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Since ||Un,(£)]| >0, the sphere ||z— Un(&)|| || Uni(®)]| /2, is non-
vacuous. That such a sphere is a p-set was demonstrated in §3. The
sphere K we were required to construct has therefore been shown to
exist, and Theorem 3 is proved.

LAFAYETTE COLLEGE

ON THE APPROXIMATION OF FUNCTIONS BY SUMS
OF ORTHONORMAL FUNCTIONS

EDWIN N. OBERG

1. Introduction. The main object of this paper is to derive, in a
simple manner, upper bounds for the norms of the derivative of
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in C and L? spaces, where the a; are arbitrary constants, and {¢:(x) }
is any set of functions on a given finite or infinite interval (e, b). We
apply our method, properly modified, first to the case where the ¢:(x)
are characteristic solutions of conjugate sets of integral equations,
then to other classes of functions whose first derivatives {q&,-' (x)} are
orthogonal with respect to a weight function o(x). Finally, we apply
our results to the question of convergence of sums! of type (1) that
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The leading results of our investigation may be summarized briefly
as follows:
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dx, m > 0.
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where \,, is a positive number that increases with # and k(x) is a func-

Presented to the Society, September 5, 1941 under the title Notes on the approxima-
tion of functions by sums of orthonormal functions; received by the editors February 2,
1942,

1 For the specialized cases when the approximating functions are trigonometric
sums or polynomials, see D. Jackson, The theory of approximation, Amer. Math. Soc.
Colloquium Publications vol. 11, 1930, pp. 86-89, 96-101.
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tion, independent of #, that is less than or equal to a bound M almost
everywhere.

([l g mes] o)

= Nn<fab [f; aitl/;(x)]2dx>1/2

=0

(B)

where {\h(x)} may be any set of orthonormal functions on (e, b),
and N,, for a given »# and arbitrary coefficients a;, is the least number
that relates the left- and right-hand sides of (B).

Somewhat similar investigations have been made by Hille, Szego,
and Tamarkin,? McEwen,® and Shohat* but in each case with more
restricted functions and by methods that are different from ours.

2. Rough bounds for the derivative of sums of characteristic solu-
tions. Let K(x, t) be a given continuous function on an interval
a=x=b,a<7=b, and let

b b
@ 6@ = [ K ow0d, 9@ = f K, 2)o(0)dt

be conjugate integral equations which have K(x, ¢) as kernel. It
is well known® that, except for the special case when K(x, ?)
=> 1 obi(x)Y:(f) /N, there exists an infinite set of characteristic val-
ues for A, and corresponding sets of characteristic functions,

¢0(x)’ ¢1(x)’ T v¢n(x)7 T ‘//O(x)r 'pl(x)r T ‘l’n(x)y tte

that satisfy these equations. The set of functions {\h(x)} can be ad-
justed so that all of the characteristic numbers are positive and it can
be assumed without loss of generality that NSNS -« - SN, S - - -
Moreover, the sets {d),-(x) } and {ah(x) } can be regarded as separately
orthonormal on (e, b). In addition to the hypotheses of continuity
on K(x, t) we assume differentiability with respect to x under the
integral sign of 2K (x, t)dt and that

2 Hille, Szegs, and Tamarkin, Or some generalizations of a theorem of A. Markoff,
Duke Math. J. vol. 3 (1937) pp. 729-739.

3W. H. McEwen, 4 note on an extension of Bernstein's theorem. Amer. J. Math,
vol. 60 (1938) pp. 309-319.

4 J. Shohat. On a general formula in the theory of Tschebycheff polynomials and its
application, Trans. Amer. Math. Soc. vol. 29 (1927), p. 569.

5 See E. Schmidt. Zur theorie der linearen und nichtlinearen Integralgleichungen,
Math. Ann. vol. 63 (1907) pp. 459-463.
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as a function of x exists almost everywhere on (a, b).

Let ao, @y, * - -, a, be any set of coefficients and let
sn(x) = Z aipi(%), Su(2) = Z abi(x), Sa(x) = Z ai(x).
=0 =0 =0

From (2) it follows that
» ()—fb (=, £)3a(8)dt
sn(x . K(x, H)5a(2)d

whence, as a consequence of Schwarz's inequality, we have

= (f: [%K(x, t)]2dt>1/2<fab S‘ix(t)dt)lm.

