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Today, we study wave motion.

We see many phenomena related to wave
motion, for example, water waves and sound.
Such wave motions are phenomena where a
disturbance in a material propagates to its
surroundings.

Wave motion is also simply called a wave.
There are two kinds of wave, that is, a
longitudinal wave and a transverse wave.

This figure shows that one edge of a stretched
string is shook laterally

In a transverse wave, a medium oscillates
perpendicular to the direction of wave
propagation.

in the

Suppose that a wave propagates

x —direction. In a transverse wave, a point
deflects in the y —direction perpendicular to
the x —direction.

Next, in the lower figure, one end of a soft

spring is moved periodically in the same

direction as the wave propagates.
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10. ?ﬁ,ﬁfﬂfk I, Znkoic ;@;’é’ﬁz}s‘f“ 0)5@”%Q :r;:icc 10. A longitudinal wave is a wave in which a

LALES . . . . .
?}E@Jﬁ“é&@_k“(ﬁi medium oscillates in the same direction as the
wave propagation.
LAZH MAD . . .
11. W, {gz 2 x j§‘|"—] T AL E 2 BL, BB 11.  In this case, both the propagation and the point
o h U< mE 355 deflection are in the same x -direction.
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12. ﬁ,f;% %, % kuﬁﬁ inéﬁﬁ’ﬁ z)x;tiof_)ﬁ L, Ejig 12. In the longitudinal wave, compressions ( where
u; iné{ﬁ;’gyﬁ )M‘“z)xof_;ﬁ N &ﬁ _bfﬁﬁ;néﬁ_ the medium is compressed together) and
0, [5@5 yﬁ CHWVWET. rarefactions (where the medium is spread apart)
appear alternately. Therefore, it is also called
a compression wave.
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1. Next, I will explain the fundamental
parameters related to a wave using a

sinusoidal wave.

2. A sinusoidal wave is expressed by a sine
function.
3. In general, the deflection of a wave is a

function of time and position.

4. The above figure shows the shape of a
wave at an instance.

5. The x -axis represents the position and
the y -axis represents the height of the
wave. In the case of a longitudinal wave,
the wave has the same shape if the
deflection in the Xx -direction is turned by
90° .

6. When we observe the deflection of one
point, it oscillates as a function of time.
Therefore, if the abscissa represents time,
the wave has the same sinusoidal

function.
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7. WOBLL, Thbb ETm FoKICHETS 7. In both figures, the maximum deflection,
namely the height in the y -direction is

[ESoR,

v HEOE N

AFL HhHb
RiEE WV, ATER LET.

called an amplitude.

PR 7+ Tpdr k) A=) . .
8. Fox<T, Lo NT AMED 8. In the above figure, the distance between

BABL . + o <A . . .

kg, 72& 2 X2 O TIZLDOE—27 D80 the adjacent corresponding points, for
ﬁﬁﬁ%“@ﬁy}ﬁ, %@ﬁﬁ%&%ﬁ% AT T% example, the distance between the peaks
LET. in this figure, is called a wave length and

is denoted by 4.
9. :%, %@“( hal nc:%“%ﬁ‘ééﬁ;ﬁ’&@i, 1> 9. In the lower figure, the corresponding

@:ﬁﬁ 1 ﬁ)%j‘é HL%QF’E% , ﬁ‘f@b%ﬁ’gﬁi‘%@ distance represents the time necessary
1&%@:%6 * “CO)HL#AF’E%GC%%; LETH, F1 for a point to return to the same position,
BlEIr oW, ToE LES is called a period and is denoted by T.
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2, 1R 1 o0 AREET 5% 10, In general, the number of repetitions in

r one second is called a frequency and

Hrwvw, fTRLETHS 20
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LA
& denoted by f. This value is expressed
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11. E@f, %o)iﬁf@‘é%é%v“@&%>‘g‘k, 11. In the above figure, let the velocity of

