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STUDY ON THE VIBRATION MODES DEPENDING ON
THE PERCUSSION POINT IN A CIRCULAR DRUM

Kum-Hwa Jung

Graduate School of Education

FPukyong national University

Abstract

Of the Korean percussion instruments, drum might be the most common
thing to find easily around us. drum plays an important role to make a
mood of Samulnori(the Korean traditional percussion ‘quartet) or some
events exciting with its simple tone.

This instrument vibrates using a stationary wave. So we can see the
vibrations through proper wibration mode in person.

They are very similar to stationary waves which are made over a fixed
string.

Middle or high school students can visually confirm both the wave motion
and the stationary waves through this instrument.

The 7th education curriculum requires teachers charging a course of
Physics to give more weight on Modern Physics' aswell as Classical
Physics. According to the education curriculum of Physics, teachers should
educate students how to understand complicate natural phenomena or how
to solve problems using Physics and provide appropriate teaching
guidelines for students to bring up abilities to study scientifically. In
addition, it says the curriculum deals with microscopic world systematically
and makes students observe the natural phenomena in a totally new way.
However, students seem like Physics is one of the most difficult subject
and get to lose their interest in it, especially Modern Physics.

Therefore, we have to select various subjects or substances and study
them scientifically to cause their interest and curiosity in the curriculum.
Also it is important for educators to help students understand the general

idea of Physics easily and set up the well-organized conceptual system of

_iv_



the subject.

Accordingly, I've tried to deal with the vibration mode of drum using
quantum mechanics to make a relation with Modern Physics. Molecular
Orbital theory in quantum mechanics - educated in a Chemistry curriculum
at high school- is a model of electron's probability distribution. It is quite
difficult for students to understand its concept as especially material wave
is neither visible nor touchable. Therefore, I think that if students see
such waves through vibration mode of drum it would bring about much
bigger visible effect.

Using proper vibration modes of drum which has been proven
theoretically, first, on the assumption that a radius is fixed, observe the
change of boundary lines when an angle of vibrator is moved to make
vibrations. Second, fix the angle now and observe which point will make
its vibration mode, first and check the time when the radius is changed.
Through these two experiments, we compare the point of vibrator which
is named as a radius R and an angle of direction 8 with the probability
density to find electrons in hydrogen's atomic model. Plus, we try to
explain the point that shows the highest probability density of electrons in
atomic structure.

The goal of this study is te explain quantum mechanics to students more
easily as they can observe the point that has high probability to find

electrons in person.



A&

Feutetel Eheto)

o

oy
ol
ar

)
N

By

oy

)

i
w

A}

2 7F B2 waAoA-m A=A

elch. WA wf AE F

eI
el
ifl
i)
o

|

1o
!
0
~

—_—
o

o

i

—

0

+
oV

—_—

0

ol

el
o
el
Am

—

O

¢
ol

or
o
—~
o

g

Rk

i
b=

g0l A A= of of

AAHoZ o}

1

Bl

ja—
0

m-

o

el

WL

13
Sof

1o 29y

o
2

4|z
Tor

|

o
<

0

=

Hr
=

o

Bl

gy
i

El

ol

w9 a¥rk vk

o}
of

< A

Bl

fils}

il

oV

1 o
= =2

0% grgons Bod /2 7

al
o

X

i

hSS

I



—~
o

o
Nfo

—~
o

v
)

=2 o

ot

;.O.._

ofol e,

1

P ol 4 T} F0] 7]

ki3

A

Xl

o

171 o2

]

3

§ 50| o

T X
o}

SR

M

H

of o]

102 «+

a7

]

&
il

)
w

)

o
75

A} (vibrator) 9]

1Ho

CEE

B2 99 5 vehy

=
5 rd

o
o

el
B
<

b

M
T

o

o

o
T
oy
K
o))
A

SEE

A Tz oA

)

o} wlas) B,

A A

p—

EREE

1
£

el
K
0|
M

)
o

e
!

oA ko

LESS

Sk A
5}

3,

of i

el
ol

fol HojFozX

0]



o]%

)
N
=

oy
0

vze)

—~
HO

o
w

ojn

ol

3

FAb olwf wijd el A st oF

]

o )

o
=l

v

o}
=]