By the property of orthonormality of the set {ah(x) }, and the fact
that the N’s increase with #,

b n n b
f sa(fdt = 2 ai = M > ai = N f s,
a 1=0 a

=0

e
— 5,
dx N

The above relation, in view of the fact that the a’s are arbitrary, is
the best possible bound for [25% (f)dt in terms of [252(¢)dt since the
equality holds when a, is the only nonzero coefficient. However, the
last integral may be replaced by the integral of the square of a sum
of any n+1 orthonormal functions on the interval (a, b) if the coeffi-
cients of this sum are ao, a1, - - -, a,. In particular, [?52(f)dt may be
replaced by [2s2(t)dt.
The previous discussion may be summarized as follows.

THEOREM A. If the kernel K (x, t) satisfies the hypotheses of the preced-
ing discussion, and if s,(x) is any arbitrary sum of ¢o(x), ¢1(x), + « -,

@n(x), then
b 1/2
< qu( f si(z)dt)

where M is a constant, over the parts of the interval (a, b) for which
JP[0K (x, t)/dx)2dt is bounded. Moreover, if (a, b) is finite and u, is
the maximum of [sn(x)l on (a, b), then

d
’ d_xs"(x)

d
3) ~-{-i—s,.(x) < M\t M = M(b — a)V.
X
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For special sets of characteristic functions and kernels, closer
bounds then (3) are obtainable by other means® than ours. Thus, for
example, if we consider the particular kernel’

K(x, ) = (1 — ), 0=
=1 — x), ¢

on the interval 0=<x=<1, 0=<¢=<1, the integral equation u(x)
=NJoK (%, t)u(t)dt has as characteristic solutions and corresponding
characteristic numbers the sets {sin #nrx} and {n?r?}, respectively.
The application of (3) gives a bound of order n2u, for the derivative
of a sum of sine functions, which is rough when compared with the
well known Bernstein’s theorem for trigonometric sums.® However,
the bound given by (3) is of interest since it applies to a very wide
class of functions for which it seems impossible to obtain better re-
sults unless more restrictive hypotheses are assumed on the kernel or
on the characteristic functions themselves.

IIA

x =8
x =1,

IIA
lIA

3. Bernstein’s theorem in L2 space for a sum of functions whose
derivatives are orthogonal with respect to a weight function. Hille,
Szegd, and Tamarkin® have established the corresponding Markoff’s
theorem for L™ spaces when m = 1, but only when the sums involved
are polynomials or trigonometric sums. Our method of proof is en-
tirely different from theirs and we are not able to obtain the results
of this section from their paper.

Let { ¢>i(x)} be any set of functions, not necessarily orthonormal,
but let the set of first derivatives of these functions be orthogonal with
respect to a positive weight function o(x) on the interval (a, b). As-
sume that the normalization factor N;=([lo(x)[¢! (x)]%dx)"? in-
creases with the subscript 7. Let K,(x, t) =2 1 o¢:(x)¥i(t) where
{¢.-(x)} is any set of orthonormal functions on (a, b). Let s,(x) de-

note any arbitrary sum of the functions ¢o(x), ¢1(x), - - -, pa(x), and
let s (x) be its first derivative. Let 5,(x) =2 ra¥i(x) where
ag, @1, * * *, @y are the same coefficients as in s,(x).

Since

sq (%) = fbga;Kn(x, )5, ()dt

6 See McEwen, op. cit. pp. 295-296.
7 The kernel K(x, ) in this instance is the Green's function of the system d?u/dx?

+Au=0, u(0) =u(1) =0, and thus highly restricted when compared with any kernel
of a system of form (2).

8 See Jackson, op. cit. p. 80.
® Hille, Szegs, and Tamarkin, op. cit. Footnote 2.
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it follows from the hypotheses placed on the sets {¢/ (x)}, { N:}, and
{¥i(x)} thatif this equation is multiplied by ¢(x)s,! (x) and integrated
over (a, b), then

faba<x) [ (2) J2dx = f”[ f: o(®)s! (DK, (=, t)dx]gn(,)dt

= f b[ g a.-N?t//i(t)] [ g ai¢,»(;):| dt

n n b
= > aiNi< NaY ai= N, f sa(f)dt.

