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468 SOLUTIONS OF PROBLEMS. 

481. Proposed by ROGER E. MOORE, University of Wisconsin. 

Show that if the coefficients in the binomial expansion of (a - b)n (n being a positive integer) 
be multiplied each to each by the corresponding terms of an arithmetical progression of (n + 1) 
terms, then the algebraic sum of the (n + 1) products will be zero. 

SOLUTION BY WILLIAM R. RANSOM, Tufts College. 
( _1)kLf 

The (k + 1)st term of the progression is (f + kd), and the (k + 1)st coefficient is k 
k 

-k 

Then the sum in question is 
k=n (- 1)kjn 

k>-o Ik -k(f +kd). 

We may insert at pleasure suitable powers of a b = 1, and separate this sum into the two sums 

k=n (- _ )kln k=n k(_ l)k-1 1 
f |k a kbnk - nd (., -kk-lbn-k k= ll - = d ikc- ln -ic 

which equals f(a - b)n- nd (a - b)n- and so is evidently zero. 
Also solved by N. P. PANDYA, HORACE OLSON, 0. J. RAMLER, LouIs 

O'SHAUGHNESSEY, RI. M. MATHEWS, E. H WORTHINGTON, and the PROPOSER. 

GEOMETRY. 
512. Proposed by J. L. RILEY, Stephenville, Texas. 
Determine, geometrically, where the circle of curvature at any point of an ellipse again 

meets the ellipse. 

SOLUTION BY NATHAN ALTSHILLER, University of Oklahoma. 
Let (0) be the circle of curvature at a point P of the conic (C), t the tangent to (C) at P, and 

Q the other point common to (0) and (C). The two curves determine a pencil of conics, the lines 
t and PQ forming a degenerate conic of the pencil.' The pencil of conics determines an involution 
of points on the line at infinity (Desargues' theorem), the double elements E, F of which are con- 
jugate with respect to every conic of the pencil. 

Since the circle (0) belongs to the pencil, the circular points at infinity I, I' are corresponding 
elements in this involution of points. From the point P this involution of points is projected 
by pairs of lines in involution, and to the positive isotropic line PI corresponds the negative iso- 
tropic line PI'; hence, the involution is equilateral, i. e., the double rays e, f (projecting from P 
the double points E, F) are orthogonal and bisect the angles formed by any pair of rays of the 
involution, in particular, the angles formed by t and PQ. 

If the conic (C) has a center C at a finite distance, the lines a, b joining C to the two points 
E, F, conjugate with respect to (C) and lying on the polar of C with respect to (C), are themselves 
conjugate lines with respect to (C), and being parallel to e, f, are perpendicular to each other; 
hence, a, b are the axes of (C). The double elements e, f are, therefore, the parallels through P 
to the axes of (C). If (C) is a parabola, one of the double elements, say E, of the involution of 
points on the line at infinity is the point of contact of this line with the parabola; hence, the 
double element e of the involution of lines at P is parallel to the axis of the parabola. 

These considerations suggest the following simple construction of the required point Q, appli- 
cable to any conic: Through the given point P draw a line parallel to an axis of the given conic 
and also a line PQ such that the parallel shall bisect the angle between PQ and the tangent at P 
to the conic. The line PQ will meet the conic again in the required point Q. 

The point Q will coincide with P, if the tangent t is perpendicular to the line drawn through 
P parallel to the axis, and only in this case, i. e., if P is a vertex of the conic. We thus find the 
known proposition that the vertices of a conic are the points, and the only points, at which the 
conic has a four-point contact with the osculating circle. 

1 See, for instance, Veblen and Young, Projective Geometry, Vol. I, p. 134. 
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Also solved by E. H. VANCE, J. B. REYNOLDS, and WILLIAM HOOVER. 

513. Proposed by ALBERT A. BENNETT, University of Texas. 
The following construction for angle trisection was given some years 

ago in a non-mathematical journal. Let ABC be a right triangle with AB 
as hypotenuse. Let BD be a ray drawn parallel to AC and extending in 
the same direction. Let AEF be a variable ray meeting the segment BC 
in E and the ray BD in F. Show, by elementary methods, that when the 
variable ray is so adjusted that EF = 2AD then Z EAC = I L BAC. 

SOLUTION BY Jos. B. REYNOLDS, Lehigh University. 
I take it that the reading should be EF = 2AB. Let the figure be 

constructed according to the given directions. Join B to H, the middle 
point of EF. Now BH = HE = HF = AB so that the triangles ABH 
and BHF are isosceles and, therefore, 

L BAE = L BHA =2 L BFH = 2 L EAC. 
Hence, 

L EAC = I L BAC. 

Also solved by S. W. REAVES and HORACE OLSON. 

A 

Tm 

MECHANICS. 
337. Proposed by CLIFFORD N. MILLS, Brookings, South Dakota. 
Assuming that a train may be accelerated by the application of a force equal to 1/40 of its 

gross weight and be braked with a force equal to 1/10 of its gross weight, show that the least 
time in which it may run from one to another of two stopping stations 5,000 feet apart is 2 minutes 
and 5 seconds. Also find the greatest speed during the run to be 54-6/11 miles per hour. 

SOLUTION BY CAPTAIN STUART C. GODFREY, West Point, N. Y. 
A force applied to a body equal to one fortieth of its weight will produce an acceleration of 

g/40 = 32/40 = 4/5 ft. per sec2. 
Then a, = 4/5 = increasing acceleration during first period of train's motion. 
a2 = 32/10 = 16/5 = decreasing acceleration during final period of train's motion. 
Let t1 and t2 represent the corresponding time intervals, and let V1 = alt, = c12t2 = maximum 

speed attained. 
Since a2 = 4al, t2 = 1/4t4. Also, since s = 1/2at2, the distance corresponding to the final 

period is 

ia2t22 = 4 (ai 4 .) - j(1ati2) = , of the distance for the first period. 

Now if the reasonable assumption be made that the speed of the train continues to accelerate 
until the moment when the brakes must be applied to bring it to a stop at the final station, the 
problem is readily solved without using the maxima and minima method. 

For the distances are obviously 4,000 feet and 1,000 feet. 

t =12si /8000 5 100 secs. 

t2= = 25 secs. Total time = 2 min. 3 secs. 4 

Also V1 = alti = 4/5 . 100 = 80 ft. per sec. = 54-6/11 miles per hour. 
More rigorously, it is conceivable that the train might retain its maximum speed V1 for a 

period t3 before the brakes were applied. Then, letting 4s and s represent the distances correspond- 
ing to the periods t1 and t2, the time function in terms of s becomes (since t = i2s/a) 
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