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KRSATCM FOR CP-25JH

On pac-» 19 of thia report the calculation. given corre.pcnd 

to 03—trie arch.., instead of un-ya-etric arehe. a. To obtaia

the valve for th. uraya—tric caw, which eorreupond. aom cicely to 

the practical situation, aafco the fnUrwjng nhingast

lino 3, change 1.17 to 1.6 and 12 x IO"2 to 5 x I©-2.

line 7, change 1/8 to 1/20.

lino IO, chance 12 x IO*"2 to 5 x MT2 and 29 x 10-2 
to 2 x IO”1.

line 12, change 1.31 to 1.8 and i/lo to I/30.

The root of the text i. maffoctod.
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r"(x) • -C(xj 4 _JL_ (£2 _ *2) ,
(1)

»*»•**• B 1» u< fl.exurxl rl^lditjr at the rod.

(fit2 - X2) , <2)
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C *i TTCE -'TATI3TIC3 OF iOD ■ AKJ’IhTJ

. V. tartin and 0. Youn«

• ■

•kmmM

•» 2 «•»

7>* eansral •rCutian la

Kx) =

.

ImpcMlng tlw and cuiditione

CP-2274 wo Inugirae the rod to have an 

applied forcnc » cicwni crd 

shajx! of tiw ppj

xod of length 21, Mlnpljr svppcrtad at 

• r«r Tait longth.

® * - r <* -1) c<t) <tt t

mMMMMB—3jfa^la Ayah

Ccrwlder a torlr« nt<tl 

the ends, and sublet to a dtmard force

intrliwlc (l.e., in th» ^ence of 

c rratare C(x). Thon the equation the

&• alatple boas la

*herc a and b are Integration eonetan^a.
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X-Z) « y<Z) s o (3)

U)

»herw

(5)

J(x)
(6)

&»

*—

f

w

*”**• final dlsplacsnant 

terms of u» int.-lnsie

,z
(Z - t) c(t) et .■ (X - x) j 

o
C(t) dt

x

dvtaaulrxr a and b and leads to the result

*W - Hx) ■. ftx) . . ^.) J a ft) set) *
-X

ol .a:h point of th* rod 1c exprecsed in 

curvature at ewry point of the rod.
If ths «yrte-. in Wtrlsalnbout th. midpoint, w obtain, 

vpon asttl-v C(x) = C(-*),

'» !••• >

•••n that th. f inal arch <« 

pocnrldsd that wt2 < 2ar.

X
♦ (1 * $->y(X - t) c(t) dt

Hod njth C x-Jrt^nt Intrinsic Curvature

For later r.f.renc. w MMldv sa-a tWow of the c*». In 

« dch the rod has a constant initial enwrature dc«n*ard, l.o., C(t) equal 

to a positive constant k. Pros (1) it <, 

•rsrywl.sr. roooav. doaow^r l, a. in Fl<.
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W
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•• nhown in
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K< » J

• * •• fl* for th. enntnC <±L*pJ*c*-

*>T-X2(4Sk- > (7)

*TFoar.

/riven by

s atV

(6)

«MB»

a®.

we

T
- Jt

PMt thia vain. th* arch bear*. 

fl£- 3 (of Pig. 5 thixxagr* Fl«.

t*
a

1O»

3Cwf2 
5~

s' 7 - - _ _ _______

...  , C6)
^ pon ev<J th C(t)

amt T - y(o)

-« ha* th* mm .len a* 2Bk
> wt6, <M»d Fl<. 3 if .14 

k of th* conBtact

fix» which It follow* that 24 ET 

n‘;“ w* ha e *<£. 2 If 24 gy 

went ic which the value

<Jfaa dirfaarwd. j*fc,< ng (7) 

th* naxdau; value of y

corxsa.-* uraa-m in th. centar 

« of CP-23»4.).