1=0 =0

The factor N? is obviously the least number that relates the right-
and left-hand members of the above inequality since the equality
holds when all but a, of the coefficients a;, as, - - -, a, are equal to
zero. As a result we have this theorem.

THEOREM B. If {¢:(x) } is a given set of functions, and if there exists
a positive weight function o(x) such that the set of functions

o' (x)ed (x), o' (2)$1 (%), - - -, o} (2)$n ()

are orthogonal on (a, b) and if s,(x) =) oaipi(x) is any arbitrary sum
of the set ¢o(x), d1(x), - - -, a(x) and 5.(x) =D roaipi(x) is the sum
of any arbitrary set of orthonormal functions on the interval (a, b), the
coefficients aq, a1, - - -, @, being the same in both s,(x) and 5,(x), then

4) ( f ab o) [s,:(x)]ﬁazac)ll2 < Nn< f ab [S,.(x)]%ix)m

gives the closest relation between the integrals

([ owbi@rar)” i ([ ) wion

N, = ( ] aba(x> lo. (x)lﬁdx)m.

As a first application of the above theorem consider the case when
both of the sets {¢:(x)} and {¢u(x)} are the normalized Legendre!®
polynomials {(2z'+ 1/2)12P(x) } The set of first derivatives of these
functions are orthogonal! with respect to the weight function 1 —x?

10 See, for example, D. Jackson, Fourier series and orthogonal polynomsials, The
Carus Monograph no. 6, pp. 45-68.
1 See Jackson op. cit. Footnote 10 p. 149.
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on the interval (—1, 1) so that the hypothesis on {gb,«' (x)} holds in
accord with the above theorem. Since

. (P o 124 DI 1
N”’f_l(lnxz)[P”(x)]dx— 2 m—D! 2m+1

= n(n+1)

we have!?

([ a=owre)" s worvye( [ o)
= 0(n) ( f j S:(x)dx>1/2,

Similar results can be obtained with other Jacobi, the Laguerre, and
the Hermite polynomials.’® In the last instance we take {¢i(x)}
= {Hi(x)/m) 4G Y2} and {gu(x)} = {e="" Hi(x)/(2m) 45122},
Since H! (x) =iH;_i(x), then o(x) =e~*"/2 makes the set of functions
{a” 2(x)¢! (x) } orthogonal on (— ®, 4+ ®). The normalization factor
N, = ([2(x) [¢ (x)]?dx) 2 =n'2 s0 that

(J ertewren)” s wn( [ “oriopas)”

Another example is of interest in that it gives an application of the
above theorem to functions which do not involve polynomials. Let
Jo(uix) denote the Bessel functions of zero order where {u:} are the
roots! of the Bessel functions of the first order, Ji(u)=0. Let
i(x) = Jo(uix) /k: and ¢i(x) =xV2To(ux)/ki, where k} = [oxJe(uix)dx
= J2(us) /2. Since J¢ (uix) = —u:J1(uix) it follows that the set of de-
rivatives, {#/ (x) }, are orthogonal on the interval (0, 1) with respect
to the weight function o(x) =x. Thus

A

fo 26! (D0} Dz = (1/kik) [ T8 )T ()i

1
= (uini/ kik;) f xS 1(usx)J1(ux)dx = 0
0

12 Tt is of interest to compare this result with Bernstein’s theorem for polynomials
in C space. See D. Jackson, Bernstein's theorem and trigonometric approximation,
Trans. Amer. Math. Soc. vol. 40 (1936) pp. 225-226.

13 See Jackson op. cit. Footnote 10 p. 225 Problem 5; p. 227 Problem 7; p. 180
Formula 6.

14 See, for example, Watson, Theory of Bessel functions, pp. 477521, 576-596. We
are making use of the well known formulas, [ixJi(ux)dx=(1/2)[T3(u)+ Th1(u)]
~ (k/w) [T1(u) a1 () ] and ST xuace) T (o) doc = [T ui) T (pis) = T T () 1/ Cuid— i)
when k=0and k=1,
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when ;. The normalization factor of ®V/2Jy(u.x) is | Ja(un)| /2Y2 so
that N2= [ox[p. (x) |2dx =p2T2(un) /T2 (us). But by the well known!s
identity, (2/x)J1(x) = Jo(x)+J2(x), it is seen that when u, is a root
of Ji(n) =0 then Jo(u.) = — Ja(u,) so that the right-hand side of the
above equation is u2 which is known!® to be of the order 2. Hence if

n n J i
sn(x) = Z api(x) = Z a; 0(;: x)’
=0 =0 i

it follows that

( fo 1 x[sn'(x)]ﬂdx)m

IIA

([ el i)
O(n)(ﬁlx[sn(x)]%x)l/z.

