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SPECIAL ARTICLES above, the clockrvise rotation of the osculating 

NOTE ON THE EQUATIONS FOR TQR- plane seen in the direction of the tangent mould 

TUOSlTY IN THOMSON AND TAIT'S corresponcl to a >lector T in the direction of 
NATURAL PHILOSOPHY radius of curvature. T' woulcl a t  once be posi- 

THE occurrenee of two very different espres- tive in the direction of the tangent r', without 

sioils for  tlle same thing is always puzzling. compromise; but opposition of sign is none 

It may not, therefore, be snperfluons to con- the less inherent in the two projected tortuos- 

sider them. ities or angles, d R l / d s  . Ni and d  N i / d s  . Ri. 
1. If a, p, y, p, v are the direction cosines CARLB s ~ u s  

;$, 

of the radius of curvature R, and of the cor- BROJ-;~UXIVEKSITI-, 

responding normal N to the osculating plane, PROYIDESCE.B. I. 

respectively, tlie first exp~ession in the well-
known cia-bic (section 9, edition 18T9) ,  is 
t2 = h'3 + ?.'2 + y'2, where the dashes denote 
d / d s  and s the inclependent variable. This 
is equivalent to the vector tortuosity, 
T = d ( R S ) j d a  = i)i' j I"'f k v', and is 
the obvious increment of tile unit no~mal ,  EX, 
per  cis. along s, ir, J ~ t l l ,and in the direction 
BN' t R'X. But as both N and N' are vector 
produczs each containing r', this T has no pro- 
jection on the tangent; and, therefore, fo r  
connter-clockwise rotation seen in the clirectio~l 
of tlie tangent, points in the directiorl of the 
radius of cnrvature. 

2. Tlie second expressioli reads : 

and i i  thus vectoriallg equivalent to 
T ' = I I S X d  (RE)/ d s = R 2 K X K ' +  0 ;  
and if we insert tlir vector equations fo r  N 
and K' 

-I" = R2 (r' X r") X (r '  X r"') 

= r' R2 (r' X r"') . 1"' 

= r' R2 ( i  1,' + j I"'4- k v')  / R -NR'/R) .r" 

= r' T . Ri = r' (Y,>,'+ p p' + y v' ) ,  


the snhcciipt cienoting a unit vector. Thus, in 
ralae, T '  is again the projection of T on the 
radius of cnrvature R. The former ( T ' )  is 
laic1 OR, ho~r-ever, along the tangent, since T 
and R are opposecl in  direction, and is thus a 
veyy different thing from T, wvhich is not a n  
immei1:ate tortuooity. The case is analogous to 
the occurrence of t~t-o expressions for  the ra-
dius of c n r ~ a t n r e :  (r")-1 in the osculating 
plane a d  pointing to~varcls tlie center; and 
(r' X ?)-I, laid off along the corresponding 
normal to that plane, inrrarcl. 

I f  the tiorma1 S had been defined (prefer-
ably here. I tliin!~) as r"X r', rather than zs 

VERY SOFT X-RAYS-THE M - SERIES 

FOR IRON 


DCJRISGthe past two years several investi- 
gators have ieported attempts to  study the 
portion of the spectrum lying between the 
2lillikan region and the X-ray segion bp means 
of the pliotoelectric action of the racliation. I n  
every case the curves obtained by plotting the 
pt~otoelectric current against the accelerating 
voltage agplieci to  the electrons r~hicll  generated 
the radiation showed one or two discontinuities 
irhich vere  interpreted as  indicating the excita- 
tion of one of the X-ray series in  the region 
~ m d e r  invest,igation. Now in the orclinary X-ray 
region the characteristic ithsorption limits have 
heen found to possess a fine strncture ~w~hicli lias 
1)eeri interpreted by ICossel as corresponding to 
the e.jection of an electron from one of the inner 
shells of the a t o n  to the v a ~ i o u s  optical o ~ b i t s  
in the outer poitioil of tlie atom. I f  such a n  
explanation is correct then a similar phenoine- 
uon should be obsesved in the soft X-ray region, 
and therefore we should expect to fincl not one 
bieeak in the photoelectric current hut several 
for  each X-ray absorption limit. This lias been 
obseyvecl by the tvriter in his research 011 the 
soft X-rays, and as the work is still in progress 
it seems advisable to make a preliminary 10eport 
a t  this time. 

Tlie apparatus used is in principle the same 
as  that eniployecl by Hnglies. The radiation 
was excited Isy bombardiiig a soIiil target 13-ith 
electrons from a hot t~ulgstea catliorle. The 
radiation fell on a platinum plate proclncing a 
photoelectric cnrrent ~vllich TTas measured by 
means of a Compton electrometer using the 
constant deflection ~nethoil. Positive ioils ant1 
elect,rons were liept from reaching the photo- 
electric plate by t ~ ~ o  gauzes, one of rvliieh wai: 


