


WAVES AND WAVE PROPERTIES
Lecgon One. (waves)

Energy can be transferred by particles of matter or by waves.
Early studies of waves lead scientists to believe that all waves

were MECHANICAL (i.e. required a medium or substance in
which to travel) WAVES.

James Clerk MAXWELL (1831-1879) developed a theory
proposing the existence of ELECTROMAGNETIC waves that
~ travel by vibrating ELECTRIC & MAGNETIC fields.
Electromagnetic waves did not need to travel through a medium
and therefore could travel through a VACUUNM.

Types of Mechanical Waves:

1) Longltudmal Wave:
vibration of the medium is parallel to energy flow or wave

direction.
Vibration €<——
chr T wave motion ———>

2) Transverse Wave:
vibration of the medium is perpendicular to the energy
flow or wave direction.

vibration $
wave motion —————p
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While sound travels as a longitudinal wave, the string on a
stringed instrument vibrates as a transverse wave. Water travels
mainly as transverse waves.. |
Surface waves are a combination of longitudinal and
transverse. Water can have surface waves.

The vibration in both longitudinal and transverse waves is
also simple harmonic motion .

Wave Definitions

A. LONGFITUDINAL WAVES
1) compression - region of medium where longitudinal wave
is most compressed due the to vibration of medium.

cOmpressio \compression
rrrrrom 11111 o 1 I 1

2) rarefaction - region of the medium that 1s least

compressed.
' rarefaction rarefaction
M

I TIT I 1o Irrrrrom I I I

1A (A=wavelength) is the distance from two like points in a
wave which could be from the beginning (middle or end) of a
rarefaction to beginning (middle or end) of the next rarefaction
or from the beginning (middle or end) of a compression to the -
“beginning (middle or end) of the next compression.
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B. TRANSVERSE WAVES
1) Crest - maximum displacement of the medium (due to a

vibration). W\
Zz— trough

2) Trough - maximum displacement of medium, in opposite
direction of a crest.

For transverse waves, 1A (A=wavelength) is still the distance
from two like points in a wave which could be from the
beginning (middle or end) of a crest to beginning (middle or end)
of the next crest or from the beginning (middle or end) of a
trough to the beginning (middle or end) of the next trough.

c. GENERAL TERMS

1) Pulse - a single disturbance (one bump) in a medium
whereas a longitudinal or transverse wave consists of
several adjacent disturbances. (2 or more bumps)

eg. When one drop of water or a pebble hits a pool of water a

pulse is created but when a tap drips on a pool of water

waves are created

2) Wavelength - the shortest distance between two adjacent
points a wave that are IN PHASE. Often we use crest to
crest. The Greek letter lambda, A, is the symbol for
wavelength.
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3) In Phase - two points in a medium vibrating in the same

direction, together. |
eg. Soldiers marching or points on two crests or two

troughs etc. ’

4) Out of Phase - two points in a medium NOT vibrating

together. \
eg. A crowd walking or a point on a crest and one in a

trough
5) Amplitude - maximum displacement from equilibrium

position. amplitude
e%ufh'brium—-» W
posi-tion

Definitions 1-5 apply to BOTH types of waves.

Speed of a Wave

The speed of mechanical wave depends of the nature of the
medium through which it is traveling AND can ONLY be
CHANGED if the MEDIUM is changed. The speed of a wave is
found from a special case of the v = d/t equation and is called the
universal wave equation:

Universal Wave Equation

v=Af from v=2 and (=

| t f
v —>speedin (m/s) A —>(m) f—> frequency in Hz (per
second)
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Optics is the study of fhe nature of light.

EEAAEEAER
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One property of light that physicists in the field of optics are concerned
with is how light moves.

Through scientific observation, it has been determined that:

= this is the reason that form

= the paths that light travels can also be described through and

WAVES:

Energy moves from one place to another through either waves or particles.

TYPES OF WAVES:
A. Mechanical Waves:
- need something to fravel through

- they propagate (continue) through the vibration of particles of the material through
which they are traveling.

B. Electromagnetic Waves

- by their nature they move on their own with no need for a
medium to carry them.

- ex. Radiowaves, microwaves, light waves, x-rays

. The Electromagnetic Spectrum
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MECHANICAL WAVES

In mechanical waves, the medium is vibrating. This vibration cah be either:
A. Longitudinal

B. Transverse

A. LONGITUDINAL WAVES-

The vibration of medium is to the energy flow.

Diagram:

v

= this wave is composed of compressions or rarefactions.
Compressions -

Rarefactions -

B. TRANSVERSE WAVES -

Vibration of medium is to energy flow.

Diagram:

v

This wave is composed of crests and froughs.

Crests -

Troughs -

a N

Both are measured from their equilibrium. position:

1



. TERMINOLOGY

Amplitude ~

Frequency -

Period —

Phase -

‘Wavelength -

or




SPEED OF A WAVE:
The speed of a wave depends on the nature (the make-up) of the medium through which it is traveling.

The speed relies on the density of the material. This is because the closer the
particles (higher density), the less time it takes for the particles to excite the ones
next to them.

UNIVERSAL WAVE CONTRACTION

Speed can also be determined from its wave characteristics (see terminology on previous page)

Formula:

Examples:

1. A wave has a frequency of 2.10 Hz and a wavelength of 5.30 m. What is its speed?

2. A wave has a speed-of 5.0 x 10! m/s and a wavelength of 2.0 m. What is its period?

3. 25 crests are seen to pass a single point in 5.0 seconds. What is the frequency of the wave?



Lesson L

Wave Characteristic Problems

1. A wave has a frequency of 5.0 x 10-' Hz and a speed of 3.3 x 10-" m/s. What is the wavelength of this wave?
(0.86 m) ' ' -

2. A form of energy travels as a wave 4.60 m in 2.00 s, What is the speed of the wave? (2.30 m/§)
| 3. A water wave has a wavelength of 5.0 m and a speed of 2.5 m/s. What is the period of this wave? (2.0 s)
4, 9.5 waves break on the beach in 1.0 rﬁin. What is the frequen@y in hertz of these waves? (0.16 Hz)
5. If sound waves travel at 335 m/s, what is the wavelength of sound that has a period of 1.00 x 1Q-2 s? (3.35m)

6. A radio station broadcasts at a frequency of 1.00 x 108 Hz. If the speed of this wave is 3.00 x 108 m/s, what is its
wavelength? (3.00 x 102 m)

7. While fioating on an air mattress in a lake, you notice that you bob up and down 40 times in 5.0 min. You
estimate the distance between crests 4.0 m. What is the estimated speed of the water waves? (0.53 m/s)

8. Alight has a speed of 3.00 x 108 m/s. If the length of this wave is 5.00 x 107 m, what is its period? (1 B87x10-15s)



Reflection
of Light
Lesson TWO (wooves)

The nature of light (wave versus particle) has produced much
controversy. The study of light, in greater depth shows currently |
light has a duality of nature. This means light has some wave
characteristics and some particle characteristics.

