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Fig. 6 Typical variation of dihedral effect with angle of
attack.

librium sideslip angles required for pronounced coupling are
well beyond the normal operating envelope of the class of
large swept-wing aircraft which was studied.

Although it has not been established, it is possible that this
phenomenon may be of some operational significance for other
classes of aircraft, particularly those that may be flown with
sustained sideslip, i.e., during a cross-wind landing approach.
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Solution of an Integral Occurring in
Propeller Theory

WILLIAM A. MIDDLETON*
U. S. Naval Ordnance Test Station, Pasadena, Calif.

THE integral to be solved arises in the design of propellers
and in the consideration of second-order effects in sub-

sonic airfoil theory.1
The integral in propeller theory is found in the form

M, = Jo
sinp 6

cos0 — cos* (1)
where p is an integer and 0 < </> < TT.

Equation (1) satisfies the recursion formula

= [(2/p - - !)TT]

- Mp_2 (2)
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where p > 2 and

Mo - 0 Ml = ln(l - cos<£) - ln(l + cos*) (3)

A closed solution will be derived for an arbitrary integer p.
The positive case is considered without loss of generality.

Iteration of the recurrence relation, Eq. (2), using the con-
ditions stated by Eq. (3) gives, for 2 < p < k,

X

s in(p- j + l)0 (4)

Consider p = & + 1. Substituting Eq. (4) into Eq. (2)
yields

Mk+1 = - COS/CTT)

/I 7 X ,= — (1 - cosA;7r) +/c

2 V [1 ~ cos
fi y - i

where use has been made of

« [1 - cosO' - I)TT] .
?2 y - i) Sm«, sm(9 - ^

cos* —

+1)*. ^sm0
' - !]TT

(5)

— cosp' — I]TT ^
(j — 1) sin*

.- j + D*
and

sin (A: + 1)* — sin (A; — 1) * = 2 cos* sin/c*

The quantity g is an arbitrary integer greater than or equal
to 2. Now

sin(/c - j + 2)* (6)

Substituting Eq. (6) into Eq. (5) yields

2 *f * [ -
sin*

sin(fc- ,7 + 2)0 (7)

Equation (7) is the same form as Eq. (4). Thus, if Eq. (4)
is the solution to Eq. (2) for p = k, it is also the solution for
p = k + 1. By the principle of mathematical induction on k,
Eq. (4) is the solution to Eq. (2) for all of the integral p > 2.

Thus it follows that

= rJo

= M,

sinpfl
GOS0 — COS*

P
• ,sin* / • -« \ • i(j — I) sin*

sin(p - j

for integral p > 2 and

Mo = 0 Mi = ln[(l - cos0)/(l + cos0)]

1)0
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