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C. T. RAJAGOPAL

C. T. Rajagopal who died on 25th April 1978 was the eldest son of Cadambathur
Tiruvenkatacharlu and Padmamma. He was born in 1903 and after schooling in the
Hindu High School, Triplicane, Madras, he followed the Intermediate and B.A.
(Honours) courses in the Madras Presidency College, obtaining the first rank in the
Honours Examination in mathematics in 1925. The inspiration which Rajagopal
drew from K. Ananda Rau, who taught him in the Honours course, left an indelible
impression on him throughout his life. Rajagopal married Rukmini in 1925. After a
short spell of clerical service followed by a teaching career in the Annamalai
University, Rajagopal joined the Madras Christian College in 1931 to serve it for two
decades. He settled down near the college in his “Anchorage” and became renowned
not only for his lucid and often original exposition of classical mathematical analysis
but for the tender care he bestowed on his students. In 1951, Rajagopal switched
over to the Ramanujan Institute of Mathematics in deference to the wishes of his
senior college-mate and great friend, T. Vijayaraghavan, who headed the Institute.
On the demise of Vijayaraghavan in 1955 the headship devolved on Rajagopal.
Rajagopal’s contribution to the Institute in attaining its present size and importance
as a national centre for research is immeasurable. He died of a massive heart attack
and without pain nearly a decade after his retirement.

Rajagopal’s numerous papers fall under three heads: (I) Sequences, series,
summability; (IT) Functions of a complex variable; (II1) History of medieval Kerala
mathematics. The account of his work which follows is just a “random sampling”.

1

His initial work (see [1]-[11]) was on the unification of tests for convergence of
series of positive terms. His mainstay was the theme of generalization and unification
of Tauberian theorems, which began with [12]. To trace the history of the first result
of Rajagopal’s a little, let 2 = {1,} be a strictly increasing sequence of non-negative
numbers diverging to co. Write s, = ag+a,+...+a,. If

Z (in'*l_)"r)a\' = Z (;‘\'+1_;'|')S\' - (a)

as n — oo, the series Y a, (or the sequence {s,}) is said to be summable (R, 4, 1) to
n=0
s. It had been conjectured that if (a) holds and if

A=A
a, = 0L</1—1>, (b)

[BuLL. LonpON MATH. Soc., 13 (1981), 451-458]

11PUOD PUE SWLS | 341 395 *[5Z0Z/0T/0E] U0 AR1118UIUO /31 ‘90UB|B9XT 8120 PLE U}EBH 10} @I 1ISU] UOIEN ‘FOIN Ad TSH'S ET/AWIA/ZTTT OT/0pAL0D B |

a's 'T86T '02T2Z697T

fo|mARiqipullL

851801 SUOWWIOD 31810 3jqeatjdde auy Aq pauenob ae sapie YO ‘esn Jo sajni 1oy Akiqi auliud) A|im uo



452 C. T. RAJAGOPAL

then {s,} converges to s; this conjecture, however, was shown to be false by Ananda
Rau. In [12], Rajagopal gave simple proofs of the following results (some of which
were previously known). If (a) holds, then any one of the following assumptions is
sufficient to ensure that {s,} converges to s:

;» - /1 -
: = 0 n n—1 :
(l) an ( }\." >

) p—i_\ A
(i) a,,=0,_(" - ), 2t L 1asn— oo;

'1:1 An
(iii) @, = 0, (""j""“), lim a, > 0;
. A ; -1 /2 _l -1
— O n n = 0 n n
(lV) Cl" L( A" )3 an 1 L( /1" )

Moreover, if we assume only (a) and (b), then, while we cannot assert the
convergence of {s,} we can still deduce that

lims, =s.

n—oe

Later, in [25] he extended this last result by replacing (b) by

lim min  (a,;,+...+a,) =0,(1) ase—>0.

noo tn < im < (L+8)iy

In [56] he showed that under hypotheses (a) and (b) {s,} converges to s in
“A-density”. He put these results in a more general perspective later (see [79]) in the
context of the transform

oc

1) = ) a,Pth,), >0, (©)

n=1

when ¢ —» 0. For the transform (c) with ¢(u) =
conditions:

