Laoate and describe the physical properties
of the image of the object.

An object is located between he centre of
curvature and the focus of a congaye mirror.
Lacate and deseribe the physical prope! ies
of the image of the object.

he-image

il propertles of a wirtual

| C&O C:m:}



(p281)

(7. An object is 30.0 em from a concave friFror of

e

" 15-cm focal length. The object s 1.8 cm high.
a. Find the image with the mirror eguation.
b How high is the image?
B.)A jewsller inspects a watch with & diameter o P
3.0 cm by placing it 8.0 cm in front of & con-
o pirror of 12,0 om focal length.
a. Whers will the image of the watch appaar?
b. What will be the diameter of the image?
ﬁk denfist uses & small mirror of radius 40 mm
to locate a cavily in a patient's tooth. [f the
imirror e concave and is held 16 mm from the
tooth, whal Is the magnification of the result-
ing image? |

> produces an upright image with magnification
of 7.5 when it is located 14.0 mm from & ma-
chire part. |

3. What kind of

b What is its radius of curvature?

irror woukd do this job'?

/Q. ?JQU‘G\

. ‘b,/%ag{m//

A, 24 cm
b. Q:DCm>

Coraie,

>3 ,Lkmm‘)

'EJW tar does light travel in the time it-fakes sound to go T cm faf |

20°CH

length change! in which direction?

*

seed of light is slower in air or water than in a vacuum. The
frequency does not change when light enterswater, Does the wave- -
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egson

Practice Problems (p37)

@ﬂ object is 4.0 cm in front of & concave miror having a 12.0-cm
radius. Locate the image using the mirror equation and a ray dige.  (-2cw)
; concave mirror has a focal length of 9.0 cm. A 15-mm high object
is placed 6.0 cm from the miror, | | (@' ﬁ&:)
\d, Find the image using the mivror equation. ’
b, How large is the image? ' |
‘ 4.0-cm high candle is placed 10.0 cm from a concave mirror hay-
ing a focal length of 16.0 cm. | o G sy
& Where is the image located? ‘ | |
b, What i thie helght of the candle’s image? (
What sifould be the radius of curvature of a concave mirror that mag-+ ,

nifies an object placed 25 cm from the mirror by a factor of +3.07 ( i

$L X FAGEF IR ST AP EAE T R W DR

1.1 Draw a ray diagram showing your eyeplaced 12 cm from a plane
mirror, Two rays leave a pofnt on an eyelash and enter opposite
eyelash, BT

(2)f a beam of parallel light rays is sent into a sphefical concave mir-
ror, do all the rays converge at the focal point?

1.3 }f a mirror produces an efect, virtual image, can you immediately
say it is a plane mirror? Explain, . o ,

-
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Lesson 5 (light)
REFRACTION OF LIGHT THROUGH A LENS

Refraction of light through lenses is very similar to what we learned about curved mirors (convex and concave)

There are two types of lenses; CONVEX and CONCAVE.

" A concave lens can be called a diverging lens — when light passes through it -

A convex lens can be called a converging lens — when light passes through it -

Concave Lenses

Any lens that is thinner at the centre than at the edges is a concave (diverging) lens.

double concave plano-concave convex-concave

Convex Lenses

Any lens that is thicker at the centre than at the edges is a convex (converging) lens.

double convex plano-convex concave-convex

Terms:

The centre of the lens is called the optical center (0)



RAY DIAGRAMS — CONVEX LENS

A. When an object is placed at a point greater than 2f.

Step One - draw beam of light from the fop of the
object parallel to principal axis to center of lens,
refract the beam through f

Step Two - draw beam of light from the fop of the
object straight through the optical center

Image characteristics:

4

]

(&)
J Step Three - draw image where the beams meet
2f f U + 2F
Image characteristics:
B. When an objecf is placed at 2f.
o)
2% ; U £ 26
Image characteristics: -
C. When an object is placed between 2f and f.
o]
2¢ + U 2§
Image characteristics:
D. When an object is placed at f
e}
2§ £ 2F



E. When an object is placéd inside f.

Image characterisfics: Step One - draw a heam of light from the top of the

object parallel to the principle axis to the center of
- the lens, refract the beam lined up with the virtual f.

RAY DIAGRAMS — CONCAVE LENS

' Step Two - draw beam of light from the fop of the
The images are always the same in concave lens. object straight through the optical center

Step Three - draw image where the beams mest

2¢ t / \ £ 2

o

Image characteristics:

Lens Equations:

We will be using the same equations and methods as curved mirrors.

Magnification =  height of image OR Magnification =  distance of image from lens
height of object : distance of object from lens
FORMULAS:
and

Remember the signs!;

* convex lens focal point:
* concave lens focal point:
* real images:

* virtual images:



Examples:

1. A glowing object 2.5 cm tall is placed 15 cm from a convex lens. If the lens has a focal length of 7.5 cm, what is
(are)

a) the distance of the image from the lens?
b) the size of the image?

c) the characteristics of the image?

2. A glowing object 4.0 cm tall is placed 9.0 cm from a concave lens. If the lens has a focal length of 5.0 cm, what
is (are) :

a) the distance of the image from the lens?
b) the size of the image?

c) the characteristics of the image?



Lesson 5 Clight)

‘Refraction through Lenses Problems:
Complete the following ray diagfams and state the characteristics of the images.

1.

Ne

ooy @9

!
Characteristics:
[ ] o T T [ !
: * 3 i 7\ : i

3 } : 3 H H

A i . i ;
P ]
'\

™

NN
-

* Smivi |
L VA ;
Characteristics: ~

— —5 —
a.p_i P o L f i 2.f
ol P T \ | !
[ T
Characteristics:
i { {
N\ % _ i -

~
>
| ek

@
Cd

b}
=

Characteristics:



N BEBEEE | | {
o [\ L
’ ALV 1 s
r ] ; . ¢
& ,e 1 &— <
2.8 M ‘% £ 2.
£ § i T %
: ; \/ ‘ {j
| 3 N
Characteristics:
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{ i { ! H : ! H i H
Characteristics:

2. A glowing object 6.0 cm tall is placed 9.0 cm from a convex lens. If the lens has a focal length of 8.0 cm, what
is:

a) the distance of the image from the lens? (+72 cm)

b) the height of the image? (-48 cm)

c) the charactéristics of the image? -

3. A glowing object 5.0 cm tall is placed 4.5 cm from a concave lens. If the lens has a focal length of 4.5 cm, what
is: |

a) the distance of the image from the lens? (-2.3 cm)
b) the size of the image? (+2.5 cm)

¢) the characteristics of the image?



C4A glowing object 3.0 cm tall is placed 6.0 cm from the concave lens. If a virtual image is produced that is 1.0 cm
tall, what is the focal length of the lens? (-3.0 cm)

5. A glowing object 2.0 cm tall is placed 5.0 cm from a lens. If a virtual image is produced that is 4.0 cm tall, what
is the focal length of the lens? What kind of lens is used? (10 cm)

6. A glowing object 8.0 cm tall is placed 11.0 cm in front of a convex lens. If the focal length is 5.5 cm, what is the
magnification of the object? (1.0X) ‘

7. A concave lens produces an image thatis 2.5 cm from the lens. If the focal length of this lens is 6.0 cm, at what
distance from the lens is the object? (4.3 cm)

8. A glowing object is 8.0 cm from a concave lens that has a focal length of 4.0 cm. What is the magnification of
this object? (0.33X)

9. A glowing object is 7.0 cm from a convex lens. If a real image is produced that is 2.0 X larger than the object,
what is the focal length of the lens? (+4.7 cm)



~10. A glowing object 4.0 cm tall is 9.0 cm from a convex lens. If the real image produced is 6.0 cm tall, what is the
focal length of the lens? (+5.4 cm)

11.A g'lowing object 3.0 cm tall is 7.0 cm from a convex lens. If the virtual image produced is 6.0 cm tall, what is
the focal length of the lens? (14 cm)

12. A glowing object 3.0 cm tall produces a virtual image 2.0 cm tall. If the image is 3.0 cm from the lens, what is
the focal length of the lens? What kind of lens is used? (-9.0 cm)



" Lesson (s Leceon D ClightY

' LENSES

elenses are used to change the direction of light by refraction:
o the two types of lenses: Convex

A Concave
Convex Lens:
/ Parallel rays
' Converge at “F”,

® /Vv
Convex
K ‘ F : stdntle
| #-
f is positive for a convex lens | |
Concave Lens:
\\ Parallel rays diverge

from “F”.

