Name: Unit 10:1

Period: Harmonic Motion

Harmonic Motion is A pendulum To be harmonic motion there must be a X A bird flying
motion that repeats itself, restoring force that tries to return an § har :nso':z‘l.’;
oscillating k-)ack. and forth. Equilibrium object to its equilibriu.m position. & motion: one
Eventually it will lose en- position When a pendulum is disturbed * force pulls
ergy (called dampening) (moved), gravity pulls down to up and a
and come to rest in the restore the pendulum back to the center. different force pulls down.
middle, known as its Because of momentum, it goes past the Also, each force pulls from

crep e oe -—_ . . the ends not the middle.
equilibrium position. - center to the other side and back again.

Harmonic Motion Basics
FromAto C From Cto A is
Cycle: the repeated part of the motion; must s O"bl’ haif the S;lco”d lhalf
include all of the steps of the motion. acyete. of the cycle.
start O N _yp end Oe—Na—

Period (T in sec): length of time for one cycle; A B € A B C

how long it takes for one repetition. A slower

object has a bigger (longer) period . Only half of the cycle oc-

curs in the first second, so
the frequency is ¥ cycle per

0:01.0 Th.eperiod (T) is t/ﬁze 0:02.0
Frequency (f in Hz): number of cycles per PYPS time from 4 bac

. . = o o
second. Motion that repeats more often is more tod. T=2sec. second. f=0.5 Hz.
frequent and has a higher frequency.
Period and Frequency are inversely related. Ex: A pendulurp ha}s a fre?quency Ex: A whee! hag a period of
of 4 Hz. Find its period. 2 seconds. Find its frequency.
(Pem’d) —T _l OR f= 1 «— Period f=4H T=1f T=2 et
1n secs = =
fw T+ secs T= z T=1/4 o sec f=1/2
Frequency [ — T=0.25 sec J— f=0.5Hz
(in hertz)
As period increases, the frequency decreases. Amplitude never affects period
As period decreases, the frequency increases. or frequency! A pendulum with
- . more amplitude moves fast, but
Amplitude (A in m, cm, or degrees): maximum dis- travels a long distance. A
tance or angle from the equilibrium (center) position. 40° 20 pendulum with less amplitude
Wider swing = more energy = more amplitude. moves slow, but only travels a
Amplitude =20°  Amplitude = 10°  gmall distance. Either way, the
Amplitude = ';(distance side-to-side) More energy Lessenergy  period is the same.

Imagine a pen attached to the bottom of a pendulum. If a piece of paper is moved
beneath the pendulum as it swings, a harmonic motion graph is drawn.

Harmonic Motion Graphs

Cycle—from any point on the line to that same Period =
point going the same way. This graph shows — =1 cycle
2 complete cycles. =(1.72=0.75
plete cy . % ( )
Period—measure the time for one cycle between ’—> 3
any two identical points on the graph (top-to- =21 —ﬁ
top, bottom-to-bottom, etc.). Amplitude § 1 Start \ / \
= Ya(side-to-side) | £ o rd
Frequency—count the number of cycles in = 1/2(3:@51/2(6) =y S IA )1 Equilibrium
. — [7, -1
1 second OR find the period and use f= 1/T. o 5 || / Etn d of / Edn dof Position
1¥ cycl 2" cycle
Amplitude—measure the total distance from \—> -3 eyere Y E)hz:lfway
side-to-side (or top-to-bottom) and divide by two 4 | | | N Vlzeen
OR measure the distance from the equilibrium o o o O -~ N peaks)
position (halfway between the peaks) to one > a

of the peaks. End of 1™ cycle = period (T) = /m'le (sec)

1 cycle in 1 sec = frequency ( @
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Name: Unit 10:1
Period:
Harmonic Motion: Yes or No? 1. Period A. The number of cycles per second.
. 2. Equilibrium B. A unit of one cycle per second.
Pendulum: A bouncing ball: o
position C. The size or strength of a cycle.

Ocean waves: A ruler pulle.d from one side |3, Amplitude D. Time it takes to complete one cycle.

and released:

A child on a swing: ) ) 4. Damping E. A part of motion that repeats over and

A person jumping up and 5. Frequenc over with a set series of events.
: ) . . uency
Jumping Jacks: down: 6 Cuel F. Halfway between the two sides and
. . Cycle :

Bouncing spring: A spinning ball: Y where the motion comes to rest.

7. Hertz G. The motion dying out over time.
Period, Frequency, or Amplitude? Where is the equilibrium position for
Doesn’t change period. this pendulum?

— More of this means more energy. If the pendulum starts at C going to
Increases as a pendulum swings back and forth faster. the right, where does 1 cycle end?
Measured in cycles per second. A E
Measured in meters or centimeters. B ¢ D From letter to letter would

_ This decreases with a smaller swing.

__ Ifthe frequency increases, this decreases.

_ Measured in Hertz.

___ Measured in seconds.

_Ifit swings back and forth slower, this decreases.
_As it dampens, this decreases.

be the amplitude.

If the pendulum starts at A, how many times does it pass point
Cin 1 cycle?

A moving spring

A.—l\/\/\/\/\/\:/\,l\/l

Where is its equilibrium position?

If the spring starts at position A, how
much of a cycle does it complete
from A to C?

If the spring moves 10 cm from C
to A (side to side), how big is it’s
amplitude?

10 cm

An spring has a period of 4 seconds. What is its frequency?

A pendulum has a frequency of 3 Hz. What is its period?

A pendulum takes 10 seconds to complete 2 cycles.
A) What is its period?
B) What is its frequency?

Positionvs. Time

81(a E I M
ne / (D
eauaes
B

5

1

g011 12 2 272 3

2 g5

Time (sec)

I cycle after Ais 2 cyclesafterDis .
1/4 cycle before Mis .
# of complete cycles shownis .

Period (T) =

Equilibrium position =

1/2 cycle after G is ;

Frequency (f) =
Amplitude (A) =

Position vs. Time

~
w O

23753
S~
—
=y

0>

SO —

B -

-2

39 011 2 2 3 3 44556 67 7
5 5 5 5 5 5 5 5

Time (sec)

Mark 1 cycle of the harmonic motion.

Starting at 1.5 secs, when does the 2nd cycle end:
Number of cycles shownis .

Period (T) =
Equilibrium position =

Frequency (f) =
Amplitude (A) =

cstephenmurray.com

Legal copying of this worksheet requires written permission.

Copyright © 2014, C. Stephen Murray



Name: Unit 10:1
Period:

Which of these is Harmonic Motion? 1. Period D | A The number of cycles per second.
Pendulum: y A bouncing ball: )U 2 Equ_il_ibrium /B/ A unit of one cycle per second.
&/ position | C< The size or strength of a cycle.
Oceanwaves: [ ?nrc-lul}:felglsltleldéd fomoneside |3 Amplitude” /E{g Time it takes to complete one cycle.
A child on a swing;: \f g 4. Damping 6 ,Ef A part of motion that repeats over and
A person jumping up an over with a set series of events.
T e Tk down: 7@ 5. Frequency _
HEPHE-EEE L 7 | A /F/ Halfway between the two sides and
Bourncing spring: I A spinning ball: f ) . Cycle F/ where the motion comes to rest.
7. Hertz & G. The motion dying out over time.

—ﬁ7’ Period, Frequency, or Amplitude? Where is the equilibrium position for
fg Doesn’t change period. this pendulum? ~ ~

More of this means more en.ergy : If the pendulum starts at C going to
|- Increases as a pendulum swings back and forth faster. the right, where does ] cycle end?
£ Measured in cycles per second. C Al mﬁ Iad] %

A Measured in meters or centimneters. /k_,_/? K Fro letter A toletter < would

ﬂ This decreases with a smaller swing. }ﬁﬂmf) be the amplitude. oy s +o E
_ T Ifthe frequency increases, this decreases. If the pendulum starts at A, how many times does it pass point

£ Measured in Hertz. Cin1 cycle? ’J[ o tivmes
T Measured in seconds.
Jrlf it swings back and forth slower, this decreases. An spring has a period of 4 seconds. What is its frequency?
& As it dampens, this decreases. L - I N
1= F=F"% <25 b=
A moving spring Where is its equilibrium position? =
s | _] = B A pendulum has a frequency of 3 Hz. What is its period?
A [ VWA M If the spring starts at position A, how - 2
I much of a cycle does it complete ]C_% U T= % = % = .33 s=<
2 ' from A to C? bzg}ﬁ c C‘C T e
B. | W\ ™ j A pendulum takes 10 seconds to complete 2 cycles.
i A A) What is its period? 2 s <
il — If the spring moves 10 cm firom C B) What is its frequency?
C. | il m | : : T
| i to A (side to side), how big is it’s F b v H
< > amplitude? = =
=
Position vs. Time Position vs. Time
KA D |-
4 iy |t 4 = Y
-4 r G V25N i 7
E o {1\ / / £ AR 7T % i
o e
S g—\((B)—]((D)—\C)—;‘{ >—\\C)—)‘£@ 75 S 1 £ \ A \ /
00 AN I AN IR AN Zol NN
2.1 14 h y h y
- 2
cEEEAgsdaWEER S 3
Time (sec) 2 R gl T 2 #
1 cycle after A is @ : 2 cycles after D is By Mark 1 cycle of the harmonic motion.
1/2 cycle after G is T ; 1/4 cycle before M is - . Starting at 1.5 secs, when does the 2nd cycle end: /Jr o Sed
# of complete cycles shown is = 1 Number of cycles shown is 7+ = &J¢ > H%
Period (T) = )5—€,C Frequency ()= 7 "7 = \ hz Period (T)= % 5¢( Frequency H= ~r ; =55
Equilibrium position = g Amplitude (A) = é e Equilibrium position = \ ¢_1a Amplitude (A) = Z, e
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Name: Unit 10:2
Period: Waves
Ball 1 Ball 2
Waves are harmonic motion that moves I”d""i‘?”al water molecules Fapplied Tl Tl
thru a medium (matter). Water is the me- (like the ball) move up
dium for water waves; a slinky is the me- and down, but @
dium when you shake a slinky. The par- V4 do notmove  Energy Energy
ticles in the medium vibrate, but do not forward. When ball 1 is moved, waves transfer the
move. Only the energy of the wave energy thru the water to ball 2. Ball 2 will
moves, transferring the energy. This is vibrate with the same frequency as ball 1.
why waves seem to go thru things, like Only the wave’s energy Cellphc.)nes and radios work the same way:
sound moving thru air. moves forward. microwaves moving thru the air.

