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ABSTRACT 

We present a brief biography and appreciation of Calyampudi Radhakrishna 
Rao, to whom this Fifth Special Issue on Linear Algebra and Statistics of Linear 
Algebra and Its Applications is dedicated in celebration of his 75th birthday; a 
bibliography of his books and papers is also included. 

Calyampudi Radhakrishna Rao was born on 10 September 1920, in a 
small town in south India called Huvvinna Hadagalli, then in the integrated 
Madras Province of British India but now in the state of Karnataka. CR 
(as we affectionately call him) was the eighth child (out of ten: six boys 
and four girls) of his parents, C. D. Naidu and Laxmikanthamma; following 
a general custom in South India, CR was named Radhakrishna after the 
god Krishna who, according to mythology, was the eighth child. 

C. R. Rao dedicates his book [18] Statistics and Truth: Putting Chance 
to Work to his mother, Laxmikanthamma, "who, in my younger days, 
woke me up every day at four in the morning and lit the oil lamp for 
me to study in the quiet hours of the morning when the mind is fresh." 
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FIG. 1. C.R. Rao: Delhi, India, December 1992. 

Laxmikanthamma was a great disciplinarian and used to punish CR when 
he refused to go to school. At first, CR was shy and afraid to go to school, 
but soon he overcame this fear and eventually did well in all his school ex- 
aminations. The college magazine in 1935 carried his photograph with the 
caption: "...C. Radhakrishna Rao has won the Chandrasekara scholarship 
[in physics] this year; he has had the unique distinction of knocking off the 
most coveted prize throughout his school career...." Fifty-three years later, 
on 31 December 1988, C. R. Rao was chosen by the Times of India as one 
of the top ten scientists of modern India, considering all disciplines and the 
impact  of the work done by each scientist. 

C. R. Rao's father, C. D. Naidu, was an inspector of police and unusually 
peripatetic; he was transferred from place to place every two or three years, 
and the family moved with him. He retired in 1931 and settled down in 
Visakhapatnam (in Andhra Pradesh), where CR joined the Mrs. A. V. N. 
College and finished his high school and the two-year intermediate course, 
with mathematics,  physics, and chemistry as his special subjects. C. D. 
Naidu had little direct contact with his children until he retired, as he 
took the duties of policing seriously. After retirement, however, he paid 
attention to the progress of his children and used to say tha t  CR was "his 
pride, hope, and joy." Though CR was doing well in physics, his father 's  
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suggestion prompted him to study mathematics. He earned an M.A. degree 
with first-class honors (and with first rank) in mathematics at Andhra 
University in 1940. 

After completing his M.A., C. R. Rao applied for a research scholarship 
in mathematics, but this application was turned down due to late submis- 
sion; he then applied for a variety of jobs without success. In those days 
there were not many jobs available for people with a degree in mathemat-  
ics. At that  time CR casually visited the Indian Statistical Institute (ISI), 
an institute established by Prasanta Chandra Mahalanobis (1893-1972) in 
Calcutta in 1931, and people there said that  statistics was a subject of the 
future. At that  time the ISI offered only a one-year training course, and CR 
joined the ISI in January 1941 for "training in statistics." Six months later, 
C. R. Rao joined Calcutta University, which had just started a Master's 
degree program in statistics, the first of its kind in India. He completed 
the program with first-class honors (and with first rank) and a gold medal 
in 1943, and so was among the first five people to receive an M.A. degree 
in statistics from any Indian University. 

In August 1946, C. R. Rao sailed for England (in a steamship taking 
Italian prisoners of war from Bombay to Naples), heading for Cambridge, 
where, at the invitation of J. C. Trevor, a Cambridge University anthro- 
pologist, he was to work in the Anthropological Museum. He joined King's 
College (later being elected a Life Fellow with the privilege of walking on 
the lawns) and registered for a Ph.D. degree under Ronald Aylmer Fisher 
(1890-1962). Professor Fisher suggested that CR should conduct some ex- 
periments with mice for mapping of chromosomes, which he then did in 
addition to fllll-time work at the Mtmeum. The work in the Anthropo- 
logical Museum involved the statistical analysis of measurements made on 
skeletons excavated in Jebel Moya in the Sudan. Based on the work he 
did at the Museum, C. R. Rao received the Ph.D. degree fl'om Cambridge 
University in 1948 with the thesis entitled "Statistical Problems of Biolog- 
ical Classification." In 1965 he received the Sc.D. degree from Cambridge 
based on his overall contributions to statistical theory and applications. 

C. R. Rao returned to India in August 1948, marrying Bhargavi on 9 
September 1948. Professor Mahalanobis then offered CR a professorship 
at the Indian Statistical Institute as well as the headship of its Research 
and Training School: it was very unusual in India in those days to become 
a professor at the young age of 28. Under his leadership, the Research and 
Training School gradually expanded its teaching and research activities. 
Soon it earned a reputation as a center for advanced study, research, and 
consultation, and at tracted brilliant students and statistical practitioners 
for courses in statistical theory and applications in various areas. As its 
only professor, C. R. Rao had the responsibility of guiding the work of 
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FIG. 2. C . R .  R a o  a n d  Bhaxgav i :  T a m p e r e ,  F i n l a n d ,  A u g u s t  1983. 

all the research scholars. He quickly earned a reputation as an inspiring 
teacher, and over the years about 50 students have completed Ph.D. theses 
under his guidance. 