4. Degree of convergence of sums of characteristic solutions. Let
{¢i(x)} and {¥.(x)} be closed infinite sets of orthonormal solutions
of a system of integral equations of form (2) in which the kernel
K(x, t) is continuous!” on an interval e £x £b, a £t £b. Let the corre-
sponding characteristic numbers be positive and arranged as a non-
decreasing sequence with respect to the subscript <. Let f(x) be a con-
tinuous function on ¢ £x £b and let

g(*f 1] :f(ac)qtn(x)dx)2

be convergent for some value of p=1. Then sufficient hypotheses
have been assumed so that the equation of the first kind

b
) 1@ = [ K utar

has a solution u(x) in L? space.®
Let bo, b1, - - -, b, be arbitrary coefficients and let

bodo(x) b1¢1(%) badpn()
)\0 + X], + + xn

?n(x) = bo\bo(x) + bl‘//l(x) + -+ bn‘pn(x)-

15 See Watson op. cit. p. 17. Take n=1.

16 See Watson op. cit. p. 506. Take v=0, a=0.

17 This hypotheses on K (x, ) can be lightened to include kernels that are summable
and of summable square. See Footnote 18.

18 See E. Picard, Sur un théoréme général relatif aux équations intégrales de premiére
espéce et sur quelques problémes de physiques mathématique, Rend. Circ, Math. Palermo
vol. 29 (1930) pp. 79-83.

Tn)\(x) = b
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By (2) it follows that 7.\(x) = 2K (x, £)7.(f)dt so that by subtracting
(%) from f(x) we have with the aid of Schwarz’s inequality,

© 156 = = ([ x o) ([ o - ) ).

The above expression shows that any set of the b's that will make
7.(¢) converge in the mean to #(¢) will make 7,.(x) converge uniformly
to f(x) as # becomes infinite. In particular, if b;= [2u(t){:(t)dt, then

fa b [w(t) — 7u(2) ]2t = i ( fabu<t)¢,~(t)dt>2

i=n+1

,=,,+1< f o (t)dt)

But'this in turn is at most equal to

) sz—_; Z (xf fab f(t)¢>,-(t)dt)2

i=n+1

for any p =1 when # is sufficiently large so that N\,41>1.
From (6) and (7) we have the following consequence.

TreorEM C. If { di(x) } and { ¥i(x) } are closed infinite sets of ortho-
normal solutions of the system of equations

b b
o(x) = )\f K(x, t)y(t)ds, Y(x) = xf K(t, x)p(t)dt

corresponding to a set of positive characteristic numbers N =M= - - -
=ME - - -, and if K(x, t) is continuous on a<x<b, a <10, then,
if f(x) is continuous on a Ex <b and

> (v f e

is convergent for some p =1, there exist sums g.(x) of the set {di(x)}
such that

nMs

IVn

| f(x) = qu(x) | =

where Iy is an absolute constant and hm,,.,m> v, =0.

In connection with Theorem C a further comment is of interest if
in (5) we can differentiate f(x) and 2K (x, t)d¢ s times, the latter under
the integral sign, and if the set of functions {¢® ()} are orthogonal
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with respect to a positive weight function o(x) on (a, b). In that case
it follows if f®(x) is multiplied by o(x)${®(x) and integrated over
(ay b)»

1} :a<x>f‘“’<x>¢§”<x>dx - f [ [ : oK (s, t)¢§”<x>dx] w(i)dt

¥
- f Viu(ds

where N; is the normalizing factor of ¢'2(x)¢{(x). The series
E{f_o((Ni/)\,-)fggbi(t)u(t)dt)2 converges since

Z(f o!2()] @ (x)a"2(x) m(—;,.(x) dx>2

is convergent by virtue of Bessel’s inequality. But if lim;—, N:/\; is
not zero, then D 2 o(f2:(t)u(t)dt)? converges and as a consequence
oM f2f(x)pi(x)dx)? is convergent for some p=1.