Types of Waves There are two simple forms of waves: transverse (across) and longitudinal (the long way).
Longitudinal (compression) waves Transverse waves vibrate perpendicular Earthquakes (seismic waves)
vibrate parallel to (same direction as)  (90°) to the direction of motion. Because

L ) . . . Earthquakes are made up of both types
the direction of motion. Sound is a the energy moves forward while the vibra- L
S ) ) . . of waves. Longitudinal waves are the
longitudinal wave: a speaker vibrates tion is up and down, water waves look like .
. . fastest and hit first, so they are called
in and out pushing the sound forward. transverse waves, but are actually surface .
S . . . primary waves (P waves). Transverse
Only longitudinal waves can move waves, which occur between materials (air
thru fluids (liquids and gases) and water) (T) waves are slower, but do more
' ' damage because the up and down
break thing by shearing (cutting), so
WW are called S-waves. Only the P waves
travel thru the earth’s center, which
«—> - > vibration > proves the earth has a liquid center.
vibration motion motion
Wavelength (1) | 1 wavelength | o crest Amplitude does not affect
- A -1 wavelength, just like amplitude
. Amplitude doesn’t affect period and
Th; wlavelehng;h—)» [lambgla] (in m) frequency. Likewise, in the
1s t §dengt l0 qne wavcla1 etween any ocean bigger waves (greater
two identica po;lnts on t ehwave (crest- amplitude) don’t overtake
to-crest or trough-to-trough, etc). trough —» (catch) smaller waves.
1 wavelength
Wave Speed Because waves move, it is obvious that they must have a speed. However, you may be surprised to
ave Speed (v) know that amplitude, frequency, and wavelength don’t change speed: only the medium it travels thru.
The Speed (velocity) of a Wave Since f=1/T, Ex. What is the speed of a 20 Hz wave
frequency (Hz) the wave speed that has a 5 meter wavelength.
: N equation could
velocity . q
(m/sec) —>v="FfA - also be written as: f=20Hz v="{A
wavelength (m) by A=5m v=(20 Hz) x (5 m)
Wave speed equals frequency times wavelength. V= ? v=___ v w
The speed of a wave changes only if the medium changes. Sound moves faster .
. . : . . . Changing frequency or wavelength
in more elastic substances. Sound is faster in colder water and in solids (rather :
. . does not change speed. Changing the
than liquids) because the molecules are closer. The wave on a slinky moves faster
. . . . . . wave changes what moves thru the
if the slinky is pulled tighter. Yet, if the medium stays the same, the speed stays medium, not the medium itself!
the same. Different waves will have the same speed in the same medium. ’ '
Closer Molecules—Faster Wave More Distant Molecules—Slower Wave
Apush: _y, Faster | Slower Energy —»
gngaen
o Solids | Looser

Warm air | Cool air

Close dominos will fall quickly because
they hit each other quickly.

Dominos that are farther apart will fall slower
because they take more time to hit each other.
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Name:

Period:

Unit 10:2

A wave where the oscillation is perpen-
dicular to the direction of motion.

1. Transverse wave | A.

2. Longitudinal
B. The bottom of a wave.

wave
3 Crest C. The top of a wave.

D. A wave where the oscillation is in the
4. Trough same direction (parallel) as the motion.
5. Wavelength E. The length of one wave cycle.

Wave Motion, Yes or No?

FM radio: Music:

A car going 70 m/s: A bulldozer:
Clock pendulum: Earthquakes:
Ocean waves: Cellphones:

f is the variable for and is measured in

A is the variable for and is measured in

T is the variable for and is measured in

v is the variable for and is measured in

Transverse or Longitudinal Waves?
You move the slinky left and right.
You push the slinky forward.
Sound, if a radio’s speaker moves in and out.
Earthquakes.
Vibrates up and down and moves to the right.

moQw»

A wave is 8 meters long and has a frequency of 3 Hz. Find speed.

Wave A has a wavelength of 2 meters and a frequency of 1.5 Hz.
Calculate the wave’s speed.

Wave B has a frequency of 18 Hz in the same medium.

What is Wave B’s speed?

Calculate Wave B’s wavelength.

So, as fincreases in the same medium, A

Which number shows:

A.  Double the amplitude
B.  Amplitude

C.  Wavelength

D.  HalfA

Faster or slower wave speed?

A.  The medium gets colder.

B.  The amplitude gets bigger.

C. _ Aslinky gets looser.

D. The medium turns from solid to liquid.
E. The wavelength gets shorter.

Wave 1: =25 Hz; Wave 2: f=40 Hz. Which one will be faster
in water?

Displacementvs. Position

3 ®3™ 3~

WO WA
N
-

/l N \

q@mm

PN

U

§° %

264 23637 F8%°

Position (m)

Mark 1 cycle of the wave.

Starting at 0.75 m, where does the 2nd cycle end:

Mark the third crest.
Amplitude:

Number of complete cycles:
Wavelength:
If f =4 Hz, find speed:

Displacementvs. Position

]

N

TvomO0T 05—

AR WON_,O_2DNOR~O

i Z S5 93 ¥
858 2545 8°7%

Position (m)

U
85 %

Mark 1 cycle of the harmonic motion.

Starting at 1.5 secs, when does half a cycle end:
Number of complete cycles: Number of troughs:
Wavelength:

If f= 50 Hz, find speed:

Amplitude:
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Name:

Period:

Unit 10:1

A A wave where the oscillation is perpen-
dicular to the direction of motion.

1. Transverse

wave A/

2. Longitudinal B The bottom of a wave.
wave T2 /{ The top of a wave.
- Crest O D. A wave where the oscillation is in the
4. Trough % same direction (parallel) as the motion.

5. Wavelength f; E-The length of one wave cycle.

Wave Motion, Yes or No?

FM radio: SES Music: HES

A bulldozer: 12
Earthquakes: 4€ >
Cellphones: jt’ >

A car going 70 m/s: /2

Clock pendulum: MD
Tes

Ocean waves:

F is the variable for { r=gveh €4 , measured in H=z .

A is the variable for v oue ]~€V1de th ,measuredin 1|
T is the variable for @)t’,r‘f DA , measured in =
v is the variable for p&ga:L ., measured in "/ S

Transverse or Longitudinal Waves?
A. T Youmove the slinky left and right.

B. - You push the slinky forward.

C. 1 Sound, ifaradio’s speaker moves in and out.
D. #oth Earthquakes?

E. ——  Vibrates up and down and moves to the right.

A wave is 8 meters long and has a frequency of 3 Hz. Find speed.

— £
V
v =28 )= 24"s

A wave has a wavelength of 2 meters and a frequency of 1.5 Hz.
Calculate the wave’s speed.

v=FEh=ts () = 3k

If a second wave with a frequency of 18 Hz enters the same
medium, what will its speed be?
P ﬂ%r:é 54’95/5 e

2 [z

Lo
Calculate the second wave’s wavelength. |
= A
v p% ) 3 A

2= (500

So, as f increases in the same medium, A dedre 25c5 .
higher £ ghorder A

Which number shows: el B )

A. 2 Double the amplitude T
B. _{  Amplitude
C. - Wavelength 1

D. 2 Halfx

ENPS

Faster or slower wave speed?

A, Themedium gets colder.

B. ﬁﬂa The amplitude gets bigger.

C. = A slinky gets looser.

D. = Themedium tumns from solid to liquid.
E. n)s The wavelength gets shorter.

Wave 1: =25 Hz, Wave 2: =40 Hz. Which one will be faster
in water?
Som<, bul Weve &

L\JTH %lﬂ‘f §J4Dr—‘b“ﬁ’r )\\

Displacement vs. Position
5
4
2 1 LAX 7 /1N PARN
£ 0 = -
S -1
5, kf LA NLA AN V4
%_3 1| | = =
0 _4
-5
e o = e L T i et
[Ty B [Ty Y ko o~ [y B
n n n n n n n n
Pasition {m}

Mark 1 cycle of the wave.

Starting at 0.75 m, where does the 2nd cycle end: 235 m
Number of complete cycles: Mark the third crest.
Wavelength: | 1 Amplitude: 2 ¥7

Iff=4 Hz, find speed: ;=) = L{{g} = Z{lm/ﬁ

Displacement vs. Position

Iy

KX

Displacement {m}
hbhdbulosmwso

0
Gz

2]

SE
Gle

]
Loy

T
GLz
GTe

N
o~
w

G40
STl

Pasition {m

}

—

Mark 1 cycle of the harmonic motion. .
Starting at 1.5 secs, when does half a cycle end: 25
Number of complete cycles: <~ Number of troughs: 2~
Wavelength: 7 1 Amplitude: = 1

If f= 50 Hz, find speed: \, = £ ) — 0 (2) = oD M/S
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Name: Unit 10:

Period:

Teacher explanation:
A teacher asked me some questions that he and I thought would help everyone.

Teacher:
I noticed that on the Waves worksheet you state in your answer key that a clock pendulum is not an example of
wave motion. Can you explain why not?

A pendulum is an example of oscillating, or repeating, motion. Wave motion requires the energy to move, like a
water wave or sound. The pendulum doesn't move anywhere. Also, circular motion isn't harmonic either. It re-
peats, but doesn't follow a path through the "equilibrium position". For a pendulum, the equilibrium position is
where it comes to rest.

Teacher:
That makes sense when you talk about energy moving. Initially I was thinking differently since when you graph a
pendulum it takes a wave-like form but I understand what you are saying. Thanks.

Me:
Yes, the graphs for SHM (pendulums, springs) and waves look the same.

For SHM it is possible to have a position vs time graph, where position is for the back and forth motion, centered
at the equilibrium point. Think of a pendulum with a pen attached. To make this graph you would have to pull

the paper one direction to signify time.

For wave motion you could make the same graph, but this time the back and forth of the pendulum would be the
up and down of the amplitude of the wave motion (like the top of a wave going up and down) over time.

But for wave motion you could also make a graph of position vs location (or displacement vs position). Here
position would be the up and down and the location would be how far away from your starting position. In this

case the distance between two crests gives the wavelength.

All of the above graphs are sinusoidal (sin or cos-like).
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Name:

Unit 10:3

Period:

Standing Waves

Sometimes waves are trapped in boundaries.
If the length of a wave matches the space it is
in, resonance occurs, causes maximum ampli-
tude. The wave seems to stand still. Standing
waves occur only at certain frequencies.

Resonance—When an object vibrates
sympathetically and amplifies the energy
of a wave.

Looks like multiple strings.

,,,,,,

NI

Actually, one alternating string.

Guitar strings would be quiet without the
resonance (amplification) of the guitar’s body.

I‘7 Anti-node
Some standing
waves have open
boundaries, like

places of greatest amplitude are called anti-nodes.
-~
/
/7 \\

Anti-node

The places of no amplitude are called nodes. The ‘ I ‘

Anti-node

A jump rope looks like a standing wave, but ? \ a tuning fork. .
is not because it moves in a circle and can Node trough Node ™\ Z Node Open boundaries
exist at any fi d ~u move and must
y frequency (vou can speed up a ;
little at a time). A standing wave can’t exist |<_ 1 wavelength (4) —>| be anti-nodes.
at any frequency. = 2 AN (antinodes) L]
When a string is 3 4

Natural Frequency

Natural frequency =A/2 =1 AN

vibrate with only one anti-node. This is
known as the natural frequency and always
equals one half of a wavelength. The natural
frequency is also called the fundamental
frequency (fy) or harmonic one (H,).

Before it is {‘ e
lucked. 1\
H plucke i‘{\\%"ﬁ)

A string of length = L

plucked it will

| [ ===

A=2L
The wavelength of the fundamental always equals 2L!

Harmonics

Harmonics are standing waves that fit in the same boundaries as the fundamental (natural frequency). As
with any wave, changing the frequency does not change the wave speed. So if f changes, A changes, not v.

