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11th Physics 7 Waves 2015-16

1 Propagation of Waves ¥BEDmbb

[Q1] Describe various kinds of waves. \\AUWA R A2 X,

[Q2] Explain about Wave, Wave Motion, Medium and Source in the ripple on
the surface of water.

KETDOPNZDOWT, B, WBh, B, W2 s L,

[Q3] Explain about Crest, Trough, Pulse Wave and Periodic Waves in the wave
on a string, and in the wave machines.

OHDWITHONT, 1, B 2SR, EFRRICOWTERAE L, v=—7~
TUAZOWT G ARSI X,

Wave Machine (Transverse) Wave Machine (Longitudinal)

Transverse Wave
Wavelength
—

Direction of travel
e

Amplitude
Movement of water
molecules

l ©2007 HowStuffWorks

[Q4] A periodic wave travels through a rope, as shown in Fig. 4. As the wave
travels, what is transferred between points A and B?
(1) mass only, (2) energy only, (3) both mass and energy, (4) neither mass
nor energy (PS-173)
RUZR LT &9 R 23 5, AT & A & B O TliIfn
[y eryiN

1) WEDH, (2 =HXLX—Dh, 3) WHLZXLFXF -0, (1) WE

LT RLF—HEED LR,

2
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2 Quantities Expressing Periodic Waves EfEE 2R ITVWANVWASALE

[Q6] Which wave diagram has both wavelength (1) and amplitude (A) labeled correctly?
FOMT, FREA)EREAQZELIIRLTHDLDIEEND,

[Q7]Fig. 4 shows a wave traveling toward the positive x direction. Find
the amplitude and wave length of the wave.

Bix, x MiOIEDH & ICHEDLE TH D, OO, HERERD &,

[Q8] The reciprocal of the frequency of a periodic wave is the wave’s
(1) period, (2) amplitude, (3) intensity, (4) speed

I ORBEROW KT, FoHE D

W A, (@ &iE, (3) E, @) #s

[Q9] There is a wave where its speed is 6.0 m/s and the vibration period of ylem]
the medium is 0.50 s. Find the wave length of the wave. !
WA 6.0 m/s, BHE OB OFMN 0.50 BOWNH D, WEIFWNL B,

T 0 1 2 4 B
[Q10] There is a wave where its wave length and frequency are 4.0 m and / \/ \/
8.0 Hz, respectively. Find the speed of the wave. "

WEN 4.0m, WBEEN 8.0Hz DR H 5, HEITNL 5D,

[Q11] Sound waves travel in air with a speed of 343 m/s. The lowest Fig. 7
frequency sound we can hear is 20.0 Hz; the highest frequency if 20.0 kHz.

Find the wavelength sound for frequencies of 20.0 Hz and 20.0 kHz.

BN ELKT 2G5 XL 343 m/s TH D, AFIZHELS 2 & 3 FHE

72T W DO FARDIREEE 20.0 Hz T, e OIRENEKIT 20.0 kHz TH

%, 20.0Hz & 20.0 kHz DIREIL DO FH OB & 2K &,

[Q12] Periodic waves are produced by a wave generator at the
rate of on wave every 0.50 seconds. What is the period of the
wave?

0.5 T 1 [HDE|E TEFEAAE L TWD, ZOROBEEIIW < 52y,

3 871072015 By Tohei Moritani
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3. Graphs of Transverse Waves

MEorsrs o

[Q14] Find the displacement of the medium at the
points, A, B and C.
BT O ALK B s C TOEMITNL By, (I758)

[Q15] Fig. 15 shows a water wave moving in the
direction shown by velocity vector ©. At the instant
shown, a cork at point P on the water’s surface is
moving toward (a) A, (B, ©C, (D

(PS-173) Fig. 15 13 & v CiTe/KHE CTh D, Kifill
FnSaLy PIIkoOBE A, B, C,D O EDm & 2H)<
R

[Q] A wave repeats over a distance equal to the
wavelength, 1. The time necessary for a
wave to move one wavelength is the period, T.
Thus, the speed of a wave is

v=% = f2
HER TR L OB ST, F£20 01
WEOWICVLEZRFRIZEYM T ¢b b, Lizhno
T, WoE ST,

y[m]
1
£
8 C
o
o0 A x [m]
-1
Fig.14
Fig. 15
— A
|
: —

4
Keio ?lcacﬁzmy of New York

871072015

By Tohei Moritani



11th Physics 7 Waves 2015-16

[Q16] Fig. 16 shows a periodic wave with a wavelength
of 2.0 m moving toward positive x at the speed of 4.0 m/s.
The points, A to F, represent media.