T s Concave mirr
i / F : N
/ g+ /
f is negative for concave lens —
. coneay e Convex
Physics20.Light.Len8.Nordheimer ! rOrro .ﬁ -+ —
‘ l —_ —
ens | | o




‘Lens Formulae

ethe lens equations are the same as the mirror equations:

1 1= _1 + _1
f d; d,
2. h.=-d.=m
h, d,
Lens Conventions 7~ = 770 5 dhgvont

d, is +(asitisreal)
| “d, & d,” are the same as mirrors!
d; +  for real images
- for virtual images

B for concave lens “f” is opposite to mirrors!
+  for convex lens
Lenses

efor lenses the focal point can occur on either side of lens and “C” does
NOT exist for a lens. (so weuse F and 2F)

eboth the curvature of the lens and the index of refraction (n)
determine where the focal point (F) is.

efor MIRRORS and LENSES:

VIRTUAL IMAGES — always ERECT
REAL IMAGES — always INVERTED

Physics20.Light.Len8.Nordheimer 2



Chromatic Abérration

eDifferent colored components of lighf passing through a lens are
refracted differently, causing the object to “APPEAR” to be
“RINGED” in a given color . This is called chromatic aberration.

eAn achromatic lens (a converging lens joined to a diverging lens) is

used to eliminate this problem.

@
s
=
SZ:’Q
f—v
)

Lens Diagrams

I. Convex Lens Scale Diagrams

econverging lenses

eused in microscopes, telescopes, magnifying glasses and lenses in

glasses (or contacts) to correct far-sightedness.

Physics20.Light.Len8.Nordheimer : : 3



1. Objectisator BEYOND F:
A. Object is between F and 2F, imageis 1. REAL

2. INVERTED
3. LARGER
(1) ,
/ IMAGE
OF F F OF
OBJECT @O\
/ (1)

- B. Object beyond 2F, image is

1. Real 2. Inverted 3. SMALLER
C. Object is atZF, image is

1. Real 2. Inverted 3. SAME SIZE

2. Object is INSIDE F, image is always:
1. VIRTUAL 2. ERECT 3. LARGER

*Here you must extend refracted rays as reflected rays.

~ i / 2)