First 5 Harmonics of a Vibrating String Frequency of a Harmonic # of the
H, H, H, He Frequency of the 4~ harmonic
<@— Node harmonic N _>fHN = N(H
= Anti-node (in HZ)

Frequency of the
~&— Node fundamental (in Hz)
= Anti-node

Node Ex. Find the frequency of the Ex. If the fifth harmonic has
& Anti-node third harmonic (H3) of a a frequency of 55 Hz, find the
<= Node 4 Hz fundamental. fundamental frequency.
= Anti-node
Node H=4Hz fan = N(H) fus =55 Hz fin = N(H)
- % N=3 fis= 3(4) N=5 55 =5H
& Anti-node |, =9 fus =12 Hz fyy=H=? | H=fy, =11Hz
<@ Node
Fundamental ~ 2nd 3rd 4th Sth .
Ist har- har- har-  har- Speed of a Standing Wave
harmonic  monic monic  monic monic To find the speed of a fixed string you would need to know the
/=K fo= fi= fi= 5= frequency of any harmonic and that harmonic’s wavelength.
=H =2H =3H =4H =SH < 6m >
Examples of Fundamentals and their Harmonics
H
1(f7) H, H; H, Hjs = 3m
H 2H 3H 4H 5H
2 Hz 4 Hz 6 Hz 8 Hz 10 Hz Remember that A=3m v=1\
5Hz 10 Hz 15Hz | 20Hz | 25Hz 4 (wavelength) f=21Hz v=213)
10 Hz 20Hz | 30Hz | 40Hz | 50Hz =2 antinodes! V= v=63m/s
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Name:

Unit 10:3

Period:
1. Standing wave |A. Where wave’s amplitude is greatest.
2 Harmonic B. Where the wave has no motion.
C. A wave that is a multiple of another
3. Fundamental wave.
4. Natural D. A wave that is trapped within boundaries.
Frequency E. The first harmonic of a standing wave,
5 Node equal to 1/2 its wavelength.
. F. The frequency at which any space will
6. Anti-node vibrate when disturbed.

. Position vs. Displacement # of cycles:
= 3
ELI/ N /AN\I/ N\ /\ :
= 2 Wavelength:
z 1/ \V/ \/ \V/ \| | TAveene
§ _(1) A N\ Amplitude:
s, N /N /I /N /
2 3 \/J N/ I \J \J # of Anti-nodes:

-4

° 2 5 £ T 5 5| Harmonic #:
[$)] [$)] ($)]
Position (m)

Why does a violin have a wood body instead of just strings?

Sometimes when talking or singing in a room, certain notes get
very loud. Why?

A string has a fundamental (first harmonic) of 15 Hz, find the
frequency of harmonic 3 (Hj).

If 20 Hz is the fundamental, find He.

If 35 Hz is H;, what is the fundamental frequency?

String A has a fundamental with a period of 0.25 seconds.
A) What is the fundamental’s frequency?

B) How many antinodes does it have?
C) If the fundamental is on a 6 m long string, what is its wave
length?

D) Find the speed of the wave on that string.

E) What would be the frequency of the third harmonic?

F) What is the wave speed of the fourth harmonic?

L
A B C D E
Is the second harmonic. Has a wavelength of L.
Has 4 anti-nodes. Is the highest frequency.
Has 3 nodes. Longest wavelength.
Has a length of 1.5\ Fastest wave speed.
Is the fundamental. Is the natural frequency.
The following table shows the frequencies of the first
5 harmonics of different strings. Fill in the blank spaces.
1 2 3 4 5
4 Hz
6 Hz
4 Hz
36 Hz
44 Hz

A fellow student shows you the frequencies of four harmonics of a
string. Which one would you question and why?
Frequencies: 12 Hz; 24 Hz; 29 Hz; 48 Hz

Find its period:

Mark the nodes and anti-nodes.

What harmonic is this?

Fundamental frequency =

3rd harmonic frequency =

Wavelength =

Speed of the wave =

Speed of 5th harmonic =
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Name:

Period:

Unit 10:3

1. Standing wave
v
2. Harmonic

3. FundamentalE

e

4. Natural
Frequency

5. Node E@
6. Anti-node A

wave.

)A./Where wave’s amplitude is greatest.
. Where the wave has no motion.

9/ A wave that is a multiple of another

D/ A wave that is trapped within boundaries.
/E./ The first harmonic of a standing wave,

equal to 1/2 its wavelength.

vibrate when disturbed.

7 The frequency at which any space will

A Positi:rn vs. Displacem erit # of cycles: 2/
E 3 NN 7N\ | Wavelength: ~ 75/
= 7 INST N \WARAY
E 0 LY \ vV Fr%@cy:
2 Al i _ —
SR/ AN SN /] | Amplitude: R
2 INF N IT\F¥ —
® 4 # of Anti-nodes: |

R % © | Harmonic #: Lt
Position {m}

Why does a violin have a wood body instead of just strings?

The wood gives resowance o
ampliey the shrings.

Sometimes when talking or singing in a room, certain notes get
very loud. Why?

T( nolc meths Sigc of
re<on anie oc ool s,

oV e r

P Has 4 anti-nodes.
£ Has 3 nodes.
C, o

Has a length of 1.54. Sawe Fastest wave speed.
A Is the fundamental.

B

& Is the second harmonic.

£~ Has awavelength of L.

_é Is the highest frequency.
1] /@f Longest wavelength.

A 1s the natural frequency.

A string has a fundamental (first harmonic) of 15 Hz, find the
frequency of harmonic 3 (Hs).

S H=

It 20 Hz is the fundamental, find Hs.
| Co =
If 35 Hz is Hy, what is the fundamental frequency?
357 < H%

—T e

String A has a fundamental with a period of 0.25 seconds.
A) What is the fundamental’s frequency?

F= %25’: 4tz
1

B) How many antinodes does it have? —
C) Ifthe fundamental is on a 6 m long string, what is its wave

length? _
2wy = 2Clengtn)
D) Find the speed of the wave on that string,

=R =4 (2) = ugrss

E) What would be the frequency of the third harmonic?
§{zy=17H=
F) What is the wave speed of the fourth harmonic? qg M/5

The _following table shows the frequencies of the first
5 harmonics of different strings. Fill in the blank spaces.

1 2 3 4 5
4Hz 2 |12 L4 20
6 Hz 1 Z- |Z 24 20
2 4 Hz & 2 Iz
| 24 36 Hz e i

L =z 52 44 Hz =3

Frequencies: 12 Hz; 24

A fellow student shows you the frequencies of four harmonics of a

string. Which one would you-guestion and why?
(29T} as iz
Motz mulb of 12 (not div vy |

?)

- _ — — L
Find its period: [~ ! ; = H/(_rlro_ ’0—535 90 Tz
Mark the nodes and anti-nodes. PU i

z. A

Fundamental frequency = 20 HET f\}

What harmonic is this?

3rd harmonic frequency = Go 2 ‘) -
Sm A

Speed of the wave = V= F/\ — L{DK 3) ;\) W
= |20 s

Wavelength =

e
Speed of 5th harmonic = | 20 w/§ do 2o c\na\ngx
. i

cstephenmurray.com
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Standing Wave Lab >th harmonic Fill in the following table for each harmonic.
~g— Node

Chang§ the freqqency of @ lnti-node Difference bF:theen H ra) | am V'(:‘ i)
the oscillator until you find Node frequencies: (#0f AN) (in m/s)
a harmonic. You will - 1
know because the ampli- Anti-node fr—fi = _|:
tude (antinode) will be big . 2
and the oscillator will be Measuring the St = _|: 3
quicter. wavelength foofs = _|: 4
1 wavelength (A) = fs e = _|: s
2 antinodes. ] Js=fs =

—|_—
You will need to find the | wave-
first 6 harmonics for your length
string. Answer the questions on the back.

Standing Wave Lab 5th harmonic Fill in the following table for each harmonic.
- Node
Change the frequency of < Anti-node Difference b.etWCCIl H . 1 V (:fi)
the oscillator until you find Node frequencies: (# of AN) S (H2) (m) (in m/s)
a harmonic. You will - )
know because the ampli- Anti-node fr—fi = _|:
tude (antinode) will be big L 2
and the oscillator will be Measuring the fife= _|: 3
quicter. wavelength foofs= _|: 4
1 wavelength (\) = ‘ fs~fa= _|: 5
2 antinodes. (N Js=fs =
—
You will need to find the | wave
first 6 harmonics for your length

string. Answer the questions on the back.

Standing Wave Lab 5th harmonic Fill in the following table for each harmonic.
A < Node
Change the frequency of < Anti-node Difference b.etween H f(HZ) 2 (m) V (:f},)
the oscillator until you find Node frequencies: (#0f AN) (in-m/s)
a harmonic. You will - )
know because the ampli- Anti-node fH—fi = —|:
tude (antinode) will be big . 2
and the oscillator will be Measuring the L= _|: 3
quieter. wavelength Joofs = _|: 4
1 wavelength () = | S fa= _|: s
2 antinodes. /| N fs—fs =
—
You will need to find the | wave
first 6 harmonics for your length

string. Answer the questions on the back.
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Lab Questions:

1. How many antinodes is one wavelength?
2. How many wavelengths is the first harmonic?

How do you find the wavelength of the first harmonic?

4. What did you notice about the difference between the
frequencies each harmonic (left side of the table)?

5. What did you notice about the speed of the wave (v)?

6. As the frequency went up (bigger number) the
wavelength went:

Tighten the string by looping the string around the top
twice.

Find the fourth harmonic and fill in the following
information.

H V(=f4)
wofany | THD | A0 |G )

4

Did the length of the string change?

What did change for the harmonic?

Lab Questions:

1. How many antinodes is one wavelength?
2. How many wavelengths is the first harmonic?

How do you find the wavelength of the first harmonic?

4. What did you notice about the difference between the
frequencies each harmonic (left side of the table)?

5. What did you notice about the speed of the wave (v)?

6. As the frequency went up (bigger number) the
wavelength went:

Tighten the string by looping the string around the top
twice.

Find the fourth harmonic and fill in the following
information.

H V(=14
wofany | TED | A0 |G )

4

Did the length of the string change?

What did change for the harmonic?

Lab Questions:

1. How many antinodes is one wavelength?
2. How many wavelengths is the first harmonic?

How do you find the wavelength of the first harmonic?

4. What did you notice about the difference between the
frequencies each harmonic (left side of the table)?

5. What did you notice about the speed of the wave (v)?

6. As the frequency went up (bigger number) the
wavelength went:

cstephenmurray.com Legal copying of this worksheet requires written permission.

Tighten the string by looping the string around the top
twice.

Find the fourth harmonic and fill in the following
information.

H Vi(=f4)
#ofany | THD | A0 G )
4

Did the length of the string change?

What did change for the harmonic?
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1. Mark the nodes (N) and antinodes (AN) for harmonic 3.