> a Hr; . *tat*_ 

curvature do®« not 

with rMpect to it 1* foUilJ u At
occur* In ?!«. 2 13

f
a
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If

(IO)f

c(ti& Cu>»

.*

dt
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/
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and thus it. valiw* 

Cf » Cft*). 

darlaticn <r
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appears a* a 11/.war ocrbl^tlcn of tha -srdaa quantities 

If the C^. are norrall. diatribe I aren. . ataMard

, the, (11) -rill be no-t-Oly diatrlbutsd sbcvfc aero with a

'tenderJ <**'.* t Loa cj, giv^n ig-
rl2 * ‘"^^(ti)^2 ~ r*Zk/K(t)

O

. axlrem poe«ibl» 41 rpl;.,-tw 

>h«Uwr be Uk ’ esarV of th, ix*. 

at Ude neOKlmt pairrt.

24 BY a 5 wl*» # 

which la a wtataskmt in whle. k jom act.

.»^UM.. ca. Xlatrvt^Mo ) cT m I-tpTtl

m . Vh. u to th. eaattoBw,. w

onrtrMap aMMBbU««a «» •M«Utar that u. rad la at •

-*• at alh«. at l«^h A Hatmi M «t tha. that In th. 1^

•a«rala «t (U and (♦), c(t) hu aithih aaah 'latarwal af la^th A a 

<*'rT**rt waw *«*-" «* a atatlat cal jwpalMim.

* • "X U not too «MU« an iat«.^ai
/

i ‘ J nt) c(t) at 
o

Zn fact (nf. CF-22?t} thia la u» 

c-olnt •* th* rod, .antral ,v r»rt, 

fVm (8) It follow* tha’

thy ba apprxclnat.l by th. am
■4
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tlcw
ft~ la given by

■Mob !• llataj in ♦ «*!*•

(1 - ♦ ....) . (U)r

th*

■ j

about

= t" G - 1dt 4 (1 4

(15)
1 cr tx 2 a - x)2.

<

♦ 
•»

a 
-/

£'2

Jr x

AJ.’H(r, •

s$ ..

R(r) a

For f Isrpe we ray oae

Statistical )J ttrlbuti 

Applying the 

elvsa in (4) alvxas that the <

■ar o with vt-ir.< ar 1 daviatlcei

«-2 *

~° -et a valw jKx) > T «• mast dn» a value of j(x) > T 4 S<x), ana 

tha probiui ltz of rtolng thia £• Kf) wt>are

<n a t __ r ia A c ’i

cc naldaratloc s of (1C) throog i (12) ♦© tha result 

quantity J(») 1. t> .nnalV distr but ad 

i aa axpraasad by

(Z - t)2 it z

x

Fx- rasa of wuCy.ia, U -LU ba aa«««i t r^^ort Umt 

•tatistleai iirtrioetlono «j*« normal.

-V3

91 h » nuswal jc-raiitlen tawte* aaro moaa ^nd ati lard dovl* ► 

r, th » p»otuo Jlty aT diwinc • valaa xrvalMKr

2 it
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-'nltlaJ w » tore at

rod we Fave

(T1 > .-2 (17)

*r»l tgpon *d, uatlng /
n

(18)

CT -

rod. w’pon campcr-
CJ ren by ths Irst equation

,2 <*t 2Y
(19)

O

<

5 |CM

728T
25»

1.075
jp/8

-C 1<W±.T4: JCr. (7)

* rti .'th the

Th* agrr-v* t. with 

!• clear.

TJtLa ace arc in Fl/». 

for any point

f.O) x
✓

^5/2 
2LB

1» and can be thawn to be 

» central or not,
Ing with (9) u la

of (18) la j/5

-3/> 
♦

X4 “

-------- 2 denote the

J, then »e have

• '*e obtain

sran . 'obablllty of

If ws let gt.
quantity J(x) aa given by (6}

1
] <4 - t)2 dt = t'A - ;

J 3
x

the scaliest value of t 
and for any ler./^h of 

»«en that the v.lue off.4 

of that given by (§ ,

For the ^yrsaetrlcal case, we find tb it 

•tandarrj devxatlc » of the 

x
•>2
7-7- = (X - »}

nt. nt. 3

«Mb w.