Light will be studied under the two general categories:
i. ray diagrams -
ii. wave properties

1 Ray Diagrams
Ray diagrams can be used to describe reflection and
refraction and shed some “light” on the particle/wave nature of

light.

barrier boundary
reflection: refraction: ‘

~
e

1) Wave Properties
Constructive and destructive interference, diffraction, and

polarization can ONLY occur with waves (not particles). These
characteristics of light give support to the wave nature of light.

Physics20.Light.Ref13.Nordheimer



Reflection using Ray Diagrams

Having previously studied reflection it can be stated that:

« When a wave strikes a barrier or boundary, some or all of the
wave is reflected.

« When a particle strikes a barrier it is also reflected.

« Therefore, the property of reflection supports either wave or
particle nature of light

» Law of Reflection states:
The angle of incidence = the angle of reflection

Z1=2Lr

/ ‘s are measured with respect to the normal
7

Types of Reflection

Zi

1) Regular reflection
-~occurs on a smooth surface
-parallel light rays are reflected parallel.

XX
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2) Diffuse Reflection
- occurs on a rough surface.
-light is reflected in many directions

_law of reflection still applies.

p ] - 4 \

\. r
Additioral Wave proper Les,
Refraction \ ' ,

In addition to being reflected, light can also be refracted.

Incident ray
__—angleof incidence

N
air

glass or water

angle of refraction—¥\ ™
' ' extrapolated straight line path of the

refracted ray

Physics20.Light.Refl3.Nordheimer



Refraction

When a wave strikes certain substances, it passes into the new
medium ratherthan being reflected. Upon entering a new medium
the wave changes its speed and the direction it was moving. The
‘change of the wave’s direction as the wave passes from ONE
MEDIUM (substance) to ANOTHER is called refraction.

The “Law of Refraction” or Snell’s Law states that:

SinG; = n
Sin@z . ‘
Normal (perpendicular to boundary)

L~ angle of incidence or 0,
(formed by incoming ray)
boundary

- angle of refraction or 0,
2 (formed by bent ray)

| whére 1 =incident wave and 2 =refracted wave

angle of incidence and angle of refraction are also measured
with respect to the NORMAL.

“n” is the constant called the “index of refraction” a measures
the extent of refraction or bending.
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Since refraction is caused by a change in speed (from a change in
media), it can also be shown that:

Sinb; = vy =n

SinB, v, 0,

and from v=Af, frequency does not change because we are not
changing the frequency of the source, so ‘f* is constant even if the
‘media change. ‘

thus, for frequency to remain constant when speed changes
£="Tor ¥
PR
wavelength must also change -speed and wavelength both
increase or both decrease, so:

SinG; = vi= M
A

Ny
SinB, v, h
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Laws of Refraction

Refraction: change in wave direction that occurs at the boundaries of two mediums.

sindJ, . . ‘ ‘
—— = n < index of refraction. 2= M= SINE, = nNg
sind, Mo Vo Sin©, '—ﬁ"

Principle of Superposition

If two or more waves pass a given point at the same time, the displacement is resultant
(sum) of the displacement which would be produced by each of the waves if it acted
separately.

D <~
T T : R s
constructive interference: displacement=A +B
A - B SF LT e DT e
b ; )
IL—II destructive interference: no displacement as c+D
C cancels D
C D o L . .

Standing waves result when two waves travel in opposite directions, interfering
constructively at some points and destructively at others. (see fig 14-16, page 298)

NODE: two waves traveling in opposite directions always interfere destructively
(no displacement) “~.._____— =Y ¥

ANTINODE: points midway between nodes where interfere constructively
(maximum displacement occurs here).

Electromagnetic Waves - no medium required
eg Light, v=c = 3.00%/0%m/g

Mechanical Waves - need medium
eg. water, sound, waves in ropes

Pulse: single disturbance in a medium traveling wave

Physics20, Waves. Rev10.Nordheimer 2
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When a wave reaches a boundary, some or all, of the wave reflects. g | el ) J -
. . LI 1
T 2 | Il"
THE LAW OF REFLECTION STATES THAT THE INCIDENCE ANGLE WILL / fﬁ ) j | ‘
EQUAL THE REFLECTED ANGLE. [/ I i i
il "t ”(
Light obeys this law because it always travels in a straight line whether it travels i*"i,', : |E :{ },I ’l__ﬁ_"’!' Nk
in wave or particle form. _ b, e
p | b i
Both waves and particles will reflect according to the law of reflection —
Normal Ling is
i always
i perpendicular
H fo the
: reflecting

surfacg#”

This only applies to smooth surfaces. Rough surfaces diffuse the reflection (makes it blurry).

Examples:

1. If the angle of reflection from a mirror is 25.0°,

“what s the angle of incidence?

2. If a ray of light makes an angle of 30.0° with a
mirror as shown in the diagram, what is the reflected angle?

3. A ray of light is reflected in series from two mirrors (A and B) as shown in the diagram. What is the angle of

reflection from mirror B?
' 15.0 em

Vet by
A v

DIAGRAM I‘S NOT DRAWN TO SCALE



[Waves Reflected from a Barrier or Boundary
Lesson & (waves)

e When a wave or wave pulse hits a boundary (between two
substances or media) another, some of the energy carried in the
original wave is transmitted into the new medium & some
ersiey is reflected. |

e The pulse that passes into the new medium (i.e.
TRANSMITTED)is always ERECT. The pulse that bounces
off the new medium (i.e. REFLECTED) depends on the

media.

1. Two Densities & Unfixed end

Suppose you attached a rope to a slinky and shook the rope while
both were stretched out on the floor. A pulse would travel along
the rope until it hits the slinky (new medium and a new and in this
case greater density). Some of the pulse would be reflected and
some of the pulse would be transmitted.

e the transmitted pulse is always erect

e the REFLECTED pulse that oceurs when moving
FROM a LESS dense medium TO a MORE dense medium
always INVERTED (upside down).