Y(x)dx and Y(u) satisfying the

={'-_58

Yu) =0 (u=0), j Y(u)du = 1, Y(u)|loguldu < oo,

OQ__>8

Ju"“l//(u)du +#0 (-0 < x < ),
o

he established, generalizing an earlier result of M. C. Austin [J. London Math. Soc. 26
(1951), 304-307], the following: If @ (¢) exists for ¢ > 0 and converges to a finite limit
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C. T. RAJAGOPAL 453

as t —» +0 only for series with bounded terms, then the high-indices condition

lim é';—‘ > 1 is fulfilled and such series converge. This result is a sort of converse for

“high-indices” theorems.
H. Hadwiger [Comment. Math. Helv. 20 (1947), 319-322] and R. P. Agnew [Duke

Math. J. 12 (1945), 27-36] showed that if the Abel transform A(x) = Y, a,x" of the

n=0

oo
series Y a, exists for 0 < x < 1 and s, = ao,+a, +...+a,, then
n=0

lim |A(x)—s,| < C lim |na,| (d)

n—ow n—=oo

1 . . .
when x = 1—; where a best possible constant C independent of ) a, exists.

Rajagopal, independently of Vijayaraghavan, showed (see [42, 45]) that

— 2\t —
lim |B(x)~s, < (=) lim |nta, (e)
n- o M) n-w
0 skx" )
when B(x) = e™* ) —— is the Borel transform which is assumed to exist and

& KT
n = [x] is the integral part of x > 0, the constant (2/n)* being best possible. The
existence of such ‘Tauberian constants’ was further established by him (see [26, 28,
29, 39, 42, 45, 86]), more generally, for families of summability methods. The
existence of such constants in the context of one-sided versions of Vijayaraghavan’s
theorem (see G. H. Hardy, Divergent series, p. 308, Theorem 238) was established by
him and Vijayaraghavan in [51, 54].

Another topic in which Rajagopal [49] treated families of summability methods
rather than individual methods was that of “product theorems”.

The (A,) method of summability introduced by him (see [49]) independently of
Jakimovski, was shown by him [82] and, later, by V.K. Krishnan [Math. Proc.
Cambridge Philos. Soc. 718 (1975), 497-500] to be a weaker alternative for Abel
summability in most of the Tauberian results for the latter.

Extension of certain results of Ananda Rau on Dirichlet series using a set of
difference formulae, in collaboration with S. Minakshisundaram [15, 16, 17], and
later, on his own (see [80]), and generalization [68, 70, 71, 72, 73, 75, 76] of tests for
uniform and ordinary convergence of Fourier series, were two more interesting
aspects of his work.

Gap Tauberian theorems and high-indices theorems received his attention [78,
83, 847 for two or three years before his death. The connexion [78] of the function ®
introduced by Hardy in the context of Vijayaraghavan’s theorem (loc. cit.), with gap
Tauberian theorems, an analogue [84] of V.1. Mel'nik’s idea for A-type methods and
the establishment [83] of the condition

lim lim max Y (lal—a,) =0
n=0n=o Ay <4 < (1+n)i, (r)

e 0]
as a Tauberian condition for (R, 4, 2) summability of Z a, to imply convergence
n=0
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454 C. T. RAJAGOPAL

are some of the highlights of his study of these two topics, mostly in collaboration
with the writer.