2. Show the waveform of Hy at one moment in time.
3. Mark one wavelength of Hy. (Notice that 2 AN = 1 7)

Name: Unit 10:3a
Period: Understanding Harmonics
Each set shows the harmonics for a fixed
string with a particular tension and length.
Example:
Z
1 L] 2.
Z
<
1A
Z
Z
<
Z
Z
<
Z
H# = H1 Hz H3 H4 H5 H# = H3
1X = 2X = 3X = 4X= 5X=
f= 6Hz 12Hz 18Hz 24Hz 30Hz f= 20 Hz

1. Mark the nodes (N) and antinodes (AN) for harmonic 2.
2. Show the waveform of H; at one moment in time.

3. Mark one wavelength of Hj.

il

H# = ffundamental

f= 80 Hz

1. Mark the nodes (N) and antinodes (AN) for harmonic 4.

2. Which harmonic is one wavelength long?

3. Which harmonic is also called the fundamental?

i

H# = ff

f= 33 Hz

1. Mark the nodes (N) and antinodes (AN) for harmonic 5.
2. Show the waveform on Hs

3. Mark one wavelength of Hs.

cstephenmurray.com
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Name:

Unit 10:3a

If the natural frequency is 8 Hz, find Hs.

If the 4th harmonic is 48 Hz, find the fundamental.

If the 3rd harmonic is 12 Hz, find the fundamental.

cstephenmurray.com

Legal copying of this worksheet requires written permission.

Period:
Note: the fundamental frequency is also known as the natural frequency.
5. 6.
f = 1 00 HZ f — 48 HZ
1. Mark the nodes (N) and antinodes (AN) for harmonic 5. 1. Mark one wavelength on harmonic 2.
2. Which one is the natural frequency? (see top) 2. Mark one wavelength on harmonic 4.
3. Which harmonic is 2 wavelengths long? 3. The wavelength of H, is double or half that of H,?
The first harmonic has antinodes. If the 4th harmonic is 20 Hz,
A) find the fundamental frequency:
The third harmonic has antinodes.
B) find the frequency of the 5th harmonic:
The eighth harmonic has antinodes.
The first harmonic has two other names:
If the 3rd harmonic is 21 Hz, find harmonic 4.
If the fundamental frequency is 20 Hz, find Hs.
What harmonic is this? 45 Hz

Mark the nodes and anti-nodes.
Mark one wavelength on the wave.

Find its natural frequency:

Find the frequency of H,.

Copyright © 2014, C. Stephen Murray






Name: Unit 10:3a

Period:

Note: the fundamental frequency is also known as the natural frequency.

i H4= M
f= |2~
1. Mark the nodes (N) and antinodes (AN) for harmonic 3. 1. Mark one wavelength on harmonic 2.
2. Which one is the natural frequency? H (see top) 2. Mark one wavelength on harmonic 4.
3. Which harmonic is 2 wavelengths long? ﬂ,'_ 3. The wavelength of H, @@hajfthat of Ha?
The first harmonic has \ antinodes. If the 4th harmonic is 20 Hz,

. o _
A) find the fundamental frequency: 2 / =5 H%

The third harmonic has % antinodes.
B) find the frequency of the 5th harmonic:

The eighth harmonic has % antinodes. g(g_) — ZSH H%

The first harmonic has two other names:

Covidzments!
parurel Ered.

If the 3rd harmonic is 21 Hz, find harmonic 4.

F - %:?H% Fy =) =2t lz

If the fundamental frequency is 20 Hz, find Ha. L
1 Y ’ What harmonic is this? 5 v

= H%
-
If the natural frequency is 8 Hz, find Hs.

< (%)= Yo Hz

Mark the nodes and anti-nodes.
Mark one wavelength on the wave.

Find its natural frequency:

If the 4th harmonic is 48 Hz, find the fundamental. qa o \% = H?,w
If the 3rd harmonic is 12 Hz, find the fundamental. Find the frequency of H,. = 3 1 <‘ 3
JRTy e 33205 = 5>
5
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Name: Unit 10:4
Period: Wave Actions
Damping 1 11
This graph shows the
Harmonic motion eventually stops. A pendulum will damping of harmonic
stop swinging; a wave will eventually weaken and stop. | n_ ~ motion over time
Friction or the restoring force causes the motion to lose until it stops at its
its energy and to die out. This gradual reduction of equilibrium position.
amplitude we call damping. T T T

There are four ways a wave can react depending on the boundary it encounters:
Absorption; Reflection; Refraction; Diffraction.

Boundary Reactions

. ¢ wave ¢ Corners Diffract | | |
Soft Boundaries Absorb L
. , ] Diffraction—a wave drags against a corner,

Absorp tw”*,a wave's energy — causing that part of the wave to turn. This

dl.es out in a soft materllal O e— 1s how we can hear around corners and how
(‘,lampmg)- Example: Ye_lhng 5 Eg—— = light can be seen around corners. Example:
into a pillow. The soft pillow  |# 2----------~ talking to someone around a corner. Diffraction
absorbs (dampens) the sound.

Absorption Transparent Boundaries Refract
\}@0\

Refraction— a wave bends

//é\\\\ Hard Boundaries Reflect i when it crosses a boundary into a
wr

. different medium and changes
Reflection—a wave bounces off when 4 &

. it hits a hard boundary. Example: % ben;f;ii; iiigﬁff{;’:i};
Hard Surface velling against a wall, the sound Glass P

into the lenses of eyeglasses.

Reflection wave reflects back (called an echo). Refraction
Phase Phase—a particular part of a cycle. One cycle = 360°; 1/2 of a cycle = 180°; 1/4 of a cycle = 90°.
In-phase Out-of-phase !
means they means they I"\— fi f:‘ fi fi ..ﬁ
are at the are at different -
same point in points in their Waves in-phase — Waves out-of-phase
their cycles. cycles. ";J V* V:‘
> > I 2 <4 |
In-phase 180° out-of-phase N I -’ ] =l =1
Interference When two waves interact they interfere with each other.
Constructive Interference—when the energy of two Destructive Interference—when the energy of two waves
waves add together. This is like pushing on a person subtract from egch other, causing c'ancellation. Pushing on a
ona swing when they are moving away from you: person on a swing as they are coming toward you (at the
you give them more energy and more ampljtude. wrong tlme) causes the amphtude to be smaller.
| | Two waves that are out-of-
Two waves of small
k\\ Ny amplitude that are in- l'/ \\\ /A\\ //\ Pphase destructively interfere,
| ‘\ 4 Pphase constructively A N7 combining 1n'to a wave of
+ interfere, combining + smaller amplitude. Waves that
| into a wave of greater completely cancel each other
2N 7N T amplitude N\ it is known as complete de-
| \\/‘/—\\/I, l ' \_// _// A structive interference.
- Two singers on the
| /\\ //\\ //'\ | same note cause a — Modern headphones (and cars)
louder sound— L use noise-canceling technology
\ constructive N~ L N that transmits out-of-phase
interference. waves toward noise, canceling
it out.
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Name: Unit 10:4
Period:
1. Phase A. When two waves increase amplitude. What is this bending called? light A
2. In-phase B. A single part of a cycle. )
. air
3. Out-of-phase |C. When two waves decrease amplitude. Th? light ray bends because the lens ha}s
a different w ] than air.
4. Constructive |D. When two waves are at different parts of
interference their cycles.
) Draw what will
5. Destructive E. When two waves are at the same part of happen to the
interference their cycles. waves as they A A
pass the two R — S R
1. Absorption When a wave bends at a corner. corners. —_—t
7 Refraction B. The process of hgrmomc motion losing Combining the above,
amplitude over time. .
draw what will happen
3. Diffraction C. When a wave is dampened inside a soft to the wave as it goes — —
boundary. through a hole. —
4. Reflection A wave bouncing off of a hard boundary. | What do we call this? E m—
5. Damping E. A wave bending inside transparent objects.

Absorption, Reflection, Refraction, or Diffraction?

If a wave hits a hard wall, it bounces off by:

If a wave hits a soft boundary, it dies by:

A wave bends around a corner by:
A wave bends as it passes thru a boundary by:
Tile or marble makes for a loud room by:

Eyeglasses magnify objects by:

Carpet can keep a room quiet by:

Light comes back from a mirror by:

Waves bending due to different speed mediums:

How bats see at night with sound (echolocation):

The following show pendulums in different phases of a cycle.

B

K=20N/m

k=20 N/m

M

Why?

Amplitude of the left spring = .

M
Lzo cm_T

The above is the same spring, but at different times.

M M
LZB cm _T

Right spring =

Which picture is the before picture?

o_, O -
Which letter is in-phase with G? With D?
Which letter is 180° out-of-phase of E? With H?
Which letter is 90° out-of phase of F? with G?
Wave 1 Wave 2
5 5
4 _ 4
E3 E3
2 -
2! 71\ 2 YN /N
g \ ]/ 3 -1 \
K ]
a -2 2 -2
23 2 .3
4 2 4
5 5
© o o o o = © o o o o =
£ (2] o] N S [« ©
Position (m) Position (m)

What is the amplitude of wave 1? Wave 27
Are they in-phase?

What will happen if the waves combine?

What will be the amplitude of the combined wave?

cstephenmurray.com
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Name: Unit 10:4
Period:

1. Phase 1= LA When two waves increase amplitude. What is this bending called? light A

2. In-phase = | B A single part of a cycle. e fraction |

3. Out-of-phase {C-~Whentwo waves decrease amplitude.

4. Constructive
Fy interference

1D+ When two waves are at different parts of
their cycles.

5. Destructive
- interference

- E— When two waves are at the same part of
their cycles.

The light ray bends because the lens has air
a different w 2 vE& s FEEA than air.

1. Absorption~. LA~ When a wave bends at a corner.

. B The process of harmonic motion losing

2. Refraction g amplitude over time.

& When a wave is dampened inside a soft

3. Diffraction K
boundary.

4. Reflection 0 |5 4 wave bouncing off of a hard boundary.

5. Damping 1> B A wave bending inside transparent objects.

Draw what will

happen to the ﬁ :#\m\
waves as they A 3
pass the two

COTmers.

Combining the above,
draw what will happen
to the wave as it goes
through a hole.

What do we call this?
D1 Ffcaction

Absorption, Reflection, Refraction, or Diffraction?

If a wave hits a hard wall, it bounces offby: vellec T o

If a wave hits a soft boundary, it dies by: 5«\9567\(_&{7 +Tion

Waves bending due to different speed mediums: 7€ Fraction

A FE et on

A wave bends around a corner by:

A wave bends as it passes thru a boundary by: & Fyac then

Tile or marble makes for a loud roomby: e FlesTion

Eyeglasses magnify objects by: (& Fescetion

How bats see at night with sound (echolocation): e [ \ection

Carpet can keep aroom quiet by: = 020 p 10V

Light comes back from a mirror by: 7€ Flection

The _following show pendulums in different phases of a cyvcle.

o3 ==}
A B. C. D.
i - F e -+
=} fe]
E. F G. H

Which letter is in-phase with G2 _ff WithD? ©
F b
Which letter is 180° out-of-phase of E? ® With H? # C 3

Gln G A =
Which letter is 90° out-of phase of F? ( )wi{h G? ¥ D) =

k= 20 Nim K = 20 Nim

m—  —

The above is the same spring, but at different times.
Amplitude of the left spring= ]2 ¢ ¥V, Right spring = 1L cm
Which picture is the before picture? P"Tﬂ [,,-{; IQ] cture

Why? T woill dampen  over tawe 5o

;lump]r S sims))er a€ﬂ‘€tﬁwavﬁ§l

Wave 1 _ Wawve 2
a a
- 4 - 4
E s ES
2
g2 7 AN EERVA
E o 7T\ i 71\
g ] P L 5 1/
?ar} 9 N %_2 N
5 -3 £ .3
4 =2y
a -5
= = = = = - =l [l = [l [l —
[ kN =] <) [ 5] oW )
Position {m) Position {m)

What is the amplitude of wave 17 2+ Wave 2? 2 v

o
What will happen if the waves combine? 'ﬂ’l‘%j Wil caneel
eoclh other — destructive juterference .