•**»y point ar.d a ral wltn the
‘ urwatoe at ever- point

Ai the -utter of the

to xinlMlm X, end .0

n1n ~
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note tn, t

(*o;

i T ds

be

2F

0

antltioaF

W ) . (22J

Ot3- + i»3l) . (23)

/

„ w 
s

F 
68

*« •-.-f’ttoii of

•aside also

FIk. 6
■.... . x

2^8* ~ ♦

r^o) s

i ilttpU a f(C) kg-

J» core Fen ,ral eases to 1«

2^(0)

*T  *—■-OW..I.!. X 
T> r *X

equate (3}
9~ (I - lx I), givlns

i -T (X - o

0(x) • -

r»-

eeosld.-rad J&tsr.

FJ/j. 6, tben the 

oi* a terr

l5-,. «**!«, of ;2I) u ;j. ,

<» u> (30 uMJllon >jw

y <x) = 'B~ aubj-ct u (,).

Ppb 9..^n r(x, given by (4)» iaxt ?«p1qc*j (5,

;F 
r

->® that or

•olutlce at t*»r
This I'swtMi

•quatlca

«*?a»rt«d the integral

assuna the axis tore* «/ 
«ltl»er jp* rd or doane*^;

h«ne« t-»

lation (21

* pot it force z» (ahieh 

tilled to th. c«:t,r tfc, ah(ma

Z"(x) = - c(x) ♦

-Veh StibJee ; to a J ent raj.

If «e

i.,
„„
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our attention to th® p>int

&T ♦ 1t
(24)

IT XiexiX

h&TW
0
J U f t) C(t)<tt 

-Jt

X
I (X - t) C(t)dt = J(0). 

o

■

......... ’ ■

X *= O, and denote 1*(O) by 1t we

- 1
" T

■ .

and the
where

r.
t --

(25)

(26)

-H

<ao| ««

J(x) has

*D I (o %

f ■—III II» ■»
* Z*®-2

4- 

rx(o)

<h ch refer*. to (17) In Ct4®® . 0.

Jf W® »««k tc EdLihala®

«*tar in (1$) wtrfch i®

r* ird I, w, and b a® 

Proceeding ,-j ir. (15) through 

Jr ocutlnu® to hold, ®i jc® 

assu..pticn of ajma-try 

for the r-or-c jt <;atric case 

o ' • .wait draw a value of 

Probability of ccin.; ttla i® fiff).

”oi3/2 
3B > »

and —— ®ajr >>« flxad

ft* to- tJ ird atvdlBd in tenoa of 

Ka ehocse to

9

An ■ two a* th® throe quantities I, -w 
B ' 

v*Lue« ®ai >.e ®tr.ti»tical diatrib Aiea 

*ho®« wl®j a*,! paraetator /.

-Jrod ai.d ® . uljr the di®-,ri<«iticn «f p.

(15), (19; (jQj ob¥icus2.

net beer, 'hanped. It follow® that ti e 

a«Ua amlvipll®® f, a® plv-w b®lo® tn (25) 

jjgr. fto got a value of F > f,

JO) > I + 4

f '^r idJu®t’Si- /, wtJch i® th® «>ly pora- 

not jot flxnd, we find the con itioa
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which is

numerical values haw bom

= 2
(27)

Arch with G-.aaped Ends

-n order to

t>O

the
quantity

r e now

as

f s
(26)

Hence fcr t;*»

(2?)
0

*
■

/

<2FbT

fV
121

quantity J(o) m lind

- t)2 at s . Xf

.

easily solved ehen 

ease w = 0, -.his f ives

■
-11

ff/O) of the

(‘r

T r -Si_- 
24 3

• tar lard devia tic n

 2 
*2 >0)

Z\ <r2

and oioeente at 

-ntet retion constants 
•rnges of x. r;a 9h. 11 

» xit stat> without

nor-s'/rcetric case lo 

case, which 

te assure then 

and a central force 2F 

parallel to the x axis 

-F-227U,

analyze the behavior 
ends are clnped, it is 

t'io two ends

■

..

easny through thia 

P oof that here again the 

cc xal to /J”tiies that

proc nod ,o find.
tiiat » c have a

■•-cs igned. In

-

■■--’ic re>d svbjict 
ir Fig. 6, but with each

°y a martent lf_
•qxxtlcne (1) through (4),

itmtians (4) of that repo-t we have

j<“4“ “ t) C<t .ft • J(O). 