?9) éf{ﬁfé o wjan%uc HEEE 1 fgi*i) ﬂ:i]ﬁﬁ? 'ﬁmj wave propagation be v . Then, v 1is
RZ 18 NS DL D GEBIE . .
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RIC, Ba FE RN =T, 1. Next, I will explain the equations which
express waves.
Eléag(gf‘uﬁﬁﬁbf_atg z, {gz YA — 77‘5’?ﬂa< 2. As mentioned before, the wave has a
7=, itc;t-!jw"/&ﬁ;jzkf;@i@‘, sinusoidal shape and is expressed by a
sine function.
72 C A A=) ~ i . .
IR Iz k- Ty, F-frf@ick->Th 2k 3. Wave changes depending on time and
B, IR x LT ¢ o B 2 2 position, therefore it is a function of both
ER position x and time f.
%%D%%q DE% f;@ijﬁjx, bl \_ﬂ_‘éﬂfl/ A 4. Although the process of derivation of this
; 03, ﬁéﬁj‘éﬁ%i‘% j‘fvc‘j‘_ equation is skipped, a propagating wave is
represented by these equations.
1OH®JE753, {ﬁﬁ)x@” U}fa:ﬁ@gé“@, 5. The first one represents a wave which
2oﬁ@ﬁ7j)/é\@%r.ﬂ) ;@é i m/ab\\“(vﬁ‘, propagates in the positive x -direction.
The second one represents a wave which
propagates in the negative x -direction.
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direction, it takes time Af=— for the
v

wave to move by Ax.
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7. EFEDRT A RTRLULEEMR, 70bb 7. Namely, since it oscillates with the time
N L N lag At, the deflection is the same as that
f=—,v Af ODEREVS L, TOXLD
bbb at t——.
b ZEET. v
B< LAY
8. 7 ST s Zricre 8 . . 1
v OUbBA’x AtTERITIREIT 5 = LI Using the relations f = T and v=Af
0, - LRUERE 20 £
v obtained in a former slide, we obtain the

lower expression.
1£529 T i H »

9. %:93 \z, /\@jﬂ"j WA, Av 2 —Ax iz 9. On the contrary, when the wave

e

. Ax propagates in the negative direction, we
BEMZDHE, t+— 720 FET.
v . . Ax
can obtain the expression ¢+— by
%

replacing Ax with —Ax.
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Next, I will explain waves that propagate

R in a space.

7= & 23, %ﬁ’i%f:f:b \7”:%'&: E{z ; LT For example, imagine that you beat a
70, drum.

T D&, Wk@lﬁﬁ&, WG 5 A A Then, a sound which is a compression
lﬁ%? C% ’\13290 “C{T?-_l’ E wave propagates in every direction.
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This drum is a source of sound. Such a
source is called a wave source.

In a wave propagating in a space, the
locus of point having the same phase is
called a wavefront.

In a case of a sound which propagates in a
space, this wavefront has a sphere
surface.

Such a wave having a sphere wavefront is
called a spherical wave.

A wave with a plane wavefront is called a
plane wave.

In a spherical wave, we can approximate
its wavefront as a plane wave in a remote

place from the wave source.
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X CHET. wave like a wave on a surface of water.

11. 7= z13, H%ij?‘;ﬂﬁ@ﬂfﬂ _E?S_){@&j‘&, = 10. For example, if a stone is thrown into a
DL i;?HAL/,\AF'/%L«[;j{ OD{EZ MNTXFT. pond, it causes waves with a circular

shape.

12. = @fj%%\ s I/]Q/#ZL{E% ELUET. 11. In this case, it is called a circular wave.

13. = @%ﬁﬁéﬁ STV o f:?ﬁka)f}?ﬁfgﬁ&‘y ) tt} 12. If we see a part of this circular wave in a
LTHDL L, %@}E% “t)M%’f%U(Eg 2725 remote place from the wave source, it is
<ry, %zh,%f 1‘%{& LI ONET. approximated as a straight line. Such a

wave 1s called a linear wave.
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Huygens’ principle 1s an important
theorem which is used to explain various
phenomena in waves.

It says. “Consider every point on a
wavefront as a secondary source of a wave
Add up the field from all the

wavelets to get a later wavefront.”

(a wavelet).

For example, assume that this point S is a
wave source. The wavefront propagates
forming a spherical surface.

Assume that the wavefront is located at
“ab” at a certain time. S1,S2, etc on this
wavefront become new wave sources and
small new spherical waves (secondary
waves) propagate.

The envelope “cd” appears as a new wave

front.
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1. Next, I will explain representative
phenomena related to waves.

2. Here, I will explain a diffraction, a
reflection and a refraction. For
simplicity, we consider two dimensional

waves.

3. First, I will explain a diffraction. It is
described that, when there is an obstacle,
a wave propagates behind the obstacle

bending around it.

4, For example, as shown in the left figure,
assume that a line wave propagates
upward.

5. When there is an obstacle with a small
clearance, the wave propagates behind the
obstacle bending a little as shown by

broken lines.
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This phenomenon can be explained by
Huygens’ principle.