I+

If f(z) is a periodic integral function of order p > 1 and

x 2 2
f@)=as+ ) 2 {a,, cos <—¥) + b, sin (%)},
n=1 v

Rajagopal showed [94] that a,, b, = O(exp (—n*"~9) for all positive ¢ where p* is

1 1 .
defined by ’ + o~ = 1. As an analogue of a theorem of Landau’s on the partial

sums of Fourier series, he proved (see [95]): For f(z) = ) a,z"analytic in |z| < R
n=0

we have |Res,(z)] < C(logn)A*(r) where s,(z) = ) a,z*, A*(r) = max [Re f(z)| and
k=0 kel =r

C is an absolute constant. Study of the relation of the growth of the maximum

modulus or mean values of an entire function as such, or represented by an

absolutely convergent Dirichlet series with the order, lower order, type etc., of the

function, was the subject matter of [96, 97, 98, 102]. In [99] Rajagopal and

A. R. Reddy showed that the functional equation

gz +w)—4g(z) = f(2)

where f(c) is an entire function of order p (0 < p < o¢) and type ¢ (0 < 0 < ),
with w, 2 non-zero constants, has an entire solution g(z) of order p and type i. A
self-contained treatment followed in [100].

111

Taking the cue from an article of C.M. Whish’s [Transactions of the Royal
Asiatic Society of Great Britain and Ireland 3 (1835), 509-523], Rajagopal, with the
help of competent collaborators, presented in [103, 105] satisfactory modern forms
of the proof of the series-expansions:

(i) Gregory's power series for arc tanx (1671 A.D.)

(i1) Newton's power series for sin x, cos x (1670 A.D.),

carefully moulding the proof upon their originals in Yuktibhasa, a work in a
Sanskritized form of Malayalam. On the basis of these papers and further elucidation
in [104, 106, 107, 108}, leading western historians of mathematics such as
D. T. Whiteside, J. E. Hofmann and A. P. Juschkewitch, have accepted that the series
were known to the Hindus at least a century-and-a-half before they were discovered
in the West. Further evidence enabling the assigning of these series to Madhava, a

tThe review in this section is by Professor T. V. Lakshminarasimhan.
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C. T. RAJAGOPAL 455

Kerala Brahmin, ¢.1350-1400 A.D., was recorded in [109]. A sequel to [109]
confirming this finding is unpublished.

Rajagopal was a teacher par excellence and a reliable and inspiring research

guide. No words can adequately describe his modesty. Rational thinking and interest
in psychic studies were two attributes which he imbibed with pride from his teacher
Ananda Rau. His lighter reading material was high class detective stories. No visitor
to the Anchorage can forget the warmth of the reception and treatment by Rajagopal
and his gracious wife Rukmini.
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Publications

1. Sequences, series, summability

. “An integral test for the convergence of a series of positive terms”, Math. Student 3 (1935), 67-69.

[Zbl. 12, p.294].

. “On certain theorems of Pringsheim”, Téhoku Math. J. 43 (1937), 122-126 [Zbl. 17, p.254].
. “On an integral test of R. W. Brink for the convergence of series”, Bull. Amer. Math. Soc. 43 (1937),

405-412. [Zbl. 16, p.301].

. “Convergence theorems for series of positive terms”, J. Indian Math. Soc. (N.S.) 3 (1938), 118-125.

[Zbl. 20, p. 14].

. “Some theorems connected with Maclaurin’s integral test”, Math. Gaz. 23 (1939), 456-461. [MR. 1,

p.216; Zbl. 23, p. 26].

. “On Abel’s divergence test for series of positive terms”, Math. Student 8 (1940), 118-123. [MR. 2,

p.277; Zbl. 60, p. 158].

. “Remarks on some generalizations of Cauchy’s condensation and integral tests”, Amer. Math.

Monthly 48 (1941), 180-185. [MR. 2, p.277; Zbl. 60, p. 158].

. “Postscript to convergence theorems for series of positive terms”, J. Indian Math. Soc. (N.S.) 5 (1941),

113-116. [MR. 3, p. 148; Zbl. 60, p. 158].

. “On the rearrangement of conditionally convergent series”, Ann. Math. (2) 42 (1941), 604-613.

[MR.3, p. 148; Zbl. 25, p.313].

“The Abel-Dini and allied theorems”, Amer. Math. Monthly 51 (1944), 566-570. [MR.6, p.149;
Zbl. 60, p.158].

“Remarks on Cauchy’s convergence principle”, Math. Student 13 (1945), 33-35.

p. 158].

