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%l 1. Vibration of a string under forced sinusoidal vibration.
f is the measured frequency in Hz(w=2x/), and o is the density
of the string.
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radial node
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tangential node

m=0 (n) m=1
n=1 n=1
m=2 m=0
n=1 n=2
a=psz2/Z,,m2

T1%] 2. Schematic representation of the vibration of a circular
membrane, where the nodes in the radial and tangential direc-
tions are indicated.
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3 3. Schematic of the construction of a reflection hologram.
The pattern in the upper right hand corner represents the actual
hologram as recorded on the holographic plate.
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oldf ¢ = stress in the membrane(N/m?
v? = Laplacian operator
u = out of plane displacement(m)
p4 = real density(kg/m?
0%u/ ot

second time derivative(acceleration) of
the out of plane displacement(m/sec?)

K9] Y¥e FE FAQL k2 URHE, 9% 2%
(cylindrical coordinate)ollA] €& uo) thd v A&
og} o] o).

Pu/or+1/r - dufor+1/7 - Fu/olP=F - Fu/of (2)

olwj % = f(#,6,f)=out of plane deflection(m)
6 = tangential coordinate
= radial coordinate(m)
k' = p/o: [ p=mass per unit volume(kg/m?)
0 = biaxial stress(N/m?]
t=time(sec)

T dFeto] Ax|A) mAH] UtiE = RAA
(Ro] ¥x12Y u)), AA %4 (boundary condition)-&
0o] Hrh. wlgtA wh=A] 08 wH5Al7]= Bessel 48
Zna LB BUH, FFo] W 28 Fuge tew
ZE #AAE 7M.

0= pwR/Z,,)* (3)
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i, AFd -4611 B3 = Bessel 342913 z)Fol] why
gk § AdA Flarz s

€9 o- €59 U=,

DEXDED s A9 @4 E 19983 8¢y

m, n=1,1

m, n=0, 1

m, n=3,1 m, n=0, 2

& 4. Schematic representations of the holographic patterns ob-
served during the vibration of a membrane at its resonant fre-
quencies and the corresponding nodal indices. The solid lines rep-
resent the radial nodes and the dotted lines represent the tangen-
tial nodes.
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# 1. Mode Numbers, Mode Shape Indices(m, #), and Zeroes of
the Bessel Function, J,(Z,,,)=0

Mode Number m, n Zmn
1 0,1 2.405
2 1,1 3.831
3 2,1 5.136
4 0, 2 5.520
5 31 6.380
6 1,2 7.016
7 4,1 7.586
8 2,2 8417
9 0,3 8.654
10 5 1 8.708
11 3,2 9.760
12 6,1 9.953
13 1,38 10.173
14 4,2 11.064
15 7.1 11.115
16 2,3 11.620
17 0,4 11.792
18 8 1 12.270
19 5 2 12.339
20 3,3 13.017

L = the side length of the sample
m, n = integer mode numbers, 1, 2, 3------

d7 50 T8 Aele] A9 Pz geAle] &
S JEpSTh S ks B 4R AMTE B
At dEE FAgEReA g8k 44 1.11 MPa
7 1.15 MPaclglen, F71x] 2] Aaghe ¢xt 9l
A Mz AR5t A3 384 88 538 9
© ge] 249 FEEA A9 2 g YeRidth

2.2 |54 28 ( Anisotropic Stress)2o| &4

B Agol LER dEoly ZE FolA H|FHA e
A} Bol=H, °l‘“—* AL 82 Al 8 g (orien-
tation)ol] 93 Ao g A U v 28 7}
FAl J_—.—x}7} EEH Zka Sl vEWAd 7Ilsked,

53 44 ukase] o AMERrRY ¢ £ $dge 7}
3 & gk

TR &8 NHE HA9E de 937 3rpx] HAgut
Aol #Hoh gy niEwgdel S8 AUE 4ds 4
Bt W o7 ¥er Gasith ojxglel 43S ¥
Adu= F &2 W (principal stress direction)o]}
£33+ ¥ F o ¥ (orthogonal directions)o] A 7ich
a3 Ad 38 gloiA 1 (0,,=0,=0), FHe] Lxt
$8L F9 F 83 2L 6,9} g7 Dk 0" ]
el &8 AddME AY €L T T
F & MR AE vFEA Addle] S8 s dy
¥ % 3t Wef 08 el F $o) wge Aojun
B, 6=a/0, T D& g U 4 Urts
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0—0—0—O—0—0—0—pg—0
1.1 ©0—0—0—0—0—0—0—0—0

