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following is the translation of an article 
"by Lin Hüng-sun  (2651 7703 5549),   of the 
Institute  of Mechanics,  Aeademia SInica, 
^n ^iki?-i j3sueh»pao  (Journal of Pfovsics)» 
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1» Intr cduct i on 

The recent introductory report by Professor W» 
Nowackl of the Corresponding Institute* Academy of Science, 
Poland, written in Peiping, concerning his work on elas- 
ticity in thin plates,»' aroused "both our interest and our 
attentions  In the course of discussion, the author of 
this paper has tried to explain Professor W» Rogacki«3 
basic method «~ derived from the viewpoint of physios   
fron the standpoint of finite trans format ions«," 

In what followst  we shall discuss the problem of 
bendiry of circular and ring~shaped elastic thin-plates 
uridex4 arbitrary, lateral distribution loads with clamped» 
edgeji or simply supported^e-ige, in an effort to explain 
the application of finite Hankel transforms 

In particular, the finite transforms of a function 
f(x) over the interval 0.^x<l are defined as 

/(!«.<) = [ * K-f) JJt„, .r) J* : (la} 

where Jn represents the Beseel function of the first kind, 
m-th order* and % ras  I represents the i-th root of the 
equation 

JM) = 
(lb) 

-"- Received 3 February 1956, 



Then,  it may be proved, 

The individual conditions of anti-symmetrical bend- 
ing of elastic circular thin-plates has been discussed by 
W« Flügge, H. Reissner, H. Schmidt, A» I» Lur'ya, ar>d 
others. The method suggested in this paper facilitates 
the simplified expression of the solution to the problem;. 

g« Bending of Circular Thin-Plates Under.Arbitrary Lateral 
Load with Clamped-edge 

As everybody knows, the fulfilled differential equa- 
tion of deflection W,for the elastic circular plate, under 
the effects of arbitrary lateral load p(r, 6), and with 
thickness h, is 

(JL-A. I  d 4. i Jp_Y ~ t 
K dr*   + ~r    ~dr~ +    rT    60* )  W~  '" 

(1) 

where D - 12(fi^ ,   is the bending rigidity, E is the 

Young5s Modulus, and €  is Poisson's co-efficient. If the 
plate is clamped on the edge r a (a is the radius of the 
plate), then we find for the problem the following bound- 
ary condition; 

Or     | r-a 

(2) 

Introducing the dimensionless quantity 

Then, the boundary condition in equation (2), and differen- 
tial equation (1) becomes 

«'I  -o.     ff;  «o.    . (4) 
I Jr—I OX    \x"l 



First,  expand q(x# 0) into 

(55 
*«1 

WXl&TB 

ä^-^J,-«"»..-.  . | ; (6; 

£>«(*) = ~" I   «"co?i »<? ^ • f 
»Jo 

#.(*) =» ~ !    <? sia «0 d& . ; 
» Jo ' 

How express W as 
., .   '«i ^ {7} 

In ragard to Up* %* ^d ?»s we hsn?e th& following type of 
boundary conditions■* 

Ä v ^-.1  „A '    '•      (9) 

low, utilising the finlt©■Eankel transform method» 
multiply both sides of equation (8) by x^l ($*.,{*) I 
then* integrate with respect to as: from 0 to' li 

Now, we haTö 

f > / i1 X.. , 1 Jik „. *!*a^ r(* ,.*) <;«<.' ' |   ' 
j0 \ air        x s ,^9a| 

- [, ~f =- 7.(e^ *>]„ ~~ j0 ~tf **■* ^ <**» * - J.x* V—r*-j* 



Or, 

}0<-^ + 7-7*      ** r* do) 
« [* ~~ x,(iw *•) - £»,• * x» J: CU>- *)]* - f „3., x.(f i.*>, 

Here, use the  symbol of the finite Hankel transform: 

-       ■      f» , (11) 
Xm(£*.d ~\   xXm ]Jg„j x) iiX . 