2 A=A

W

o] 7] A

A A ol A]

—(1-3)

- w(x’ y)e—iwt

Yz, y,t)

2mfo] Tt

= w

o
N
=0
oy
<
ojn

—(1—-4)

=0

\VA/mE

2

B

H
-

X7

Efui



- (1-6)
- (1-7)

7= R(r) 000)

Bl
o
do
I
oy
N

Nd

ﬁo

A ¢

R(a)=0

P
!
il

oR
&

TR

i

J)

o ]‘1;}'

B (159)
- (1-11)

o] o] of

0
1

1

+ K RO

e

do*

o %3} 9

7

[e)

r
=

d
cos (mb++,,)

o}

I RS

Al ©
1

d*R
1

dr’
o(6)

[e)
L

(1-5)4

o] ¥, o



o714 n, & 27 2o oa AAH Ard F 270 el ojx g

0L FEHLUNE FUF HS Ak T, me AFolofoF g},

(1-10)¢) 9% F& mo2 T3 Felstw

+——+ (= —)R=0 - (1-12)

o] kA2 = Al 1% Bessel & ], (kr)3} Al 2% Bessel ¢
Y, (kr)e] do= yed F gt}
R(r)=AJ, (kr)+ BY. (kr) - (1-13)

m m

stAI N A 5o B r=0d W WH7E FEefof stE2, A5 B 0]

webd,  Rr)=AJ, (k)

m

oA7lell BA = Rla)=02 4 &8t J, (ka)=00] T},
J, 8 sl 0ol HWA g, o2 UEW L, ke thgdk 22 BA5AR
2 7hdh

by = 2 - (1-14)

a

A RSN

(r,0)=AJ (kr)cos(mb+-~,) - (1-15)
ojth, AX 7] 2Ho g AAHL.
ol Al, A (1-3)l <3

Y, (r,0,t)=A,. J (k. r)cosmb et (1-16)



et

Ky :jmnol nw

mn

ol

hl
=]
8:)

7

—_

=
¢}

’

>
of
B
&H
I

. C
= Sy - (1-17
f mn .] mn 2 Ta ( )

Jo M3 Bessel @49 n¥iAl 0o] ®E g ovlshn] g Esh 1)

Z2 e AT

Jmn
m n 0 1 2 3 4 5
0 = 2.40 SRS 8.65 11.79 14.93
1 0 3.83 7.02 10.17 13.32 16.47
2 0 5.14 8.42 11.62 14.80 17.96
3 0 6.38 9.76 13.02 16.22 19.41
4 0 7.59 11.06 14.37 17.62 20.83
5 0 8.77 12.34 15.70 18.98 22.22

¥ 1. Al 1¥F Bessel &9 00] ¥ & e



19 1. Al 15 Bessel §9] 19 x



o

b

=)

0;.3)

0, 2)

0, 1)

(1, 3)

(1, 2)

(1, 1)

(2, 3)

(2, 2)

(2, 1)

)
aY]

Ho

wle] o e

3]

)

a9 2.



2. & ARl U@ o E

T AR N @ A re,¢0AM AAE TS FELEE 1 HolAY |yf
o ez LR Y

W = |RPOF |8 - (2-1)
o] t}.

A71H [PPe A7 Yyoms oW =4 Wzt golx ARZ FL

SHE R AFWE RS rol wek W, FeAE 7 BEe] P

= o 9] 2] metME G a8 32 ¢4 A9 s, 2s, 2p,

3s, 3p.. A Hd Aol R ro] BAES YE g zoltt. L= =091
el 2E sAEA diel RS =094 FHdloltt ZFHo] =A==
AE Y RY L r=001A Q¢] 4.