Now, if you used the same rope and slinky, but you shook the other
end (the slinky end) a pulse would travel along the slinky until it
hit the rope (new medium and a new, and in this case lesser
density). A. . -

e the transmitted pulse is always erect

e the REFLECTED pulse that occurs when moving
FROM a MORE dense medium TO a LESS dense medium, is
always ERECT (in the same direction as the original pulse).



1I. One Density and a Fixed End

Suppose you nail a rope to a wall so that the one end is fixed.
Then you shake the other end of the rope. The pulse created will be
retlected from the wall. :

o the REFLECTED pulse that is produced from striking a
fixed boundary is both INVERTED & REVERSED:

Pulse —» l

4 l
L

fixed end .
reflected pulse (inverted & reversed) .

II. One density, end unfixed

Suppose you stretched a rope along the floor and shook one end.
When the pulse reached the end of the rope some of it would be
reflected back along the rope. '

* The REFLECTED pulse produced from reaching and
returning from an UNFIXED end is REVERSED and erect.

Pulse
a4 ~ ™

« reflected pulse is reversed & erect
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practice Problems: :Rg-Flle:_\'on 4,

{. lfthe angle of incidence of a ray of light to a 50.0°
mirror is 50.0°, what is the angle of reflection Normalto A ----=---%--3

from the mirror?

Diagram is not drawn to scale

A ray of light is reflected in series from two
_mirrors (A and B) as shown in the diagram. What
is the angle of reflection from mirror B?

(50.0°)

2. Ifthe angle of incidence of a ray of lightto a
mirror is 20.0°, what angle does the light ray
make. with the mirror when it reflects?

(48.0°)

5. A tLLLLLLLLLLLLLL

(70.0°)

Diagram is not drawn to scale

3. If aray of light makes an angle of 58° with a
mirror, what is the angle between the incident .

ray and the reflected ray? Aray of light is reflected in series from two _
mirrors (A and B) as shown in the diagram. What

is the angle of reflection from mirror B?

(649 (3.0%)



o, If a stting Is vibwafing In four pants, there are
points it san be fouched without disturbing s
motion. Explain. How many polnts exist?

21. How does the pulse reflected from a rigid wall
-differ from the incident pulse?

22, Iy interference & property of anly some types
of waves or all types of V{aves’?

APPLYING CONCEPTS LcEQJnLF 1—‘1@%‘

1. George holds a7~ YIS | ‘
hils its end with a hammer first, na dtrecﬁcn
paraliel to its lengthy sesond, in & direction at
right angles fo its length. Describe the waves
George produces iy the two cases.

2. You repeatedly dip your finger info a sink full
of water 1o make ciroular waves, What hap-
pens o the wavelength as you move your fin-
ger faster?

3, What happens o the perod of 8 wave asthe
frequency increases?

4, What happens to the wavelength of 4 wave as

" the Fretjuency increases?

5. Joe makes a single puisa on & steeiched
spring. How much energy is required to make
a pulse with twice the ampmudev

8, In each of the four waves in Figure 1422,
the pulss o1 the left is the original pulse mov-
ing toward the right. The center pulse Is a re-
flacted puise; the pulse on the right is & trans-
rnitted puise. Describe the boundaries at A, B,
C, and I

>
3l

D
£

FIGURE 14-22. Use with Applying
Concepts &,

304 Waves and Energy Transfer

7. Sonar is the detection of sound waves re-
flected off boundarles in water. A reglon of
warm water in 8 cold lake can produce % re-
flecion, as can the hottom of the lake, Which
would you expect fo produce the stonger
seho? Explain,

8, You can meke water slosh back and forth i
a shallow pan only If you sheke the pan with
the correct frequency. Explain.

.8, AM radio signals have wavelengihs belween
800 m and 200 m, whils FM signaks have
wavelengths about § m. Explain why AM sig-
nals can offen be heard behind hills while P\
signals cannet.

PROBLEMS L. Lj\ 2 R =

H.1 Wave Fmpeﬂles

1, The Sears Building in Chicago sways back
and forth with a frequency of about 0.10 Ha.
What is its period of vibration?

An ovean wave hag a length of 100 m. A
wave passes a fixed location every 20 s,
What is the speed of the wave?

3. Water waves in a shallow dish arg 6.0 cm
long, At one point, the water oscilfates up and
down at a rate of 4.8 oscillations per second,
a. What ls the speed of the waler waves?

- b Whatis the period of the waler waves?
Water waves in a lake favel 4.4 m in 1.8 s,
The period of escillation is 1.2 s,

£0n 2 (Circled Ores

(S.ome)

a. What Is the speed of the water waves? ! '4, L J,

b. What is their wavelength?
.The frequency of yeliow fight is BO X 10" Hz,
Find its wavalength. ( o O3 Ty
b 6. A group of swimmers is resting In the sun on
an off-shore raft. They estimate thet 30 m
separates a trough and an adjasent orest of
surface waves on the lake. They count 14
orests that pass by the raft in 20 5, How fas!
are the waves moving?
AM radio signals are broadeast at frequencies
befween 550 kHz ami 1600 KHz (Kiloheriz)
and travel 8.0 x 10° mys.
a. What is the range of wave eng:ths for these
signals? (55707 4o L.axng h.,‘}
b, FM frequeﬁcias range belween 88 MHz
and 108 MHz {megaheziz) and travel.at the
same speed. What is the range of M
mavelengths‘? k’-’b‘%‘m Ao D8y

\.»H"))

(2.9m)



sonar signal of frequency 100 x 10° Hz
has & wavelength of 1.50 mm In water,

i}) %g;:’)‘ a. What Is the speed of the signal In water?
10040 5 b. What is its period in water?
)\ 00xz, ¢ What is its period In air?

9, A sound wave of wavelength 0.70 m and ve-
iocity 330 mis Is produced for 0,50 &
&, What is the Frequenty of the wave?
b. How many complete waves are emilted in
&5 3 , this fime interval?
R " ¢ Ater 0.50 s, how far is the fronf wayve from
the source of the soa.tnﬁ"f‘

O 430N Y
e SHD wavemj

below the water surface and 1.80 s later the
reflected signal is detected. How deep is the
gesan beteath the ship?

w11, The velocity of the transverse waves pro-
duced by an earthquake is 8.9 km/s, while
that of the longhtudinal waves is 5.1 krvs. A
seismograph records the arrival of the frans-
verse waves 73 s before that of the longlfudi-

. nal waves. How far away was the earth-
quake?

p 2. The velodlty of a wave on 3 slring depends
on how hard the string Is strefched, and on
the mass per unit length of the strng. K T is

. the force exerled on the sting, and xz is the
massfunit fength, then the veloclly, v, Is

N
d At

A plece of string 5.30 m long has & mass of
15,0 g. What must the force on the sting be
tn. make the wavelength of 4 125 Hz wave
120.0 cm?