Similarly, 

1 (JL 4. A. A. __ ™ 
*\dx* * x   dx Jo 

-r. (12) 

.   1    d        mi\/d2Xm,   1   JX„ m*Xm\Jf„      .   ; 

i / <f* xm ,  l  <Hf„      «2 xm \ . ,„     , 

Suppose f m i is taken as the i-th root  of the aquation 

(lb) 

Then, using boundary conditions in equation (9), we have 

(' Ä (JL j. JL -fL _ 4-Y x. j„(f..«*> <** - 
(12a) 

where 

y*x„\ (13) 



is an undetermined quantity. 
If we write 

p (14) 
JO 

Then, the result of the integration in equation (3) above, 
gives us the following 

„     -       - (14a) 

Then, we obtain 

AS &,  according to the form of the finite Hankel transform, 
HG« we nave 

j»(e*.**)     (is) 

Obviously, ^fi jx~3"°*    ^h«n» in order to satisfy the 
condition dYn/&x T j:sal

Ä 0, we raust have 

(16a) 
»*M 

Whence, we have 

^» ; 

Then» finally, the expression of the dimenslonless deflec« 
tion of the plate, 



■are*. xr\ «. - V   &<»(£«.') J<S(£IM *)    , , *  «r*     ifcCfe f *)     . 

+'2 2 2 TrfftAlT C5-(f-,*> «* »*ö + JUf.,0 «a «tfi -4.! (IS) 

where 

+ 22 U- cos «* + B. «A »j9> 2 TfT%rV 

JO 

JO 

An. *&   "** "■"*■——*•"£; "—"——*—-*—*,       1 

,•„1    t»,*«*«»".'-' 
/f»«8 

.'jm 4      *w «SOB 

ja»I,      » (M 

1) j?t&""4Ssfc5"'' 
We ©an prova 

thus,,     2I^-T- 

6 

(19) 

(20) 



At the center of the circular plate  (xaOj, we have 

^■'IJfr^^ ft liiKfod ' (21) 

Now, we consider an Important special load condition, 
Assume that at xssc (0^cCl)} ©«0, there is a 'unit' 
expressed in dimensionless quantity <— where the load is 
concentrated« Then» we can use the J~* function forms 

><*-*) *<0--O) (22) 

Fhen. 

£oO) - 

0-Gr) - 

1 
2sr  jo 

1 

q do ~ 
2XX 

q cos »so d$ —  '  *""' 
*   J» «* 

~ p ? »a mß 40 » D . j 

\ /^^ / 

However 

JO A. Jv 

Jo 
* Pm /»(?«., A") A 

/,*(£«.,- «r> 

f 
Ja 

(24) 

Then, 

^o1 

*flrf p. 2 

«»  

* 4&< "IT" 

(25) 

B.-0. 



Then, we h&v® 

^(*'Ö) - «ft ■ ft, U (ft*)]* «       "£" 1   "~ * TSCTbJ +/ (2 
A« V*. iwl    .»Bit 

T* ~ >, co# **" iZ< —7r3r:"Ttrrz—v-H—— 

— ■Z£* —~£™-—~ — cos «ff 2^ "äTTFTFT ' 

*l    4»* 
,tj»|    Vwr>if 

And» at th© ©enter of th© cireular plate (x«0)., we hav© 

ft *&%(&,»)     A i (g7) 

v r~~jftTs^csj' 

If there is a line along 0*0 with total intensity 
equal to load of l, than 

$(0-0) (28) 

And. 