In 1959, the Indian Parliament declared the Indian Statistical Institute 
an Institute of National Importance and empowered it to award its own 
degrees. The ISI then developed undergraduate, graduate, and research 
programs and started giving B.Sc., M.Sc., and Ph.D. degrees in statistics; 
it became known internationally for research in statistics, attracting famous 
statisticians and scientists from all over the world, including J. L. Doob, 
Ronald A. Fisher, Ragnar Frisch, J. Kenneth Galbraith, J. B. S. Haldane, 
A. N. Kolmogorov, Simon Kuznets, Richard Stone, and Norbert Wiener. 

C. R. Rao served as Professor and the Head of the Research and Training 
School from 1949 to 1963, and then as Director from 1963 to 1972. After 
the death of P. C. Mahalanobis in 1972, CR was appointed Director and 
Secretary of the Indian Statistical Institute, the position he held from 1972 
to 1976. He then continued to work in the ISI as a Jawaharlal Nehru 
Professor, 1976-1984. During the period 1987-1992, C. R. Rao also held the 
prestigious National Professorship in India (the total number of National 
Professors being limited to 12 at any one time). CR took leave from ISI 
in 1979 (finally retiring from there in 1984) and went to the United States 
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to accept a University Professorship at the University of Pittsburgh. He 
moved to The Pennsylvania State University in 1988, where he was offered 
the Eberly Family Chair in Statistics. He continues to work in the Statistics 
Department at Penn State as Professor and holder of the Eberly Chair, as 
well as being the Director of the Center for Multivariate Analysis. 

In 1954 C. R. Rao received some data collected in Japan in order to 
study the long-term effects of radiation on atom-bomb casualties in Hi- 
roshima and Nagasaki. The statistical analysis involved finding a matrix 
to replace the inverse of X ' X ,  where X is the model or design matrix in the 
usual linear model; here the matrix X~X was singular and so the inverse 
was not defined. This led to a pseudoinverse, which C. R. Rao introduced 
in his 1955 paper [113] in Sankhyd. This was the same year that  R. A. Pen- 
rose published his paper on generalized inverses [Proc. Cambridge Philos. 
Soc. 51:406-413 (1955)]. C. R. Rao then discovered that  the key condition 
for a generalized inverse G of a matrix A was the equation AGA = A, 
introducing the notation G = A- .  The calculus of g-inverses (an abbrevia- 
tion CR invented for generalized inverses) and the unified theory of linear 
estimation were then presented in 1962 in [141]. The subject of g-inverses 
was further developed with the help of his colleagues at the ISI, leading 
to the full-length monograph with Sujit Kumar Mitra, Generalized Inverse 
of Matrices and its Applications [14], published in 1971; see also [188, 195, 
196, 205, 208, 217], and [346]. Using the concept of g-inverse, C. R. Rao 
developed a unified theory for linear estimation, noting that  g-inverses were 
particularly helpful with explicit expressions for projectors; also in 1971, in 
Sankhy5, he introduced [189] the inverse partitioned matrix (IPM) method 
for computing summary statistics for the general linear model. Linear mod- 
els, which have wide applications in statistics, have also provided outlets 
for some basic research in linear algebra: the special issues on linear alge- 
bra and statistics of Linear Algebra and its Applications [Vols. 67 (1985), 
70 (1985), 82 (1986), 127 (1990), 176 (1992), 210 (1994)] bear witness to 
this. Some of C. R. Rao's contributions are a general matrix inequality 
[323], separation theorems for singular values and eigenvalues [236], matrix 
approximations and reduction of dimensionality [241], and Kantorovich- 
type inequalities [283], as well as [245] and [253] with Chinubhai Ghelabhai 
Khatri  (1931-1989). 

C. R. Rao has developed statistical estimation theory in small samples, 
extending the scope of statistical methods in practice. Many results in this 
area bear his name, such as the Cram@r-Rao lower bound, Rao-Blackwell 
theorem, Rao-Blackwellization, Fisher-Rao theorem, Rao's second-order 
efficiency, and the Geary-Rao theorem on the Pi tman closeness criterion. 
Rao's orthogonal arrays were a major contribution to research in coding 
theory and in experimental design--especially in industrial experimenta- 
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tion as developed by Genichi Taguchi [cf. Quality Engineering Using Ro- 
bust Design by Madhav S. Phadke, Prentice-HM1, 1989]. C. R. Rao has 
made pioneering contributions to the development of multivariate statisti- 
cal analysis, especially with the concept of Rao's quadratic entropy, Rao's 
U-test, Rao's F-approximation to the likelihood-ratio criterion, and canon- 
ical coordinates. He has also introduced a broad class of asymptotic tests 
of hypotheses, including Rao's score statistic and the Neyman-Rao statis- 
tic; he has used differential-geometric techniques in discussing problems of 
statistical inference, based on Rao's distance function. 