M AA 2k drddlA AxE S A4 GEE WPdVe|th
W 2R golA dV=r’sin@drd) dp o)nz A2 wAE A JEL
> dV=|RPOPI®*r*sind drdf de - (2-2)
o] rEE FHIT r+dro] HiE T Abole] A ZelA AAsp LA
g 8L Plr)drolzta 3 o
Pnl7£(r)dr=|¢|247rr2dr - (2-3)
P,(r)e A% g 2= 9 A F5 R, FA 2 A Y

ol whel vHER A



R, 1)
o — N
3] E

0.3
0.2
0.1 3s

0.1

0.05

5 56 \/
3
|

0.03

0.06
0.03
4p
0 I "
i \/
0.02
0.01 ad
0 | | |
0.02 \\‘\ﬁ___,--
0.01
af
0 | | | |
0 5 10 15 20ag

(aU 20053nm>

00

4np,,.(r)
B~

1s

—
2
(=]

10 20 22a,

— 25

=N WO N W O

L 2p

(w]

=
o o O
T

3s

=
(8]
I

_O —
o, O »n o
LgT 1

3p

=

—_
o
(L

=
n
|

3d

O

o ST o
N A Oy
|

o

o
1

0.5

_‘IO_



1. Zt(e)& =24 A= Ho 23

d

2. MAF(R)e dEA A= W 249

(1) A& 24 7] (Digital Funcition Generator Amplifier)

=

0~10kHzel MFggs BAAZE 5 3o W%Fo =

(2) 984 A5 7] (Mechanical Vibrator)

e
off
i)
o
N
o)
)
T
rfo
e
off
ol
=
i
EY
o
off
ek
i)

_'I'I_



(5) A Ao

ZAA

(6)

_12_



AJm

Tor

_13_



a9 7.2 DHEE

_14_



-

L

o 7pAgAE A FA A 1/4F]

]

e
R

[e)

B 9o #HH2AE normal point(

Rt

A

e

o

2}

A=

ﬂnﬂo
i+

o
Ao

ral
¥

oy

]

Ho
=<
o

il

—
o

by el woeho Aol AR

-

OX]'O‘

S
2 425 A Hoh

HA

G

e A
7|E o

=

=

o A gA A AR LR 20°

7V FAA RolE R 7he-d|
npr] A 9] o]

o

i

T

az

T

F

Hcl—

FaA e

S

ol A7)
4

9

A

°©

g

=

o]

sho] aEjdel ol

5

5ok AEL

o] &

et Zo] ofe A= <

7S

atof 40°

)

[~
o

R

_15_



2. MAF(R)e dEA A= W 249

7} (0 1) =

I
o
©
ofy
o2
tlo
™
offl
>
Y
=)
o
2
>
ri
td
)y

_16_



XK
=
i

Ho

pu—

XA

s

Al

-
R

o 2

1

R

= 1 4]

=

FA RE

9

7 A

s

rop e},

=

A

w7k ol
Fge AEAA 0 D

=)
=

o]
g

OO]:

ol

Goll A el Aol

o

iy

b

o =
:—_rxéo

ANA 2

N
oy
N

ol FA71HA (0 1)

A
A

= lcm

=

7]

ot

7k A W oz o] Al 7]

o) o
v =2

A]

AZEsy Al ekel B A =

_17_

21.5cme] o,

=20
T

=
=

RHEA]

a9 Rk

9]

=
\=]
=

=



. (0 2)R =

9 10. (0 2)R=

AJm

_18_



Y 103} o) HAT
A ook

g vl e 2A

ro

o

(0 DE=S} ohgrtAz 2o $9 AFHAA (0 DE
E7b g A AFE 24
A okl 2AAAE w4 sl lem® 352

2wy o BAA ge PPoE MET §
%k,

_19_



t. (1 1)RE=

92 E8 ¥ normal point

g2 FFE AL GA A
E AEAA AT A DEEVE 950 A= ASE ZAARZ 7] 53590
A 39 SA S Hdge FHeAo
o, 99 TAHLE lem® ol Fdto] A (1 DEEZE w50 A= ARt
= ZAAIR SAEAT. § ol Rt wEo] XA @su 74 APS
af Bk &S dAsHA A T
223 normal pointel A & FA o] wH#eko R = Iem# olF AA B
As A& SAeA T
AlZE3 Aeete] dA 2

_20_



2. 2 1)EE

59 normal pointE FFAA 2 DEZ= dIstes 54 IAeFE 2

=]