What will be the amplitude of the combined wave? 4y

Are they in-phase?

cstephenmurray.com
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Name: Unit 10:5
Period: Sound
What is Sound? Sound Wave are Pressure Waves
As a wave sound needs a
S d is th t of Sound source low pressure human ear medium to travel ( 3
oundis the movemen 0 / \ through. Sound cannot g
compression waves ® ® 0000 O O 0000 travel through the vac- @
(longitudinal waves) hitting ® ©® 0000 O O 0000 uum of space. Space is o =1
our ears. These compression o O 0000 © © 0000 silent (no. matter whgit o %
waves are alternating high ® & o000 .. ® o000 you hear in the movies).
and low pressure areas. The v\p,ﬁﬁzre/v
air molecules Vlbr,ate back x A On graphs, Tiny hairs inside the
and forth, but don’t travel. 7ZIN N | we use cochlea (inner car)
/_* f crests and translate air pressure
o troughs to into electrical im-
Speakers imitate ¥7d %4 show high puhsets) thzﬁt Ct?n be
sounds by pushing and low read by the brain.
air and causing Very loud sounds
vibrations. X ! pressure. bend these hairs,
low pressure causing deafness.
Frequency = Pitch Higher Frequency = Higher Pitch Elephants and
submarines use
Frequency (f) Wavelength (1) Source infrasonic sound
We hear the frequency of 20 Hz 17m rumble of thunder t(éofomﬁﬁiﬁ?é)
sound as pitch. A higher 100 Hz 3.4m bass guitar over long distances. Very low
frc.aquenc.y we hear as a 2,000 Hz 7 om fire truck siren frequencies (very bass) travel very
higher pitch. A lower i : long distances and can penetrate
frequency we hear as 4,000 Hz 7 cm highest note of piano through water (just like thru cars).
a lower pitch. 10,000 Hz 34cm whine of a jet turbine

Dog whistles use ultra-
sonic frequencies (above

Humans can hear frequencies that are human hearing [+20,000 Hz]),
between 20 Hz and 20,000 Hz! but perfect for dog ears!
Amplitude = Loudness Loudness is measured in decibels (dB) A +10 dB change we
10 dB Total silence. hear as twice as loud.
We hear pressure (the 30 dB Total quiet in the woods at night. A 30 dB sound is twice as
amplitude) of sound as 60 dB N 0 i loud as a 20 dB sound.
loudness. 1t takes more orma conlversa 1(?n.
energy to create a louder 70 dB Busy traffic in the Clty. A _10 dB Change we
sound. Too loud of a 90 dB A jackhammer (hearing damage if not protected) hear as half as loud.
sound can cause deafitess. 110 dB Threshold of pain from sound. A 30 dB sound is half as
200 dB Human will die from the sound pressure. loud as a 40 dB sound.
Speed of Sound (vy) The speed of sound in air is about 340 m/sec.

You can use v, = fA. to find frequency or wavelength.
AND use S = D/T to find distance or time.
In both cases, Vs (S) is a constant for sound: 340 m/sec.

The speed of sound changes.
In gases, hotter (faster) gases
conduct sound faster. In solids

ar}d liquids, geperally denser Ex. Find the wavelength of a 200 Hz sound.
(tighter) materials are faster. Motion faster than sound is called
ve= 340 m/s v=~f\A so A=v/f supersonic. Supersonic planes give
Material V., (m/sec) £=200 Hz A = (340 m/s) = (200 Hz) their speed in multiples of Mach
Al 340 r=9 2 (1 x the speed of sound).
Helium 965 Mach 1 =340 m/s.
Ex. If you hear a sound 3 seconds after you Mach 2 = 680 m/s.
Water 1530 see the motion. How far away is it?
Wood 2000 A sonic boom is caused by an object
Gold 3240 Vs =340 m/s vs=D/Tso D=v,T breaking through the sound barrier.
T=3sec D =340 n/ (3 sec) Supersonic planes, bullets, and
Steel 5940 D=2 D @ bullwhips all make sonic booms.
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Name: Unit 10:5
Period:
1. Sound A. Faster than the speed of sound. 1. Pitch A. Where there is no sound because of its
. . vacuum.
. B. A wave caused by alternating high and
L low pressure. 2. dB B. How we hear changes of frequency of
3. Supersonic C. The organ that detects sound waves. 3. Space sound,
C. 340 m/s in air.

D. A pressure wave caused by an object go-

4. Ultrasonic ing faster than sound.

4. Loudness

o

How we measure loudness.

5. v E. The amplitude or strength of a sound.

5. Cochlea E. A sound higher than humans can hear.
Displacement vs. Position
5
) 4
Y 7T\ 7T\
g 2 T\
£ A
& 1 Nl / \
E-Z
-3
-4
-5 5] S 4 4
5 5 5 5 5
Position (m)

Use the graph to answer these questions: A =
1 cycle is from 1 m to

Amplitude (A) =

; 1/2 cycle is from 0 m to

Total cycles: ;

It is a sound wave; find frequency:

% | Is this frequency audible to humans (can we hear it)?

A wave’s velocity is 90 m/sec with a frequency of 6 Hz. What is
it’s wavelength?

A sound wave has a wavelength of 20 m. Find its frequency.

If a sound wave’s frequency is 100 Hz. What is its period?

What is the above wave’s wavelength?

A railroad crew is repairing a rail. You hear the hammer 0.5 sec-
onds after it is swung. How far away is the crew?

You hear a plane 4 seconds after you see it. Find the distance to
the plane.

Why is space silent?

If I increase the energy I give a sound wave what changes:

If a wave’s fourth harmonic has a frequency of 40 Hz, what is its
natural frequency and what is the frequency of Hg?

If a wave’s fundamental is 6 Hz, what harmonic has a frequency of
48 Hz?

If a sound is 40 dB loud. Answer how many dB these would be:
1) A sound twice as loud:
2) A sound half as loud:

Compared to a 50 dB sound, you would hear a 60 dB as:

Find its period:
80 Hz

What harmonic is this?

Could a human hear this frequency?
Mark the nodes and anti-nodes.
How many wavelengths is it?

What is its wavelength?

Find the fundamental frequency:

5th harmonic frequency:

Speed of the wave on this string:

cstephenmurray.com
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Name:

) Ch13:1
Period:
1. Sound & A Faster than the speed of sound. 1. Pitch 2, 44" Where there is no sound because of its
. . vacuuim.
. B"A wave caused by alternating high and
2. Sonic boom [ low pressure. 2@ D 1B—"How we hear changes of frequency of
3. Supersonic )q/ . The organ that detects sound waves. 3. Space A- sound. o
4. Ultrasonic & D A pressure wave caused by an object go- 4. Loudness | C 340 m/s in air.
' ing faster than sound. ' 4B How we measure loudness.
5. Cochlea (_ E—"A sound higher than humans can hear. Sov, - —E" The amplitude or strength of a sound.
5 Displacement vs. Position Use the graph to answer these questions: A= _Z
= P
= N\, LN, 1 cycleis from 1 mto S ; 1;’20ycleisfr0m0mt0?m .
. ESTN AT 7 T\
"E Amplitude (A) = 2w Total cycles: < 5 ;
L § _? \\// \\ / \\ It i d find fi
e . is a sound wave; find frequency:
5 U=ESlemfe = [ ! ;Z@:?(?) f=Fohz
g SUerfe = ¢ )
-5 O - Is this frequency audible to humans (can we hear it)? H
[ [ — — [ [ 4] [ = = %]
o o o o o 0 — 2o, 000 72
Positioh (m} &{5 blf‘]['b/fff/? z )

A wave’s velocity is 90 m/sec with a frequency of 6 Hz. What is

it’s wavele;g;\h‘?
V= A=15m
4 =605

A sound wave has a wavelength of 20 m. Find its frequency.
ound wa

\/;;HD :‘p)\ ][: r?H%

2qp = £ (29)
If a sound wave’s frequency is 100 Hz. What is its period?
= T
‘L/l:‘_' 3 ]‘l U T = __T_- _ ._L =
£ qen - o]
What is the above wave’s wavelength? Ce
V=£A A= 34m
240 = (00 A

Arailroad crew is repairing a railamm
onds after it is swung, How far away is the crew?

V=3qovls  _ p DEvT = 34els)

+=,5 T = JFom

You hear a plane 4 seconds after you see it. Find the distance to
the plane.

340 =~ 3o = D

Why is space silent?

(Vace umm )

If I increase the energy I give a sound wave what changes:

amﬂp/ = [ouc\ Nes s

If a wave’s fourth harmonic has a frequency of 40 Hz, what is its
natural frequency and what is the frequency of Hy?

KO _ i =6(0) = ol
Y I

If a wave’s fundamental is 6 Hz, what harmonic has a frequency of

48 Hz?
,_%Z{*‘ = e |

If a sound i@@ud Answer how many dB these would be:

1) A sound twice as loud: 5@ J @
2) A sound half as loud: EOC) @

Compared to a 50 dB sound, you would hear a 60 dB as:

+oi2€ =5 loud

Find its period: T;yﬁﬁ = o 25 sec

80 Hz

What harmonic is this? ﬁ%
Could a human hear this frequency? (9 =5
Mark the nodes and anti-nodes.

How many wavelengths is it? 2 3

Cwn
What is its wavelength? /\,; 2

Find the fundamental frequency:

5th harmonic frequency: 2 (5‘) =

Speed of the wave on this string:
y=Fr=50(3) = 240 ")s

cstephenmurray.com
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Name:

Unit 10:6

Period:

Light

Light is a Wave

Light is a Particle Light is Both

Light is refracted in lenses and
reflected by mirror. Also, two
fingers close together causes
lines of darkness in between:
destructive interference.

So, light must be a wave!

This contradiction perplexed
scientists for many, many years,
but the evidence must be believed:
light is both a wave and a particle.

Light can travel thru
the vacuum of space,
but a wave can’t
travel in a vacuum.
So light must be a
particle!

\V/
'O'
20

A light packet is called a photon.

Speed of Light = ¢ =3 x 10° m/s

Because each element has

Where Does Light Come From?

Sound is fast: 340 m/sec,
in air, but light is faster:

3x 10° m/s! That’s
3 with 8 zeroes or
300,000,000 m/sec.
Light can circle the
earth 7.5 times in

a different number of
protons, each element has
slightly different electron
energy levels and gives
off different colors.

Photons (light) come from electrons falling
from high electron orbits to low orbits.
These orbits are also called energy levels.