.y
~~~~~
——.,
~.

v

(like a magnifying lens)

Physics20.Light.Len8.Nordheimer 4



II. Scale Diagrams for Concave Lenses -

ediverging lens ; S /

eused.to correct near sightedness

s ALWAYS produce: : ———t&‘
1. VIRTUAL - ‘

2. ERECT
- 3. SMALLER images

o Here ray 1 is different than the other diagrams:

(2) eray (1) through center
~ from tip of object
eremember to extend refracted
ray (2) as a reflected ray

27

oF F Imded F OF

Object

1)

Physics20.Light.Len8.Nordheimer 5
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Refractien — Snell’s Law - Critical Angles

When a ray of light passes from a medium into a less dense medium (with a smaller index of refraction),
the refracted ray bends away from the normal. At a particular angle of incidence, the angle of refraction is
90°, and the refracted ray points along the surface of the medium.

A critical angle is the angle of incidence that causes the refracted ray to'point along the surface of the
‘interface (LR =90°). '

Critical Angle >

Refracted
Normal ray

SR b S

ray

Total Internal Reflection >

Total internal reflection is the effect that occurs when an angle of incidence exceeds the critical angle.
When this happens, there is no refracted ray, and all of the incident light is reflected back into the medium
it came from following the law of refiection.

Normal

Total internal
wreflection



Example: Light travels from water to air. The angle of incidence which results in a refracted angle of 90° is called
the critical angle. S ‘
: Reflection &t the Gritical Angle
“Refrasted
Wi/
—~I_ S A

/ s Alr
’ / atn) |
A i

Figure 1

Any angle greater than the critiéal angle will result in fotal internal reflection.

SInG, _ v 7 _ "

Formulas to remember: _: _
| sind, v, y, n

Examples:

1. What is the critical angle for an air-Lucite interface if the index of refraétion of Lucite is 1.517 -

2. What is the critical angle for a water-Lucite interface if the index of refraction for water is 1.33 and of Lucite is
1.517

3. The critical angle for a certain liquid-air interface is 51.2°. What is the index of refraction of the liquid?



Critical Angle Problems: LQSQSO N QD

1. What is the critical angle for an air-glass interface if the index of refraction of glass is 1.507 (41.8°)

2. What is the critical angle for a water-Lucite interface if the index of refraction of water is 1.33 and of Lucite is
1.517 (61.89)

3. The critical angle for a certain liquid-air interface is 48.8°. What is the index of refraction of the liquid? (1.33)

4. What is the critical angle of a substance whose index of refraction is 1.817 (33.5°)

5. What is the index of refraction of a substance whose critical angle is 42.0°7 (1.49)

6. The speed of light in a clear liquid is 0.75¢c. What is the critical angle of the liquid? (49°)



7. A laser beam strikes thé top surface of a block of glass at an angle 61 and the refracted beam undergoes total
internal reflection at the left vertical surface of the block as shown in the diagram. The index of refraction of the
glass is 1.52. )

a) If the block is surrounded by air, find the maximum value of 61.

b) If the block is surrounded by water (n=1.33), find the maximum value of B1.

8. In the following diagram, the ihdex of refraction for ice is 1.31 and the index of refraction for oil is 1.45.

.* Glass container

.
Micrsd

a) If the angle 61 of the incident ray is 36°, find the angle 84 of the emergent ray.

b) If total internal reflection occurs at the interface between the ice and air, find the critical angle of the incident ray.
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Lesson & (I
C. Polarization 8 &M">

When deaﬁng With light, here is what scientists know:

= Longitudinal waves cannot be polarized.

= Transverse waves can be polarized.

== Light can be polarized.

~& CONCLUSION: Light, if it is wavelike, behaves like a transverse wave.

Transverse waves can vibrate in any plane (direction).
If a transverse wave encounters a filter that allows the transverse wave to vibrate in only one plane, then we have

~ polarized the light wave.

unpolarized waves

vertically polarized waves @

horizontally polarized waves

Polarizing filters at right angles to each other results in no waves.

&S

/)

Common Uses - Polarized Sunglasses — Used to reduce glare off horizontal surfaces (great for water glare).

The reflection off horizontal surfaces is usually polarized horizontally, therefore, vertically polarized lenses
greatly reduce glare. ' ‘



Wave Effects R e 1 6»&)

1. When an automobile moves towards a fistener, the sound of its horn seems relatively
a. Low pitched b. High Pitched ¢. Normal

2. When the automobile moves away from the listener, its horn seems
a. Low pitched b. High Pitched ¢. Normal

3. The changed pitch of the Doppler effect is due to changes in
a. Wave speed b. wave frequency

4, What color of visible light does the atmosphere scatter the most?

5. What color of visible light does the atmosphere scatter the least?

6. Using Rayleigh scattering, explain why the sky is blue.. -

7. Using Rayleigh scattering, explain why the sun at sunset is reddish. Include a diagram.

8. When a light wave vibrates in a variety of directions, the light is said tobe .
a. transverse b. polarized ¢. unpolarized

9. When a light wave's are isolated to a single plane, the light is said to be .
a. transverse b. polarized c. unpolarized



10. Describe the result of shihing light through fwo polarizing filters whose transmission axes are parallel to each other.

Trapsiiission Transemission
Axis Axin,

11. Describe the result of shining light through two polarizing filters whose transmission axes are perpendicular to each
other.

Unpolarized g
Light

’1 .
Transarossion  Trassmission
s Axis

12. Carson Busses is driving down the road on a sunny day. Reflection of light off the road surface results in a large
amount of polarization and a subsequent glare. Annoyed by the glare, Carson pulls out his Polaroid sunglasses.
How must the axes of polarization be oriented in order to block the glare? (Note: the lines on the filters below
represent the axis of polarization.)

f"j o

| [
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Chapter 15

1.

e

3.

5.
P

B 7.
B 8.
| &)
B> 10.

11,
(N

13.

Pruaics 1| ioht and Waves Review \esson®

A wave has an angle of incidence of 24°. What is
the angle of reflection?

The echo of a ship’s fog horn, reflected from an ice-
berg, is heard 5.0 s after the horn is sounded. How
far away is the iceberg?

What is the speed of sound that has a frequency of
250 Hz and a wavelength of 0.600 m? (\5@%

A sound wave has a frequency of 2000 Hz and trav-
els along a steel rod. If the distance between succes-
sive compressions is 0.400 m, what is the speed of
the wave?

What is the wavelength of a sound wave that has a

frequency of 250 Hz and a speed of 400 m/s? ( lff)ﬂ:)

What is the wavelength of sound that has a fre-
quency of 539.8 Hz?

What-is the wavelength of sound that has a fre-
quency of 320.0 Hz?

A stone is dropped into a mine shaft 250.0 m deep.
How: many seconds pass before the stone is heard to
strike the bottom of the shaft?

A rifle is shot in a valley formed between two par-
allel mountains. The echo from one mountain is
heard after 2.00 s and from the other mountain.
2.00 s later. What is the width of the valley?

Sam, a train engineer, blows a whistle that has a
frequency of 4.0 x 10* Hz as the train approaches
a station. If the speed of the train is 25 m/s, what
frequency will be heard by a person at the station?

Jane is on a train that is travelling at 95 km/h. The
train passes a factory whose whistle is blowing at
288 Hz. What frequency does Jane hear as the train
approaches the factory?

What is the sound level of a sound that has a sound
pressure one tenth of 90 dB? :

What is the sound level of a sound that has a sound -
pressure ten times 90 dB?

A tuning fork produces a resonance with. a*closed
tube 19.0 cm long. What is thie lowést possible fre-
quency of the tuning fork?

()

14

15.

16.

. How do the frequencies of notes that are an octave
apart compare?

Two tuning forks of 320 Hz and 324 Hz are sounded
simultaneously. What frequency of sound will the
listener hear?