“On the limits of oscillation of a function and its Cesaro means”, Proc. Edinburgh Math. Soc. (2), 7
(1946), 162-167. [MR. 7, p.433; Zbl. 60, p. 158].

“A note on the oscillation of Riesz means of any order”, J. London Math. Soc. 21 (1946), 275-282
(1947). [MR.9, p. 86; Zbl. 60, p.159].

. (with S. Minakshisundarm), “On a Tauberian theorem of K. Ananda Rau”, Quart. J. Math. (Oxford

Ser.) 17 (1946), 153-161. [MR. 8, p. 147; Zbl. 60, p. 159].

“Some theorems concerning Riesz’s first mean”, Acad. Serbe Sci. Publ. Inst. Math. 1 (1947), 11-20.
[MR. 10, p.699; Zbl. 38, p.215]. Errata and addenda, ibid, p. 856.

(With S. Minakshisundaram), “Postscript to a Tauberian theorem”, Quart. J. Math. (Oxford Ser.) 18
(1947), 193-196. [Zbl. 29, p. 388].

“Cesaro summability of a class of functions”, J. Indian Math. Soc. (N.S.) 11 (1947), 22-27. [MR.9,
p.425; Zbl. 38, p.214].

“On Riesz summability and summability by Dirichlet’s series”, Amer. J. Math. 69 (1947), 371-378.
[MR.9, p.26; Zbl. 34, p.42].

Addendum and corrigendum, ibid, 851-852. [MR.9, p.278].

“Some limit theorems”, Amer. J. Math. 70 (1948), 157-166. Errata, ibid, 908. [MR.9, p.425, Zbl. 41,
p. 183].

(with S. Minakshisundaram), “An extension of a Tauberian theorem of L.J. Mordell”, Proc. London
Math. Soc. (2), 50 (1948), 242-255. [MR. 10, p. 245; Zbl. 30, p. 350].

“On the remainder in Taylor’s theorem”, Math. Student, 14 (1946), 71-73 (1948). [MR.9, p. 503;
Zbl.61, p. 114].

“A series associated with Dirichlet’s series”, Acta Unit. Szeged Sect. Sci. Math. 11 (1948), 201-206.
[MR. 10, p.246; Zbl. 31, p. 118].

“On some extensions of Ananda Rau’s converse of Abel’s theorem”, J. London Math. Soc. 23 (1948),
38-44. [MR. 10, p.292; Zbl. 31, p.295].
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456 C. T. RAJAGOPAL

26.

. “On an absolute constant in the theory of Tauberian series”, Proc. Indian Acad. Sci. Sect. A. 28
(1948), 537--544. [MR. 10, p.447; Zbl. 66, p. 308].

27. “On a Tauberian theorem of G. Ricci”, Proc. Edinburgh Math. Soc. (2), 8 (1949), 143- 146. [MR. 11,

28

p.654; Zbl. 36, p.173].
. “On an absolute constant in the theory of Tauberian series: Postscript”, Proc. Indian Acad. Sci. Sect.
A. 31 (1950), 60-61. [MR. 12, p.21; Zbl. 37, p.327].

29. “On a generalization of Tauber's theorem”, Comment. Math. Helv. 24 (1950), 219--231. [MR. 12,

p.494; Zbl. 40, p.322].

30. “A note on ‘positive’ Tauberian theorems™, J. London Math. Soc. 25 (1950), 315- 327. [MR. 12, p. 404;

Zbl. 39, p.64].

31. “On converse theorems of summability: addendum™, Math. Gaz. 34 (1950), 125. [MR. 12, p.404].

32. “A note on generalized Tauberian theorems”, Proc. Amer. Math. Soc. 2 (1951), 335--349. [MR. 13,
p.28; Zbl. 54, p.27).

33. (with M. Parthasarathy), “A theorem on the Riemann-Liouville integral”, Math. Z. 55 (1951),
84- 91. [MR. 13, p. 543; Zbl. 54, p. 26].

34. “A note on generalized Tauberian theorems: addendum™, Proc. Amer. Math. Soc. 3 (1952), 457--458.
[MR. 13, p.836].