Speed
Limit

C

photon
out
(blue)

energy in

This fact allows us to tell
the chemical makeup of

one second! stars. Just by looking at
L the light it gives off (its
The speed of light is the spectrum) scientist know

ultimate speed limit.
Nothing can go faster than light.

When the electron falls back,
a photon is given off: light!

Energy can raise an electron

; the elements in the star.
to a higher energy level.

Visible Light

White light in

#

White light is actually made up of many different colors,

. . Colors have Different E i
each with a different wavelength and frequency. Qors ave Jierent mmersies

You know that different color
flames give off different
amounts of heat. Red flames
are the coolest and blue flames
are the hottest. As you move

Different wavelengths
(colors) refract (bend)
differently when passing

Rainbow out

_—— Red

e —— Orange
§

Yellow

_ Green  into glass. A prism’s vom Red to Blue, light
A prism \ Biue  double refraction makes S GAINS > 18
; Indigo . . energy.
separates light Violet this more obvious.
by dispersion. White light is made up of all colors.

That is why a white flame is the hottest!

The first letters spell: ROY — G — BIV

Electromagnetic (EM) Spectrum

“Light” waves are electromagnetic radiation and includes ALL light: visible and invisible.

High Energy
High Frequency
Short Wavelength Gamma Rays

Gamma rays (A = less than .01 nm [a billionth of a meter]) — the most powerful and
dangerous form of radiation. Emitted by nuclear reactions, they can break chemical
and nuclear bonds and cause mutations.

[

X-rays (A=.01 nm to 10 nm) — Used in medicine and industry because they can
penetrate materials and tissues. Too much can cause mutations or tissue damage.

X-rays
All electro-

magnetic Ultraviolet light (A = 10 to 400 nm) — just above visible light; causes sunburns and
radiation trav- skin cancer. The ozone layer protects us from most of the sun’s ultraviolet light.

Indigo Ultraviolet
els at the Blue - .

speed of light: Green Visible light (A = 400 to 700 nm) — The smallest part of the EM spectrum.

3x10% mys. Orange Infrared . . L

Red Infrared (A = 1mm to 700 nm)— invisible red light radiation: what most people
think of as heat. Can be seen by infrared cameras and goggles.
Microwaves Microwaves (A = Imm to 30cm)— used to cook food and for cell phones.
Low Energy (E) Radio waves (A = less than a cm to hundreds of meters) — very long, low

Low Frequency (f)
Long Wavelength (3)

cstephenmurray.com

Radio

Radio waves

energy waves used to transmit radio and television signals.
towers have to be so tall so they can long radio waves.

Copyright © 2014, C. Stephen Murray
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Name: Unit 10:6
Period:
1. Photon A. the speed of light and the fastest speed in | 1. Radio waves A. Electromagnetic waves we feel as heat.
the uni .
© universe B. Dangerous EM waves that have very
2. 3x10°m/sec | B. Also known as an electron orbit. To 2. Infrared high energy and come from nuclear
move from low to high requires energy. reactions.
3. Prism C S 3. Ultraviolet C. EM waves that have very low energy and
C. All light: visible and invisible. long wavelengths.
4. Light D. .Uses. dispersion to separate white light 4. X-rays D. EM waves that can pass through skin and
into its colors. have short wavelengths.
5. EM Spectrum | E. A single particle or packet of light. 5. Gammarays |E. EM waves with more energy than visible
light and can cause sunburns.
F. A wave that can travel through a
6. Energy Level vacuum. 6. Microwaves F. Long wavelengths; used in cell phones.

Is light a wave or a particle? Prove your answer:

Put these three in order from slowest to fastest:

Light waves; sound waves; water waves.

Where does light come from?

Put these from shortest to longest wavelengths

Radio waves Ultraviolet X-rays Visible Microwaves

Find the period of a 10 Hz wave.

A wave has these characteristics: 25 Hz and 8 m. Find speed.

A sound changes from 25 dB to 5 dB. How much louder does the
25 dB seem to us?

You hear a thunder 3 seconds after you see the lightening.
How far away is the storm?

You are in a concert hall and yell up to the ceiling. It takes

1 second for the echo to come back to you.

A) 1 second—is that the time for the sound to go to the ceiling or
for the sound to go to the ceiling and back?

B) If you want to know how high the ceiling is, how long does it
take for the sound to get to the ceiling?

C) Find the how high the ceiling is.

Put these from least energy to most energy.

Radio waves Ultraviolet X-rays Visible Microwaves

Why do we see lightening and hear the thunder a few seconds
later?

Find its period:

What harmonic is this?

Mark the nodes and anti-nodes.
Mark one wavelength on the harmonic.
Can humans hear this frequency?

Find the fundamental frequency:

3rd harmonic frequency:

cstephenmurray.com
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Name:

. Ch14:1
Period:
1. Photon E | A the speed of light and the fastest speed in | 1. Radio waves | &’ Electromagnetic waves we feel as heat.
the uni :
€ universe < | BT Dangerous EM waves that have very
2. 3x10°m/sec | B Also known as an electron orbit. To 2. Infrared B high energy and come from nuclear
,ﬂ[ move from low to high requires energy. reactions.

3. Prism . . . 3. Ultraviolet ~ EM waves that have very low energy and

7 {,(Z’All light: visible and invisible. E’ = long wavelengths. ey gy

| D7 Used to separate white light into its
colors.

4. Light }C

5. EM Spectrum /E./A single particle or packet of light.

>
6. Energy Level 2

LF A wave that can travel through a
vacuuim.

| D EM waves that can pass through skin and

4. X-rays
D have short wavelengths.

E’ EM waves with more energy than visible
light and can cause sunburns.

5. Gamma rays [5

6. Microwaves rﬁ F. Long wavelengths; used in cell phones.

Is light a wave or a particle? Prove your answer:
goJC]/; Ve S Can IVTECfere

particle 1 caln 4@ v vaduuw

Put these three in order from slowest to fastest:

Light waves; sound waves; water waves.

Lote f/gguwcj/ h{jﬂ/ﬁf

Where does light come from?

clectrons €211y from mj]ﬂ orbils
+- low orbi 1S

Put these from shortest to longest wavelengths

Find the period ofaIOszave.?
F=ibfte - %/ = 5 =.lsec
T

A wave has these characteristics: 25 Hz and 8 m. Find speed.

F=725%=2 y=[C)
)= =25 (€ ) =200 *’”/5
VE o —

A sound changes from 25 dB to 5 dB. How much louder does the
25 dB seem to us?

Loui Tiwes 55 [DUC)J

You hear a thunder 3 seconds after you see the lightening.
How far away is the storm?

= Esec vl povt
v =210 s v =3yolz) =
o= |020m

You are in a concert hall and yell up to the ceiling. It takes
1 second for the echo to come back to you.

A) 1 second—is that the ti or the sound to go to the ceiling or
for the sound to go to the€eiling and back?
B) If you want to know howhi € ceiling is, how long does it

take for the sound to get to the ceiling? , S <= .
C) Find the how high the ceiling is.

_—,\/fj
D:: gL{oK6’>: |70

Radio waves Ultraviolet X-rays Visible  Microwaves
Sla > L_
s z. 1> k
lo de’ﬂ—’“‘?_%/
Put these from least energy to most energy.
Radio waves Ultraviolet X-rays Visible  Microwaves
| i\ s 2 pe
=54 moST E

Why do we see lightening and hear the thunder a few seconds
later?

|—|5w towls Fasler tha
50[)14&]\ |

-L_
Find its period: 1= £~ yp~ ,025 sel

= 1h

What harmonic is this?

Mark the nodes and anti-nodes.
Mark one wavelength on the harmonic. K h W\

: e s
Can humans hear this frequency? N
(2bow Zolz + belp 22,000H))
Find the fundamental frequency:

SYzZUoHz X=FHz

3rd harmonic frequency:

A=THY 33X =M=

cstephenmurray.com
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Name: Unit 10:7
Period: Color
. . Different colors come from white (sun) light.
Light Comes from the Atom Different Colors Each of these colors has its own frequency,
wavelength, and energy.
Photons (light) Electron falls oo
come from A P White light in )
electrons Rainbow out Color Frequency Wavelength
falling from > w Red 462THz 650 nm LowE
ighsitarm 4 \ — e
. Yellow z nm
orbl.ts to low disperses \ Green 566 THz 530 nm
orbits. white light into Blue 638THz 470 nm
When the electron falls back, all Ofits colors. !nfligo 675 THz 440 nm .
a photon is given off: light! Violet 750 THz 415 nm High E
The first letters spell: ROY — G — BIV

Lights—Additive Color
RGB Model

Before you turn on any lights, a

Lights add color to a black background. The three
primary lights colors are Red, Green, and Blue (RGB)

Adding Light Colors:

room is black. By turning on
lights you add colors. The three
primary light colors are red,
green, and blue. By adding
different amounts of each color
we can make any color.

Red and Blue lights make Magenta (purple).
Red and Green lights make Yellow.
Green and Blue lights make Cyan (sea green).

Red, green, and blue light
interfere constructively
to make white light.

This method of additive

Using the Color Chart:

color is known as RGB. Lights - RGB Pigments - CMYK
Secondary Prima

Computers and TVs are black Lights Magenta N Pigmeigs

when off, so

they use lights: Primary Secondary

RGB. Red, Lights Red  Green Blue Pigments

green, and \ f x f

blue lights .
Secondary Primary

make all Lights Yellow  Cyan 4_Pigments

the millions of
colors on your screen.

Lights (RGB): Follow the
arrows from the lights to the
color you are making. Red
and Blue make Magenta.

Pigments (CMYK): Follow
the arrows from the pig-
ments to the color you are
making. Yellow and Cyan
make Green.

Pigments—Subtractive Color
CMYK Model

Pigments are dyes that color paints, Pigments that absorb

BLACK

inks, and even food. Pigments all light look black.
produce color by reflection. What

you see is what is reflected. WHITE Pigments that reflect
You can tell that printers uses all light look white.

CMYK, because the paper is white.

CMYK—As you know from your color printer at
home, color pigments are very expensive. To
make black by mixing three pigments (CMY)

doesn’t make sense. So printers add black (K) to

make four colors: CMYK. (K stands for black
because B stands for blue.)

&

Legal copying of this worksheet requires written permission.

SO

When you buy paint, pigments (dyes) are
mixed into white paint. Yet because the
store has more room than your printer, they
can use more than just three dyes.

71 'llllO

¢

cstephenmurray.com

Pigments reflect color and have a white background. The three primary colors
of pigments are Cyan, Magenta, and Yellow. Each one absorbs a different color.

R White

G light
/B in

Yell
= w
G out

Yellow reflects red and green light,

so blue was absorbed.

Green light is reflected off a leaf,
the leaf absorbs red and blue. To

make green with CMYK you would
use yellow (absorbs blue) and cyan
(absorbs red). (Or remember that both
vellow and cyan have green in them.)

Copyright © 2014, C. Stephen Murray




Name: Unit 10:7
Period:
1. Pigment A. A color model that uses pigments on a Decide if the following use RGB or CMYK and why.

white background.
2. Magenta Television: Why?

B. A color made from red and green.

3. Cyan C. Dyes and paints are a type of this. Paint on 2 wall: Why?
4. Yellow D. A color made from blue and red. Movie Theater: Why?
5 RGB E. A color model that uses lights on a black Color Printer: Why?

background.
6. CMYK F. A color made from green and blue. Light shines on a cyan table.