( ) SONAY mgﬁai s sent from & smp ata thE!t jﬂ$t
fan)

14, The time needed for a water wave {o change ’

from the squilibrium leve] to the prestis 0.18 8.
a. What fraction of & wavelength is this?
b. What is the peried of the wave?
¢, What is the frequency of the wave?

14.2 W&ve interfergnce

B14, Tise wave speed in a guiter sling'ls 265 mfs
The length of the siring ks 63 cm. You pluck
the center of the stnng by pulling it up and
letting go. Pulses move in both directions and
(i ~ arereflected off the ends of the slring.

#. How long does & teke for the pulse to

move o the siring end and refum to the

. cehier?
b. When the pulses relum, Is the shing above
or below its resting location?
¢ i you plucked the sting 18 cm from ene
end of the sting: where would the two
pulses meet?

{erore,

FIGURE 1423, Use with Problam 15,

15, Sketch what happens, for each of the three
cases shown I Figure 14-28, when centars
of the fwo wave pulses He on the dashed fine
s0 the pulses exactly overlap.

16. If you slosh the water back and forth in a
bathiub at the comrect frequency, the waler
rises first at ona end and then at the other
Suppose voi can make a standing wave ln g
180-cm johg tub with a fregpency of 0.30 Mz,
What Is the velocity of the waler wave?

THINKING PHYSIC-LY

1. Why can animals such as bats, 1hat haegts tmyt
izght-weaght ear parts, hear sounds with much

higher frequencies than humans can hear?

2, lf you puf one ear under water in 4 baih b,
yau can hear sounds from olher paris of the
house or aparment building where you live.
Why Is this brue?

Chapter 14 Review 305
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Phq&ts

- When a wave moves from 4 Jess danss o a
more derse medan, the reflected wave is In-
verted. YWhen it moves from a more dense o &
jess dense medium, the reflected waye is srect

- The principle of superposition states that the dis-
placement of a medium due fo two or more
waves is the algebrafe sum of the displacements

- The result of the superpesition of bwo or more
waves on & medivm s called interference. Infer-
ference does not affect the individuat waves.

- Maximum destructive interference produces &
rode whers therg Is no displacement, Maximum
sonstructive interference resulls in an antinade,
a lncation of the largest displacement,

- The nodes end antinodes of a standing wave

- are stationary.

« The law of reflection states that the angle of n-

gidence is equal io the angle of reflecion
Waves are reflected from a barrier at the same
sngle at which they approach it. i

<The change in the direction of waves at the
-houndaty betweets two diflerent media is known
as refraction,

- The spreading of waves around the edge of a
barder is called diffraction,

KEY TERMS

fransverse wave f
longitudinal wave Interference
surface waves " deshuctive
wave pulse interference
fraveling wave node
period aniinode
frequency standing wave
wavelangth nermat
. trests gngle of ingidence

" roughs angle of reflection
amplitude law of reflection
principle of superposiion  refraction
infederence diffraction

REVIEWING CONCEPTS L cor 2 6 |

1 How many general methods of energy frans-
fer are there? Give two examples of each.

2. What is the primary difference between a me-

- hanjcal wave and an glectromagnetic wave?

. What Is the difference among transverse, long-
iudingl, and surface waves? '

4. Rhonda sends & pulse along & rops. How
does the position of & point on the rope, be-
fore the pulse comes, compare to the posiion
affer the pulse has passed?

5. What Is the difference between a pulse and a
wave?

6. What Is the difference b’eiwééﬂ wave fa-

guency and wave velooity?

7. Buppose you produce a fransverss wave by
shaking one end of 3 spring baek and forth,
How does the frequency of your band com-
pare with the frequency of the wave?

8. Waves are sent along & spring of fixed lergth.
& Can the speed of the waves in the spring

be changed? Explain,
b. Can the frequency of a wave in the spring
be changetd? Explain, '

9. What is the difference between the speed of
& hansverse wave pulse town 4 spring and
the motlon of & point on the spring?

10, Sharon s lying on a raft in the wave pool. De-
spribe fo Sharon, In terms of the waves she ls
tiding, sach of the following: arplituds, pe-
tiod, wavelength, speed, frequency.

11. What is the amplifude of a wave and what
does if represent? .

12. What is the relafionship between the ampli-
tude of & wave and the energy caried?

13. When & wave reaches the boundary of a new
medium, part of the wave is reflected and part
is fransmitted. What determines the amount

of reflection?
14, A pulse reaches the boundary of-a medium

more dengse than the one from which it came,
Is the reflected pulse erect or Invered?

15. A pulse reaches the boundary of a medium
1ess dense than the one from which it came.
Is the reflected pulse ereat or inverted?

16. When a wave crosses a boundary between
i and thick rope, its wavelengih and velon-
fty change, but its frequency does not. Explain
why the frequency is constant, ‘

17. When two waves inferfere, is ihere a loss o
energy In the system? Explain.

18, What happens to the spring at nodes of a
standing wave?

1% A mefal plate fs held fixed in the certer and
sprinkled with sugar. Using 2 vidlin bow, the
plate is stroked along one edge and made to
vibrate. The sugar begins to coflect in cartain
areas and move away from others. Describe
these regions in ters of standing waves.
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Leseor & (waves )

PHYSICS

Purpose

To investigate properties of waves using a snakey

©as a model.

Materials

. a long coil spring (snakey)
- stopwatch
- meter stick

2.

Procedure
1.

You will need a clear path of about 6 meters for
this activity.

Slowly stretch the snakey to the length suggested
by your instructor.

. Grip the snakey firmly with one hand for the en-

tire activity.

It is easier to see the motion of the snakey if you

are near one end. Don't watch from the side.

. As the pulses die out, they can still be felt. Trust

your feelings!

. This activity is a sensual experience. Each stu-

dent in the group should take some time on the
end of the snakey.

. Make a quick sideways snap with your wrist to

produce a transverse pulse in the snakey.

_Notice how many times the pulse will move

back and forth on the snakey.

. Look closely at the questions in the observation

section. Try to design and conduct an experi-
rment to answer each question.

+ NOTE * Snakeys are NOT SOCIAL. Do not a

T
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Waves on a

Snakeu
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Observations and Data

1. What happens to
a. the amplitude of a wave as it travels?
b. the speed of a wave as it travels?
2. Does the speed depend on the amplitude?
3. Put 2 quick pulses into the snakey. The distance

~ between pulses is called A. Does A change as

the pulses move?
4. What can you do to decrease the value of A?