I-      0 '» -L. 
2«* '      ^M       w* 

KB— ™~-■     P« =»—.-,      £„=*(>; (29) 

And, 

in   j(v 

it   J6 

(SO) 

Substituting Into equation (18), we are able to obtain the 
solution» Of course* th© solution can also be obtained by 

8 



l'nt.as?ratinct with respect to c from 0 to 1.- 
Hor* is.lt difficult to discuss the more general 

load conditions,  such as 

,^J&l*Slz$L, (50a) 
q at ■ 

This is equivalent to variable load conditions along line 
©a:0# et cetera, 

3.8- ^^»JE^Oil^E.3^ ^hin«.Plat8s Undor Arbitrary Later» 

Using the method suggested in the preceding section., 
vre can solve the problem of bending of circular thin-plates 
under arbitrary lateral load with cl&mped-edge f/ith cen- 
ter tension* This problem has been considered by W, G9 
Btcklsy, bxxt he discus sod only uniform loads and concen- 
trated' load conditions at arbitrary points on the plane 
plate. Furthermore, BIckley used different expansion 
methods » 

The foraaala for 'loads under these circumstances is 
as follows: 

where "i^-l/a /D is a dimensionless magnitude« 
And» as before, q is written as 

And, expanding W aa 

(32) 

iss) 

In regard to U0(x), tL,(:jt)j, Vm{s:)s we have the following 
type of boundary conditions: 

x1 )                 \ ix-         X 
d 
is (34) 

,= 0                -: - ~ 
1 *■•■-! 

- 0. (35) 

9 



where 1 m?i  is the I-th root  of equation 

Then, the undetermined quantity is 

And, 

X.(ft.,) ~ JJsg^V- + ~#feL- ^(T) {38) tmj+rei,    eicht f ' 

And, 

Obviously, *„ k^-0. Then, In order to satisfy the 

condition dXm/dX |   SKA W„ »„4. t,..,,., 

And, finally, we have 

(41) 

10 



+ 22^ TFKJTtJ^WW- m^ *° m& + ***** * ^ + ' 

*st»3 *   ' 

wn&r® 

ih (0o,d ™ I *•' Qo icCfs.r 4') diC , ■ 

Jo 

Jo 

kvA, 

^ {>-)«=. ™——7        >    I {46} 

if»! 

*                  1 

&»»(^.t)  

f&L»       t,"i ,.,L.y 

f& 'IlH+fild AGO) 
B-CT) - -—• s 7  — 

4ua> if. X , 4-. f 

(41) 

142} 

4«_^endi2i£ of ^ölro^ar^iin-flat^ under Arbitrary Loa 

Now we consider the cond.ltions of a simply««supported 
edge*    W© do not neaci to dlsousa in ftirbheo* detail the 
basics* we sieed only ,«tate here that we have seoöndary«. 
t^>© boundary-conditions s 

(~~r -r ~~ | - - ~r j *« Ä F<« < ; { 44) 



'"•"'**i' (45) 

Equation  (46)  represents the  edge bending moments  equiva- 
lent to  zero*    Assume that 1      t  is the i-th root  of"the 
equation * 

Then, we have (see Eq.  12); 

- $„,i*Xm J'm($m,ix) \    +.£.;,.*'„($,.,,) ; 

'Xhei -xien,_ using boundary conditions In equations   (45)  and   Us) 

jo* U? ""'" 7 '57 " TV X"> ^- *>^ = (47) 

whexs 

S*X«L) (48) 

is the undetermined magnitude«, 
Henoe, from equation (44), we ana able to obtain 

A„ -~ 

(49) 

xa 



A;nd 

p < Jm\$ia,i X) 
A«= " *■ Z*      *"•*.   "   r /' fc ?fp "**'    v     ff J    " ä > a. r' f*   .T" • 

Const ant Cm is deteraiined from the following equations: 

(50) 

KsS? p 

c   =s /•JX, 
V  dx f)  , - 22-rf^r + 2 (W) Cw 2 jrt . (50a) 

C     as 

»§~l Pm(£ia,i) 

i-uw)S4 

(51) 

Finally.j  we get the plates4   cl! 
W in the fvO 11 owing manner: 