C. R. Rao was elected Fellow of the Royal Society, London, in 1967, 
and Member of the National Academy of Sciences, U.S.A., in 1995. He is 
also an Honorary Fellow of the Royal Statistical Society (1969), the Cal- 
cutta Statistical Association (1985), the Finnish Statistical Society (1990), 
and the Institute of Combinatorics and Applications (1995), and an Hon- 
orary Member of the International Statistical Institute (1983) and the In- 
ternational Biometric Society (1986). He has served as President of the 
Indian Econometric Society (1971-1976), the International Biometric Soci- 
ety (1973-1975), the Institute of Mathematical Statistics (1976-1977), the 
International Statistical Institute (1977-1979), and the Forum for Interdis- 
ciplinary Mathematics (1982-1984). 

C. R. Rao has been awarded 19 honorary doctoral degrees: Andhra 
University, Waltair (1967), Leningrad University (1970), Delhi Univer- 
sity (1973), University of Athens (1976), Osmania University, Hyderabad 
(1977), Ohio State University, Columbus (1979), Universidad Nacional de 
San Marcos, Lima (1982), University of the Philippines, Manila (1983), 
University of Tampere (1985), Indian Statistical Institute (1989), Univer- 
sit@ de Neuch£tel (1989), Colorado State University, Fort Collins (1990), 
University of Hyderabad (1991), Agricultural University of Poznaii (1991), 
Slovak Academy of Sciences, Bratislava (1994), University of Barcelona 
(1995), University of Munich (1995), Sri Venkateswara University, Tiru- 
pati (1996), and University of Guelph (1996). 

C. R. Rao has received numerous other awards, including the Guy Medal 
in Silver of the Royal Statistical Society, London (1965), the Megnadh 
Saha Medal of the Indian National Science Academy (1969), the Jagdish 
Chandra Bose Gold Medal and cash award (1979), the Silver Plate bearing 
the monogram of the Andhra Pradesh Academy of Sciences (1984), the S. 
S. Wilks Medal of the American Statistical Association (1989), and the 
Mahalanobis Birth Centenary Gold Medal awarded by the Indian Science 
Congress (1996). The government of India honored C. R. Rao in 1968 by 
awarding him the title of Padma Bhushan, a high civilian award. 

C. R. Rao has published over 30 books in statistics, mathematics, and 
econometrics and over 350 research papers in statistics, probability, and 
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FIG. 3. C.R. Rao and G. P. H. Styan: S/iijg, Lempg/il/i, Finland, August 1983. 

mathematics ,  specializing in statistical estimation theory, multivariate anal- 
ysis, characterization problems, combinatorics and design of experiments, 
differential-geometric methods in statistics and mathematical  genetics, and, 
of course, generalized inverses of matrices and matrix methods for linear 
models. His book [16] entitled Linear Statistical Inference and Its Appli- 
cations, which is one of the most frequently cited books in the statisti- 
cal and social sciences literature, has been translated into six languages 
and includes a rather substantial  collection of linear-algebraic and matrix- 
theoretic "complements." There is a very useful 40-page appendix on 
matr ix  algebra in his new book with Helge Toutenburg, Linear Models: 
Least Squares and Alternatives I15]. 
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When C. R. Rao was young, he was interested in music and other cultural 
activities, but his parents wanted him to concentrate on studies rather than 
on extracurricular activities which might he distracting. However, he con- 
tinued to pursue his cultural interests and became, for example, the presi- 
dent of the Kuchipudi Dance Academy in Delhi, 1970-1976. His daughter 
Tejaswini went to a dance school in Calcutta and now runs a dance school 
called Natya in Buffalo, New York, besides teaching at SUNY-Buffalo. CR 
is well known for his accomplishments in photography, with several prizes 
won in competitions. His other hobbies now include gardening, writing 
humorous essays, and Indian cooking. 

We begin the bibliography below with some biographical articles about 
C. R. Rao, followed by a list of books published in his honor. We then 
present books written by C. R. Rao, followed by books edited by him; 
these books are listed alphabetically by title (in each category). We con- 
clude with a list of research papers (starting with books of reprints); these 
papers are grouped by year of publication and arranged alphabetically by 
journal (or collection) within each year. References to Mathematical Re- 
views (abbreviated MR) are given whenever available. 

The authors are very grateful to C. R. Rao for his help in preparing this 
article. The photographs were all taken by Simo Puntanen. This research 
was conducted while the first author was a Senior Research Fellow of the 
Academy of Finland. The research of the second author was supported in 
part by the Natural Sciences and Engineering Research Council of Canada. 
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40 K. Raghavan Nair and C. Radhakrishna Rao, Confounded designs for asym- 
metrical factorial experiments, Science and Culture 6:313-314 (MR 5:44d). 

1942 

41 C. Radhakrishna Rao, On the volume of a prismoid in n-space and some 
problems in continuous probability, Math. Student 10:68-74 (MR 4:248h). 

42 K. Raghavan Nair and C. Radhakrishna Rao, Confounded designs for k x 
pm x qn × ... type of factorial experiments, Science and Culture 7:361. 

43 K. Raghavan Nair and C. Radhakrishna Rao, A general class of quasi- 
factorial designs leading to confounded designs for factorial experiments, 
Science and Culture 7:457-458 (MR 5:130b). 

44 K. Raghavan Nair and C. Radhakrishna Rao, A note on partially balanced 
incomplete block designs, Science and Culture 7:568-569'(MR 5:44e). 