How many beats will be heard each second when a
string with a frequency of 288 Hz is plucked simul-
taneously with another string that has a frequency of

296 HZ?

17.

| Chapter 16

1

2

A tuning fork has a frequency of 440 Hz. If another
tuning fork of slightly lower pitch is sounded at the
same time, 5.0 beats per second are produced:
What is the frequency of the second tuning fork?

. The wavelength of blue light is about 4.5 X 107" m.
Convert this to nm.

. As a spacecraft passes directly over Cape Kennedy,
radar pulses are transmitted. toward the craft and are
then reflected back toward the ground. if the total
time interval was 3.00 X 1072 s, how faf above the
ground was the spacecraft when it passed over Cape
Kennedy? '

@ It takes 4.0 years for light from a star to reach Earth.

4

6

N

8

How far away is this star from Earth?(&%;qo“’m}

. The planet Venus is sometimes a very bright object
in the night sky. Venus is 4.1 x 10'"m away from
Earth when it is closest to Earth. How long would
we have to wait for a radar signal to return from
Venus and be detected?

The distance from Earth to the moon is about 3.8 X
10® m. A beam of light is sent to the moon and, after
it reflects, returns to Earth. How long did it take to
make the round trip?, (3, 55}

. A baseball farin a ball p:ark is 101 m away from the
" batter's box when the batter hits theiball. How long
after the batter hits the ball does thé'fan see it occur?

A radio station on the AM band has an assigned fre-
quency of 825 kHz (kilohertz). What is the wave-
length of the station? (G- m) ‘

. A short-wave, HAM, radio operator uses the 5-m
band. On what frequency does the HAM operate? ’

- Annendix B 699




glass. It appears to be a mirror. Use your knowledge
of geometry and critical angles to show that this is
true. -

17. The index of refraction for red light in arsenic triox-
ide is 2.010, while the index of refraction for blue
light is 2.023. Find the difference between the an-
gles of refraction if white light is incident at an angle
of 65.0°.

18. The index of refraction for red light in a diamond is
2.410, while the index of refraction for blue light is
2.450. Find the difference in the speed of light in
diamond.

Chapter 18

@Sally’s face is 75 cm in front of a plane mirror.
Where is the image of Sally’s face? (38 cm ehind
mirror
2. A concave mirror has a focal length of 10.0.cm.
What is its radius of curvature?

3. Light from a distant star is collected by a concave
" mirror that has a radius of curvature of 150 cm. How
far from the mirror is the image of the star?

An object is placed 25.0 cm away from a concave

mirror that has a focal length of 5.00 cm. Where is
)

the image located? (Q; A5em in anf of mino

5. An object and its image as seen in a concave mirror
are the same height when the object is 48.4 cm from
the mirror. What is the focal length of the mirror?

An object placed 50.0 cm from a concave mirror
gives a real image 33.3 cm from the mirror. If the
image is 28.4 cm high, what is the height of the

 object? (436 i)

@An object, 15.8 cm high, is located 87.6 cm from a
‘ concave mirror that has a focal length of 17.0 cm.
a. Where is the image located? (3.l o)
b. How high is the image? (“5-@\0‘“)

B> 8. The image of the moon is formed by a concave mir-

ror whose radius of curvatiire is 4.20 m at a time

~ when the moon’s distance is 3.80 x 10> km.-What

is the diameter of the image of the moon if the di-
ameter of the moon is 3480 km?

A shaving mirror has a radius of curvatureof 30.0 cm,
When a face is 10.0 cm away from the mirror, what
is the magnification of the mirror? (m =3, O>

A convex mirror has a focal length of —16 cm. How

far behind the mirror does the image of a person
3.0 m away appear? <—‘Oo lf)m)

How far behind the surface of a convex mirror, focal
length of —6.0 cm, does a car 10.0 m from the mir-

ror appear? (=0, DD m)

12. A converging lens has a focal length of 25.5 cm. If
it is placed 72.5 cm from an object, at what distance
from the lens will the image be?

13. If an object is 10.0 cm from a converging lens that
has a focal length of 5.00 cm, how far from the lens
will the image be? :

14. The focal length of a lens in a box camera is -
10.0 cm. The fixed distance between the lens and
the film is 11.0 cm. If an object is clearly focused
on the film, how far must the object be from the
lens?

15. An object 3.0 cm tall is placed 22 cm in front of a
converging lens. A real image is formed 11 cm from
the lens. What is the size of the image?

P> 16. An object 3.0 cm tall is placed 20 cm in front of a
converging lens. A real image is formed 10 cm from
the lens. What is the focal length of the lens?

B> 17. What is the focal length of the lens in your eye when
you read a book that is 35.0 cm from your eye? The
distance from the lens to the retina is 0.19 mm.

P> 18. When an object 5.0 cm tall is placed 12 cm from a
converging lens, an image is formed on the same
side of the lens as the object but the image is 61 cm
away from the lens. What is the focal length of the
lens?

B> 19. When an object 5.0 cm tall is placed 12 cm from a
converging lens, an image is formed on the same
side of the lens as the object but the image is 61 cm
away from the lens. What is the size of the image?

€

Chapter 19

1. Monochromatic light passes through two slits that
are 0.0300 cm apart and it falls on a screen 120 cm
away. The first-order image is 0.160 cm from the
middle of the center band. What is the wavelength
of the light used?

Annandiv R 701
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Wave Motion and Geometrical Optics LCEEC' n q .

SELF.-TEST
WAVE MOTION AND GEOMETRICAL OPTICS.

Which of the following are fundamental
praperties of waves (L.e. properties that are
characteristic of waves but not characteristic of
particles)?

' i} refraction

i} interfarence
ity diffraction

A. i} and i} only
C. i) andiil) only D.

B. i i, and i)y
i) and §ii) only

Which of the following points on & vibraling
siring ars in phase with point A7

A Allpoints~8,C,DandE
B. BandConly
C. CandE only
D. 8andDonly

When waves pass through a small apening, they
may diffract, A studantis lelling his friend that
the extent of (s diffraction depends on;

Iy the speed of the wave
iy the wavelength
iti) the size of tha opening

Which of the above are carrecl

A, Al of them~1), 1}, and i}
B. i) and i) only
C. il and {ii) only
0. §) and ) only

IF you know the wavelength of a wave and its
period, which of the following information about
the wave can you calculate?

i} the speed of the wava.
iiy the frequency of the wave
iily the amplitude of the wave

A Al of the above - 1), 1) and i)
8. 1) and i) only
C. i) and iil) only
0. ) and i) only

. When & lrain that is travelling at g spesd of

80 knvh goss by you with lts whislia blowing as
you sland near the railroad track, the frequancy
of the whistle sound appears to fall {decrease).
This phenomenon is most closely related to of

referred to as

A, refraction

B. diffraction

C. the superposilion principle
D. the doppler effect

A transverse wave is travelling through a
medium at a speed of 10.0 cmfs, [f this wave
has an amplitude of 5.0 cm and a wavelength of
2.0 emis, what is the frequency of the wave?

A 2.0Hz B, 5.0Hz
C. 20 Hz D. 80Hz

The particles in the medium that are vibrating as
to produce @ longitudinal wave In the medium
are vibrating

A. parallel o the directions that the energy is
transmilted through tha medium

B. perpendicular to the direction that the
enargy is transmitted through the medium

C. ina croular path relative lo the direction that
the energy is transmitied through the
fnediam

D. inan elliptical path relative 1o the direction
that the energy is transmiited through the
medium

Whaen light travels from alr into waler, which of
the following properties of the wave change?

) dirgetion

i) spsed

fit) wavelength
iv) frequency’

A, All of the above ~ direclion, speed,
wavelength and frequency

A. Direction, speed and wavelength only

. Speed, wavelengihh and frequency enly

0. Wavelength, fraquency and direction only

i
i
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12

Longitudinal waves can not be

refracted i
diffrapted
polarized
transmitted through a solid

Cowp

T
t