:ii6nsionless  deflection 

Wir   0 o\ — 7 %'    Po^') Mate«)     .   , r   V   ...Alia-;.?) j_ 
JS?       fo,« !Vol?<wJ ^n    So,* «fovCp,»/ 

■> v1 <sr ..__ •Mi^'^) 

(52) 

rr f5?»(£w) cos »»5 + K«*(£«.0 da md] + '    '■    <&U    4fa*     fit ,( }' (£      .V 

where 

Je 

j?*(6'».f)   =■"   t     * P* Jm(?m.i «) dx , I 

K* (£».,•) — I  xR„J^(, 1   X f-m ./«(£*,, *) if*.     I 

(53) 
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A»&£ 

.., «c1' QjsM-^il,  

r-i 

2 "S" '"• i'mi-fm,').- 

1~2 (W) 2 £TT 

1-2 (1-*) S TT; 

(54) 

lyoad" 

Assume that the ring-shaped boundary is composed of 
the concentric «freies x«l and :&**X.(K>1)«    under this 
type of condition* we can use the following (other) typ© 
of finite Eankel transform with respect to the function 
f(x) of Kx4^> W£* introduce the transform equation , 

flhers Ym is the Bessol function of the second kind, m»th. 
order, Mid Cffl,i is the i~th root of th® equation 

j«c*) yJM *--■ y-c*) J«(**> 
(56) 

Iheiijj it. may he proved that 

(57) 

First j, consider the int&rml-external, two-sided 



damped situation^ wher-e ■are have the following kind of 
boundary conditions? 

ror tne sake of simplicity,, we can use the following  s-pi». 
'bol s 

Multiplying both sides  of aquation   (50}   üJ x &„  (f ,„ *   %fK). 
and integrating with resmsei to :& from  1 tc X ,' sf< f'lve 
(aee IKq,  Iß) i 

f'7- t ,< ..,.2 
?.^. ,   .-^, 4- -—*-"- ~— ™—%■ 

J 'i. •,   ä X" &' ■ &■% &■'" / 
X„ :UJi^ x; A) dx - 

%   d r^x^ l i dxn „I 

[     rfA.-  \    ax" %      dx ;r      / ' 

(£%Xn    ,    I    dX„,          rrr X„ \r ,.„■ , „ n]' 
~ ,«,.!«*! ------- ■+- -— -~-  —— i£   \£mii x; A; (   -- 

-1'- &2,i X^Q^,d ■ 

Using boundary conditions  In equations   (57)  and  («01, w*^ 
g©t ' 

\   *•'-,   y*«i v    fif~     A-, (61b) 

+ e4,-^«(f*,/)--p«:(^,i>,. 

Whs:oce? we o'btaln    fj*x„, \ / .$ r \ 

Ato^rv.tJ -'■        g-j-- »'• ' ~  — " ' - ---j—       - - --'—  ; 

15 



where 
X-C««.*) - £ * X. S.(f,., *i A) d!* , (63) 

(64) 

(65) 

?•(£«.') = I * P* Sm(*„,i x; A) dx . 

Referring to equation (57), we get 

*?  f "C1 /i(f M,r Ä) _ Jl«MsiLL c  ,' c    ■ y A1) -4- 

/ J3
 xm\ ■ A __ _____ jj,(e»..i) „    is^«ui*tiL - 

/ d3 x_ \     A AC!«.' *)._        S,(f „.i *•■ A) \ 

Constants       w~~\-.»- and      -('Tä^)T--I        »  can be deter- 

mined from conditions In equations  (59)  and (60),    That is 
to say, they can be determined by the equation, group. 

f' £lz\    v    -    &[£*•.■)) cue     n~ 

f d" x„ \    A ;*,(?..* A) , r„   , n„ 
\   *•*     /»--A (-„.    u.vc«i.!,r J»US!.(VJ 

(68) 

(67) 