In the right figure, when the line wave
reached the clearance, we consider points
in the clearance as wave sources according
to Huygens’ principle,.

Then the wavelets in the middle part
overlap and its envelope becomes a
straight line.  However, they become
circular lines at the edges.

These waves at the edges cause diffraction
The angle of bending increases as the
wave length becomes longer.

For example, diffraction is not apparent
in light with a short wave length.
However, it occurs remarkably in sound
with long wave length.

This diffraction makes it possible for us to

hear sound behind the building.
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The next phenomenon is reflection. This
is the phenomenon that a propagating
wave changes the direction at an
interface between two different media
and propagates in the same media in a
different direction.

Due to this phenomenon, we can see an
object in a mirror and hear an echo from a
mountain.

Suppose that a line wave propagates to
the boundary from an oblique direction.
The waves reflect from the point on the
wavefront as it reaches the boundary
gradually.

The reflected wave propagates to the
direction which is symmetrical about the
normal line.

The right figure explains the reflection
according to Huygens’ principle.

The wave reflects as if the reflection point

1s a wave source.
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8. B
B
Bif--- BEPZELES, EREEZEEL ThOK
BITED LZE, ROETARS/EHLLSRE
4,
s,
B E v,
v, _sing RANVADRE
an =—=—
v, sin@
AN e 1.  Finally I will explain refraction.
)%'j L}ﬁ X, ﬁﬁfﬁg & é@?ﬁ 23, ?‘m L\Migo@lﬁ% L 2. Refraction is the change in direction when
Tﬁﬁ@g“’% ’%?ﬁ b x, {EZ O)JE?: -ji-:; 7}):/7}23‘9 the wave passes the boundary and
S %ﬁ%“( @‘ propagates in a different media.
{Eﬁ) E O)IODJ: o L%Zo% tglj)%jl&') :% 3. Suppose that a wave propagates in one
ANTETRELET. media in an oblique direction.

r9

ZDOWN, ;@g@ ij.% W45 L, {7+ 4. When the wave reaches the boundary, it
5%<§ 5»2{ % T F5. passes the boundary and propagates in a
different direction.
FALLD F A MR . . . .
TOBEE KA~ AD FHTE 2F3. 5. I will explain this phenomenon according
to Huygens’ principle.
EEIDPVDAL LD o 3 A

SO D Xz, BERm O)%M %{Ei{ﬁ? L 6. As shown in the right figure, points on the

A ot £ 9 %

=z, 2 k& e ) ${§ 73)@7@@ v, boundary are considered as wave sources.
%@éf%ﬁ !i%%h Lo “Cij’é%kiﬁ‘ ) These waves are overlapped and the

envelope propagates as a line wavefront.

,14% L foco“C U{ﬁ 03, Eﬁ%ﬁ@?ﬂ%b: 7. This straight line is the wavefront after

foﬁ U iﬁ" refraction.

T, @;’fgz}ﬂ‘fj@é &, /ﬁo);_é r@ﬂ'fzb 8. Since the velocities are different in

79, yﬁ*{}ﬁ;ﬁx 5 o)ygz @%jzngg bo, Hj}fﬁ different media, the velocity changes in

N ﬁgr = the new medium and refraction occurs as
a result.
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The angle changed by refraction differs
depending on the refractive index of a
media.

The refractive index is defined by the
ratio of sine values of the angle of

incidence @, and the angle of refraction

0. .

r

The refractive index is also defined by the
ratio of velocities in the media.

The right figure shows the case that a
wave passes from a medium with high
velocity to a medium with low velocity.
Since a wavelet made at the boundary
grows slowly, we can understand that
that the direction of the wave changes.
Since the speed of light in water is 3/4
times the speed in air, the light changes
direction like this.

Suppose that there is an object in the
water. Since the light reflected from this
object passes this route in the opposite
direction, to the eye in the left side it
looks like the light came from the
direction shown by the broken line. As a
result, it seems that the object floats.
This is also a phenomenon due to the

refrection.
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I will explain two interesting wave
phenomena in sound which we often

experience in daily life.

The first one is a beat. A beat occurs as a

result of interference of two waves.

Consider that two waves are superposed.
Interference means that, a wave 1is
intensified when two crests coincide and is
weakened when a crest and a trough
coincide.

Suppose that two waves are superposed as
shown in this figure.

These two waves have the same
amplitude but have slightly different
frequencies.