(1) Which direction the point B is moving in? I [m] 4.0m/s
(2) Find the points that are in identical phase with the ¢ =
point B.
(3) Find the points that are in opposite phase with the
point B. A B C D E F
(4) How long does it take for the phase of the point B to g T 0 T 1 T 2
transfer to the point D. X [m]
(5) Find the period of this wave.
Fig. 16 O 1%, &K 2.0 m, x #OEDMR X ITH X 4.0 m/s
THEA TS, A AF T CTH %, (1-60) !
1 WBIE EHHDMEITEE LTV

(2) 5B ERNARD ST END,

(3) M B LWL, ,
(4) 5B DA A DI Eb BEERIEN S S, Fig.16
B) ZOEDOEIINL B,

(Q17] In Fig. 17, the solid and broken lines represent the

wave at t=0 s and t=0.50 s, respectively. Find the

followings:

Fig. 17 1%, Bl t=0s O L DI & T T, t=0.50s D &

EOWHEBMM TR L, kERD L, [-81)

(1) Wavelength £

(2) Amplitude RiE

(3) Period JAH

(4) Frequency {E#I%Kk

(5) Speed # &

(6) The location where the speed of vibration is zero at
t=0. t=0 DL &, IREIOHS A 0 DT

(7) The time of propagation that the phase of the origin Fig. 17
transfers to x=30 cm. JFUSONFAN x=30cm O & =
Al B B

871072015 By Tohei Moritani
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4. Graphs of Vibration EEIDS T 7

[Q18] Fig. 18-a and —b are the graphs of a wave and the graph of vibration at origin of the wave, respectively. Explain
about phase for each graph. Fig. 18-a & —bid, D7 T 7 LRICKOERDOIREID V' Z 7 ThHh D, TNEND T T 7|
DWTHAH AT X,

y[m] y [m]

—> U AT
A =

» £ [S]
0
x|m
. \ et s
_AF _AF
Fig.18-b
Fig.18-a

6 871072015 By Tohei Moritani
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5. Longitudinal Waves

Various waves WAWA 7

[Q18] Choose transverse and longitudinal waves from 1) Ripple I S
the list shown in the right. 2) Tsunami H
BT T2 WA NADFIT DN T, B & el a2, 3) Compression waves in a spring £ DB I
4) Waves of a string O b DO
5)  Seismic waves iR
6) Sound B
7) Wave machines Jz—TwT
8) Light )t
9)  Electric waves I
10) Human wave at a ballpark ERG CO DI
Shear (S) Wave Propagation Compressional (P) Wave Propagation
in a Slinky Successive in a Slinky Successive
Direction of Direction of wave Hmis Direction of Direction of wave times

particle propagation

motion AN
%,

particle propagation
motion

) &

Com- Dilation Com-
pression pression

Fig. Wave Propagation in Slinky 2% £ X (RO DfEb Y )5

Compressions
(molecules close together)

Speaker , , ,
diaphragm

e, Rarefactions - ;
(molecules far apart)

Fig. Sound produced by a speaker At —Xh—TH4AE LI-FH

7 871072015 By Tohei Moritani
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6. Human Waves A DO

[Q20] In the figures below, you are observing students making a line to make “human waves” by moving paper in their

hands. The distance between adjoining students is 1.5m. Every student moves paper by 25cm at a bang of a drum

once per 0.50 s to shifts to the next step. (1) The left-end or #0 student moves paper upward in Fig. 20 or to the left as you

face in Fig. 21. Which direction is the right movement for the #4 student? (2) Is this wave transverse or longitudinal?

(3) Find the amplitude of the waves. (4) Find the wavelength of the waves. (5) Find the period of the waves. (6) Find

the frequency of the waves. (7) Find the speed of the waves. (8) Name all the students on the wave that are in identical

phase with the #1 student. (9) Name all the students on the wave that are in opposite phase with the #1 student. (10)

Which direction does the “human waves” move?