B

Magenta reflects what two colors?
So what color does Magenta absorb?

Yellow reflects what two colors?
So what color does Yellow absorb?

Make the following additive colors using RGB.

G -
R\\A‘\ACyanQ—
I

What color light is shining on the table?
To be Cyan what colors of light are reflecting off of the table?
What color is being absorbed by the table?

Cyan White Yellow
Red Magenta Black
Make the following subtractive colors using CMYK.
Blue White Green
Red Magenta Black

pam— What color is a stop sign?
@ T this additive or subtractive color?

]

|

MEEE |

ACARAIN|
e/

What two colors would a printer use to make this
color?

Find the frequency of a wave with a period of 0.5 seconds.

A 40 Hz wave is 3 m from crest to crest. Find the speed of the
wave.

You hear a thunder 4 seconds after you see the lightening.
A) What is the speed of sound?
B) How far away is the storm?

You are in a canyon and yell across. It takes 4 seconds for the
echo to come back to you. How wide is the canyon?

Position vs. Distance # of cycles:
4
3
2 \ \ \ Mark the second
§ 1 \ \ \ crest.
SY A \ \
7 4 \ \ \ Mark 1 cycle.
o
2
3 Amplitude:
4
© © =~ 2 N N w w & »| Wavelength:
3, 3] 3, 3] 3]
Distance (m)

If the above wave has a frequency of 10 Hz, find its speed.

Find its period:
300 Hz

How many nodes?

How many antinodes?

What harmonic is this?

How many wavelengths is it?

Can humans hear this frequency?

Find the fundamental (natural) frequency:

Fifth harmonic frequency:

How would it change if it had less amplitude?

cstephenmurray.com
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Name:

Period:

Unit 10:7

1. Pigment C A. A color model that uses pigments on a
white background.

2. Magenta D

B. A color made from red and green.
3. Cyan F C. Dyes and paints are a type of this.
4. Yellow B D. A color made from blue and red.
s. RGB E E. bAazE;glr::]?fel that uses lights on a black
6. CMYK A F. A color made from green and blue.

Decide if the following use RGB or CMYK and why.

Television: E : ifz % Why? blac kK Lob f’lf/ sEE
Paint on a wall: (HHLWhy‘? PE-H/I“S (“w’ li‘i”>
Movie Theater: Q/Q Why? }g \a < lC b—; C‘ta S ovd

Color Printer: Cﬁ LY/ L Why? WL;J_Q FEW a

Magenta reflects what two colors? Rand B
So what color does Magenta absorb? G

Yellow reflects what two colors? Rand G
So what color does Yellow absorb? B

Make the following additive colors using RGB.

WhiteﬂL Yellow —EQ
Magenta @ —& Black Md V&

Light shines on a cyan tabie.

GB G
B

RS e B

= 1

Make the following subtractive colors using CMYK.

Blue C M White /1 Oh< Green{ |
Red 7 M Magerita Ik Black K

What color is a stop sign? Red
1 Is this additive org golor?

What two colors would a printer use to make this
color? Yellow and Magenta

Find tht_eﬁej@\ncy of a wave with a period of 0.5 seconds.
A 40 Hz wave is 3 m from crest to crest. Find the speed of the

wave. \/:'(:% .
i) =705

=00 bz
p="om
You a thunder 4 seconds after you see the lightening,
A) What is the speed of sound? % fJL"‘Jj
B) How far away is the storm?

=2U o™ -
,\é 930\ éﬂ‘if(’é v /?’

= p=ur = 3hlD=

You are in a canyon and yell across. It takes 4 seconds for the
echo to come back to you. How wide is the canyon?

. ot
v ERL /5 Vo= % D =340(2)/2 = 340 m

What color light is shining on the table? White
What colors of light are reflecting off of the table? G. B
What color is being absorbed by the table? R
Position vs. Distance # of cycles:
4 3
3 fa
- 2 / \ ﬁ “\ H Mark the second
E_ 1 crest.
A \ \
T 4 A \/ /| Mark1 cycle.
t 2 i 2em
3 Amplitude: <
4
2 2 a4 A o R W W & A Wavelength:
th in n " th _
F3m

Distance (m}

If the above wave has a frequency of 10 Hz, find its speed.
10{1.53=15m/s

. . . i (.f"\ — q _
Find its period: T = 17300 = 0033 sec

How many nodes? 4

How many antinodes? 3

What harmonic is this? 3rd
How many wavelengths is it? 1.5

Can humans hear this frequency? wves

Find the fundamental (natural) frequency:
300/3=100Hz

Fifth harmonic frequency: 100(3) =300 Hz

L= (5=
How would it change if it had less amplitude?
D - skinnier {not as wide)
cstephenmurray.com Legal copying of this worksheet requires written permission.  Copyright © 2004, C. Stephen Murray




Name: - - - Unit 10:8
Harmonic Motion and Waves Review

Period:
A v, £, T, D, A, or dB? Harmonic Motion: Yes or No?
A) _ Amplitude G) Wavelength A stick pulled to one side and then released?
B) _ Distance H) Measured in m/s Why or why not?
C) __ Decibels I) Measured in Hz
D)  Velocity )] Measured in m
E)  Frequency K) Measured in sec
F) __ Period L) Measure in cm, m, or °. A ball that bounces on the floor?
M)  Tells you how loud a sound is. Why or why not?
N)  Measures distance from one wave crest to another.
O)  How many times a wave repeats each second.
P) _ How much energy harmonic motion has.
Q) _ Increases as a pendulum swings back-and-forth farther. Where is the equilibrium position for
R) _ How fast a wave moves. . ' this pendulum?
S)  How far a wave travels in a certain amount of time.
T) _ How long it takes fgr one cycle to repeat. . If the pendulum starts at C going to
U)  How far a wave swings from the center to one side. the right, where does 1 cycle end?
A E
B ¢ D From letter to letter would
Positionvs. Time be the amplitude.
8
A E 1
) 6 / @ If the pendulum starts at A, how many times does it pass point
41 i 9
?2_ \ 71\ ] Cin 1 cycle?
? 0 'f D F #@I)—Eﬂ If it is 80° from A to E, what is the amplitude of the pendulum?
s-2 1
B2 J \
-6 C G Y
840 0 00 1 1 171 2 2 272 3
AR e
Time (sec)
B 24 H
1 cycle after B is ; 2 cycles after C is . @@@ “
1/2 cycle before H is ; 1/4 cycle before K is .
# of complete cycles shown is . Which has the greatest amplitude?
# of troughs: - # of crests: Do they have the same fundamental frequency?
Period (T) = ’ 8 _ How many antinodes does B have?
eriod (T) = requency (f) = How many nodes does A have?
Equlhbrlum pOSitiOn = Amplltude (A) = How many Wavelengths is B?
Find the fundamental frequency of A:
A A transverse wave.
MWW _ Alongitudinal wave.
_ Like sound. Reflection, Refraction, Absorption, Diffraction, Interference
B. ____ Like light. A. When a wave dies out in a soft boundary.
W — Likea water wave. B. When two waves interact with each other.
Like earthquakes. )
- . C. When a wave hits a hard boundary.
_Amplitude affects speed.
D. When a wave bends around a corner.
A wave is moving 20 m/s. If it vibrates at 5 Hz, find its wave- E. When a wave bends as it goes from one material
length. to another of a different speed.
F. Can make two waves cancel each other out.
) ) G. Allows you to hear someone around a corner.
Find the above wave’s period.
H. When light hits a mirror.
L When light hits a black piece of paper.
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Name: Unit 10:8
Period:

Can we hear 50 Hz? Where does light come from?
Can we hear 10 Hz?
Can we hear 21,000 Hz?

Can we hear 19,000 Hz? ) )
Is light a particle or a wave?

Which speaks at higher pitch: a bird or an elephant?

Twiceasloudas 30 dBis_____dB. What do scientists call all light?

A spaceship explodes in space. If you are in a ship nearby will
the sound of the explosion be higher or lower pitch than if it oc-
curred on the earth?

Which has more energy: radio waves or x-rays?
Which is faster: infrared radiation or gamma rays?

Which has a longer wavelength: x-rays or microwaves?

What is the speed of sound? Which has a higher frequency: ultraviolet light or red light?

What is the speed of light? Why can waves go thru things?

A person is hammering a spike from across a field.

A) Will you hear the sound at the same time the spike is struck
or will there be a delay?

B) Why?

A red ball is sitting in a pool of water. A blue ball is pushed into
the water, making waves. After the waves get to the red ball
both balls are bobbing at the same speed.

A) The two balls have the same:
A sound’s frequency is 170 Hz. Find its wavelength.

B) What transferred between the two balls to allow them to be
moving up and down together?

While standing at the top of a canyon you wonder how deep it is.
You drop a large rock and after it hits the bottom of the canyon | How can you separate out the different colors that are in white
you time 2 seconds until the sound of the rock’s impact gets back | light?

to you. How deep is the canyon?

This process is called d

What type of color does a computer monitor use:

) ) RGB or CMYK?
You also want to know how wide the canyon is. You clap your

hands as loud as you can and it takes 6 seconds for the echo to How do you know?
get back to you. How wide is the canyon?
Using RGB:

What color is the background?
Make the following colors:

Red: ; Blue: ; Cyan: ;

White: ; Magenta: ; Black: ;
How did we make the wave move faster on the slinky?

Using CMYK:

What color is the background?

Make the following colors:

Red: ; Blue: ; Cyan: ;
White: ; Magenta: ; Black: ;

Is the speed of sound faster in dense or loose materials?

Is the speed of sound faster when its hot or cold outside?

o ) What color does Yellow absorb?
Is the speed of sound faster at sea level or high in the mountains?
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Name: Unit 10:8

Period: Harmonic Motion and Waves Review
A v,T, T,D, A, or dB? Harmonic Motion: Yes or No?
A) & Amplitude G) A Wavelength A stick pulled to one side and then released? —<
B) > Distance H) v Measured in m/s Why or why not? - 7L: p :
<) & Decibels ) £ Measured in Hz ]‘b = 5 - (1 T ©
D) I/ Velocity I A Measured inm ) cl =
E) £ Frequency K) 7 Measured in sec

F) _ T Period L) _# Measurein cmorm. A ball that bounces on the floor? tj\/ L}{, %
M) 1 {> Tells you how loud a sound is. Why or why not? § “\QD 74
N) 2 Measures distance from one wave crest to another. {Q‘—QF QLE:, T/

0) _{ How many times a wave repeats each second.
P) A How much energy harmonic motion has.