45 C. Radhakrishna Rao, On the sum of n observations from different gamma 
type populations, Science and Culture 7:614-615 (MR 5:42h). 

46 K. Raghavan Nair and C. Radhakrishna Rao, Incomplete block designs 
for experiments involving several groups of varieties, Science and Culture 
7:615-616 (MR 5:44f). 

47 C. Radhakrishna Rao, On bivariate correlation surfaces, Science and Cul- 
ture 8:236-237 (MR 5:126g). 

1943 

48 C. Radhakrishna Rao, Certain experimental arrangements in quasi-latin 
squares, Current Sci. 12:322. 
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1944 

49 R . C .  Bose, S. Chowla, and C. R. Rao, On the integral order (rood p) of 
quadratics x 2 + ax + b, with applications to the construction of minimum 
functions for GF(p2), and to some number theory results, Bull. Calcutta 
Math. Soc. 36:153-174 (MR 6:256b). 

50 C. Radhakrishna Rao, On linear estimation and testing of hypotheses, Cur- 
rent Sc. 13:154-155. 

51 C. Radhakrishna Rao, On balancing parameters, Science and Culture 
9:554 555 (MR 6:11a). 

52 C. Radhakrishna Rao, Extension of the difference theorems of Singer and 
Bose, Science and Culture 10:57 (MR 6:36e). 

53 C. Radhakrishna Rao, On the linear set up leading to intra and inter block 
informations, Science and Culture 10:259-260 (MR 6:235g). 

1945 

54 C. Radhakrishna Rao, Information and the accuracy attainable in the es- 
timation of statistical parameters, Bull. Calcutta Math. Soc. 37:81-91(MR 
7:464a). (Reprinted in [38, pp. 1-13].) 

55 C. Radhakrishna Rao, Familiar correlations or the multivariate generalisa- 
tion of the intraclass correlation, Current Science 4:66-67. (Reprinted in 
[38, pp. 14-1610 

56 R.C.  Bose, S. Chowla, and C. R. Rao, A chain of congruences, Proc. Lahore 
Philos. Soc. 7(1):53 (MR 7:244b). 

57 R.C.  Bose, S. Chowla, and C. R. Rao, Minimum functions in Galois fields, 
Proe. Nat. Acad. Sci. India Sect. A 15:191-192 (MR 7:505d). 

58 R. C. Bose, S. Chowla, and C. R. Rao, On the roots of a well known 
congruence, Proc. Nat. Acad. Sci. India Sect. A 15:193 (MR 7:505e). 

59 C. Radhakrishna Rao, Finite geometries and certain derived results in 
theory of numbers, Proc. Nat. Inst. Sci. India 11:136-149 (MR 9:414b). 
(Reprinted in [38, pp. 32-53].) 

60 C. Radhakrishna Rao, Generalisation of Markoff's theorem and tests of 
linear hypotheses, Sankhyd 7:9 16 (MR 7:132d). (Reprinted in [38, pp. 17 
26] .) 

61 C. Radhakrishna Rao, Markoff's theorem with linear restrictions on param- 
eters, Sankhya 7:16-19 (MR 7:132e). (Reprinted in [38, pp. 27-31].) 

62 C. Radhakrishna Rao, Studentised tests of linear hypotheses, Science and 
Culture 11:202-203 (MR 7:213a). 

1946 

63 C. Radhakrishna Rao, Hypercubes of strength 'd' leading to confounded 
designs in factorial experiments, Bull. Calcutta Math. Soc. 38:67-78 (MR 
8:396c). (Reprinted in [38, pp. 74-87].) 

64 C. Radhakrishna Rao, On the mean conserving property, Proc. Indian 
Acad. Sci. Sect. A 23:165-173 (MR 8:40f). 
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65 C. Radhakrishna Rao, Difference sets and combinatorial arrangements 
derivable from finite geometries, Proc. Nat. Inst. Sci. India 12:123-135 (MR 
9:414c). (Reprinted in [38, pp. 54-73].) 

66 C. Radhakrishna Rao, On the linear combination of observations and the 
general theory of least squares, Sankhyd 7:237-256 (MR 8:41a). (Reprinted 
in [38, pp. 102-129].) 

67 C. Radhakrishna Rao, Confounded factorial designs in quasi-Latin squares, 
Sankhyd 7:295-304 (MR 8:163h). (Reprinted in [38, pp. 88-101].) 

68 C. Radhakrishna Rao, Tests with discriminant functions in multivariate 
analysis, Sankhyd 7:407-414 (MR 8:162e). (Reprinted in [38, pp. 134-143].) 

69 C. Radhakrishna Rao and S. Janardhan Pot[, On locally most powerful 
tests when alternatives are one sided, Sankhyd 7:439 (MR 8:163a). 

70 C. Radhakrishna Rao, On the most efficient designs in weighing, Sankhyd 
7:440 (MR 8:164a). 

19~7 

71 C. Radhakrishna Rao, Note on a problem of Ragnar Frisch, Econometrica 
15:245-249 (MR 8:592f). [Correction (1949): Econometrica 17:212 (MR 
11:259a).] 

72 C. Radhakrishna Rao, General methods of analysis for incomplete block 
designs, J. Amer. Statist. Assoc. 42:541-561 (MR 9:405b). (Reprinted in 
[38, pp. 144-164].) 