?St  [AC?».«)™Ä(IWÄ)]       £»,.- 

IS 



Ä'ffeer we iiäva solved these oqaatloaa, wa oan bsgln 
putting down the complete solutiojaa to the problem«, dis- 

cussed |^J®|ny6^ it; i8 notr difficult to apply th« nftthoda' 
discussed herein'to "both sides simply-supported, and the 
Inside (putsid®)  edge Bimply-suppofft&d»  outside (inside) 
edge clamped conditions«    W« need not delve into any.fur- 
ther detailed diseuösiöna he?*©*. ■ • 

aühe advantage of the finite dankel transform method* 
it should b& pointed oat, is in reducing, ths elwrap«d edg$  : 
or» »imply-Bupworted problem to on® which uses a fixed pro«; 
eedure» * The-one possible disadvantage is in convergence «*>■ 
especially In rinij-«hapea plats ©onditiona« ; 

10,ii00 
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THE PRODUCTION AND NUCLEAR CAPTURE 
OF & F MT3SON- 

OBSERVED 'll k  CLOUD' CHAMBER* 

following Is the translation of an arti.de 
by Cheng"Jen-eh*i (6774 0088 0967), La MIn 
(0712 2404), Hsiao CMen (5818 0258), Wang 
Kaa-ch*ang (3769 3227 2490), of the Insti- 
tute of Physics* Academia Slniea* in lu«li 
SSM*k2E§£ "(Journal of Physics}* ¥ol* 12," 
wrr~*"A "jniv ICäA I-,« WP. ■**?«* / 

At a mountain location —- situated 3,185 rasters 
above 8©a<-level — a cloud chamber Is 'uaod to select the 
high-eneygy nuclear activity of cosmic radiation» !Th.e 
oloud chamber has sides 50 onu long» 27,5 em» high, with 
an effective volume of 40x40x12 cubic cwi.  Seven lead 
plates «- each 1«3 cm» In thickness «•«» &x*a placed in th© 
chamber (in som© casess ©ach plat© has ß thickness of 
0.64^cm»)» In most cas'es* lead layers of 10 cm. (thick- 
ness/ are placed on  the cloud chamber« An array or count- 
ing tubes,» above and below the chamber, &%>&  placed with 
the coincidence of the single upper counting" tub© and'the 
lower array of three counting tubes as a condition for 
the selection of these examples* Solid pictures are taken 
by a pair of eajaer&s* The  angle of Inalttsion in th* ot>~ 
tlcal axis of the camera Is 15°. " ' '"  ""  *~ 

Cubing seven months» work with the olon<5 chamber», 
we  took 30,000 pairs of pictures» of which 8,206.mir 
displayed rmcloar activity» Initially, we ©bsenmd approxi. 
mately 200 heavy nesons and hyper-ons three of wh^b each 
produced two V° particles ft?om a sinajlo nuclear action. In 
aaarcion to these,, one example produced, simultaneouslvt 
lram & single nuclear activity, one V* particle anö one S 
partiexe (in this example, the thickness of each load Tilgte 
xn toe cloud chamber wag l,o a)ä ^le s uartiele in this 
^^H^^g^ÄlÄ-Stoi ixiside the seventh lead plate, " 
»Received 11 May 1956, ä 
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and exalts at the end a V° particle and a charged particle. 
Figure 1 is a photograph of this example, whila 

Figure 2 is a. descriptive, diagram of the main contents of 
the photograph lust mentioned (see page 20)« Table 1 
Rives tha'ioni2ation ratio values"for different tracks, 
These data represent a composite'tabulation based upon the 
observations of four researchers* Table 2 shows the dif- 
ferent relative angles and the thickness of the sixth 
lead plate threaded by tracks ADS and HIJ* 

Table 1. The Ionisation Ratio 
of Different Tracks* 

| Track 1 Ionisation Katio v 

: * 
\ 

I^1Iröin-) 