Q) _A Increases as a pendulum swings back-and-forth farther. Where is the equilibrium position for

R) VvV How fast a wave moves. this pendulum? lere
8) _T» How far a wave travels in a certain amount of time. C ( 5‘}—5}& < >
T How long it takes for one cycle to repeat. If the pendulum starts at C going to
m How far a wave swings from the center to one side. the right, where does 1 cycle end?
A E C goivg igh
B ¢ D From letter <o letter” =  would
. Position vs. Time be the amplitude. qu +o -
A E I
6 lgj /@ p f @ If the pendulum starts at A, how many times does it pass point
e— 4 : o
E ; \ 7T\ 7T\ 7 Cin1 cycle? /Z’
5 0 _*@)_f@%)—%‘@?—k@)—*@ If it is 80° from A to E, what is the amplitude of the pendulum?
= 2
o
I AR N
-8
- = L I ST
B | O B I ~I A
n n n n n n
Time (sec)
1 cycleafter Bis | ; 2 cycles after C is K . B
1/2 cycle before H is = ; 1/4 cycle before K is 0.
# of complete cycles shown is =y Which has the greatest amplitude? @
# of troughs: 2. #of crests: ij _ Do they have tl_'1e same fundamental frequency? ]\J o
Period (T) = s F ~ ]—}%/ How many antinodes does B have?
eriod (T) = ] 5 requency (f) = How many nodes does A have? <
Equilibrium position= (J¢»* Amplitude (A)= & €1 How many wavelengths is B? |, < p)

Find the fundamental frequency of A:

A 2 Atransverse wave. QD —lx X= [O H,%/

ﬁ A longitudinal wave.

_A Like sound. Reflection, Refraction, Absorption, Diffraction, Interference
—% Like light. A. 2%, Whenawave dies out in a soft boundary.
% Like a water wave. B. I~ ﬁi’ ' When two waves interact with each other.

etk Like earthquakes. .
e ) a c. I é {f[ When a wave hits a hard boundary.

0 W Amplitude affects speed. 3

amnlitiris D. D Ff: When a wave bends around a comner.
A wave is moving 20 m/s. If it vibrates at 5 Hz, find its wave- Ig [Lef (", When a wave bends as it goes from one material

length. V= F A to another of a different speed.
\VJ:_ZO}M/é Lo = P), )\
F=SHZT T = Lmeters

F
= — } G o F { Allows you to hear someone around a corner.
Find the above wave’s period. |
H

T = T — i :_g___ =7 e < F|  when light hits a mirror.
¢ L 23 When light hits a black piece of paper.

1% +€ ™ (Can make two waves cancel each other out.
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Name: Unit 10:8
Period:

Can we hear 50 Hz? fj‘¢§' Where does light come from? .
Can we hear 10 Hz? MO €l§ (:a)/wj/ Ero ]A“{ﬁ[,, ﬁ) (oLU or“bl-f'g.
Can we hear 21,000 Hz2  }O

Can we hear 19,000 Hz?
W Is light a particle or a wave? o

Which speaks at higher pitchia bird ot an elephant?

Twice as loud as 30 dBis {0 dB. What do scientists call all light?

Y Wl 1S lrom
A spaceship explodes in space. If you are in a ship nearby will < kf’;d 3? nev] Vﬁ)

the sound of the explosion be higher or lower pitch than if it oc- E,
curred on the earth?
\‘]/ W’@% ~ no Which has more energy: radio waves 0

doesy

Which is faster: infrared radiation or gamma rays? < >)sr¢€-

5@ b A’ i 5 [’9966 Which has a longer wavelength: x-rays oves‘?

What is the speed of sound? (;q\ OM X; Which has a higher frequency:@olet light or red light?

What is the speed of light? % i Why can waves go thru things?
37“0 /§ wWaves =re jusffh»ehgg

A person is hammering a spike from across a field.
A) Will you hear the sound at the same time the spike is struck

or will there be a delay? AL€| = Ared ball is sitting in a pool of water. A blue ball is pushed into

B) Why? hjlm«/ gD\fj %6W %%m 50”14& the water, making waves. After the waves get to the red ball

both balls are bobbing at the same speed.
A) The two balls have the same; E = .
A sound’s frequency is 170 Hz. Find its wavelength.

V= ; U& O W/é B) What transferred between the two balls to allow them to be
moving up and down together?

el g g
While standing at the top of a canyon you wonder how deep it is.
You drop a large rock and after it hits the bottom of the canyon | How can you separate out the different colors that are in white
you time 2 seconds until the sound of the rock’s impact gets back | light? prﬁ SN
to you. How deep is the canyon?

V;’g\ww/j V}E‘ D:; UT/ This process is calledd‘SE)_@l— S8
T =2z
DT’/ o — 650 471 %%}ype of color does a computer monitor use:

) ] RGB of CMYK?
You also want to know how wide the canyon is. You clap your
hands as loud as you can and it takes 6 seconds for the echo to How do you know? b= e wlhen 6 F
get back to you. How wide is the canyon?

\/;%1\0‘”/5 — T (see ;bcw) Using RGB:

— .y > What color is the background? bl= < =

t= 2 5l ( =z{ 067;}: [O"ZO w1 | Make the following colors:

‘D = Red: : Blue: B : Cyan: ]g 67 :
White: =/ : Magenta: 2 {= ; Black: _joue;

How did we make the wave move faster on the slinky?

pull it tigrter Lying CATER: o Wi

What color is the backgroun

Is the speed of sound faster in‘dense or loose materials? Make the following colors:
CJt’ff)gf - “Hj[fl“t_fr Red_: T I : Blue: } E - : Cyan: - :
Is the speed of sound faster when its hot ortside‘? White: _vohe; Magenta: _M_;  Black:_Joo
Cold 217 75 den set What color does Yellow absorb? B H e

Is the speed of sound faster a@l or high in the mountains?
paoire D = delise

(because b veftects )&+é;>
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Name:

Period:

Purpose —

Lab: Period of a Pendulum

Unit 10:S1

To be able to demonstrate how various factors influence the period of a pendulum including amplitude, mass, and length.

Background —

Students should already understand the concepts of cycle, amplitude, period, and frequency as they pertain to harmonic motion

and a pendulum.

Preparation and Materials —
Pendulum — could be made of string hung from the ceiling.

Timers to record

period.

Hooked Masses to vary the mass of the pendulum bob: 100 g, 100g; 500 g.

Data Tables

How does Mass Affect Period?

Length of Mass of Pendu- Amplitude Time for Period
Pendulum lum Bob 20 cycles (for 1 cycle)
medium 100 g medium
medium 200 g medium
medium 500¢g medium
How does Amplitude Affect Period?
Length of Mass of Pendu- Amplitude Time for Period
Pendulum lum Bob 20 cycles (for 1 cycle)
medium 200g small
medium 200 g medium
medium 200g wide
How does Length Affect Period?
Length of Mass of Pendu- Amplitude Time for Period
Pendulum lum Bob 20 cycles (for 1 cycle)
short 200g medium
medium 200 g medium
long 200 g medium

Student Outcome —
Write a scientific explanation of what factors affect the period of a pendulum.

cstephenmurray.com
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What affects the period of a pendulum?

Remember: Period (T) is the time for 1 cycle.

Name:
Different Amplitudes Different Masses Different Length
(same mass and length) (same length and amplitude) (same amplitude and mass)
Hint- Take Big amplitude | Small amplitude | Heavy mass Light mass Short length Long length
10 periods
and divide
by 10
to reduce
error.
Period (T): 10T= 10T= 10T = 10T = 10T= 10T =
(insec) | 171= 1T= 1T = 1T = 1T= 1T=
1. What affects the period of a pendulum? 3. To decrease the period (make it faster) you would:
2.

To increase the period, you would:

cstephenmurray.com

4. To increase the frequency you would:
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What affects the period of a pendulum?

Remember: Period (T) is the time for 1 cycle.

Name:
Different Amplitudes Different Masses Different Length

(same mass and length) (same length and amplitude) (same amplitude and mass)
Hint- Take Big amplitude |Small amplitude | Heavy mass Light mass Short length Long length
10 periods
and divide

by 10

to reduce
error.

Period (T): | 10T= 10T = 10T = 10T = 10T = 10T =
(insec) | 171= 17 = 1T= 1T= 17 = 17 =
1. What affects the period of a pendulum? 3.

2. To increase the period, you would:

cstephenmurray.com

To decrease the period (make it faster) you would:
4. To increase the frequency you would:
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What affects the period of a pendulum?

Remember: Period (T) is the time for 1 cycle.

Name:
Different Amplitudes Different Masses Different Length
(same mass and length) (same length and amplitude) (same amplitude and mass)
Hint- Take Big amplitude |Small amplitude | Heavy mass Light mass Short length Long length
10 periods
and divide
by 10
to reduce
error.
Period (T): 10T= 10T= 10T = 10T = 10T= 10T =
(insec) | 171= 1T= 1T = 1T = 1T= 1T=
1.  What affects the period of a pendulum? 3.

2. To increase the period, you would:
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To decrease the period (make it faster) you would:

4. To increase the frequency you would:
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Name: Unit 10:

Period:

Curriculum Notes—

Disclaimer: On the “Waves” notes I say that “water waves are transverse waves”. This is not perfectly true,
since water waves are really circular waves. Any object sitting on water will follow a circular path, back to
where it starts. [ use this example because it is close to a transverse wave and certainly one example most
familiar to students. Light is actually a transverse, but unfamiliar.

Beginning with the “Waves” worksheet, I emphasize that wave speed only changes if the medium changes.
(See demo below.) 1reemphasize this on standing waves (see standing wave lab note below). Before, I only
emphasized this during sound, when it becomes essential to solve word problems. By emphasizing this for
most of the chapter, not only does it teach students an important concept, but it also makes the teaching of
sound easier.

Standing Waves Lab: We have the CPO wave generators. I let the students do this lab twice (yes, twice).
The first day they figured out the sequence of the harmonics, how to find wavelength, and that the wave
speed stayed the same. The second day, they did it much faster and locked down the information. Sound
was pretty easy this year (2010).

Slinky Demo — For use with “Waves”. If you don’t have super long slinky, a normal one will suffice, as
long as it is metal. A super slinky costs about $30.00 from any science supply company.

Show transverse (move slinky left and right) and longitudinal waves (move hand forward and backward).

Show amplitude, reflection (see how the pulse will invert at the end), and dampening (dying out due to
friction with the floor).

Show that two waves can move thru each other. Have the student holding the other side produce a trans-
verse wave as you produce a longitudinal wave. The two pulses will pass thru each other proving
that waves are a movement of energy. Remind students that this is should seem logical, since two
pairs of students can have conversations at the same time. The sound waves go thru each other.

Show the wave speed does not change unless the medium changes. Using a timer, show that a greater
amplitude will not cause the speed to change. If the time is slightly different it is due to the person
timing. Show this by making to close pulses (second one larger). The larger pulse will not catch the
first pulse, thus proving the speed is constant. Also, a longitudinal wave has the same speed. Then
pull the slinky tighter and the pulse will move obviously faster.

Students as a Wave Demo—Have 5 or 6 students standing side by side as particles in a medium

Density Affects Wave Speed—The closeness of the students represents the density of a substance. If you
push on one of the students, they will bump into the next students and the next, etc, which is the wave
propagating in the medium. The closer the students stand, the faster the wave moves.

Transverse Waves only Move Thru Solids—Have the students lock arms to represent a solid. Then you
can push on the first student to show a longitudinal wave or move them side to side as a transverse
wave.

Only Longitudinal Waves Move Thru Fluids—If their arms are not locked they represent a fluid (gas or
liquid). You cannot produce a transverse wave, only a longitudinal wave.
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