73 C. Radhakrishna Rao, The problem of classification and distance between 
two populations, Nature 159:30. 

74 C. Radhakrishna Rao, A statistical criterion to determine the group to 
which an individual belongs, Nature 160:835-836. 

75 C. Radhakrishna Rao, Minimum variance and the estimation of sev- 
eral parameters, Proe. Cambridge Philos. Soc. 43:280-283 (MR 8:478d). 
(Reprinted in [38, pp. 130-133].) 

76 C. Radhakrishna Rao, Factorial experiments derivable from combinatorial 
arrangements of arrays, Suppl. J. Roy. Statist. Soc. 9:128-139 (MR 9:264a). 
(Reprinted in [38, pp. 165-180].) 

1948 

77 C. Radhakrishna Rao and D. C. Shaw, On a formula for the prediction of 
cranial capacity, Biometrics 4:247-253. 

78 C. Radhakrishna Rao, Tests of significance in multivariate analysis, 
Biometrika 35:58-79 (MR 9:602b). (Reprinted in [38, pp. 191-220].) 

79 K. Raghavan Nair and C. Radhakrishna Rao, Confounding in asymmetrical 
factorial experiments, J. Roy. Statist. Soc. Ser. B 10:109-131 (MR 8:554h). 
(Reprinted in [38, pp. 295-327].) 

80 C. Radhakrishna Rao, The utilization of multiple measurements in prob- 
lems of biological classification [with discussion], J. Roy. Statist. Soc. Set. 
B 10:159-203 (MR 11:191i). (Reprinted in [38, pp. 221-287].) 
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81 C. Radhakrishna Rao, Large sample tests of statistical hypotheses con- 
cerning several parameters with applications to problems of estimation, 
Proe. Cambridge Philos. Soe. 44:50-57 (MR 9:454a). (Reprinted in [38, pp. 
181-1901.) 

1949 

82 C. Radhakrishna Rao and Patrick Slater, Multivariate analysis applied to 
differences between neurotic groups, British J. Psyehol. Statist. Sect. 2:17- 
29. 

83 C. Radhakrishna Rao, Sufficient statistics and minimum variance estimates, 
Proe. Cambridge Philos. Soc. 45:213-218 (MR 10:466f). (Reprinted in [38, 
pp. 288-294].) 

84 C. Radhakrishna Rao, On a class of arrangements, Proc. Edinburgh Math. 
Soe. (2) 8:119-125 (MR 11:710b). (Reprinted in [38, pp. 329-335].) 

85 P. C. Mahalanobis and C. Radhakrishna Rao, Statistical analysis (Part 
II of [9] Anthropometric Survey of the United Provinces, 1941), Sankhyd 
9:111-180. 

86 C. Radhakrishna Rao, A note on the use of indices (Appendix 2 of [9] 
Anthropometric Survey of the United Provinces, 1941), Sankhyd 9:246-248 
(MR 11:191h). 

87 C. Radhakrishna Rao, On the distance between two populations (Appendix 
3 of [9] Anthropometric Survey of the United Provinces, 194I), Sankhyd 
9:246 248 (MR 11:191h). 

88 C. Radhakrishna Rao, Representation of 'p' dimensional data in lower di- 
mensions (Appendix 4 of [9] Anthropometrie Survey of the United Provinces, 
1941), Sankhyd 9:248-251 (MR 11:259g). 

89 C. Radhakrishna Rao, On a transformation useful in multivariate compu- 
tations (Appendix 5 of [9] Anthropometrie Survey of the United Provinces, 
1941), Sankhyd 9:251-253 (MR 11:259h). 

90 C. Radhakrishna Rao, On some problems arising out of discrimination with 
multiple characters, Sankhyd 9:343-366 (MR 11:448d). (Reprinted in [38, 
pp. 336-360].) 

1950 

91 C. Radhakrishna Rao, A note on unbiased and minimum variance estimates, 
Calcutta Statist. Assoc. Bull. 3:36 (MR 12:427d). (Reprinted in [38, p. 328].) 

92 C. Radhakrishna Rao, Methods of scoring linkage data giving the simulta- 
neous segregation of three factors, Heredity 4:37-59. 

93 C. Radhakrishna Rao, The theory of fractional replication in factorial ex- 
periments, Sankhyd 10:81-86 (MR 12:73f). (Reprinted in [38, pp. 361-367].) 

94 C. Radhakrishna Rao, Statistical inference applied to classificatory prob- 
lems, Part I: Null hypothesis, discriminatory problems and distance 
power tests, Sankhyd 10:229-256 (MR 12:511b). (Reprinted in [38, pp. 
368-398].) 
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95 C. Radhakrishna Rao, A note on the distribution of D2+q - D2p and some 
computational aspects of D 2 statistic and discriminant function, Sankhyd 
10:257-268 (MR 12:428e). (Reprinted in [38, pp. 399-411].) 

96 C. Radhakrishna Rao, Sequential tests of null hypotheses, Sankhyd 10:361- 
370 (MR 12:510i). (Reprinted in [38, pp. 412-422].) 

1951 

97 C. Radhakrishna Rao, A simplified approach to factorial experiments and 
the punched card technique in the construction and analysis of designs, 
Bull. Inst. Internat. Statist. 33(2):1-28 (MR 16:893b). 