. Electromagnetic waves like radio waves are

different from meshanical waves in that
electromagnetic waves can

fravel through a vacuum )‘

ha polarized .
demonstrate constructive and destructive
interferenne

demanstrate the doppler effect

o owr

in an interference pattern, there are maximd and
minima, the maxima result when waves meet

out of phase

in phase

with the same frequencies
wilh the same amplitudes

opo»

75

Position G

P —
Sy A\ X7 AW

Posilicn B

2

o

Poglifion A

A police car with its siren sounding is travelling
al 100 kmth as it goes by you as you sit afong
side the road as shown above, Al which
posilian would the frequency of the sirenvappear
1o be the lowest?

Pasition A

Position B

Position C

It would appear to be the same at all
positions,

vowmy»

'3, The characleristics of an image formad by a

pinhole camara arg usually

aract, smaller, virlual
inverted, smaller, virtual
erect, simaller, real
inveried, smaller, real

CoO®>

18,

Wave Motion and Geametrical Optics

. \Which of the following characterislics are used

to dascribe an image produced by 2 plans
mirror?

1) erect
i) virtual
iiiy laterally inveried

A Al of the above -1}, i), and ii)
B. 1) and i) only
C. i) and ) only
D. 1y and iif} only

Which of the following characteristics are used
to describe an image produced by a convex
mirfor? (Draw a diagram o be sure.)

{) ersct
ity virtual
i) enlarged

All of the above -1}, i}, and i)
i) and il) only
i and iil) anly
i) and i) only

Lowr

. Whizh of the following characteristics describe

animage produced by a concave mirror when
the abjpet is placed betwesn the focal point and

. the cenlre of curvature. (Draw a diagram to be

17.

sure.)

1) inverted
i) virtual
i) enlarged ‘
A, Allof the above ~§), 1), and ift)
. 1y and ) only
¢, H) and i) only
D. 1) and #) only

A \

incident

{f the incident ray is parallel lo the principal axls
as shown above, the light wilf reflect from the
CONVEx mirrer along

AA

B. B
¢ C Do

Nt oy Reproduction

Y.
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Wave Mation and Geormetrical Optics

18,

19,

20.

21,

A
\x
*5/{

G

B

incident, . -
ray ="

If the Incident ray passes through the centre of

curvatyure as shown above, the light will reflect
from the concave mirror

A, straight back through the centre of curvature
B. along path A
. along path 8
D. alongpath©

A )
The magnification (h—‘ i of an imags produced

1, )
by a plane wirror is always

&, grealter than 1
B. lessthan i
C. equalto 1

1‘ 4

. 'h
The magnificalion | —il
Vhy)

by a diverging mirror is always

of an image produced

A. greater than 1
B. less lhan 1
C. syualic

~ incidant ray air
":A;\ : {n=1.00)
watar
{n = 1.33)

when light passes from air into walar as shown
in the diagram, which ray can be the refracted
ray’?
A

A B 8
c C 6D

22,

24,

24,

|

@ object

"
If an object is placed near to perpendicular
mirrors as shown, how many imeges ¢an be
seen?

A1 B.
C 3 D,

FON N

Light (frequency in air = 5,0 x 10 Mz) passes
from alr {n = 1.00) into glass {(n = 1.60). Wihe
spaed of the light in glass is 2.0 x 10* mis, what
is the frequency of the fight in glass?

A, greater than 5.0 x 10™ Hz
B. - less than 5,0 x 10" Hz
C. egual o 5.0 x 10"Hz

You are altempling to spear a fish ag shown
above. Where should you aim?

Directly al the fish as you see il
Below {te fish as you see it
Above the fish 85 you sae il
Behind the fish as you see it

Do

Cavile Rook Research
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26.

A student i is explaining total internat reflection to
her fiend. She says that in order lo obsarve
total internal reflection

i} the light must pass from a substance that
has a higher index of refraction Into a
substance that has a lower index of
refraction

ity the angle of incidence of the light musl be
greater than the orftical angle

Which of the above, if any, s (are) correct?

Both Iy and i) are correct, ,
Neither 1) nor i) are cotrect,
Only 1} s corract,

“Only i} is correct,

Coo»

Which of the following characteristics describe

an image produced by & convex lens when the

object is placed inside the focal polnt? {Draw a
diagram lo be sure.)

i} inveried
fi} virtual
iy enlarged

All of the above — 1),
iy and By only

fiy and il omy

iy and iil} only

i), and i)

comp

7. Which of the following characteristics describe

an image produced by a concave lens? (Draw a
diagram {o be sure.) :

i) inverted
ii) virtual
iy smaller
Al of the above
i) and i) only
i) and it ) only
iy and iii) only

i), ), and iii)

.00?3?’"

28.

28.

30.

Wave Motion and Geometrical Optics

incident ray 8
....... > ‘,.‘ww- - . of

0

2f f
if the incident ray is paralle) to the principal axis
as shown above, the light will be refracted by the
conveX lens along path

A A B, B
c C D. D
N E A
jncident ray
e > memmes -1 2
» e B

if the incident ray passes through the focal point
as shown In the diagram, the ight will be
refractad by the concave lens along path

AA 8. B
¢ C D. D

The magnification { [ of an image produced
by & convax lens when the ohbject Is placed al 27
Is

A, greater than 1
B, less than 1
C. squaltol

® k% % ¥ % K A k & %

N for Reprodustion
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MIRRORS REVIEW

@_’ Concave Mirrors

L. R
- / Object outside“C”
| image 1. inverted
) c F 2. smaller
X 3. real
2. Object between “F&C”
image 1. inverted
2. larger
Tv\ 3. real
A
C
¢
3.

Object at C
image 1. inverted (at C)

2. same size
T\ /\ " 3. real

<

4. Object at F produces NO IMAGE

¢

Object between F and mirror
. image 1. erect
2. larger
3. virtual

%

Eaer s

N Obieét iﬂ vfront Ofmiﬂr.r(;l:“' T e
image 1. erect
2. smaller

'\/ 3. virtual
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pHYsICS - LIGHT Review CE;‘FE(U\ PF&L‘HC@)

70

10

3. 27.%°

4. a
b.

oo

17.0°
diamond

. 1.33
. water

. 18.2°
. 30.0°
. away from

7.8 220 x 108ms
b. 2.05 x 10%® m.s
c. 1.86 x 10° ms

8. 1.50

9. 1.52

Problems
1. Light is incident upon a piece of crown glass at an angle of 45.0°
What is the angle of refraction?

2. Aray of light passes from air into water at an angle of 30.0°, Find the
angle of refraction to the nearest degree.

Light is incident upon a piece of quartz at an angle of 45.0°, What s
the angle of refraction to the nearest degree?

4. A ray of light is incident upon a diamond at 45.0°.
a. What is the angle of refraction?
b. Compare your answer to that for Problem 1. Does glass or
diamond bend light more?

5. Aray of light travels from air into a liquid. The ray is incident upon
the liquid at an angle of 30.0°. The angle of refraction is 22.0>
a. What is the index of refraction of the liquid?
b. Look at Table 18-1, What might the liquid be?

6. In the Example on Snell’s law, a ray of light is incident upon crowd
glass at 30.0°. The angle of refraction is 19.2°. Assume the glass 18
rectangular in shape. Construct a diagram to show the incident 18},
the refracted ray, and the normal. Continue the ray through the glass
until it reaches the opposite edge.

a. Construct a normal at this point. What is the angle at which thg
. refracted ray is incident upon the opposite edge of the glass’
b. Assumethe material outside the opposite edge is air. Whatis the
angle at which the ray leaves the glass?
c. As theray leaves the glass, is it refracted away from the normdl
or toward the normal?

3

7. Use Table 18-1 to find the speed of light in
a. ethanol b, quartz ¢ flint glass

8. Thespeed of lightina plasticis 2.00 X 10°m/s. What is the index of
refraction of the plastic?

9. Thespeed of light in a glass plate is 196 890 km/s. Find the index of
refraction of this material.

TABLE 18-1 - . L

et SOuEER L e Indices of Refraction s susto.
Medium n - Medium n
vacuum 1.00 crown glass 1.52
air 1.00* quartz 1.54
water - 1.33 flint glass’ -+ 1.61
ethanol 1.36 diamond 2.42

Summary

4‘

. Light rays follow the law of reflection. This law states that the angle of

reflection is equal to the angle of incidence.

. Refraction is the bending of light rays at the boundary between two media.

Refraction occurs only when the incident ray strikes the boundary of anew
medium at an angle.

. Snell’s law states that when a light ray passes from air into a more optically