TS \ >6              ~~"| 
BO 1 l«,5«w3 
AB i® t>"»0 

Ds   E 
E*   F s 

GH >10 
El 1 —*1 

I«   J '■ <s           J 
From track ADS, which pierced through the sixth lead 

plate — that is^ through the actual thickness DD* of the 
lead olate — and reached Ionisation ratio values !&» XD}E 
on the front and hack lead plates, we gathered our ealcu- 
lation data at the point in the seventh lead plate where 
the track finally terminated. The particle which produced 
partiöle track ADE should have a mass heavier than a *X 
pissor», but lighter than that of a proton, and close to the 
Y, meson mass."" The magnitude of this particle, taken as 
the K meson, and the angle of scattering & &DE»  produced 
when it pierced through the sixth lead plate9 also are not 
contr&dictory• 

In regard to the track analysis of GH and HIJ.» we 
recognise that they are the track left by protons and -X 
mesons after the H point decay of a A° hyperon« The kinetic 
energy of the A0 hyp er on is about 40-MEV» 

Summing up what we have discussed above, we can state 
that this is a A0 hyp er on and a -X""  meson emitted after a 
K~ meson haa undergone nuclear capturo* The following 
formula can be used to describe this activity? 

19 
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Table 2*    Angle and Lead 
Plate Thickness« 

<ADE»166° II»al5  g/cffl.2 

<0HI-16o 

(<HIJ*163° 
«HFF<~12?0 

Track E* P.represent3 the path of the "7C" meson«, In 
the photographs however, the intersecting angle of the 
kinetic direction botweenA0 hyperon and X"* meson is 127° 
and not 130°* 

The situation of A0 hyp er on and ■Jt*meson emission 
after nuclear capture of a K" meson was also observed toy 
De Staebler in a cloud chamber of several lead plates« In 
this example also, the intersecting angle of the kinetic 
direction between A° hyp er on and X*" meson was not equal 
to 180°«, Concerning this point, Rossi was of the opinion 
that it could b© explained by considering the fact that 
the Fermi motion of the nucleon and the recoil nucleon in 
the nucleus carry away a portion of the momentum. 

In our example herej, in addition to the nuclear 
capture of the K"" meson, we also can see the nuclear ac- 
tivity which produced this K""* meson* Furthermoref this 
nuclear activity produces a ¥*" particle or an ABG track» 

In emulsion work, we  obsei'ved an example of pair- 
ing production with three K"*-mesons and K"~ mesons«, "From 
the theory proposed by Gell-Mann and Mapkob» we also can 
deduce that the K""" meson can only be produced (simultane- 
ously) with other K mesons* 

We have tried to take the ¥& ,particle as a clue to 
the explanation of the K* meaon* However, we encountered 
the following difficulties: 

1* When taking E mesons as two-body decay -» i«,©*, 
Kit*-or K/USL — then at a condition where angle ABC equals 
1160y the Ionisation ratio between I&g and %0 of tracks 
AB and BC should bear the relationship as shown in the 
curve in Figure 3 (see page 22)* The shaded portion of 
Figure 3 represents the estirsmtiort value range of X*» and 
IgC« From Figure 3 it can be seen that it is very diffi- 
cult to have consistency« 

2* Although, it may happen to be the K meson of 
three-body decay, the probability of methodic decay of K-* 
meson according to K>s and KÄ$ (T*) is only about'4$. 

3* It already has been determined that the life«. 
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Line of 
Approach, 

L [ä\ ■ 
!? K^'^-^^'^sfciina.tion Value 

When e a 116° 

3 'i 

K-^2*  Mne of 
Approach 

8      10 

Figure 3* Relationship Between IAß and Igg« 

time of an artificially -produced K"*" meson is about 1,2 X 
10"*s seconds, and that the order of magnitude of lifetime 
for this \?äu   particle is 10""^ seconds« 

Of course» it is probably not a propos to give a 
comprehensive explanation of the nature of this V^ parti- 
cle from the example presented here; moreover, more ex- 
amples are needed in order to illustrate the true phenomena 
of things* 

10 itOO 
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