y

Elements of

MATHEMATICAL
STATISTICS

S.C. Gupta - V.K. Kapoor

\ Sultan Chand & Sons




Elements

of

Mathematical Statistics



Dedicated to our Parents



Elements of
MATHEMATICAL STATISTICS

[For B.A./B.Sc. (Ancillary — Paper I & II)
Course of Madras/Madurai Universities]

S.C. Gupta V.K. Kapoor

Formerly Associate Professor ~ Formerly Associate Professor
Department of Statistics ~ Department of Mathematics
Hindu College ~ Shri Ram College of Commerce
University of Delhi, Delhi ~ University of Delhi, Delhi

Third Extensively Revised Edition

Sery;,
0 lce
o

[suLman|

i\
* 1950 °

SULTAN CHAND & SONS

Educational Publishers
New Delhi

scateq &

o,
Ao, np3a Y

©



SULTAN CHAND & SONS®

Educational Publishers

23, Daryaganj, New Delhi-110 002

Phones : 011-23281876, 23266105, 41625022 (Showroom & Shop)
011-23247051, 40234454 (Office)

E-mail  : sultanchand74@yahoo.com; info@sultanchandandsons.com

Fax : 011-23266357; Website : www.sultanchandandsons.com

ISBN : 978-81-8054-700-3 (TC 501)
Price : ¥ 495.00
Third Edition : Reprint 2015, 2018, 2019, 2022, 2025, 2026

Books by the same authors

1. Fundamentals of Mathematical Statistics

2. Fundamentals of Applied Statistics

3. Matrices by S.C. Gupta

4. Statistics (Theory, Methods & Application) by D.C. Sancheti and V.K. Kapoor

EVERY GENUINE COPY OF THIS BOOK HAS A HOLOGRAM

In our endeavour to protect you against counterfeit/fake books, we have pasted a copper
hologram over the cover of this book. The hologram displays the full visual image, unique
3D multi-level, multi-colour effects of our logo from different angles when tilted or properly
illuminated under a single light source, such as 3D depth effect, kinetic effect, pearl effect,
gradient effect, trailing effect, emboss effect, glitter effect, randomly sparking tiny dots, micro
text, laser numbering, etc.

A fake hologram does not display all these effects.
Always ask the bookseller to put his stamp on the first page of this book.

ﬂll Rights Reserved: No part of this book, including its style and presentation, may be reproduced,
stored in a retrieval system, or transmitted in any form or by any means — electronic, mechanical,
photocopying, recording or otherwise without the prior written consent of the Publishers. Exclusive
publication, promotion and distribution rights reserved with the Publishers.

Warning: The doing of an unauthorised act in relation to a copyright work may result in both civil claim
for damages and criminal prosecution.

Special Note: Photocopy or Xeroxing of educational books without the written permission of Publishers
is illegal and against Copyright Act.

General: While every effort has been made to present authentic information and avoid errors, the author
and the publishers are not responsible for the consequences of any action taken on the basis of this book.

Limits of Liability/Disclaimer of Warranty: The publisher and the author make no representation or
warranties with respect to the accuracy or completeness of the contents of this work and specifically
disclaim all warranties, including without limitation warranties of fitness for a particular purpose.
No warranty may be created or extended by sales or promotional materials. The advice and strategies
contained herein may not be suitable for every situation. This work is sold with the understanding
that the publisher is not engaged in rendering legal, accounting, or other professional services. If
professional assistance is required, the services of a competent professional person should be sought.
Neither the publisher nor the author shall be liable for damage arising herefrom.

Disclaimer: The publisher have taken all care to ensure highest standard of quality as regards typesetting,
proofreading, accuracy of textual material, printing and binding. However, they accept no responsibility
for any loss occasioned as a result of any misprint or mistake found in this publication.

Author’s Acknowledgement: The writing of a Textbook always involves creation of a huge debt towards
innumerable author’s and publications. We owe our gratitude to all of them. We acknowledge our
indebtedness in extensive footnotes throughout the book. If, for any reason, any acknowledgement

K has been left out we beg to be excused. We assure to carry out correction in the subsequent editiony

as and when it is known.

Printed at: Raja Offset, Dilshad Garden Industrial Area, Delhi-110095



Preface

To the Third Edition

We take great pleasure in presenting to the readers the third
extensively revised and greatly improved edition of the book. We
take this opportunity of expressing our sincere gratitude to the
teachers of the subject in various colleges of the country for their
unsolicited letters of appreciation and encouraging response to
the book. Especially we would like to thank all those professors
and students who sent us criticisms and suggestions for the
improvement of the book in the light of which the subject-matter
of the whole book has been revised. Some of the major changes
in the third edition are :

* Nearly all the chapters are completely revised and greatly
improved though the method of presentation remains
essentially the same, as it has already received the approval
of students and teachers alike.

* The chapters on Probability, Random Variables and
Distribution Functions, Mathematical Expectation and
Theoretical Distributions have been rewritten in many
places.

An attempt has been made to give detailed discussion of
“Random Variables (Discrete as well as Continuous) and
Axiomatic Approach of Probability” to make the book more
instructive.

* Many solved examples in the book have been rewritten.

* To meet fully the needs of BA / BSc (Ancillary — Paper I &
Paper I1) courses of Madras and Madurai Universities, FIVE
new chapters: ‘“THEORY OF ESTIMATION’, ‘TESTING
OF HYPOTHESIS’, ‘ANALYSIS OF VARIANCE’,
‘DESIGN OF EXPERIMENTS’, and ‘DESIGN OF
SAMPLE SURVEYS’ have been added.

* To improve the grasp and understanding of the subject-



vi Preface

matter by students, large number of solved examples and
questions in exercises from recent university question papers
up to 1978 of Delhi, Madras, Madurai, Calicut, Guru Nanak
Universities have been added.

* An attempt has been made to incorporate answers to quite
a good number of questions in the exercise sets. Copious
hints are provided for many ticklish problems.

We earnestly hope that all these changes, additions and
improvements will enhance the value of the book and will prove
of immense utility to the students whose viewpoint has been kept
foremost during revision.

We are convinced that there is always scope for improvement.
May we, in the end, request our colleagues teaching the subject
to continue to offer their valuable criticisms and suggestions for
further improvement of the book.

S.C. GUPTA
V.K. KAPOOR
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