0

to gravity

-.< s ends «*i.—i^- ed
Thia rx d Lae been analyzed in

Fift. 4. Fit^ ti c first of

of a re.n-s.ynjrctric rod whose 
necessary to assure u. eqtwj. fore os 

and to assign cLLffercnt values t 
for positive and negative 

JQwwt-j; lenger ar alysis 

quantity f(o) in 

fcr the svrrwtrlc

__
_

__
__

__
__

__
__

__
__

__



(30,

Adjtt*tl<ig X to minlnilzr T loads tr tho condi Jem

» 72BT ,

we find

(32)

i

2
kg pat* cm, T B io-l cm •40 nllxi

(33)

or tr

x *«*• the
of el^».

xy piano for

V iu fr-’3

12

(31) 

irop the assumption of 

n^n-trnr of (jn) by 2),

®« have for thia

which lx identical with (27).

f. x min

— —....

-

f -

.

=
WV- ■

-i 8"

X ~ 47 cm

If w set w as 0 and

• multiply the right hand

fife.'.'-

ZeyyC.-'-

I

5wXA + 6FO13 

c arrwroTdJj c to (26).

ejTHsetry (i.

»*. w * 12 x 1C‘2

5 cm givva with (18)

' '’J-'

ta»«, corresrcni_np to (25), 
yj^3

s X-3  (2fJ~^/2
» / -4 ' x:I*

ff'jaericai

^akl«£ B = 2 x IO6 kg

» a*”wi »

6B~' ’

-2/-^
/Z(T'

*e oboarve that is

( °-~ a larf' ouriber of
w  5

To grt * valuo I 

sqtiaro of” vho evr/ature 

d istribatX < .'^a, e- <» /1 

c jrwati e» <f < J. rge raw-. r 

ai-ore trHKJ<i;ent Sa

t»«e awora;^i of t>w 

rlu^s; a-»d that, for nosaal 

•v<rago abcoloto walwe of the 

"c rrnturo <rf a slog" in yj,,
taMB tho emp-mont «f mtr^atwro ip t. •

12B
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eoe

» .8

ttr

r<cuc!jrv the

•• e fiMhlcm

—

"t
“^^""•wweeeaesIMaieolt,

-

cur aturw C, 

average warp, in It a

'

■BBSII

231 ’ « k«. Ta ID”1 «. 

f»r «x give. . a and a
B * IO' k.r et 

of 2.J x iff*.

■ 20 », 

Probebijtty g

wtuch the analysis ha. been 

in a plane with 

piano la Co

averxge value of

/S

per era. 

a earn detailed 

pcrperadicoLar plane* ,
hla wm not t. rjfie into hare, since

o JT ti* JTx^obi !*•»• _a Mel ©f < pile

Actually, if . .lug i, earpud 

projection ou another 

th a plane ». Since Um 

aeon that for slug. randomly

-C’ plane m« shz.ll naw a- OftiX to^/-^

- Jo °f • Ixrge maibcr of slugs, 

own plane, of ar C* «ltg f.
- -o = 1.25x 10-^ and r . 3o-4

^hicwoiltl arli e In 

corapou.-dinr. of H-splactr ent j in 
aa in the laet aecLian of Cf-2271. 

the arctMM at idled \boe. 

rod «Xjn«aj -

Uelnt «r x io-* (33> ,

cn H of abort 2 x k A Cha.<lng z2. to 20 

"Hen pives fo», of 

uae of abort .lug., mi. rtrtlatlcul Irprov^- 

- ■-. - ton tc Um» lapraovanent (CP-21A J/ 

rigidity B of the rod. 

in «JJl the

curviture the curvature of it. 

f -nere <p i. th. brtwen

jeca f>| I. ft 1.- 

oria-rted with respect to the 

timej the a% ex-age of the mayt^y, 

If (cf. CKO2?ib) ths

2.5 nil. . 6.J x 10-3 tt> w

t’other ccraaiderat or. 
atudy la tn

5.5 »oc than fro. (J>.j w have 

<» Uorenae. 8 to 3 x 1O“3, 

'«• ‘ rcru’ting fro. the 

A vlt.i th-wt slug, la In
which the - my uaiw i, 

The Muaxr.it.v f varies with Zi in th.