5. Do pulses bounce off each other or pass

through?

Analysis

1. You probably used transverse waves for this ac-
tivity. Should your answers be accurate for pres-

sure (Io\ngitudinal) waves? Why?

2. Check your answers for steps 1-3 with pressure ‘1

waves.
3. Use the snakey to find out if pressure waves go
through each other. Describe your results.

Applications

i
3
{
|
i

i
i

Sound waves are- pressure waves., Make your pre- ;

dictions consistent with your snakey results.

1. Does the speed of the sound depend on the |
loudness? (Do louder sounds travel faster than

quiet sounds?)

2. Compare the speed of high frequency (short
wavelength) sounds to fow frequency (long
wavelength) sounds.

llow the snakeys to get tangled together! Each snakey

should be stored in its own personal container!

292  Waves and Energy Transfer

|
i
i
|

i

Al



Interference of Waves L.esson i @aveSﬁ

What happens when two waves meet while they travel through the same medium? What effect
will the meeting of the waves have upon the appearance of the medium? Will the two waves
bounce off each other upon meeting or will the two waves pass through each other?

Wave Interference occurs

. To begin our exploration of wave interference,
consider two pulses of the same amplitude traveling in different directions along the same
-medium.

PRINCIPLE OF SUPERPOSITION - states that when there are two or more sources of
waves in a medium, these waves will combine to give a resultant wave that is the algebraic
sum of all the waves.

CONSTRUCTIVE INTERFERENCE:

Crest meets Crest: Before Interference

When a crest from one source meets a crest from another source, the energies
to displace the medium (we add the energies together).

Trough meets Trough: Before Interforence
N/
T

+
3

i

DESTRUCTIVE INTERFERENCE:

Before Inierference
e
/
=t

When a crest and a trough meet, the énergies
‘ — they tend to cancel out.

In both cases — constructive and destructive, the energies (crest and trough) pass through each
other, only having an effect




Example; For simplicity, we will use square waves to illustrate interference.

1. Two positive pulses of equal wavelength. What is the resultant?

=

—

2. Two positive pulses of unequal wavelengfh. What is the resultant?

o

-

3.0ne positiVe and one negative pulse of equal wavelength. What is the resultant?

—

4. One positive and one negative pulse of unequal wavelength. What is the resultant?

—+>




Diffraction — the spreading out of a wave as it passes through a small openmg
or around an obstacle.
- only waves refract, particles do not.

a) Size of the opening: the amount of diffraction (spreading out) depends on the size of the
opening.

\' 2N

b) The wavelength

a N




Constructive and Destructive Interference — Problems

Use the principle of Superposition to draw the resultant.

=3p S
ey
&—
—
—
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Draw two possible waves that could have formed this resultant. Answers will vary.

Draw two possible waves that could have formed this resultant. Answers will vary.

Draw the diffraction that will occur in each of the following cases.

A. Opening Size B. Opening Size

C. Wavelength- D. Wavelength




Lesson D (waves)
Refraction of Light — Snell’'s Law

When light strikes the interface between two transparent materials such as air and water, part of the incident light
is reflected, and the remainder passes into the new material and experiences a change in speed due to the
difference in density (optical density).

INDEX OF REFRACTION:

Every transparent medium will bend light and every medium refracts it differently. Therefore, every transparent
medium has its own characteristic index of refraction.

As light moves from one medium to another and the index of refraction changes, the speed of the light will change.
This is because the new material will have a different density (# of molecules in a certain space).

high index of Jow index of
refraction refraction
0e%¢ co? ®® o©
® e ® o, @ ® o
®e ..‘0. ® o @
® &9 “0.0 e _©_gqo 0
®e 6 © g% e ©%g
® 0%e0¢ @ © ©¢

- The higher the index of refraction (n), the denser the material (more molecules closer together) and therefore the
light will slow down (it is harder to move!)

- The opposite is also true.

The speed of light in a material is different from that in a vacuum. The index of refraction of a material is the ratio
of the speed of light in a vacutim to the speed of light in the material.

When light travels from one medium fo another, its speed and wavelength change, but its frequency remains
the same. '

When light passes from one transparent medium into another, the ray is bent unless it enters
perpendicular to the surface between the two media. This bending is refraction.




Refraction Diagrams:

Incident Reflected ray Refracted

ray Normal ray ray Normal

§
[
Medium 2 () 82

Medipm 1 ()
Medium 1 (i),

e A,

Médium 2

Re é&ed ray
ray

Snell's Law —

A ratio (numerical relationship) between the mediums can be found by using the Law of Refraction - also known
as Snell's Law ‘

Snell’s law states: that when light travels from one medium into another, the incident ray, the refracted ray, and
the normal to the interface all lie in the same plane, and the angle of refraction depends on the angle of incidence
and on the indices of refraction in the two media. ‘

The numerical ratio is defined as- n{ sin 81 = n2sin 92 or

Refraction of Light:

If a ray of light enters denser medium of a greater index of refraction, its speed decreases and its path is bent
toward the normal. If a ray of light enters a less dense medium of a smaller index of refraction, its speed increases
and its path is bent away from the normal.

A. When light moves to a material with a higher index of refraction, the light slows down. This causes the light
beam to bend toward the normal line.

When light passes from one medium that has a low index of refraction (air) to a substance that has a higher index
of refraction (water) — the light slows down and bends toward the normal.

//%//////m |

water

—— i —— -



B. When light moves to a material with a lower index of refraction, the light speeds up. This causes the light
beam to bend away from the normal line.

When light passes from one medium that has a high index of refraction (water),'to a substance that has a lower

index of refraction (air), ~ the light speeds up and bends away from the normal.

water

C. If aray of light enters another medium along the normal, the ray is not refracted regardless of the index of
refraction.

water

air

sing, v,y n,.

Formulas: . - - o
sind, v, y, n

To solve problems that investigate refraction, you will need to remember the following:

1. The ONLY characteristics that change during refraction are the speed (v) and the wavelength (¥).

2. The frequency (f) does NOT change during refraction.

3. The period (T) does NOT change during refraction.



Lesson B
| Examples:

1. A ray of light strikes the surface of a block of glass (n = 1.50) and has an incident angle of 72.0°. What is the
angle of refraction? '

2. The speed of light through water is 2.26 x 108 m/s. What is the index of refraction of water?

3. What is the index of refraction of a substance if the angle of incidence to this substance is 43.0° and the angle
of refraction is 38.0°7

4. A ray of light travels from air into water (n=1.33) and then into glass (n=1.50) as shown in the diagram. Find the
angle of refraction in the glass.