ERENR— I A THREBI LT TAROE ) 21E> TV OEFEIXERmND R TS, BV & 54 & ORMEIX 1.5m,

Kk 0.50 B 1 [Al7272< Z L IT#E 25cm B17 L TROEIEICE - T <,

1) Zei BB ODN) BABHZADLYE THEZ Rz (Fig. 200 721 XMn-> TR (Fig. 208Uz, FE 4 O ANTKE L
B BIZENDT OMRIE LD,

(2) B, BRI HER D 2

3 IRIEIIN L B,

@ ERITNL B,

(B) AT B

6) REHIINL B,

(1) FEOHIITNL B,

8 FH1DONERMHDOEEOFR S22 TET X,

9 FHF1DONEMMAHOEEOR S22 TET X,

(10) Fix &b Bz o TlkEden,

4 5 6 7 8 9

niutisnn

12 13

T
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[Q19] The figure shows the graph of a longitudinal wave

expressing as a transverse wave.

(1)
(2
(3

(6V)
2
(3

Which points are of condensations or rarefactions?
Which point has the largest displacement to the right?
Which point has the speed of zero?

BIL, fElEE D77 7 TRLEZBDOTH D,

[

BT/ > TN D L, BRIZR > TV D RIEE 2,
HEEDOENBHRKD UL E 2D,
WEOHRINEa DL EZh,
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8.

[Q22]

Waves 2015-16

Hh

Superposition of Waves

The following figure represents red and blue pulses.

=)

bR¥ickoTTX 5K

Make a careful sketch of the resulting wave, assuming that

the superposition principle holds for these waves.

L, FREFDO/SINVAWPERLTND, OO NELR - TIRIEZ T,

(HOERAEDEDFEAKLL TWD ET D)

A
4
20 2 e — =
== PR R AR U S S AR B R
I v I i 3 2 Y o - o
O—1 1 1 1 i T | E—— =T 1 ] »X [Cm]
1 2 3 4 5 6 7 8.9 10 11
20 e .
Fig. 22
y [cm]
4 Wave-1
2k
[Q23] Two pulse waves move at the speed of 1 cm/s
as shown. Draw the pattern of the waves after 2 1k
seconds. | 1 | | | | |
o e — s . 0 | T f f T —
LAY IR -l Z > N
2@@/\1 X{Eiﬁ)jiéﬂf [ E 12 1 cm/s THA T 1 2 3 4 5 6  — [cm]
%o 2HBEDWDIEEHT, -1k
-2 -
<—— Wave-2
Fig. 23
3
[Q24] Fig. 25 shows a rope with two pulses moving 2 —~
along it in the direction shown. What is the 1 /A\ =
resultant wave pattern at the instant when the 0 4
) . e o\ [/
maximum displacement of both pulses is at point O -1 \ l
on the rope? (PS56) -2 \"4
0= LD 2DV APR LEAEICEATHNS, -3
RO T2 NSNVANEIR ST & X DD EHIT,
Fig. 24
8/10/2015 By Tohei Moritani
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9. Interference of Waves ¥ oF
) In-Phase Vibration [F\ZFHDHRHE)
Constructive Interference % & 5 4 |£’ ;= 16’2| =2m x (%) (m=0,1,2, )

bugh

@ ®)

Destructive Interference I HIEL® 5 |£’1 - {’2| =(@2m+1)x (/El) (m=0,1,2, )

Irough

@)

[Q41] The figures show two sets of circular waves. Find the lines of “constructive” and “destructive”
interferences. UL 2 EOMEOE R THEL TV LHFTH D, [HOE ) REMATRE HTHHLS |
RERE AT E T,

e
12 871072015 By Tohei Moritani
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In Out Of-Phase Vibration Wi\ +H DRE)

Constructive Interference & & 5 51 |£’ ;- £’2| =(2m+1)x (/21)

|£1—£2|=2mx (’51)

(m=0,1,2, )
Destructive Interference #THH L& 5 A

(m=0,1,2, )

I'rough

(5

A
2 A
2

L =4x()

Trc

[Q42] The figures show two sets of circular waves.
interferences.