ease. «!lscua.e.i ti-ove

Ta^tne in (27) the values 
JI *■» anc r a i©-4

carried cut.

curvature C
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x to

Cj(x) . C(x) - J- a2-x») . (M)

valno

——-

*3 |UB- 15*

A rod

ft]

• ■■'

u «.iu *“"“*"* *• q~~“ “ fa* —
ia poeltiw., and with (n.1 *k* a —___ - • •'■*> !• found to b. th. olm £f“‘l

. lf *%'

-Wrt^ «t th. end. wm

e fore. of CrwltjF p.r unit l«jgth. ?»*r- the orlrH r 
h. .. ___ _ * rata th. origin for
"• •* oontor of the rod. Than <- » z_,nL11. «*• <aoo Bi. (37) of CJ^2J7O) th. actual
wrvutur. of th. rod la th. aten .Ituation 1.

* “rt*to *~u“t ‘ •

eam into opmttion «*d 1-—«.«,
* ^-*®oho. «jE» _ Then . mm_-j- nm, M dxw, ia CPm237O, th. treh la th. 
bMNl fUrt her M nnth.r to. « , co-frici-* of
e—...___ WX . . *««««iont of th.

2t ^*** Courier wxpMMlon of O«fs) «. ... . - - - . ~*""OiOn « °1W la pooltlv. or neimtlw
” •w“- <»J «- re«« W u,. _

-*<* -M. uu, p-XUM,

"» •"■T upmrd mH-- _X Tm . ____,t| _, “ +■ P~“t ix—h - -IM Uo O1M1M.

^PP^nlne, auppo^ag th. ourwd.uro. of th. tt|—

to hav. <fcww a .t^latlc*!
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J >
(35)

fat
(36)

• •yrawtric

TxCOB dx • (37)

*• euat

w ctrcr. tjr iM) leetf. to

J > 9 (38)
<*crw

J * » at. (39)

Cx(<)
In

O.

•nalyaia
5Jn-e the origin 

c-iter,

*-j agree w;ti that

M»rx
~7T~

-]

9 • JC(x) - 

-J

16 » /' 
7T“

C(-«) Ulm, r*h«M to

M

whom

t to* vacct tctc fw C(«)

■r orliriw- ..h<„ Uij

—

J°l(t) 3O» -1^ . 

-<
’•pUel-j C (t) Ir thia Lcusgrel b- Ito Tdw

**• •Ohfilcxo*!

KSOT

• —*^,,,7 
BK

<lt >

f origin*

ror bord tc f c© ac E 4—» ▼

J <X t) «c« 
-f

•.■■•»toe with C(kj s.

J - 2 /c(x) 

0 
u» t w 01wwd w 

'V. 2 «»< «T^tlo» (9) throwth (13) OX C -^70, 

there M 00. of th. x>4 Lmtw^ « tt 

Uanolat. tao orl--^n «»d Ln th«^ oquotiana 

** given tv (M)» whtoh latter o«

ae eqoatlwv tra^«fcnBe<i ty tha *___rim Inn

•» rind that the conation t,et tfa. 
1» that

%!*■»*•» -r

*

* ••

■

;A>. f
0«

A
o•JB



t

ooe <n . (40)

vain*. Than

(41)A K' 2b*

for olanpad anda.

5/8r -
(42)BK

goracnm,

r

Eg

•“* «rf (59) with (40) ahowaCin 

■—wptfim of -t-w-Uj.

■

l» and obaaiaa that if wa 

««t*r of the rod in Fl«. 7

’ «RMrbon of (J6) with (37) 

that I* -choM.u,. 

th* atandMd deviation or the lataaral

** rod la agaaaatrle
80 that C(x) * c<-«), than (J?) ,,

Th. .bo™ mw.—Un e<wrn. cert<la

- * ~ "-O’- ~trleU„, , rwstrainiM
r<«. if « th. <rf th. red.

’• Mrat ccnaidar the - - X.ne nywaiatrle eaaa,
a doaward rare* 2F applied at the

— .***■*' ‘CTlJ ““ “* CIO) threbdh Oa) to th.
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