27 \‘\\:




Refraction of Light Problems
1, What is the speed of light in a clear plastic whose index of refraction is 1.407 (2.14x108 m/s)

2. The speed of light in a clear liquid is 2.3 x 108 m/s. What is the index of refraction? (1.30)

3. A beam of fight strikes the surface of a block of glass (n=1.50) and produces a refracted angle of 10.0°. What is
the incident angle? (15.1°)

4. What is the wavelength of light in water (n=1.33) if its wavelength in air is 5.30 x 107 m? (3.98 x 107 m)

5. Monochromatic light has a wavelength of 6.0 x 107 m in air and 5.0 x 107 in a clear fiquid. What s the index of
refraction of the clear liquid? (1.2) :

6. Monochromatic; light has a wavelength of 5.75 x 107 m in air and 4.32 x 107 in a clear liquid. If a fay of light
enters this clear liquid at an incident angle of 25.0°, what is the angle of refraction? (18.5°)



7. What s the index of refraction of a substance if the angle of incidence to this substance is-53.0° and the angle
of refraction in this substance is 41.0°7 (1.22)

~8. A ray of light strikes the surface of water (n=1.33) at an angle of 60.0° from the water surface. What is the angle
of refraction? (22.1°)

9. Aray of light travels from air info water (n=1.33) and then into glass (n=1.50) as shown in the diagram. Find the
angle of refraction in the glass. (33.1°) ‘

Wa+er

3]0\55

10. A ray of light travels from glass (n=1.50) into water (n=1.33) into air as shown in the diagram. Find the angle
.that the light leaves the water-air interface. (74.7°) -

. air

water

glass



11. What is the frequency of light in diamond (n=2.42) if the frequency in air is 6.20 x 10 Hz? (6.20x10™ Hz)

12. A layer of oil floats on water. A ray of light in air is incident an angle 84 on the surface of the oil. The light ray
passes through the layer of oil and enters the water (n = 1.33) at an angle of 24° with the normal as shown in the
diagram. The index of refraction of the oil is 1.45. Determine the angles 81 and 6. (36°, 26°)

13. A ray of light in air strikes a flat 1.8 cm thick pane of glass'(n=1.52) at an angle of 36° with the normal as
shown in the diagram. 360

Incident \ t
ray \ Surface I

a) Trace the ray of light through the glasé: pane and find the angles of incidence and refraction at the interface.
(36°, 23°)

b) When the ray of light passes into the glass pane, the refracted ray is displaced laterally relative to incident ray
by a distance d. Find the distance. (0.54cm) '

Foy



| lLecson o (aves?),
Physics 11 - WAVE EFFECTS

A. Doppler Effect

This effect is named after C.J. Doppler, an Australian physicist who first explained the phenomenon.

Example: A car sounds a homn as it drives away from observer 1 to observer 2.
-

Observer 2 will receive a larger number of compressions per second than observer 1. Therefore the frequency of

the car’s horn will seem relatively to observer 2 and relatively to observer 1.
For Observer 3, the frequency will when the car approaches him and as it
moves away.

The frequency of a sound wave is what determines the pitch that our ears “hear”. The higher the frequency, the
higher the pitch heard.

From the driver's perspective, what happens to the frequency (or pitch) or the horn?

DOPPLER EFFECT (definition) - When a source that is generating waves moves toward an observer, the
frequency of the waves relative to the observer increases. When a source that is generating waves moves
away from an observer, the frequency of the waves relative to the observer decreses.

Applications: - Short-range radar devices, such as those used by the police to determine the speed of a car.

- Weather tracking (Doppler Radar)

(%} Dbwerver




B. Scattering ‘ | |

Scattering occurs when waves strike an obstacle that is smaller than the wavelength of the wave. When this
oceours, waves are scattered from the obstacle in all directions.

The amount of scattering depends on the wavelength of the incident waves. Shorter wavelengths are scattered
MORE than the longer ones.

A

T

i ?ﬂ&-ﬁ'ﬂf?i‘@!fs‘
gaﬁﬁsafmga'ﬁw, FrF %@m wc:e '

WHY IS THE SKY BLUE? : :

a. Red/orange light both have longer wavelengths than blue/violet light.
b. The upper atmosphere contains many particles such as nitrogen (N2) and oxygen (O).

o These are than the wavelengths of visible light and act as obstacles to
sunlight
c. Blue light ( ) is therefore scattered more than red light ( )
o Inthe sky, you see the blue light that has been scattered in all directions by the particles in the
atmosphere

At sunset or sunrise, the light travels through
to reach an observer. ,
o More of the and

wavelengths have been scattered out, leaving the wavelengths in
the end of the spectrum.

o Sun appears orange or reddish as it rises or sets.

BENEFITS: Ozone (O3) in the upper atmosphere scatters ultraviolet (UV) wavelengths that are harmful to cells
and can cause cancer.
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Physics 11 Review: Waves .

| 1. Energy can travel by which two methods?

2. a What s the major difference between longitudinal and transverse waves?
b which type of wave can be polarized?
3. Which type of wave would best describe the motion of:
a. Light
b. Ocean waves
c. An earfh worm

4, For the following wave label: crest, trough, equilibrium position and show two points that are in phase

/[ 1 ’ : N

If each square represents one meter find the following characteristics:

Amplitude =

Wavelength =

5. While watching a duck on a lake you notice that the duck bobs up and down 32 times in 4.0 minutes. If
you estimate the waves to be 3.0m between crests find:

a. The frequency
b. The period

c. The speed

6. What is the wavelength of light that has a period of 3.42 x 107 s?



7. Explain the Doppler Effect in terms of an observer who watches a police car approach and then pass
him. (use a diagram to help explain)

8. How does ozone (Os) in the upper atmosphere help protect us? (name the effect and explain)

9. List 3 characteristics of an image produced by a pin-hole camera.

10. How far-from the camera would a 13.2m tall object have to be if it produced an 11.0 cm image using a
camera that is 15.0 cm long?

11. A 2.3 m tall person was standing 5.0 m froma campfire. How tall would their shadow be if it occurred
on a tree 14 m behind the person?

12. What would be the angle of reflection from mirror B? ,’

13. Complete the ray diagram.
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10.

11.

12.

13.

14.
15.

—:Tﬁ—.—What is diffraction?