STRESS (MPa)

0 : Square Membrane

1.0} O : Circular Membrane
09 : 1 P | " I . 1 3

MODE NUMBER

%] 5. Stress vs. mode number of a stretched latex film in the
two membranes.
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e Y
Wilcoxon Research Piezoelectric Shakerd] Ao
A3, Wavetek Model 190534 7]} Wilcoxon
Research PA7 power amplifier S©] Piezoelectric
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(c) m, n=3, 2

(d) m, n=3,3

%l 6. Holographic patterns for a square membrane using poly-
propylene.
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% 7. Schematic of the holographic interferometry equipment.

m, n=0, 1

m, n=2,2
% 8. Vibration patterns of a PMDA-ODA membrane.
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E 2. Value of Stress, Resonant Frequencies, Mode Numbers and
m and » Values for PMDA-ODA Membrane Tested in Vacuum

w,,n(radians/sec)  Stress(MPa)

Mode Number m, %
1 0,1 25384 2551
2 1,1 40583 25.71
3 2,1 54023 25.34
4 0,2 58295 25.54
5 31 67387 25.55
6 1,2 74305 25.69
7 4,1 80085 25.53
8 2,2 88505 25.32
9 0,3 91332 2551
10 5 1 92639 25.92
11 3 2 103044 25.53
12 6 1 104936 25.46
13 1,3 107191 25.43
14 4,2 116679 25.47
15 7.1 117093 25.42
16 2,3 122189 25.32
17 0, 4 124589 25.57
18 8 1 128981 25.31
19 5 2 130144 25.48
20 33 137394 24.36
24 4,3 151557 25.47
29 53 165670 25.56
30 5, 4 200446 25.54

U wkxigo] adhd wolzlth oy xlolE i3]
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o] v & o] g3l BAIE ¥ ak«l H)&21(f,/
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o #A A gL
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27t e xrlde oy A% nevt
FE(Z7 &2 m, n=0, 1;1, 1;2, 1; 0,
2 e ), el ghe] A Fo] FHolAFE(S Fho] &
¥ < ¢ F AAOM gy ) E O}Tal
< AT BRAAE AFo|ut 7] FolA 4 F7iA|
s =

Wez 7] 6% At 289 TAY gL
e A5 HE(AEAA 9 4570l vl Faw
g vAY. 22y Bge AN FANA T gt
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% 9. Stress vs. mode number for PMDA-ODA sample at dif-
ferent reduced pressures. The radii of samples are {a) 0.95cm
and (b) 2.54 cm, respectively.

T5E, B 52 JF BE(5-6 o)) dME HFREE
7p3AL4 Eﬁ F8% Az FesA dok 53 %
Tolu} F4o02 B X2E o] Ade oY g9
W= A "’E%EH of ot a2y AT AgE difEe
IEA ELE AR E 28 UE $AV 244 &
onz ol & 4L AL =E .

42 2% 53

2571 ¥alshA HEH a4 gE 4 g8 WEs
o A o] Yehd 4 glch

Fo

|

o}
=

do= —dea- ATE/(1—V) (8)

ol7)9lA do = Change in stress(Pa)
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mal expansion
47T = Change in temperature(°C)
E = Young's modulus(Pa)
v = Poisson’s ratio

d0/4Te9 e 250 & $8gol 7]er)z i
AN F 1, Bde €987 4 (coefficient of ther-

I2Xstn 7l A9 W45 199893 8¢

20
—o— 1st Heat
--o-- Heat/Cool
15 e,
w
Q
<
10
g
7
st "y
e
0 i 1 L 1 1

Temperature (C*%)

7 10. Plot of stress vs. temperature for a PMDA-ODA film.
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