Find the lines of “constructive” and “destructive”
i 2@lOMAEOENRTFHL THWDIETTHD, BEDE I | REBALHRE THTHHELSD D
IERE VTR BT,

R Py

SN S K
- "~'<~.,._‘_______“‘,,;_‘-“ L K

13 871072015
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[Q43] Two sources on water surface, S1 and Sq, separated by a
distance of 2.0 cm vibrate in phase with one another, The
produced wave has a wavelength of 1.0 cm. Are the waves
constructive or destructive at the point located 6.5 cm far from
S: and 7.5 cm far from S,?

2.0 cm HEAL7Z KT B 2 5581, S: ZRMARTIRE S5, Z
DEE, BETIHHOWEREIFT1.0cm Tho7z, SiH2 5 6.5 cm,
Se b 7.5 cm BN 72 RIE, BOE D0, FIHIHLD O

[Q44] Two sources on water surface, S1 and S, separated by a
distance of 2.0 cm vibrate out of phase with one another, The
produced wave has a wavelength of 1.0 cm. Are the waves
constructive or destructive at the point located 6.5 cm far from
S: and 7.5 cm far from S,?

2.0 cm BV KT B 2 5581, Sy AR TIRE S5, Z
DEE, BETIHHOWEREIIFT1.0cm THo7z, SiH2 D 6.5 cm,
Se b 7.5 cm BN 72 RIE, TBOE D0, FIHIHLD 9

[Q45] Two speakers separated by a distance of 4.30 m
emit sound of 221 Hz. The speakers are in phase with
one another. A person listens from a location 2.80 m
directly in front of the speakers. Does the person hear
constructive or destructive interference. (Speed of
sound: 343 m/s)
2EDAE—H—H 430 m B T 221 Hz DFZH L TW
L. ZODOFEFFRMATHD, HDHAN—T DAL —T—
DHT2.80 m THWTWeL 35L&, ZODOFITHRDE D »
fILWLH D7y, (F5# - 343 m/s) (W476)

[Q46] The Speakers shown to the right have opposite
phase. They are separated by a distance of 5.20 m and
emit sound with a frequency of 104 Hz. A person
stands 3.00 m in front of the speakers and 1.30 m to one
side of the center line between them. What type of
interference occurs at the person’s location?
2HEDAE—H—5.20m B T 104 Hz DFZH L TW
Do ZODHEIXFNMETHD, H2DANBHTRLIZGHIT
FEEONTWEET 5L, Zo0FFMOAE I NTHIHL
H I, (Fid: 343 m/s)  (WATT)

14
Keio ?lcacﬁzmy of New York
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1 0. Standing Wave EHEIK

[Q] In the figure shown below, two waves having the same amplitude and wavelength
travel in opposite directions. Illustrate the resultant wave pattern formed by the
superposition of the two waves (A standing wave is formed.) FXIZ. HENZE L Rig
HELW 2 DDWEN AW EIZFE LS THEATWD, 2 OOEOE M ZHIT (8
HEMELINLD, )

%
—

Ll [N

)

AL L

15 871072015 By Tohei Moritani
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[Q51] Standing waves are produced by two waves
traveling in opposite directions in the same medium.
The two wave must have

(1) the same amplitude and the same frequency

(2) the same amplitude and different frequencies
(3) different amplitudes and the same frequency
(4) different amplitudes and different frequencies
(PS 160)

0
(2
3
)

[Q52] The diagram P represents a wave moving toward

the right side. Which wave from (a) to (d) could produce

a standing wave with the wave P? @)
Pix, AICEDHETHD, O EEFHEIEV S D

2@ ~ DD 5 5B Enn,

[Q53] Two sources, S1 and Se, separated by a distance

of 4.0 cm emit the identical traveling wave toward the

each other. The wave has the wavelength of 4.0 cm, the

amplitude of 0.5 cm, the speed of 2.0 cm/s and in phase

with one another, They produce a standing wave

between S1 and Sa.

(1) Find the period and amplitude of the vibration of the
antinodes.

(2) Illustrate the pattern of the standing wave.