35. “Note on some Tauberian theorems of O. Szasz”, Pacific J. Math. 2 (1952), 377--384.

36. “On a one-sided Tauberian theorem™, J. Indian Math. Soc. (N.S.) 16 (1952), 47--54. [MR. 14, p. 160].

37. “Sui criteri del rapporto per la convergenza della serie a termini positivi”, Boll. Un. Mar. Ital. (3), 7
(1952), 382- 387. [MR. 14, p.633].

38. “Two one-sided Tauberian theorems”, Arch. Math. 3 (1952), 108-113. [MR. 14, p. 160].

39. “Note on a class of Tauberian series”, Duke Math. J. 20 (1953), 617-620. [MR. 15, p.306; Zbl. 87,

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.

S2.
53.

54.

p. 55].

“On the relation of limitation theorems to high indices theorems”, J. London Math. Soc. 28 (1953),
322 329. [MR. 14, p.973; Zbl. 50, p. 285].

“On Tauberian oscillation thcorems”, Compositio Math. 11 (1953), 71-82. [MR. 185, p. 118; Zbl. 52,
p.57].

“A generalization of Tauber’s theorem and some Tauberian constants”, Math. Z. 57 (1953), 405 414.
[MR. 14, p.958; Zbl. 50, p. 285).

“On a one-sided Tauberian theorem, a further note™, J. Indian Math. Soc. (N.S.) 17 (1953), 33- 42,
[MR. 14, p.958; Zbl. 50, p. 285].

“On Riesz summability and summability by Dirichlet’s series, further addendum and corrigendum”™,
Amer. J. Math. 76 (1954), 252-258. [MR. 15, p. 522; Zbl. 55, p.292].

“A generalization of Tauber’s theorem and some Tauberian constants, 11°, Math. Z. 60 (1954),
142-147. [MR. 16, p. 124; Zbl. S5, p. 58].

“On an absolute constant in the theory of Tauberian series 117, Proc. Indian Acad. Sci. Sect. 4. 39
(1954), 272 281. [MR. 16, p. 125, Zbl. 59, p. 49].

“On Tauberian theorems for the Riemann-Liouville integral”, Acad. Serbe Sci. Publ. Inst. Math. 6
(1954). 27 46. [MR. 16, p. 465; Zbl. 55, p. 336].

(with A. Jakimovski), “Application of a theorem of Q. Szasz for the product of Cesaro and Laplace
transforms™, Proc. Amer. Math. Soc. 5 (1954), 370-384. [MR. 16, p.31; Zbl. 59, p. 102].

“Theorems on the product of two summability methods with applications”, J. Indian Math. Soc.
(N.S.) 18 (1954), 89 105. [MR. 16, p.691; Zbl. 57, p.294].

“A note on Ingham summability and summability by Lambert series”, Proc. Indian Acad. Sci. Sect. A.
42 (1955), 41 50. [MR. 17, p.254: Zbl. 65, p.45].

(with T. Vijayaraghavan), “One-sided Tauberian theorems for Borel, Abel and Riemann-second-
order transforms”™, Rend. Circ. Math. Palermo (2), 4 (1955), 309--322. [MR. 17, p. 1199; Zbl. 67,
p.289].

“Additional note on some Tauberian theorems of O. Szasz”, Pacific J. Math. § (1955), 971 97S.
[MR.17, p.961: Zbl. 67. p.290].

“A generalization of Tauber's theorem and some Tauberian constants, 1117, Comment. Math. Helr. 30
(1956), 63 72. [MR.17, p.255: Zbl. 65, p. 342].

(with T. Vijayaraghavan), “On two Tauberian theorems for the Borel transform of a sequence™, Proc.
Indian Acad. Sci. Sect. A. 43 (1956), 163- 172, [MR.17, p. 1199].

55. “A note on the oscillation of Riesz, Euler and Ingham means”, Quart. J. Math. Oxford Ser. (2), 7

(1956), 64 75. [MR. 18, p. 573; Zbl. 73, p. 279].