dense medium at an angle, the ratio of the sine of the angle of incidence to
the sine of the angle of refraction is a constant. This ratio is given the
symbol n and called the index of refraction.

Light waves of different frequencies are refracted by sliéhtly-different
amounts. Thus, when light falls on a prism, waves of each color bend by
different amounts. A spectrum of colored light is produced.



Questions PR

1. How does regular reflection differ from diffuse reflection?

2. If a light ray does not undergo refraction at a boundary between two
media, what is its angle of incidence? :

3. How does the angle of incidence compare with the angle of refraction
when a light ray passes from air into glass at an angle?

4. How does the angle of incidence compare with the angle of refraction
when a light ray leaves glass and enters air?

. ‘State Snell’s law.

. Write two equations for finding the index of refraction of a medium.
. What is the “‘critical angle” of incidence?

. Explain mirages.

. Which travels fastest in glass: red,‘green, or blue light?

10. What type of spectrum is provided by sunlight?

_ll-— Problems—A

1.4 5% 1. A ray of light strikes a mirror at an angle of 53° to the normal.
b. 106° a. What is the angle of reflection?
b. What is the angle between the incident ray and the reflected ray?

2. 108° 2. A ray of light incident upon a mirror makes an angle of 36.0° with the
mirror. What is the angle between the incident ray and the reflected ray?

w o3 ;M W,

3. A ray of light is incident at an angle of 60.0° upon the surface of a piece of 3. 35°
glass (n = 1.5). What is the angle of refraction?

4. Alightray strikes the surface of a pond at an angle of incidence of 36.0°. At 4, 26.2°
what angle, to the nearest degree, is the ray refracted?

5. Light is incident at an angle of 60.0° on the surface of a diamond. Find the 5. 21.0°
angle of refraction.

6. The speed of light in a clear plastic is 1.90 X 10® m/s. A ray of light enters
the plastic at an angle of 22°. At what angle is the ray refracted?

Problems-B e T

.  FIGURE 18-19. Use with
1. A ray of light is incident upon a 60-60-60-degree glass prism (n = 1.5) as Problem B-1.
shown in Figure 18-19. :
a. Using Snell’s law determine the angle r to the nearest degree. '
b. Using elementary geometry determine the value of angles A, B, and C.
¢. Angle C is actually the angle of incidence on the other side of the
prism. However, the reversability of light rays tells us that if angle D
were the incident angle, angle C would be the angle of refraction.
Assume this statement is true and determine angle D.

2. A light source, S, is located 2.0 m below the surface of a swimming pool

and 1.5 m from one edge of the pool. The pool is filled with water (n = 1.33) FIGURE 18-20. Use with
to its top. Probiem B-2.
a. At what angle does the light reaching the edge of the pool leave the '
water? o
b. Does this cause the pool to appear to be deeper or less deep than it 1. a 28°

actually is? (Note: This problem illustrates the reversability of light S_T §§ 58, 82°

rays. If angle r were the angle of incidence, then angle i would be the

angle of refraction. Solve the problem by reversing the identity of the =~ 2.2 5°
two angles.) : b. It appears more shallow
than it really is.



Problems C :
Needed: a compass, a metric ruler, a sharp pencil.

1.

An object is 15 cm from a spherical concave mirror having a 20.0-cim
radius. Locate the image by means of

a. a ray diagram.

b. the mirror equation.

. Solve the Example in Section 19:5 by constructing a ray diagram.

The problem states that the focal length of the mirror is 10.0 cm.
Focal length is always half the radius of curvature, so the radius of
the mirror is 20.0 cm. Draw to scale if necessary.

. An object 3.0 cm high is 10.0 cm in front of a spherical concave

mirror having a 12.0-cm radius. Locate the image by means of
a, a ray diagram.

b. the mirror equation.

c. What is the height of the image?

1. a. ray diagram
b. 3.0 x 10' cm

2. See Teacher's Guide.

3. a. ray diagram
b. 15 cm
c. 45cm

4. An object 1.5 cm in height is 12 cm from a spherical concave mirror

20.0-cm focal length. Locate the object.

8. An object is 4.0 cm in front of a spherical concave mirror of 12-cm

»12cm having a 12-cm radius. Locate the image by means of
c. 1.5 em s a. a ray diagram. /
b. the mirror equation.
c. What is the height of the image?
. a. ray diagram 5. An object 3.0 cm high is 12 cm from a concave mirror having a
b. 4.0 cm 6.0-cm radius. Locate the image by means of
¢. 1.0 om a. aray diagram.
b. the mirror equation. .
c. What is the height of the image?
. 15.0 cm 6. An image of an object is 30.0 cm from a spherical concave mirror
' having a 20.0-cm radius. Locate the object.
. 60.0 cm 7. An image of an object is 30.0 cm from a concave mirror having a

8. =12cm
radius. Locate the image.
9. An object is 6.0 cm in front of a concave mirror having a focal 3 =15¢m
length of 10.0 cm. Where is the image?
10. A 4.0 cm high candle is 10.0 cm from a concave mirror havinga 10, a. =27 cm
focal length of 16 cm. b. 11 cm
a. What is the object distance?
b. What is the height of the image of the candle?
11. —8.6 cm 11. An object is 20.0 cm in front of a convex mirror with a —15-cm
focal length. Locate the image.
12, a. —1.0 x 10' om 12. A convex mirror has a focal length of —12 cm. A light bu%b witha
b -1.0cm diameter of 6.0 cm is placed 60.0 cm in front of the mirror.
a. Locate the image of the light bulb.
b. What is the diameter of the image?
13, -38 cm 13. In a department store a mirror used to watch for shoplifters has a
. ' focal length of —40.0 cm. A person stands in an aisle 6,0 m from the
mirror. Locate the person’s image.
14, —20.4 cm 14. Shiny lawn spheres placed on pedestals are convex mirrors. One

such sphere has a focal length of —20.0 cm. A robin sits in a tree
10.0 m from the sphere. Locate the robin’s image.



i5 Use aray diagram to find the image position of an object 30.0cm 15, ray diagram
from a convex lens with 10.0-cm focal length. (Let 1.0 cm represent
2.0 cm.) :

16. An object 1.0 cm high is 15-cm from a convex lens of 10.0-cm focal 16, _. .. .. ..
~. length. Find the distance and size of the image b. 3.0 x 10'. 2.0 ¢m
; a. using a ray diagram. :
b. mathematically.

17. An object 3.0 cm high is 10.0 cm in front of a convex lensof 6.0-cm 17, 15 ¢m, 4.5 om
focal length. Find the image distance and height.

An object 1.5 cm high is 12 cm from a convex lens of 6.0-cm focal 18, . . | .
length. Find the height and position of the image b. 12¢cm, 1.5 cm
a. using a ray diagram.

b. mathematically.

18

19. An object 3.0 cm high is 12 ¢cm from a convex lens of 3.0-cm focal 19. a. 4.0 cm

length. . b. 1.0cm
a. Locate the image.
b. Determine its size.

-

20. Animageis 12 cm from a convex lens of 4.0-cm focal length. Locate 20, 6.0 cm

the object. :

-

A camera lens having a focal length of 8.0 cm is 10.0 ¢cm from the  21.40 x 10' em
film. What distance from the lens should a flower be placed to
obtain a sharp photograph?

The focal length of a convex lens is 20.0 cm. Anewspaperis6.0cm 22, —86 em
from the lens. Find the image distance.

23. A magnifying glass has a focal length of 12 cm. A coin, 2.0 cm in 23. a. -6.0 cm
diameter, is placed 4.0 cm from the lens. b. 3.0 cm
a. Locate the image of the coin.
b. What is the diameter of the image?

24. An object is 8.0 cm from a lens. What foca] length must the lens  24. 16 cm
have to form a virtual, erect image 16 cm from the lens?

21

22,

1. Theimage in a plane mirroris the s_anie size as the object. It is as far behind
the mirror as the object is in front of the mirror. The image is virtual and
erect.

2. The focal point of a spherical mirror is halfway between the center of

curvature of the mirror and the center of the mirror.

The distance from the focal point to the center of the mirror is the focal
length of the mirror. :

An imaginary radius that passes from the center of the mirror through the
center of curvature and beyond is called the principal axis of the
mirror.

Lo

All spherical mirrors have an inherent defect known as spherical
aberration. Light rays that fall on the outer edges of the mirror do not pass
through the focal point of the mirror.

Light rays do not converge to form a virtual image. A virtual image cannot