98 C. Radhakrishna Rao, An asymptotic expansion of the distribution 
of Wilks' A criterion, Bull. Inst. Internat. Statist. 33(2):177-180 (MR 
16:841c). (Reprinted in [38, pp. 434-438].) 

99 C. Radhakrishna Rao, A theorem in least squares, Sankhyd 11:9-12 (MR 
13,54b). 

100 C. Radhakrishna Rao, Statistical inference applied to classificatory prob- 
lems, Part II: The problem of selecting individuals for various duties in a 
specified ratio, Sankhyd 11:107-116 (MR 13:480f). (Reprinted in [38, pp. 
423-4331. ) 

101 C. Radhakrishna Rao, The applicability of large sample tests for moving av- 
erage and autoregressive schemes to series of short length--an experimental 
study, Part 3: The discriminant function approach in the classification of 
time series [Part III of Statistical inference applied to classificatory prob- 
lems], Sankhyd 11:257-272 (MR 14:391k). 

1952 

102 K. Kishen and C. R. Rao, An examination of various inequality relations 
among parameters of the balanced incomplete block design, J. Indian Soc. 
Agric. Statist. 4:137-144 (MR 14:715g). 

103 C. Radhakrishna Rao, Minimum variance estimation in distributions ad- 
mitting ancillary statistics, Sankhyd 12:53-56 (MR 14:1103c). (Reprinted 
in [38, pp. 458-463].) 

104 C. Radhakrishna Rao, Some theorems on minimum variance estimation, 
Sankhyd 12:27-42 (MR 14:1103d). (Reprinted in [38, pp. 439-457].) 

105 C. Radhakrishna Rao, On statistics with uniformly minimum variance, Sci- 
ence and Culture 17:483-484 (MR 13:962k). 

1953 

106 C. Radhakrishna Rao, Progress of statistics in India: 1939-1950, in Progress 
of Science in India, Section 1: Mathematics, Including Geodesy and Statis- 
tics (Nikhil Ranjan Sen, Ed.), National Institute of Sciences of India, New 
Delhi, pp. 68-94. 

107 C. Radhakrishna Rao, Discriminant functions for genetic differentiation and 
selection (Part IV of Statistical inference applied to classificatory problems), 
Sankhyd 12:229-246 (MR 15:543c). (Reprinted in [38, pp. 464-484].) 
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108 C. Radhakrishna Rao, On transformations useful in the distribution prob- 
lems of least squares, Sankhyd 12:339-346 (MR 15:451g). 

195~ 

109 C. Radhakrishna Rao, A general theory of discrimination when the informa- 
tion about alternative population distributions is based on samples, Ann. 
Math. Statist. 25:651-670 (MR 16:380h). (Reprinted in [38, pp. 485-506].) 

110 C. Radhakrishna Rao, Estimation of relative potency from multiple re- 
sponse data, Biometrics 10:208-220. 

111 C. Radhakrishna Rao, On the use and interpretation of distance functions 
in statistics, Bull. Inst. Internat. Statist. 34(2):90-97 (MR 16:1037m). 

I955 

112 C. Radhakrishna Rao, Estimation and tests of significance in factor analy- 
sis, Psychometrika 20:93-111 (MR 17:55a). (Reprinted in [39, pp. 1-21].) 

113 C. Radhakrishna Rao, Analysis of dispersion for multiply classified data 
with unequal numbers in cells, Sankhyd 15:253-280 (MR 17:277e). 

114 G. Kallianpur and C. Radhakrishna Rao, On Fisher's lower bound to 
asymptotic variance of a consistent estimate, Sankhyd 15:331-342 (MR 
17:757e); Corrigenda (1955), 16:206. (Reprinted in [39, pp. 31-43].) 

1956 

115 C. Radhakrishna Rao and I. M. Chakravarti, Some small sample tests of 
significance for a Poisson distribution, Biometrics 12:264-282 (MR 18:425i). 
(Reprinted in [39, pp. 73-91].) 

116 C. Radhakrishna Rao, Analysis of dispersion with incomplete observations 
on one of the characters, J. Roy. Statist. Soc. Ser. B 18:259-264 (MR 
18:608b). (Reprinted in [39, pp. 65-72].) 

117 C. Radhakrishna Rao, On the recovery of interblock information in varietal 
trials, Sankhyd 17:105-114 (MR 19:896h). (Reprinted in [39, pp. 44-53].) 

118 C. Radhakrishna Rao, A general class of quasifactorial and related designs, 
Sankhyd 17:165-174 (MR 18:683e). (Reprinted in [39, pp. 54-64].) 

1957 

119 C. Radhakrishna Rao, Maximum likelihood estimation for the multinomial 
distribution, Sankhyd 18:139-148 (MR 21:3926). (Reprinted in [39, pp. 92- 
101].) 

120 C. Radhakrishna Rao, Theory of the method of estimation by minimum chi- 
square, Bull. Inst. Internat. Statist. 35(2):25-32 (MR 22:10059). (Reprinted 
in [39, pp. 22-30].) 