For example, when we beat these two
tuning forks which have slightly different
frequencies simultaneously, these two

waves propagate.
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< Lot

B AT Ly 0 . . .
7. BEET, ko U%ﬂ"l Y ,@,0)%}&@} ke, 1. A tuning fork is a resonator in the form of
5 &

7o72<&, 1F il/)@%hb\f;ﬁi 5 “U@%ﬁ%%\é a U-type fork. When it is struck, it
LET. makes a pure sinusoidal sound.

8. ?ﬂ% Zri}%foc %g) L LT, 20@%7,)3‘%7201 8. Waves have an important characteristic
3, %;h%‘j/wﬁ ’E%*) 0, FHF Fi T :%%ﬁ\foﬁ<ﬁf; of independency. It means that, when
PN GAYAR AN 5% Uj?u NH F9. two waves are superposed, each wave is

not disturbed by the other.

T dr n o WVIE BE
9. F, 200 NER T L X, SkEORX 9. When two waves are superposed, the
= 63’(%@20@%@25&@%&%& AL deflection of the resulting wave is the
nE & FAb 72 7= . .
5 RS DEDERNRKY b ET. algebraic sum of the deflections of the

original two waves.

10. Z—m2-o @?@L’?{%ﬁgx 5L, EO) 2 O@%%Z)‘S 10. Considering these two characteristics, we

NS LALES Bk . .
HRHEZDOLYITRIDBREL 252D can understand that the oscillation
INEL 2ot 0T 52 L by £, becomes large and small periodically as

shown in this figure.

11. %/5 XD E9 f;%@%%\\a:gj, %75§§§§° < 7p~ 11. Inthe case of sound made by tuning forks,

720 j]bx\ L potzh L“CF’;EJ ZAET. we can hear that the sound becomes large
and small periodically.
12. = @’%ﬁ%ﬁ N, H7h T, 12. This phenomenon is called a beat.
F——F

-9y, B, NI, - ERADbEORE, - RER

HAREREER
B35y
BE (575 1k, R<HMOBERECBOIES - L H AR TRV S 2R AV L a0

E. FlaiE. BHMoBx SO BEOT L UL 0 EE S X R, R R LB
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eme s

BROEEREEBRAE EOERTREIZL> T, RORIEH
MERG->THRAThABTER

i@f

BEA (EANE éi)\
f=

A A (BEDHEDTO

V+vf f:V—V];

s

—

2/)25?’)0)]*&7?»—%5%&@@%5%%“6#, The second one is the Doppler effect.

Ky 77— ij)%é L, ?E% D %t\é%(/jﬁ J:EJ/HJ,E?J%Z Lo 2. The Doppler effect is the change in

Z ) T i LAES>TH & .
*Hﬂﬁ’]fi %V ZXoT, WoREEMN Er 5T frequency of a wave depending on the
%ﬁ?ﬁﬁéﬂég%b% <. relative velocity between the source of the

wave and the observer.

Ko 75— BB Hm00F L, $ 2 % 3. A familiar example is the siren of an

@'bL/rV/O)%é“Cﬁ‘ ambulance.

7{§I£J X, 44( % $ 7f)> Ol/ VT BEXEIT, (ﬁ N 4. When an ambulance approaches, the wave
ﬁ b é;h“( pus 75),%,<F§]_7L, @é NhHEx ;’r{Efa length is shortened and the frequency
ITENADT, %5753‘10§< FE%: 7;5:3@%'?/5% becomes higher. However, when it
%ﬁ%ﬁbm \62:%':1/ VET. recedes from the observer, the wave

length becomes longer and the frequency
becomes lower.

}\/7 7%@;@ j.o);g z, (ﬁ@(ﬂi%ﬁ)ﬁ{}? 5. As shown in the figure, the wave length

@JEA/C“D \%3) FJIin’C“/J\éOZED, f&jj“@j(?{r@‘; becomes short in front of the moving
V&7 sound source and long behind it.

@H%E B O IA 1 lﬁbi’d_‘ Ao The speed of sound does not change.
c]:o’C, _0)2:-‘50)?}&@3%{ X, H {ﬁ?ﬁx%ﬁjﬁﬁu iRy Therefore, For person A to whom the
JE ><, M DA ZADLED fcﬁ AT, sound source approaches, the frequency is
f= fo TEESIET. givenby f = r fo-

— Vg V —vg
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In this case, the numerator becomes
larger than the denominator. Therefore,
person A hears a higher sound whose
frequency is higher than the original
frequency.

For person B from whom the ambulance is
receding, the frequency is given by

Vfo'

V +vg

In this case, the denominator becomes
larger than the numerator and p B hears

a lower sound.
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