b be cast upon a screen. A real image is located where light rays converge
o and can be cast upon a screen.

&

&

7. Concave mirrors produce real, inverted images if the object is farther from .
the mirror than the focal point. If the object is between the focal point and
the mirror, an enlarged, virtual image is formed behind the mirror.
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Curved Mirrors Assignment: : -

1. An object 5.0cm tall is placed 7.0cm in front of a concave mirror. If a real image is produced that is also 5.0cm
tall, what is the focal length of the mirror? (3.5 cm)

hie-Se -l ~ 0 - -A‘ =+ 7.0
Eof?ob§ =d; +cJ L B 50 F.0 d cm
e = F0T+F0 < § #3.5 cm

f.

2. An object 3.0cm tall is placed 6.0cm in front of a mirror. If a virtual image is produced that is 1.0 cm tall, what is
the focal length of the mirror? What kind of mirror is used? (-3. mev&if ) & spnoller ina

k _-HQO .o . - d\ =caan on\\j be con\icxtmrror‘
\(\}T_?.)._ 3.0 (o 2 2 o
L35 gemgem VEadres’ fegocm

3. An object is 9.0 cm tall is placed at the focal point of a concave mirror. If the focal length is 5.0cm, what is the
size of the image? (no imagg)ﬁdg% o) poin‘b = no /ma j,e/

4. A convex mirror produced an image that is 3.0cm behind the mirror. If the focal length of this mirror is 5.0cm, at
what distance from the mirror is the object placed? (7.5cm)

-1 p-t_ g
& =F odiT
5. An object is placed8. Ocm'-??} fr@t ofa éyg\fegmlrr) that has grﬁlilus oam cm. What is the

magnification of this object? (0.33)
M=di = a4t =57 -4,
do % O = _yp ﬁ(% ,0,‘\)‘
M= 933 Ji = ~a.bFcm

6. An object is placed 5.0cm in front of a concave mirror. The magpnification of the object is 2.5. If a real image is
produced, what is the radius of curvature of the mirror? (7.1cm)

M=dy, as=4d; = [2.5Cm $le 12.5”'+5.1)"
o 50 = 3.5 am
C=2F = (38R =F) tm

l



7. An object 4.0cm tall is placed 8.0cm in front of a concave mirror. If the real image produced is 6.0cm tall, what is

the focal length of the mirror? (4.8cm) r eal_—: _ h
. . \
"\\ *—06.0cm ~,__%'Q ;'é_l
i\o5 L‘.O Cm fo KID "‘ Jl ’l
[ - 2/0 4+ IO
d J=pocm 3¢ g

\
Jo'.’o :J,OCW\ - L{',ﬁcm
e — /-4 A
8. An object 3.0cm tall produces a virtual image that is 2.0cm tall. If the image is 2.5cm behind the mirror, what is
the focal length of the mirror? What kind of mirror is used? (-7.5WWE>Q; Swaller = CaneX
T

hy = 20cm 2D ,_jé)
\'\o g 3:0Ch(\ D - ‘LO -—' | K
L= =280 £2 39574 [Cas™)
A0>?_—' Ab; 3,?5Cm —Q . __/_} g c ‘
f. | T4 m |

9. An object 5.0 cm tall produces an image that is 7.0cm behind the mirror. If the radius of curvature of this mirror is

10.0cm, what is the magnification

-l
o =g -d / C=Conmye

0
@ 5.0"—(—?.0-‘> M- & _3m INSTAE
. - di =
d, = 2.4 cem 1, am
M= g Y4

10« When an object 4.0 cm tall is placed 7.0 cm in front of a mirror, the image is 6.0 cm tall and virtual.

a) What type of mirror is used? How do you know?(concave) Vlf‘Y"Mﬂ/ ‘é /a?,a/ = cohcaVve
b) Find the focal length and radius of curvature of the mirror. (21 cm, 42 cm) nsl de’

hio—dy  #60 - —d d;=-105¢cm
ho CJO ¢.0 #:0

L= ~05 '+70" £= 2l cm
C=a@@D = facm



1§ A convex mirror is used to monitor the aisles in a store. The mirror has a radius of curvature of 4.0 m, anda 1.5 -

m tall customer is standing 12 m in front of theq f)nirror. --l 2 - ‘

a) Locate the image of the customer. (-1.7m) d, = :[: B dO C1| = 1.7 m
b) How tall is the image? (+0.21 m) 2.0 '~ 12" I |

¢) Is the image real or virtual? Explain. (virtual) b) )q., _— ( __ I?'> ' ),,’ :_:);O a1m
d) Is the image erect or inverted? Explain. (erect) 7‘—5 E—

o) virfval = +hi = di
d) evect —> +h

12, A man is using a mirror fo shave his chin. When he stands 1.48 m in front of the mirror, the inverted image of his
chin is produced 32 cm in front of the mirror. Determine the radius of curvature of the mirror, (0.526 m)

sl s 0327 f= 0263m
C=0.52bm

1%, An object 5.0 cm tall produces an image that is 2.5 cm behind the mirror. If the radius of curvature of this mirror
is 12.0 cm, what is the magnification of the object? What kind of mirror is used? (0.58 times, convex mirror)

olo'\‘; "‘é,O“I’”(’JSpB e 429cM st be convex

—rvirtual IMe
prt)'duced ms%

M= di =35 = p.5% hmeS it £

do 429




Llesson 5 (orswers )

5

Refraction through Lenses Problems: { takd
Complete the following ray diagrams and state the characteristics of the images.

1.

o
iy

Characteristics:

] ""?Fﬁ/
- A~ 1\ £
rh i
rd ( H ¥
4 T~
G s . : .Q —
9 i e L "\\ Lo
AT pre T :/ ; \ - ~_*1
/B ~

g YA
A : i : ) f 2
oq 9‘ i‘ T | :L
L‘F T 1 ; AT
Wi RN
v s
; .

Characteristics: Tnver ted / real jsmaller



No

4

}
| ad
o~

Characteristics: \O '1 ma 9 e

is:

a) the distance of the image from the lens? (+72 cm)

b) the height of the image? (-48 cm)
c) the characteristics of the image?
Wy =
ho=bo
diz
do 4.9
% 4¢.0

is:

a) the distance of the image from the lens? (-2.3 cm)
b) the size of the image? (+2.5 cm)

c) the characteristics of the image?

2. A glowing object 6.0 cm tall is placed 9.0 cm from a convex lens. If the lens has a focal length of 8.0 cm, what

1~F
_ _ — |
\:‘F I_CJD Ai -"-":‘:-‘}'ZCm
g0 - q.07! reol

Noo-(32) s s
4.0

_‘F L\~>h0 elﬁgﬂ—

3. A glowing object 5.0 cm tall is placed 4.5 cm from a concave lens. If the lens has a focal length of 4.5 cm, what

A| —F-\ Alz-—QJKCM

-l

L N '—\S | Yvithal
b= (=229) hi=+2.5cm

0 4.S : '\-erccr\—

—



4. A glowing object 3.0 cm tall is placed 6.0 cm from the concave lens. If a virtual image is produced thatis 1.0 cm
tall, what is the focal length of the lens? (-3.0 cm)

by =10 X —-,d_:_ = ~2.0 CmM
hb =3.0 3,0 J 2 ,,,,,,,
ar” - - \ - -1 -1
do> 6.0 L= cl; 4 Ja = -0 +5.0 30=-3,0cm
5. A glowing objethOcm tall is placed 5.0 cm from a lens. If a virtual image is produced that is 4.0 cm fall, what
If\ the focal length of the lens? What kind of lens is used? (10 cm) vithnal # hy Zhe =ConueX
.|‘q10 LLD—’A:C I 0'0 .
T == C
ho” 2.0 dd 5o ‘J‘ 9.0cm
¢;” -1
do=5.0 o <op '+ 5.0
f= = —3.0cm ; (onvex lens

6. A glowing object 8.0 cm tall is placed 11.0 cm in front of a convex lens. If the focal length is 5.5 cm, what is the
magnification of the object? (1.0X) '

-1 - .
h . d k"g di =55 —lo d:=+1.0cm
= = ne%o0
ho do di s M-’i’ 1.0

|.ox
O do 1.0
0 .
.F = +S.-g v .
7. A concave lens produces an image that is 2. Sf{u from the lens. If the focal length of this lens is 6.0 cm, at what
distance from the lens is the object? (4.3 cm) -.5cn K -b.0Ccm
A“g —-QSCm /, -‘ —-l
do= 9 dy = -bo —2.s '

f=—b.0cm d,= Y3em

8. A glowing object is 8.0 cm from a concave lens that has a focal length of 4.0 cm. What is the magnification of
this object? (0.33X) 5.9 R ~-bocm
M= A_‘\ C‘ ‘ : ?: 0 -\ ~ 1 - ‘ -
do S Ji=-Yo -80 dj=-6%F
fz- 4.0
M:'é_.‘. = 9\_-/473 = 0.%3RX
Ay 3.0

9. A glowing object is 7.0 cm from a convex lens. If a real image is produced that is 2.0 X larger than the object,
what is the focal length of the lens? (+4.7 cm)

Mz=hi o M=di  2.0=dj i =.00m
ho do +.0

e 'e3.070 P=+U7em



10. A glowing object 4.0 cm tall is 9.0 cm from a convex lens. If the real image produced is 6.0 cm tall, what is the

focal length of the lens? (+5.4 cm) K, always invevied= -6 .0
Ri~=60 =60 -"di [=135cn
ho °%.0 4.0 90
di- -1 - -1
do; q.0 -F =35 + 4.0 'p: "_S.L] Cin
.

£

11. A glowing object 3.0 cm tall is 7.0 cm from a convex lens. If the virtual image produced is 6.0 cm tall, what is
the focal length of the lens? (14 cm) ___Q\ﬁ +6.0cmn

histbo 6.0 —di (= —lfcy

Wo = 3.0 3,0 70
di® -1
102 3.0 < -+ O

-F: ’JD: +H(‘,m

12. A glowing object 3.0 cm tall produces a virtual image 2.0 cm tall. If the image is 3.0 cm from the lens, what is’

the focal length of the lens? What kind of lens is used? (-9.0 cm) kl < ho % VviFtual = CoNNL,
hy =+2 0 20 _ —(j_(_)) é =L}‘ng | Oﬁ\lj
hosB0 30 o ’ "
di, 3.0 -1 '
I Loys™'e-30" F= -90ewm

£=7



Critical Angle Problems: Lf) (Q{ AD ( li@ M }

- 1. What is the critical angle for an air- glass interface if the index of refraction of glass is 1.507 (41.8°)
S\ass h'é’) sindl =Na Sinli . 1.0D
\l’ Sin/R hg sinNd0 150

@ (lpvh | S'm“‘(O'béﬁL) = 4].9°

2. What is the critical angle for a water-Lucite interface if the index of refraction of water is 1.33 and of Lucite is
1.517 (61.8%)

ol 0 2 sooa)= OF
[N .

wajrer