1958 

121 C. Radhakrishna Rao, Some statistical methods for comparison of growth 
curves, Biometrics 14:1-17. (Reprinted in [39, pp. 102-117].) 
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122 Dhirendra Nath Majumdar and C. Radhakrishna Rao, Bengal anthropo- 
metric survey, 1945: A statistical study, Sankhyd 19:201-408. (Reprinted 
as [17] Race Elements in Bengal: A Quantitative Study.) 

123 C. Radhakrishna Rao, Maximum likelihood estimation for the multino- 
mial distribution with infinite number of cells, Sankhya 20:211-218 (MR 
21:6059). (Reprinted in [39, pp. 298-305].) 

1959 

124 C. Radhakrishna Rao, Some problems involving linear hypotheses in multi- 
variate analysis, Biometrika 46:49-58 (MR 20:7365). (Reprinted in [39, pp. 
118-130].) 

125 C. Radhakrishna Rao, Sur une caract~risation de la distribution normale 
~tablie d'apr~s une propri~td optimum des estimations lin~aires (in French), 
in Le Calcul des Probabilitds et Ses Applications: Paris, 15-20 Juillet 
1958, Colloques Internationaux du Centre National de la Recherche Sci- 
entifique, Paris, Vol. 87, pp. 165-171 (MR 21:4500). (Reprinted in [39, pp. 
143-149].) 

126 I .M. Chakravarti and C. Radhakrishna Rao, Tables for some small sample 
tests of significance for Poisson distributions and 2 x 3 contingency tables, 
Sankhyd 21:315-326 (MR 22:10330). 

127 C. Radhakrishna Rao, Expected values of mean squares in the analysis of 
incomplete block experiments and some comments based on them, Sankhyd 
21:327-336 (MR 24:A617). (Reprinted in [39, pp. 131-142].) 

1960 

128 C. Radhakrishna Rao, Experimental designs with restricted randomisation, 
Bull. Inst. Internat. Statist. 37(3):397-404 (MR 22:10098). (Reprinted in 
[39, pp. 150-1561. ) 

129 C. Radhakrishna Rao, Multivariate analysis: An indispensable statistical 
aid in applied research, Sankhyd 22:317-338 (MR 23:A2995). 

1961 

130 C. Radhakrishna Rao, Some observations on multivariate statistical meth- 
ods in anthropological research, Bull. Inst. lnternat. Statist. 38(4):99-109. 

131 C. Radhakrishna Rao, A combinatorial assignment problem, Nature 
191:100. (Reprinted in [39, pp. 306-307].) 

132 C. Radhakrishna Rao, Asymptotic efficiency and limiting information, in 
Proceedings of the 4th Berkeley Symposium on Mathematical Statistics and 
Probability: Univ. of California, Berkeley, June 30-July 30, 1960 (Jerzy 
Neyman, Ed.), Univ. of California Press, Berkeley, Vol. 1, pp. 531-545 
(MR 24:A3026). (Reprinted in [39, pp. 203-219].) 

133 C. Radhakrishna Rao, A study of large sample test criteria through proper- 
ties of efficient estimates, Part I: Tests for goodness of fit and contingency 
tables, Sankhy5 Ser. A 23:25-40 (MR 25:718). (Reprinted in [39, pp. 220- 
238] .) 



CALYAMPUDI RADHAKRISHNA RAO 19 

134 C. Radhakrishna Rao, A study of BIB designs with replications 11 to 
15, Sankhyd Set. A 23:117-127 (MR 25:732). (Reprinted in [39, pp. 
276-289] .) 

135 C. Radhakrishna Rao, Combinatorial arrangements analogous to or- 
thogonal arrays, Sankhyd Set. A 23:283-286. (Reprinted in [39, pp. 
290-293].) 

136 C. Radhakrishna Rao, Generation of random permutations of a given num- 
ber of elements using random sampling numbers, Sankhyd Set. A 23:305- 
307. (Reprinted in [39, pp. 294-297].) 

137 C. Radhakrishna Rao, Quantitative studies in sociology: Need for increased 
use in India, in Sociology, Social Research and Social Problems in India, 
All-India Sociological Conferences: 1955-1959 (R. N. Saksena, Ed.), Asia 
Publishing House, New York, pp. 53-74. 

1962 

138 C. Radhakrishna Rao, First and second order asymptotic efficiencies of 
estimators [with discussion[, Ann. Fac. Sci. Univ. Clermont Ferrand, 8 
[Actes du Colloque de Math@maticiens R~uni ~ Clermont £ l'Occasion du 
Tricentenaire de la Mort de Blaise Pascal, Tome II], 33-40 (MR 45:2840). 

139 C. Radhakrishna Rao, Some observations on anthropometric surveys, in 
Indian Anthropology: Essays in Memory of D. N. Majumdar (T. N. Madan 
and Gop~la Sarana, Eds.), Asia Publishing House, Bombay, pp. 135-149. 

140 C. Radhakrishna Rao, Efficient estimates and optimum inference proce- 
dures in large samples [with discussion[, J. Roy. Statist. Soc. Ser. B 24:46- 
72 (MR 45:2841). (Reprinted in [39, pp. 239-275].) 

141 C. Radhakrishna Rao, A note on a generalized inverse of a matrix with 
applications to problems in mathematical statistics, J. Roy. Statist. Soe. 
Ser. B 24:152-158 (MR 25:1596). (Reprinted in [39, pp. 316-324].) 