5. Convergence of the minimizing sums of the integral'® g,
= [2o(x) | f(x) — Qu(x)| mdx, m >0 when (a, b) is a finite interval. Let
f(x) be a continuous function on (a, &), and let the weight function
p(x) be summable and have a positive lower bound v on (a, b). Let
{¢i(x)} be a set of characteristic solutions of conjugate sets of in-
tegral equations of form (2). Let these solutions correspond to a
set of characteristic numbers {\;} that are in the order 0<No=N\
< - .- =\, Let [’K(x, t)dt be differentiable with respect to x under
the integral sign and let [} [0K (x, ) /0x |2dt as a function of x exist al-
most everywhere. Let Q.(x) =2 i oa:¢i(x) be any sum of the first
n+1 functions of the set {¢i(x)}, and let ®,(x) denote any one?
of these that makes g, the least. Let €, be the maximum for
| f(x) —Qn(x)[ on (a, b). By following the steps Jackson has taken to
investigate convergence of minimizing trigonometric sums and poly-
nomials?! we are led, by virtue of (3) of Theorem A to the following
result.

TuEOREM D. If Q.(x) 7s an arbitrary sum of the first n+ 1 functions
of the set {q&,-(x)}, and ®,(x) is a corresponding minimizing sum of

19 For a proof of the existence of minimizing sums see D. Jackson, On functions of
closest approximation, Trans. Amer. Math. Soc. vol. 22 (1921) pp. 117-128. See also
vol. 25 (1923) pp. 333-337.

20 If m =1, the minimizing function is unique. See Jackson op. cit. Footnote 19.

2 See Jackson op. cit. Footnote 1.
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gn there exists a positive factor L independent of the characteristic
numbers {\:} and e, such that

| f(x) — ®u(2) | < LN e

Moreover, since L depends upon ([2[0K (x, t)/dx ]2dt) 2, it is bounded
ona=x=bexcept perhaps on a set of points of measure zero.

Thus, since €, is the maximum of If(x) —Q,,(x)| on (a, b), the ques-
tion of convergence of ®,(x) to f(x) on the intervals of ¢ Sx b, where
L exists, is made to depend upon whether sums Q,(x) exist for an
infinite sequence of values of # such that

lim A", = 0.

n=o

This is insured by Theorem C if the series

i‘(x? f bf(x)@(x)dx)z

=0

is convergent for some p = (1/m)+1.

Theorem D can be strengthened?? considerably through the appli-
cation of Theorem B if in addition to the property of orthonormality
on the set {(bi(x) }, the set of derivatives {¢/(x)} are orthogonal on
(a, b) with respect to a continuous non-vanishing weight function
o(x). The essential point is that \, is usually large in comparison with
the normalizing factor N,, as for example in the integral equation
that was cited earlier (p. 71). Here N\, =O(n?) while N, of the set of
derivatives of {sin nx}, that is {# cos nx}, is of order 7.

In the subsequent discussion we shall also assume that
S Idam(x) /dx]dx exists. Using the same definitions and notations
as in the preceding discussion, we let m,(x) =®,(x) —Q.(x) and
7a.(x) =f(x) — Qn(x). Let 7 be the maximum of |1r,.(x)| on (a, b) and
let xo be the abscissa at which this maximum is attained. Since

L OLAOR AL CHENED)
= fx: ;; [o12(2)7a(x) |da = f;gllz(x)-/rn’ (x)dx+ L:,.-n(x) %al/z(x)dx

for any x on the interval (a, b), we have with the aid of Schwarz’s
inequality,

2 In this section of the paper we can extend our discussion to the case when the
interval (a, b) is infinite. The treatment requires further hypotheses on the functions
o(x), {#:(x) } and {¢f (x)}. In general the details are similar and are therefore omitted.
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| o1/2(a)ma(2) — oV/2(0)ma(0) |

<l o= mf( [l @)

o

+fz:|m<x>|]£am<x) | dx|.

