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Hence, 
r x =(x - a)n (x - anl(x -l+a n+2 J 

f(X)dXLn= (n)(a) + In+1 0(n+1)(a) + 2- 0 n+2)(a) ... 

(x - a)n(a) + (x -a)n+l + (x - a)+2"(a) + 
In 1-n +1 n +2 

Hence, 
____ x - a ( 

(x)dxn = f(a) + +f'(a)+ (x-a)2 
which when n increases without limit, becomes, 

limit (X -a) (x)dxn = f(a). 

425 (Calculus). Proposed by o. S. ADAMS, U. S. Coast and Geodetic Survey, Washington, 
D. C. 

Show that the infinite product 

(1 -z)(1 + Z)(1 - Z)(1 + 4Z) ...= ( +P)(- - Iz) 

SOLUTION BY C. F. GUMMER, Kingston, Ont. 
The right member should evidently have been printed 

r(l +2z)r(Q - lz) ' 
since this equals 

2 
r(l + 1z)r( - z 

= Lim [ (-i . )n(1 + 2Zi + 1 + 2Z z+) ( _ _ _ i+2- ) 

n--> ioo 6+ nl+4z i=1 t6 ni- 1 i=1 i 

n= 
Lr [( n -)I1 {1 + 1 )){(12+ 2i + 2+)i+1}] 

= Lim [(1 -Z)(1 +Pz)II{(1 2i+1)( +2i+2)}] 

asreqired.=1 2i + 1 2i + 2 
as required. 

440 (Calculus). Proposed by J. B. REYNOLDS, Lehigh University. 
If t is the differential vector joining two consecutive points on a space curve, and R is the 

radius of curvature at that point prove that 
(t t)3 

= (t x t) * (t X t) 

I. SOLUTION BY Louis WEISNER, Student, College of the City of New York. 
Let r = f(r) be the vector equation of the curve, s its length measured from a fixed point, 

and K the directed curvature. 
Then, 

~dr 
d d-r *-t 
dr ds j d ds 

d2r L dJ [ dr 
ds ds ds 

dr 1r 
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or 
ds - d2s t 

(ds\3 
Tdr) 

Also 

ds= (t . t)112; 
whence, 

d28 tt 
dr2 -(t.t)'12 

Therefore, 

K t.t-t. -t-t 
(t. t)2 ; 

whence, whence 
(t.t)2(t i)-( t)2(t.t) + (t t)2(t.t) = t.t)2(ttj) (t t)2(t.t) t.ttt-(t t)2 

But 
(t X t). (t X t) = t.titj-t-(t. j2. 

Therefore, 

(t X). (t 
X I K.K (t *t)3- 

Since R is defined as the reciprocal of the magnitude of K, it follows that 

R2= K 

Hence, 

R2 (t t)3 

II. SOLUTION BY THE PROPOSER. 

Let P, P', P" be three points on a space curve whose vector equation is 

r = af(u)i + b(p(u)j + c4p(u)k (1, 

i, j, k being three mutually perpendicular unit vectors and P, P', P" located by the vectors r, r', 
and r" so that 

r = af(u)i + bep(u)j + ck(u)k1 
r' = af(u + h)i + bp(u + h)j + c4,(u + h)k (2) 
r" = af(u + 2h)i + bp(u + 2h)j + cq/(u + 2h)k 

By trigonometry, the radius of the circle 1 _, 
circumscribing the triangle PP'P" is 

(PP') (PP") (P'P") 
4A 

A being the area of the triangle; whence, 
the radius of curvature of the curve, R, will be 
given by 

R2 = (t t) (t * t') (t" t") (3 
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n which 
t = r'- r_o 
t' = r" -r ho (4) 
t = t' + t 

Expanding (2) to the second powers of h, we find 

t = ha {f'(u) + hf"(u) } i + bh { sp'(u) + hsP"(u) j + ch { i'(u) + 2 V"(u) kh_ , 

= ha{f'(u) + 3hf"(u)}i + bh{qp'(u) + 3h(p"(u)}j + ch i/'(u) + 3ht"(u) kh o, 

= 2ha{f(u) + hf"(u)}i + 2bh{(p'(u) + h(p"(u)}j + 2ch{ip'(u) + hk'"(u)}kh=o. 

t X t - h3ab{f'(u)p"(u) -f"(u)-p'(u)}i + h3bc{'p'(u)4/"(u) -p"(u)i'(u)j 

+ h'ac{V/(u)f"(u) - lP(u)f'(u)}1ch_o. 
Substituting these values in (3), we find as h = 0 

R2 ( (t.t)3 
( t)t (t X t) 

In the case of the helix, 

r = a cos ui + a sin uj + cuk; t-t = (a2 + c2)h2h=o; 
and 

t X t = h3{a2i + ac sin uj - ac cos uk}h_o. 
Hence, 

R a2 + C2 
a 

NoTE.-The dots over the t's in the denominator of the problem as it appeared in the 
MONThLY are misprints, according to a statement of the Proposer. We are publishing Mr. 
Weisner's solution of the problem as it appeared in print and also Professor Reynolds's solution 
of the problem as he wished it to appear.-EDITOR OF PROBLEMS AND SOLUTIONS. 

322 (Mechanics). Proposed by FRANK R. MORRIS, Glendale, California. 
A pole of uniform size and weight throughout its length stands in a vertical position. The 

height of the pole is h and its weight w. It hinges at the base and falls, passing through a hori- 
zontal position. At the moment it reaches the horizontal position, how far from the base is the 
maximum vertical force tending to break the pole? How great is this force? What is the hori- 
zontal force at the same position in the pole? 

I. SOLUTION BY C. F. GUMMER, Kingston, Ontario. 
Let the rod coincide initially with the y-axis and later with the x-axis. Let 0 be its inclination 

to the latter at time t; P, Q, and N the radial and transverse stresses and the breaking couple at 
distance r from the origin. 

The equations of motion for the element dr are 

Q. wr ld\2 (1) 8rPcos 0--Qsin 0 = - cos 0, Or Or Th i 
OP OQ wr d \2 (2) -sin 0 + cos 0 = h ( - sin 0+ W Or Or gh \dt/ h 

and 
(3) Q + 

ON 
=0. 

The boundary conditions are 
(4) P = Q = N = 0 when r = h, and 
(5) N=0O when r=0O. 

The initial condition is 
do w= 6) - 0 when 0= - 
dt- 
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