142 C. Radhakrishna Rao, Problems of selection with restrictions, J. Roy. 
Statist. Soc. Set. B 24:401-405 (MR 26:5677). (Reprinted in [39, pp. 325- 
330].) 

143 C. Radhakrishna Rao, Use of discriminant and allied functions in multi- 
variate analysis, Sankhyd Ser. A 24:149 154 (MR 26:1967). (Reprinted in 
[39, pp. 308-315].) 

144 C. Radhakrishna Rao, Apparent anomalies and irregularities in maximum 
likelihood estimation [with discussion], Sankhyd Set. B 24:73-101 (MR 
26:5676). [Reprinted in [39, pp. 157 202]. Original version: Bull. Inst. In- 
ternat. Statist. 38(4):439-453, 38(1):193-214, 1961 (MR 26:7081).] 

145 C. Radhakrishna Rao, Ronald Aylmer Fisher, F. R .S .  An obituary, Sci- 
ence and Culture 29:80-81. 

1963 

146 C. Radhakrishna Rao, Criteria of estimation in large samples, Sankhyd 
Ser. A 25:189-206 (MR 30:5410). (Reprinted in [20, pp. 345-362], 1965 
(MR 35:7452), and in [39, pp. 331-352].) 
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147 C. Radhakrishna Rao and V. S. Varadarajan, Discrimination of Gaussian 
processes, Sankhy5 Ser. A 25:303-330 (MR 32:572). (Reprinted in [20, pp. 
363-390], 1965 (MR 35:7451), and [39, pp. 353-385].) 

1964 

148 C. Radhakrishna Rao, Sir Ronald Aylmer Fisher--The architect of multi- 
variate analysis, Biometrics 20:286-300. 

149 C. Radhakrishna Rao and Herman Rubin, On a characterization of the 
Poisson distribution, Sankhyd Ser. A 26:295-298 (MR 32:1793). (Reprinted 
in [39, pp. 438-442].) 

150 C. Radhakrishna Rao, The use and interpretation of principal component 
analysis in applied research, Sankhyd Set. A 26:329-358 (MR 32:1848). 
(Reprinted in [39, pp. 404-437].) 

1965 

151 C. Radhakrishna Rao, The theory of least squares when the parameters are 
stochastic and its application to the analysis of growth curves, Biometrika 
52:447-458 (MR 34:5221). (Reprinted in [39, pp. 454-471].) 

152 C. Radhakrishna Rao, Efficiency of an estimator and Fisher's lower bound 
to asymptotic variance [with discussion], Bull. Inst. Internat. Statist. 
41(1):55-63 (MR 36:7244). (Reprinted in [39, pp. 443-453].) 

153 C. Radhakrishna Rao, On discrete distributions arising out of methods of 
ascertainment, in Classical and Contagious Discrete Distributions, Proc. In- 
ternat. Symposium: McGill Univ., Montreal, Aug. 1963 (Ganapati P. Patil, 
Ed.), Statistical Publishing Soc., Calcutta, pp. 320-332 (MR 35:5056). 
(Reprinted in Sankhyd Ser. A 27:311-324 (1965) (MR 34:8545), and [39, 
pp. 472-486].) 

154 C. Radhakrishna Rao, Problems of selection involving programming tech- 
niques, in Proceedings of the IBM Scientific Computing Symposium on 
Statistics: October 1963, IBM Data Processing Division, White Plains, 
N. Y., pp. 29-51. (Reprinted in [39, pp. 386-403].) 

155 A.M. Kagan, Yu. V. Linnik, and C. Radhakrishna Rao, On a characteriza- 
tion of the normal law based on a property of the sample average, Sankhyd 
Set. A 27:405-406 (MR 34:884). (Reprinted in [39, pp. 503-504].) 

1966 

156 C. Radhakrishna Rao, Discriminant function between composite hypotheses 
and related problems, Biometrika 53:339-345 (MR 35:2424). 

157 C. Radhakrishna Rao, Covariance adjustment and related problems in mul- 
tivariate analysis, in Multivariate Analysis, Proc. First Internat. Sympo- 
sium: Dayton, Ohio, 14-19 June 1965 (Paruchuri R. Krishnaiah, Ed.), 
Academic, New York, pp. 87-103 (MR 39:3647). (Reprinted in [39, pp. 
487-502] .) 

158 C. Radhakrishna Rao, Generalized inverse for matrices and its ap- 
plications in mathematical statistics, in Research Papers in Statistics: 
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Festschril2 for J. Neyman (F. N. David, Ed.), Wiley, London, pp. 263-279 
(MR 35:198). 

159 C. Radhakrishna Rao, Characterisation of the distribution of random 
variables in linear structural relations, Sankhyd Set. A 28:251-260 (MR 
35:1142). 

160 M. N. Rao and C. R. Rao, Linked cross-sectional study for determining 
norms and growth curves: A pilot survey on Indian school-going boys, 
Sankhyd Ser. B 28:231-252. [Partly published under the title: Methods for 
determining norms and growth rates: A study amongst Indian school-going 
boys, Gerontologia: J. Experimental Biological and Experimental Medical 
Research on Ageing 12:200-216, 1966.] 

1967 
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