R

ZS ZAsI] A

ol
ot
i
[
Ll

>1Lv
rlr
v

(1 DE=9} vz7FAl 2 normal pointdl A HEH 9 T4 WdFo =z lem?
o}
normal pointdl Al ¢ o2 E lemA o] FAA L WH o AIF B

et

o

O] EAA FEv) wrEo] A= XS =H

_21_



1. Zt(e)& =24 A= He 249

7 (1 DEE

3
T
>
b
o
g
o
fetl
o
offt
ol
ol
2
™
ofl
>
~N
b
oy

a3 12, (1 1)

[

of MAAYFO R o]F W3

td

_22_



B
=

o

[e]
A&

b

&

o]

sl AE wheA 20

Ton

H

ol
i

£

)A

o)
£

)A
NE

’

o] ate] FEA A vt Aol

b

3 YdeElvyE=z (1 DE=A

9

10122 cos #7}5 Al /2, 3n/27F 0°] = o} 23}

H

Yuol A w4

)

9

2

m

el

0, =7F =

A7k G 0

a9 13, (1 DE=A go] & 3%

=1, my

=2, ¢

Ao FE n

-
R

& =]

shg ol A o)l

7} 2]

A

Ao

o
T

cosfel A 3}

3
2

0(2p)Q1 FAZE el A 6(0) ko]

_23_



w2l r(9FA Z)S normal point Zol®Z wAA 7L Zro] uwgl H&

w2}

9o

FAAE W, AFA 7 FZ(nhormal point)e] FHt] ZZo] FHo] olE Z:

olFA7IY vt AdE wekA olFsiAl HM, F4 dx R oA
| Adate] 2 FEo] Mg 2 el A

o] e el = AAE TAT gEo] Ao glA dA

[e2

I

_24_



U (2 1)EE

g s (2 DEE

a9 14, 2 DREE=9 A AWEge 7

1o,
of
td
)%

_25_



Q2 DEREAME (1 DEESE w7t A = AFA 7= e AA Bl

WA WFen ZARE oFAA VEANY shAE gep o Eas

AE #FFE T 4 YAk
(2 NEEE m=20]22 HZt go] W& ¥% TF+= 00)=cos 20715

ol /4, 3n/4, 5n/4,Tn/47F 00] HE= 23] 4F HolAM= w4l
wapE o] F 7j7F vpEbd o

|
3
~
NS
5
)
3 _
~
]
|

a8 15 2 NREY o go] w2 9% 35

oWl WEAe] AN Y G-0§ W2 7o 3r/27} HES RET BA
Ak ol& & 44 FF FFNA =3, (=2, m=+13D)A FA A

V15 8

5 sinfcosf 3 A

= A 7

A

I
v
[
fu
-
B~
(o,
D)
td
o
=
>,
i
4o
=
o
lo
™
offl
By
k)
o)
B
=
™
e
ro,

R A

% olFo] A WA FHEol A4 = Aol W Aol

R

_26_



2 MAE(R)E YE2A P& W A3

7 (0 1)R=

5\

dPE wl, 7HE Aol AA A=

A Al

(0 DE=7F vbEo] A= ARtE
!

rH

A Aol AMEA T A

ri
F{F

U ekokar o g 5cm A ol HoAME RE=7F ok

ully
2
R

Ir
>,

tol T4 wlugs w, =gxon 7. 8mol = Albkol7E Wol w

9emA| Foll A= Algko] o2 Ay o] ZpgAtg o] witisb A7 E4A
T2 Rk Fets Bzt Beol AT 10cmolife]l HW Rt
Z A7A o A Al gl

o] A3 AHYE2 Bessel FFolA HEIUT R(r)ol &3t A=,
(0 DEE=+ m=0°]2 = Bessel & L Zo A J(z)E <v3st™, n=19]

22 J@)8F adz Sl A A 00 He AHAAE eI

o

%, 29 (0 DREAA FFEA REVF b W A7)e Hu A Zo)
W Tl "oldgs Azte] o A= AAH, n=1, (=0, m,=0(1s)%]
FA G s dAAAE Thed 3 FHAM dAE AT FE

b 3 " del A HA ATt ddeE ddE 21 e g8

o 1t

,d
flo
it}

_27_



712 (cm) Al ZH = A ZE
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