How many general methods of energy transfer are there? Give two
examples of each. ‘
Distinguish between a mechanical wave and an electromagnetic wave,

. How do a transverse wave, alongitudinal wave, and a surface wave differ?

If a pulse is sent along arope, how does the rope behave at any given point
after the pulse has passed? '

A pulse differs from a wave. How?

Distinguish alﬁong the wavelength, frequency, and period of a wave.
What is the equation used to find the velocity of a wave?

What is the amplitude of a wave and what does it measure?

Waves are sent along a spring of fixed length. Can the speed of the waves
in the spring be changed? How can the frequency of a wave in the spring
be changed?

When a wave reaches the boundary of a new medium, part of the wave is
reflected and part is transmitted. What determines the amount of

reflection?
A pulse reaches the boundary of a medium more rigid than the one from

which it came. Is the reflected pulse erect or inverted?

A pulse reaches the boundary of a medium less rigid than the one from
which it came. Is the reflected pulse erect or inverted?

When a wave passes into a new medium, what remains the same? What
changes? ' '

List three different means of changing the direction of a wave.

State the. law of reflection.

17. Name two facts about the diffraction patterns produced by waves of

different wavelengths as they pass through the same pair of openings.

' ety

"~ Problems—A

1, An ocean wave has a wavelength of 10.0 m. A wave passes by every 2.0 s. -
What is the speed of the wave?

2. A sonar signal of frequency 1.00 X 10° Hz has a' wavelength of 1.50 mmin 2. a. 1.50 x 10° m's
water,

a.
b.
c.

What is the speed of the signal in water?
What is its period in water?
What is its period in air? : ‘

‘o,

1. 5.0 mis

5. 1.00 x 10-¢s
c. 1.00 x 10°%s

3, Waves of frequency 2.0 Hz are generated along a spring. The waves havea 3. a. 0.80 mus
wavelength of 0.45 m.

e

a.
b.

What is the speed of the waves along the spring?
What is the wavelength of the waves along the spring if their frequency
is increased to 6.0 Hz? '

If the frequency is decreased to 0.5 Hz, what is their wavelength?

o

. 015 m

% Problems—B

1. The AM radio signals-are broadcast at frequencies between 550 kiiz and
1600 kHz (kilohertz) and travel at 3.0 X 10° m/s. ‘

a,
b. FM frequencies range between 88 MHz and 108 MHz (megahertz) and

What is the range of wavelengths for these signals?’

travel at the same speed. What is the range of FM wavelengths?

2. The speed of sound in water is 1498 m/s. A sonar signal is sent from a ship
ata point just below the water surface and 1.80 s later the reflected signal is
detected. How deep is the ocean beneath the ship?

1. a 550 m, 190 m
b. 34 m,28m

2. 1350 m
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Wave Characteristic Problems

1. A wave has a frequency of 5.0 x 10-' Hz and a speed of 3.3 x 10! m/s. What is the wavelength of this wave?

(0.66 m) _ /L, _
y=Af 0.33<K(p.50) = 0.6bm
2. A form of energy fravels as a wave 4.60 min 2.00 s. What is the speed of the wave? (2.30 m/s)

V=d = 460 V=230m/s

£ - Q.bo
3. A water wave has a wavelength of 5.0 m and a speed of 2.5 m/s. What is the period of this wave? (2.0 s)
7=1 T=-L O SD
4 7=k, V= /Lf 25=5.0f f-
7’: Q.05

4, 9.5 waves break on the beach in 1.0 min. What is the frequency in hertz of these waves? (0.16 Hz)

F=Fof waves - 9.5 _ o./bt2
sec | 6o

5. If sound waves travel at 335 m/s, what is the wavelength of sound that has a period of 1.00 x.102 s? (3 35m)

V———Zj'— 335’:1(100) T—:j 0.0l =
- =3.35m | -/O“BCHZ

6. A radio station broadcasts at a frequency of 1.00 x 108 Hz. If the speed of this wave is 3.00 x 108 m/s, what is its
wavelength? (3.00 x 102 m)

'VCKJQ 3,oo¥106:1("°0”06) = 3.00 woirp

7. While floating on an air mattress in a lake, you notice that you bob up and down 40 times in 5.0 min. You
estimate the distance between crests 4.0 m. What is the estimated speed of the water waves? (0.53 m/s)

o A0 03 yo)f - Goim)

séc (5 : ‘
( Hz =053 st

8. Alighthas a speed of 3.00 x 108 m/s. If the length of this wave is 5.00 x 107 m, what is its period? (1.67x10-1s)
- ¢ . -3
1= [ - V?LJC 5.00X10% = (5, oox 0

i
T 3?76;;0"'25 - 3= oo e
- b ®)
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Refraction of Light P.roblems

1. What s the speed of light in a clear plast{c whose index of refraction is 1.407 (2.14x108 m/s)

~air Vo=3.00%10% mls Vs Np  300x08 = |40
\L ‘ Vp=7? , Vo Na- Vp |.00
plashc  ng=1.00"" :
= 140 Vp= 204X10¥m)s
2. The speed of light in a clear liquid is 2.3 x 108 m/s. What is the index of refraction? (1.30)
ar Vg~ 3.00%/08 Va _Du  3,00XID% _
J Vp © 2.3 0% Vp Na . .3x108 ( [.0D
. I n - .00 .
llqlkld na__; !7 . nL: "30

L [
3. A beam of light strikes the surface of a block of glass (n=1.50) and produces a refracted angle of 10.0°. What is

the incident angle? (15.1°) - . -t
. . - 1 = 1.SD
alr Z| = Slnl] ~—nﬁ— &D—A-s - ==

J 4R= 0.0 sinlR Na  sin(io) 1-00
| naz \.00 | o .
g ng= 1:50 sin™'(0.260) =

4. What is the wavelength of light in water (n=1. 33) if its wavelength in air is 5.30 x 107 m? (3.98 x 10 7 m)
onr /{,a; 5.30%lo m Za =N 530¥10 £ 1.33
J/ Ao Aw Da An 10D
LY ) :
water  Na= OO0 /{ = 398%10" " m
nN’ /’5§

5. Monochromatic light has a wavelength of 6.0 x 107 m in air and 5. 0 x 10-7 in a clear liquid. What is the index of
refraction of the clear liquid? (1.2)

PR )
air ﬁﬁ _n 6.0X007 = Ny hy= |2
l, An  Da 5ot .00

[ ;;lmd

6. Monochromatic light has a wavelength of 5.75 x 107 m in air and 4.32 x 10 in a clear liquid. If a ray of light
enters this clear liquid at an incident angle of 25.0°, what is the angle of refraction? (18. 5°)

air _S,LQéL =ig sinds - 5.35Y10 T
J  SindR Ay sinze  “432x0"?