3. The critical angle for a certain liquid-air interface is 48.8°. What is the index of refraction of the liquid? (1.33)

lguid  sind48g _ LO° 1 - |23
? Sin 90 n,

alr
4, What is the critical angle of a substance whose index of refraction is 1.817 (33 5%

substonce  sinll _ oo gipy (O S52)
J sinqo 1.8 0
air =335

5. What is the index of refraction of a substance whose critical angle is 42.0°? (1.49)

substance ~ SIn420 _ [.oo Ns= .49

,\,/ | SN 40 Ng
air
8. The speed of light in a clear liquid is 0.75c. What is the critical angle of the liquid? (49°)
liquid sinZi < Vy SINZ1 = f)?‘S(?VC"“‘DgD
oh/ sinZR V, SIN9D 3o%0

ar sin”'(o35) = 49°



7. A laser beam strikes the top surface of a block of glass at an angle 61 and the refracted beam undergoes total
internal reflection at the left vertical surface of the block as shown in the diagram. The index of. refraction of the
glass is 1.52. '

a)glass(ISl) sinfp= 100 i = Y4|.1"

l 2" TS N I
0]““(“’0) | . 3
air Slﬂg\ = |52 9,‘: k
R sSih#49 M%\e/ —K
3[0»5\3 ‘ \ J
si'(1.15) £k _

o 0,<%’ |
ond +herei1s no re.ﬁrach on

a) If the block is surrounded by air, find the maximum value of 61,

b) If the block is surrounded by water (n=1.33), find the maximum value of 61.
o]
Y gloss(52)  sing,- 2 g, 00 4R

S
wﬁ*ﬂ’ (1 33}

wa}a(l,%) é]_g_@_. = 5
! snaq I

91(155(!59)

9

9,434°

|

&



8. In the following diagrani, the index of refraction for ice is 1.31 and the index of refraction for oil is 1.45.
!64 Ai[‘ '40 0

.31
IMS

/5, i Glass container LS

a) If the angle 0+ of the incident ray is 36°, find the angle 84 of the emergent ray.

b) If total internal reflection occurs at the interface betweéh the ice and air, find the crltlcal angle of the incident ray.

3\0«.?(!5)3 sindb- _ 145 5,= 38°

SnlR 152
oil (146) Sinek o
O“(IILE) 5/”3& = L2l Q}:- L]'Z)
J L

ice(1:31) )

I.CCCI'SD sinhd = 100 eq: ©5
y SihZR 1.3l

air (1:00)

D0, =10 ©,= 50

13’ -



Lesson <€ | g(% Y
Physics 11 - Wave Effects Assignment = NANE:

@\ il

N—

1. When an automobile moves towards a fistener, the sound of its hormn seems relatively

a. Low pitched @—Iigh Pitched c. Normal
2. hen the automobile moves away from the listener, its horn seems ‘
a. yow pitched b. High Pitched ¢. Normal

3. The changed pitch of the Doppler effect is due to changes in
a. Wave.speed ave frequency

4,  What color of visible light does the atmosphere scatter the most?
viblet

5.  What color of visible light does the atmosphere scatter the least?

red
6. Using Rayleigh scattering, explain why the sky is blue..

light od-+he blue end of the spechum Is scatdered O/’Iff)- 0 ﬂms

by small prkhckes inffe aimospere 4 e
- sowefes see s T [ight

: 7. Using Rayleigh scattering, explain why the sun at sunset is reddish. Include a diagram. =
o & blue light has alreacly been saHMae
- COWL due Fo longer Aistnnct 7hat /{7}'7’ has

Jo Aravel = Jeaves red end of light spechun

8. When a light wave vibrates in a variety of directions, the light is saidtobe ___.
a. transverse b. polarized c@o]arized

9. When alight wave's are isolated to a single plane, the light is said to be .
a. fransverse larized ¢. unpolarized



10. Describe the result of shining light through two polarizing filters whose transmission axes are parallel to each other.

Unpolacized **
Light  *F %= B
Transsissior . Travsmisdon
Axis Axis

11. Describe the resuit of shining light through two polarizing filters whose transmission axes are perpendicular to each

other. )

“Trarzmissinm T raasinssion
Axis Axis

12. Carson Busses is driving down the road on a sunny day. Reflection of light off the road surface results in a large
amount of polarization and a subsequent glare. Annoyed by the glare, Carson pulls out his Polaroid sunglasses.
How must the axes of polarization be oriented in order to block the glare? (Note: the lines on the filters below
represent the axis of polarization.)

! it
i £
= f




ANSWERS AND SOLUTIONS

28. When the incident ray is parallel to the principal

20. When light passes from air to water, the light slows
axis of a concave lens, the ray refracts as if it came

R

o

TS

o

4

ATy
R

»w;‘ Tt g
| ,3ﬂluﬂwﬁiwmm‘%§mnﬂm.f.u.l .

i

4 21.‘ Three images are produced.

22. The frequency does not change during refraction.
Therefore, the frequency in the glass is the same as

it is in air.

down. This means that it bends toward the normal,
ruling out D and C. A cannot be the'answer -
because the ray must cross the normal.

B is the answer.

C is the answer.

Due to refraction, the fish wi'll-'app.earto be higher
than it actually is. Therefore; you must aim below.

A is the answer.

24. Total reflection only occurs when the ﬁght passes
from a substance that has a high index to a
substance that hag a lower index at an angle greater

than the critical angle.

C is the answer.

25. When the object is between the focal point and the
convex lens, the image is virtual, larger and erect.

26. A concave lens always produces an image that is
virtual, erect and smaller.

27. When the incident ray is parallel to the principal
axis of a convex leps, the ray refracts through the

focal point.

D is the answer.

29.

from the focal point.

A is the answer.

When the object is placed at 2f of a convex lens,
the image produced is real, inverted and the same

size. Therefore the magnification (—Z-‘—‘] is 1.

o

B is the answer.

ANSWERS AND SOIUTIONS
" 1. Interference and diffraction are fundamental ‘
‘properties of waves. '
D is the answer.
2. When points are in phase, they move up and down

together. When A is moving up, B and D are
moving down. B and D are not in phase with A..

C-is the answer.

3. Diffraction depends on the wavelength and the size

of the opening.

1
4. =Afandf =—
v=Af f T

_A

B is the answer.

5. The apparent change in frequency due to the

motion of the source and/or observeris called the
Doppler Effect.

C is the answer.

Not for Reproduction
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ANSWERS AND SOLUTIONS

6.

10.

11.

12.

v=Af
v
/=3
_10.0 cm/s
2.0 cm
=5.0 Hz

B is thé answer.

Longitudinal waves are waves in which the
medium is vibrating parallel to the energy flow.

Transverse waves are waves in which the medium
is vibrating perpendicular to the energy flow.

When light travels from one medium to another,
the light refracts. This means that the light changes
direction. If changes direction because the speed
changes, and when-the speed changes, the
wavelength also changes.

Only transverse waves can be polarized.

B is the answer.

Mechanical waves cannot travel through a vacuum,
but electromagnetic waves can.

The superposition principie states that when waves
overlap a new wave is formed that is the result of
the algebraic sum of the amplitudes of the two
overlapping waves. When waves meet in phase
(crest to crest or trough to frough), a maxima will
result due to constructive interference. When
waves meet 180 degrees out of phase (crest to
trough or trough to crest), destructive interference
occurs resulting in a minima.

Short A
High f

Long A
Lowf

The frequency will be lowest when the police car is
at position A. When the sound source is
approaching you, you are in the region of high
frequency. In the same way, if the sound source is
moving away from you, you are in the region of
low frequency. Position A is the answer.

13.

14,

15.

16.

17.

18.

19.

Plane mirrors always produce images.that are erect,
virtual and laterally inverted.

Convex mirrors always produce images that are
erect, smaller, and virtual.

When the object is between the centre of curvature
and the focal point of a concave mirror, the image
is inverted, larger, and real.

If the incident ray is parallel to the principal axis of
a convex mirror, the ray will reflect as if it came
from the focal point.

0(3

A is the answer.

If the incident ray passes'th'rc.)ugh the centre of
curvature of a concave mirror, it will reflect
straight back along the same path.

D is the answer.

The image produced by a plane mirror is virtual,
erect and the same size.

B is the answer.

A diverging mirror is a convex mirror, and the
image produced by a convex mirror is always erect,
smaller and virtual. Therefore the magnification

(ﬁ‘—) is less than 1.
]10

C is the answer.
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