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THE I N V ( ) L U T E  OF :I'tt~E C I R (  I., M F E R E N C E  OF A C I R C L E .  

Bv J . . l .  SK1NXFm, P h . D .  
Instructor of Mati leniat ies and Surveying, Sheffiehl Scientific School, New Haven.  

Severa'l years ago ! was asked a question like diis : Suppose a str ing 
10(~ fhet long to be w,~und round a vertical cyl inder  one foot in d i am-  
eter; i f  a man takes ]lold of  ()tie ('nd of  the str ing and unwinds it 
all, b y  walk ing  aromld the ~Tlin(ler, keeping the str ing stret. 'hed, how 
fitr will he travel ? I solved the general prot)lem as follows : 

In the figure let B m a r k  tile it, lint where the unwhidlng 1)egins, and 
suppose C T to represent the part of the sti'ii lg thai: has been IlnWOillid. 
Denote tile length of  tilis 1)y [, de- 
liot(! the radius of  the circle by R 
and let the cb ' euh t r  m e a s u r e  of  the 
,,orresponding angle B O C be c. 
Also denote the aetilal length ,)f the 
Ill'(. B T i)y z. l,et 7" N lle tlw 
differential of z, then t.iie elr('uiar 
lileasIlre of  tile angle ¢' 0 D will 
lie dr. 

The circular llleasllre Oil" the angle 
between the tangents T ( '  and 5,' D 
is also dr. We shall have 
(1) I - - ~ B C = R . , ' .  
(2) d z -~-- T S = 1. dr. (in the limit.) 

By substitution of (1) in (2), 
By integratlon~ 
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which is a general ibrmula ,  easy  to rememt)er,  that  agrees with formula 
(2) given by Prof .  D'Auria ,~on page 46 of  the J u l y  numl)er o f  the. 
current vo lume of  this .lourn/~]. 

By n laking  2 R  ~--- 1, and I = l~t0, we fifid the answer to the 
question proposed at the beginning of  this article to I)e]10,000 f~et. 

The  area of  the figure B T ( '  is found with equal theiliU, as foll,,ws : 
At  the lilnit we have  die area included 1)etween T N, and the 
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l ines T ( T a n d  N D e q u a l t o  ~ dz.I ,  or, del , ) t ing tim area B T C b y  
A, we have d A ~ ~ dz . l .  

Bv substituting in this frmn (2) and (1) we get 

R ~ I, ~ ,b' d A = ; 
2 

By integrating', 
A = _! V ":'. 

which agrees with the tbrmula for A give~i by Prof. D 'Aur la  on p. 47. 

D u s t  S h o w e r s . - - M .  I)aubr6e Ires given all account of the dust 
showers that were observed from the 21st to the 25th of Xpr!l, 1880, 
in the departments of the Lower Alps, [s~re and Aim Heavy  dark 
(;louds, resenfl)ling a dense yellowish mist, traversed the valleys during 
tile (lay, depositing a reddish (lust with a little water. The neighbor- 
ing mountains were covered with snow, which assmned a rusty hue to 
the height of about three kilometres (1"864 miles) and above that 
height it remained white. The snow~ upon melting, left a deposit of 
a yelhmisl>bro~vn c(,lor, a little redder than limonite dust and almost. 
impalpable. When heat6d in a robe it blaeliened , with a disengage- 
mcnt of water and some organic matters of a strong odor. With 
dilute chhwhwlrie acid it ett~rvesecd strongly, showing a con,siderable 
]w,q,wti,m of carbonate of lime. Boiling chlorhvdric ,mid destroyed 
the yellow eoh)r and left a residuum which was fusible under the 
bh)w-pipc into a white globule. This residuum contained numerous 
flakes ,,t' white and vo/,,red mica, together with some particles which 
:q)peavc(t t,) 1,e fehlsl):tr. None of the p:trtieles were attracted bv the 
maR'net , so that t}m dust was nol lWOl)ably cosmical, but it resembled 
in its structure the s:uld of Sahara. F. de ,lussicu reports a similar 
shower at Autun, on tile 15th of Alwil, in whlvh there were traces of 
iron and perhaps als()of lead. A sh,,wcr occurred in Sicily (m the 
10th ()f Apl'i], whMl is said t , )have deposite(l considerable (tuantities 
of metallic iron cow,red with a t]lill layer of oxide. P r o f  Orazio 
Sih, estri, ,,f the Met(,wohlgi(:al institute in Catania, gives an account 
of a shower during the night ,if March 2 ! ~ 3 0 ,  in which the dust; 
contained particles ()f iron, ~mall infllsoria and organic molecule~. 
Some of the l)artMes were ~pherical, as if they had been melted.--  
Comptes Retain.,', 1,),4set, d. Z,'it. ('. 