But since x¢ and x are on (@, b) by Theorem B it follows that

(fx:a(x) [r ()] ds 1)”2 = (fabd(x) EX (ovc)]2dx)1/2

b 2 1/2
é Nﬂ(f m.(x)dx)
so that

& — xolm( f ,:"“C) [vd ()] dxl)m

(®) +f |l || - )

S| a— o |V2NL(b — @) + | x — x| nH

| dx|

where H is a constant independent of x and N,. If N, is large and

l x — xoi < —-——————a(xO)
16N2(b — a)
then
| o2 2(2)mn(x) — o2/2(26)mn(220) |
n nHo (o) n
é — ,l/2 - < . L1/2 ,
g o)+ 16N (b —a) 2 (o)

whence |<r”2(x)7rn(x)| >(n/2)0'%(xg). If w is the maximum of ¢¥/2(x)
on (a, b), then [1r,,(x)| >(n/2)aV2(xo) /w.

Let v, be the minimum of g,. For a value of x on (a, b) at a distance
not greater than o(xo) /16 N2(b —a) from x,,

O'(xo)

7> ol =@ ey

Thus, for the case when (n/4)(cV%2(x)/w)>€¢, we have, since
Vo< L€}, I,= [20(x)dx,
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4w /166 — a] A\ 2/m
(9) n < ( 'YnNn < 51Na €
o1/2(x) ?

where s; is an absolute constant.
On the other hand, if (9/4)(dV2%(x0)/w) <€, we have

4

€
o112( ) "

7 <

so that for an N, sufficiently large, (9) is a universal bound for 7.
Hence, from the inequality

| /@) = (@) | < | f(2) = 0u@) | + | ®a(2) — Qu(x) |
=|ru(2) | + | ma(®) |
we have the following result.

TueoreM E. If in addition to the hypotheses placed on p(x), f(x), and
the set {¢,-(x)} in Theorem D it is assumed that the set of functions
{@! (x)} are orthogonal with respect to a continuous positive weight func-
tion o(x), and if [? [ daV1%(x) /dx | dx exists, then there exists a constant s,
independent of N, €., and also of x such that

| £(5) — @u(2) | < 52N/,

Theorem E is subject to further refinement if certain further hy-
potheses are assumed on the set {qbi(x)}. If the set of functions
{q&{ (x)} are continuous on the interval (a, b), (the condition of or-
thogonality only requires that the set {qb,-' (x)} with respect to a(x)
be integrable L?), and if at the maximum of l7r,,(x) l, dm,(x)/dx =0,
then by a law of the mean? for integrals it is seen that

f:oa(x) [ (x)]2l dxl - fZa(x) [ () ]2dx

| 2 — | = b—a

when x is sufficiently close to xo. Thus the first integral on the left-
hand side of (8) can be replaced by

l(’;—:’;—l,ﬁ( fabcr(x) [w,:<x>]2dx)”2

2 By the law of the mean, there exist points £ and ¢ on the intervals ]x, xol
and (g, b), respectively, such that o(&) [, (£) =z (x) [ (x)]*]dx[)/lx—xol and
a(¢) [ma (€) 2= (i (x) [xd (x) ]2dx) /(b —a). Since ='(x) is continuous and ] (%) =0 it
follows, since o(x) is positive and bounded on (g, b), that o(£)[ms (£)]? can be made
smaller than o(c) [r+ (c) |2 by taking x sufficiently close to x,.
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and this leads to a bound of order N'V™¢, for | f(x) —<I>n(x)| in con-
trast with N2/7¢, of Theorem E. As an example, a relative maximum
of Irn(x)| is assured if the following boundary conditions?* are as-
sumed on ®,(x): P,(a)=0Q.(a), and P,(b) =Q.(d). In that case
ma(a) =m,(b) =0 and as a consequence of the hypotheses on the func-
tions {qb;’ (x)}, 7. (x) =0 at the maximum of ]7r,,(x) |

The hypothesis on o(x) may be lightened to include weight func-
tions that vanish at some points along the interval. The only restric-
tion required by the proof is that o(x) shall not vanish at the point
where |7rn(x)| takes on its maximum, and this in turn is assured by
appropriate boundary conditions on the minimizing function ®,(x),
such as were mentioned in the last paragraph. This last observation
is of importance in working out details for the convergence of sums in
terms of the Bessel, Legendre, Laguerre, and the Hermite functions,
among a great number of others that involve weight functions. The
details of these discussions follow the above general outline and are
therefore omitted.
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24 The placing of a boundary condition on ®,(x) does not affect the existence of
minimizing sums. See for example, D. Jackson, Problems of approximation with in-
tegral boundary conditions, Amer. J. Math. vol. 55 (1933) pp. 153-166.