4.0cm BENLTWVD 2 ODHIR S1. Se b, TNENLDHEK

PRI 72> TR 4.0 em, 4RIE 0.50 cm, 3# & 2.0 cm/s O

HFLWETERRMAHETHEEL TS, ZOLE S, S

MICEF N TE D,

(1) EFEHEOEORE O & IEIREE KD X,

(2) 81, S2MDEFWDOIEZRE THRE, (I71)

16
Keio ﬂcaoﬁzmy cf New York

TEHBUE, W TR CROM D & ITHEITS 5 2 fH D
TIEGN D, ZD 2 DBPUTKERENFTRD Ed,

[ — D HRE TR — D HIRE I
[F]— D HRME T R o 7= IR B
B73 o T fRE TR — D IR EN 3K
FeTp o T iRNE CRAr o 7o RN Bk

- () Fig. 52
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Reflection at a Free End an at a Fixed End

S R & B g

[Q26] In Fig. 26-a and -b, a pulse approaches toward a free and fixed end Q, respectively, with a speed of 1.0

cm/s.

Illustrate the pattern for the waves at a time 4.0, 4.5, 5.0, 5.5, 6.0 and 6.5 s later.

2OV AN E 1.0 cm/s THA TV D, 8 Q1% Fig. 36-a TIZH MR, -b TIXEEH TH 5, 4.0, 4.5, 5.0, 5.5,

BIO 6.0
BRITHIN D P
D % K H
Lj’o

40s

455

5.0s

55s

6.0s

[cmkl a) Free End 3 [Cmf\ b) Fixed End—,
3 3
2 : 2 =
1 1
o= o0 e
fem] E [em]
-1 Q -1r Q
[ _ij [ _i}
cm|A cm|A
3 3
2 : => 2 I=>
1 :
0 2 4 6 | 8 w0 4 6 8 0%
[ [cm] E [em]
-1 Q At Q
_f» )
ik [cmil\
3 3
2 —> 2 [—p
1 :
0 2 4 6 8 LY 4 6 8 0%
B [cm] E [em]
-1 Q At Q
[ 'ij" [ _if
cm|A cm
3 3
2 —> 2 —_—>
1 |
0 2 4 6 8 wor 0 4 6 8 0%
[ [cm] E [em]
At Q At Q
rﬁfé [crr_xill
3 3
2 : => 2 I=>
1 :
0 2 4 6 g 0r 0 4 6 8 10 %
[ [em] E [em]
-1 Q At Q
2+ 2k
871072015 By Tohei Moritani
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[Cmﬁ‘ a) Free End el b) Fixed End
[Q26] i
Answer 3 3t
4.0s 2 2 =2 A
i 1 A\
o 0 4 6 g 10'*
fem] B Q [em]
-1 -1r
2 -2y
[le'; [cm}"}f
3f 3f
45s b 2t —>
1 1t ///_\\\\
0 —r 0 "
2 [cm] [ [em]
at At Q
[c,ﬁf: [uﬁfg
3T 3
5.0s 2f i = -
i 1
0 =70* 0 ——— "
- [em] r Q [cm]
1t 1t
-2 -2y
[cmﬁi [cmﬁl
3f 3f
555 ol \ =
1t \\\ 1k // \\\
0 4 g 0% 0 —~ 6 /] & 0'°
F [em] r [cm]
at At Q
- 23
[Cmi'}\ [cmi'}f
3f 3r
60s o} : 2} =
N /) N A
0 4 6 g 0’ 0 4 6 8 0%
E [cm] B [em]
At Q At Q
2F 2+
871072015 By Tohei Moritani
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9. Diffraction, Reflection, Refraction

B4, K&, BT

Huygens’s Principle &4~ Z2DRE

[Q27] Explain the following terms: R FA#E % il X,
J1H Wave Front

SETHEIE Plane Wave,

ERH % Spherical Wave

FIti Elementary Wave

‘@& Surface Envelope

HA A~ AOFEE Huygens’ Principle

Diffraction  [EI#f

[Q28] Fig. 41 represents water waves interacting with two
slits in a barrier. Identify two wave phenomena illustrated
in the figure. Fig. 41 1%, /K3 FERED 2 8 0>~ & [#] & @i
BOMAEAZRLTVD, ZOROHNTZEOBRE 2 55
%, (PS161)

[Q29] Which diagram in Fig. 42 best illustrates diffraction of
waves incident on a barrier?