[\ql(ﬁfd | _A gih’l(().gla = |9 '50



7 What is the index of refraction of a substance if the angle of incidence to this substance is 53.0° and the angle
of refractlon in this substance is 41.0°7 (1.22) -

anr Sin4i . Ns sind3 =Ml
i[ ~ glﬂlﬁ Ny 8104’ [.00
‘substance Ns= 122
8. Aray of light strikes the surface of water =1, 33 at an angle of 60.0° from the water surface. What is the angle
of refraction? (22.1°) QD \{ §_l_0,4_‘_ N r_\ﬂ
arc ( SInZR N B
Vi ’ SIeR( .33‘@
Wodor | SIN30 122 =7)°
| SinZk. |.oD
9. A ray of light travels from air into water (n=1.33) and then into glass (n=1.50) as shown in the diagram. Find the
angle of refraction in the glass. (33.1 %) ® air S.\nZ') ) . '
s O o
35.0° (A _ our @

&%3.0“ woler  sin(s5)_ 1.33 =290
Gy waler sinZR 1.0

\\ alass O waiel sip - g
© l\(/S sinZR ﬁw S [O 9%9
Jloos sin(3g)_ 150 =3.0°
ShnR - 135

10, A ray of light travels from glass (n=1.50) into water (n=1.33) into air as shown in the diagram: Find the angle

that the light leaves the water-air interface. (74.7°)
@ 5|a55 S04 <D ¢ (oa29)

JHZR ﬂg
air wa)u’ 510(407— 133 =45 °
' SinZ@ 150 ,

wafer @) water smHLS .00
v Slnl(& ]33

/ gloss o >
ﬂg - | siri(0-16%)
| = 24.7°

a——




11. What is the frequency of hght in diamond (n=2.42) if the frequency in air is 6.20 x 10 Hz? (6.2Qx10% Hz)

Frequency does hoJr change during re achon
- 620X 10’ P '

12. A Ia)?er of oil floats on water. A ray of light in air is incident an angle 81 on the surface of the oil. The light ray
passes through the layer of oil and enters the water (n = 1.33) at an angle of 24° with the normal as shown in the
diagram. The index of refraction of the oil is 1.45. Determine the angles 84 and 62. (36°, 26°)

dlf‘(n—lo@) 5m4| _ [ 42 A \i‘
(nz"l |fg> 5’”&'7’ | 00 o g
57n"’(o 5‘5"1>
21=3L°=6,

oi/

| (=145 ol 13
AR T s (osR) R=2'=6
water (nl;(,g’g

13. A ray of light in air strikes a flat 1.8 cm thick pane of glass(n=1.52) at an angle of 36° with the normal as
shown in the diagram. ' 34°

air (n,=190) Incidént\\:
, | &y -' ot 3t
gla.% n;«l 52) TR

L

Surface T

I ‘-:.‘¥,: A’;' oy
a) Trace the ray of light through the glass pane dnd fisfthe angles of incidence and refraction at the interface.

(36°, 23°)

b) When the ray of light passes into the glass pane, the refracted ray is displaced laterally relative to incident ray
by a distance d. Find the distance. (0.54cm)

G) 5in3k = L= 1.54 sin"(o 2g0) - LR=23°  £Li1=36
SinLR [ 00 | . | —

é) b Jan23= X, tan 36 =Xz X, =X
HEGE 8 (8 .

vac '>(,>O.:Hgdramll [.%]cm %—?[‘bl“@ 364 = o.54em



Lesson L ulaves

Physics 11 Review: Waves -

1. Energy can travel by which two methods?

parkic les and Waves

2. a Whatis the major difference between longitudinal and transverse waves? dl f‘e(,hOn OZL

partical mohon
b which type of wave can be polarized? WVH-S& [ / / vl
. pgarelle] vs. per Jcu
3. Which type of wave would best describe the motion of:

a. Light MHSV&KSC
b. Ocean waves Mhsv&ff@

c. Ae earth worm /a'y 37"\,(0’ I.ha/(-

4. For the following wave label: crest, ti_ough equilibrium position and showAwgpémts that are in phase

y C —-mDhaSC

/, y ‘P) \\

/AN / \ / J 1N\

\ 7/ // / <.

N
\ / uu\
\ ' / POS\‘mn
T Aroigha
If each square represents one meter find the following characteristics:
Amplitude = \3 )

Wavelength = 6 M

5. While watching a duck on a lake you notice that the duck bobs up and down 32 times in 4.0 minutes. If
you estimate the waves to be 3.0m between crests find:

a. Thefrequency 32 - 0,133 Hz
b. The period 4 60) ‘T_: ‘#33 T= %58
¢. The speed V=Q'OYO'133>

= 0.40 m/s

6. Whatis the wavelength of light that has a period of 3.42 x 10 s?

30 =_1  famthz Zoxo® =K ;2‘1243
jﬁ | f{_': /t 3X,D



7. Explain the Doppler Effect in terms of an observer who watches a police car approach andthen pass

. him. (use a diagram to elp expl >a5 7L/)€ cowr apchj>
- >as the <( ( z C@»\ ﬁf soond waves will be

car passes him re_sswlb&&’l‘ = pik
/ﬂc sourxo\wﬂfsdfre; f _}whin"%iw S (19 ht in
Y Xhey apw’ haait‘b obeewer  Awfofhim® norrm/Aa‘m | prich

8. How does ozone (Os) in the upper atmosphere help protect us? (name the effect and explain)

O, is+he only parbicde smaller /'”Wlhv" Uv wave
: = SCxn s uy rows & Keeps mo.s 07[ h&mcﬁgm

9. List 3 characteristics of an image produced by a pin-hole camera. 'nj ‘ #
. —real SWiice. .
— inverkd
- smaller

10. How far from the camera would a 13.2m tall object have to be if it produced an 11.0 cmimage using a -

camera that is 15.0 cm long? . .
hl = Pdl - Q——u- = ’-,_Q_'l_w‘;)

TN | _’}:; ) 30 132 do
0..5m |
A o‘o )

d =7 \jlo.tlm =g m

11. A 2.3 m tall person was standing 5.0 m from a campfire. How tall would their shadow be if it occurred

X =23 X= 83m fol

e ————

lqlo EO

on a tree 14 m behind the person?

2.5m

—5.0 ——H— tlm—

12. What would be the angle of reflection from mirror B?




13.

Complete the ray diagram.