56. “Some theorems on convergence in density™, Publ. Math. Debrecen 5 (1957). 77 92. [MR. 19, p. 1166:

Zb\.79, p. 88).

57. “On a theorem of Frobenius and Knopp for Abel summability”, Math. Z. 67 (1957), 310 319.

[MR.20, = 192; Zbl.77, p.277].

58. “A Tauberian theorem for the Riemann--Liouville integral of integral order”, Canad. J. Math. 9

(1957), 487 499. [MR.20, # 4722; Zb1. 79, p. 288].

59. “Simplified proofs of ‘some Tauberian theorems’ of Jakimovski”, Pacific J. Math. 7 (1957). 955- 960.

[MR. 19, p. 544; Zbl.81. p.56].
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Addendum and corrigendum, ibid, 1727. [MR. 19, p.1174].

“On the Riemann-Cesaro summability of series and integrals”, Tohoku Math. J. (2) 9 (1957),
247-263; Errata, ibid, 10 (1958), 366. [MR.20, # 1871; Zbl. 86, p.51].

“On an absolute constant for a class of power series”, Math. Scand. 5 (1957), 267-270. [MR. 20,
# 5276; Zbl. 80, p.281].

“On Tauberian theorems for Abel-Cesaro summability”, Proc. Glasgow Math. Assoc. 3 (1958),
176-181. [MR. 20, # 3403; Zbl. 96, p. 39].

(with M.R. Parameswaran), “Tauberian theorems invariant for a product of two summability
methods”, Math. Z. 73 (1960), 256-267. [Zbl.91, p. 244].

“On a theorem connecting Borel and Cesaro summabilities”, J. Indian Math. Soc. (N.S.) 24 {1960),
433-442 (1961). [Zbl. 125, p. 34].

“Remarks on a theorem of Kuttner’s”, Quart. J. Math. Oxford Ser. (2), 11 (1960), 258-262. [Zbl. 128,
p.286].

“On some extensions of Cauchy’s condensation theorem”, Ann. Polon. Math. 11 (1961), 133-142.
[Zbl. 103, p.283].

“Convergence and summability of a class of Fourier series”, Indian J. Math. 3 (1961), 63-72.
[MR.27, # 529; Zbl. 142, p. 320].

(with S. Parameswaran), “Remarks on a Tauberian theorem”, Quart. J. Math. Oxford Ser. (2), 13
(1962), 1-6. [MR. 25, # 5315; Zbl. 148, p.291].

“A Tauberian theorem for multiple Fourier series”, Math. Ann. 148 (1962), 238-243. [MR.25,
# 5337; Zbl. 109, p.294].

“On the Fourier coefficients of functions of 12", Math. Student 29 (1962), 127-132. [MR. 26, # 1682;
Zbl. 106, p. 277].

“On the convergence and logarithmic summability of a class of Fourier series”, Arch. Math. 14
(1963), 304-310. [MR.27, #2788; Zbl. 116, p.48].

“On the Norlund summability of Fourier series”, Proc. Camb. Phil. Soc. 59 (1963), 47--53. [MR. 27,
#530; Zbl. 117, p. 295].

“Glimpses of the history of divergent series in India”, Presidential address, Section of Mathematics,
Indian Science Congress (1963), 1-24.

“On |C, 1| summability factors of power series and Fourier series”, Math. Z. 80 (1963), 265-268.
[MR.27, # 5069; Zbl. 144, p. 64].

“Some uniform-convergence tests for Fourier series and analogous convergence tests”, J. London
Math. Soc. 38 (1963), 313-324. [MR.27 # 5079; Zbl. 121, p. 299].

Correction: “On the Riemann—Cesaro summability of series and integrals”, Tohoku Math. J. (2), 17
(1965), 443. [MR. 32, # 6104].

“Gap Tauberian theorems on oscillation for the Borel method (B)”, J. London Math. Soc. 44 (1969),
41-51. [MR.38, # 2487; Zbl. 159, p. 82].
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