WS ERE TR S B3, Fig. 42 © FORAR b g N,

[Q30] A wave is diffracted as it passes through an opening in
The amount of diffraction that the wave
undergoes depends on both of the followings: 134 &M%
Wi L7 5 IS BET A R TR ISR O 2 O EE O Ehicnh
IXARBEZZ T D,
(a) amplitude and frequency of the incident wave

NS DR E & IREN K
(b) wavelength and speed of the incident wave

AR O F & S
(¢) wavelength of the incident wave and the size of the
AFB O R & EHORE S
(d) amplitude of the incident wave and the size of the

AFHE ORI & T EMORE S

a barrier.

opening

opening

19
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IR RIS I
R L i

(a) Z2E

St e )
o sk O T AT oo

()T 2 ZlE%

o b Voo R I | R0

Fig. 39

REDRGE e CR
M L T

s,
g L

4 AT

Fig. 40

T
[

i ion
—
(b)

871072015

1

By Tohei Moritani

(a)

Fig. 42



11th Physics 7 Waves 2015-16

Reflection &

[Q31] Explain the following terms: & 7k
PR &,

N Incident wave

S Reflected wave

R Normal

N opc Incidence angle

S Reflection angle

S BRI Law of reflection Fig. 31  Reflection

[Q32] Do the wavelength, frequency and speed
of an incident wave change with reflection? A
SO E « IREIEL « 3 SIS L o> TR T
D

Refraction J@#F

[Q33] Do the wavelength, frequency and speed
of an incident wave change with refraction? A
SO E « IREIEL - 3 S IXEPTIC L o TEE T
D

Fig. 33 Refracti
[Q34] Find the relative refractive index, n1 2 of '€ erraction

a medium 2 with respect to another medium 1
in terms of incidence and refraction angles.
BB LIS 208 2 oRdTE (MxtEdTE) %
NI & BT/ & VTR,

[Q36] Find the relative refractive index, n1 szofa
[035] Find the relat; fractive ind . medium 2 with respect to another medium 1 in terms
t t t . .
Q m ¢ refative refractive Index, ni,2 o of the wavelength of waves in the mediums.

B 1T 20 2 o iR (R ETER) 24580
TOE DRz M TERE,

a medium 2 with respect to another medium 1
in terms of the speed of waves in the mediums.
B LIS 208 2 oEdTE (MxtEdTE) %
FETOEDES 2 AN TEE,

[Q37] Why are the wave fronts lapping toward
the beach always parallel with the beach line?
WERESFT B %58 2 3 O3 I A3 B LSRR AT IS
2B DIERED,
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[Q38] Derive the law of refraction using the Huygens’ Principle JEHTDIERZ R A~ ADIERID B E T

N N

.. >~ _Normal &
A .
S & Medium |

o1t :

o2t :

sin 6,

sinf, =
sin 64
sin O,
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[Q39] Fig. 39 shows the wave fronts of a wave of 2.8
m wavelength traveling from a medium 1 to another
medium 2. The refractive index of the medium 2
with respect to the medium 11is 1.4. Find the
wavelength of the refracted wave. Illustrate the
refracted wave in the figure.

Fig. 39 3, #E 1 2> G HUH 2~k 2.8 m DA
TWD EZOWHERNTWD, BE 1% 208
SORIHEZ 1.4 L35 L&, HH2ICBT IO
ElIW< o, F72, B E T,

[Q40] There are two parts of place in a water tank,
deep (medium 1) and shallow (medium 2). A wave
of 6.0 Hz frequency travels at 18 cm/s in the deep
place toward the shallow place. The wave travels
in the shallow place at 15 cm/s. (a) Find the
refractive index of the medium 2 with respect to the
medium 1. (b) Find the wavelength in the two
media.

AKEOWNE Z A (BE 1) LR NEZA (BE2)
DD, TRV E ZADKE CTIRENIEK 6.0 Hz DA 4E L
T, #ME 18 cm/s TIEDLY | HWE ZAIHEAT, &
WEZADFEEIL 15 emls Th o7z, (@) BE 112Kk
HBVE 2 OJEFTRERD X, (2) BE 1, BEH 2 TO¥
D RxRD X,
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