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Dr. Richa Sharma Indian Council of Social Science Research
Deputy Director (Ministry of Education)
SCD Division (In-charge) JNU Institutional Area, Aruna Asaf Ali Marg
Tel #011-26742140 New Delhi - 110067
Email: specialcall@icssr.org Website: www.icssr.org
SANCTION ORDER

F.No. 112/CRP-2023-2236/BBBP/SCD Dated: 04-10-2023
To,

The Registrar
Kurukshetra University,
Kurukshetra, Haryana, 136119

Subject: Sanction of Short-term Empirical Research Project (Collaborative/Individual) entitled “The
Impact Assessment of Beti Bachao Beti Padhao Scheme vis-a- vis Protection,
Education and Participation of the Girl Child : A Multi-site study of select Districts of
Haryana, Punjab and Rajasthan” to Dr. Amit Kumar, Kurukshetra University,
Kurukshetra

Dear Sir/Madam,

1. The Indian Council of Social Science Research (ICSSR) has approved the award of “The Impact
Assessment of Beti Bachao Beti Padhao Scheme vis-a- vis Protection, Education and
Participation of the Girl Child : A Multi-site study of select Districts of Haryana, Punjab
and Rajasthan” the above Research Project submitted by Dr. Amit Kumar of your Institution.

2. The study, as proposed by the researcher, is to be located at and financially administered by your
institution as per the guidelines of this award.

3. The ICSSR has sanctioned a grant-in-aid of Rs. 1500000/- for the above research project and the
grant will be released as follows:

First instalment (50 % of sanctioned grant-in-aid) . Rs. 750000/-
Second instalment (25 % of sanctioned grant-in-aid) : Rs. 375000/-
Final instalment (25 % of sanctioned grant-in-aid) . Rs. 375000/-
Total :  Rs. 1500000/-

Overhead charges over and above
7.5% or maximum Rs.1,00,000 : Rs. 100000/-

4. The First installment of the approved grant-in-aid will be released after receiving the grant-in-aid bill duly
filled in, stamped and signed by the Project Director as well as the affiliating organization.

5. As the study involves empirical research, the finalized schedules/questionnaires (2 copies) designed to
elicit information should be sent to the ICSSR as per the following schedule:

a) If the schedule /questionnaire for eliciting information is as per standard questionnaire, these will have
to be sent to ICSSR immediately,


http://www.icssr.org/

b) If the schedule /questionnaire for eliciting information are to be designed afresh keeping in view the
requirements of the project, these will have to be sent to the ICSSR within a period of two months in any
case.

6. The Second instalment will be released after receiving a satisfactory three months progress report, data
summary report, along with a statement of expenditure for the first instalment and Grant-in-Aid Bill for
second installment.

7. The Third and Final instalment will be released on receipt of (a) Satisfactory book length of the Final
Report (Two Hard Copies plus one Soft Copy in Pen-Drive) in the publishable form after incorporating
all corrections, suggestions of the expert; (b) soft and 2 hard copies of Executive Summary of Final
Report; (c) Statement of accounts with Utilization Certificate in GFR of 12A form for the entire project
amount duly signed by the Finance Officer/Registrar/Principal/Director of the affiliating institution (d) A
certificate of statement of assets and books purchased out of the project fund issued by the affiliating
institution. (e) The Grant-in-Aid Bill for the third installment.

8. Research undertaken by a Project Director may be reviewed by the Monitoring and Advisory Committee
constituted by ICSSR and the project may be discontinued/ terminated, if research progress is found
unsatisfactory or any ICSSR rules/guidelines are violated.

9. The Project Coordinator/Project Director would organize a workshop before submission of the final report.
The workshop would deliberate on data collection process, compilation, organization and analyses of
data on the respective scheme/policy initiative.

10.The ICSSR reserves all rights to publish the project funded by it, provided the work is recommended for
publication by the ICSSR appointed expert/experts. In case, ICSSR approves the publication of the
research work, the scholar should acknowledge that the project has been sponsored by the ICSSR, in all
publications resulting from the project output (Research Paper, Books, Articles, Reports, etc.) and should
submit a copy of the same to the ICSSR.

11.The Contingency Grant may be utilized for research and office assistance, books, stationary, computer
cost, research assistance and the field work expenses of Project Coordinator, Co-Project Directors and
research personnel connected with the research work.

12.The University/ Institution of affiliation will provide to the scholar office accommodation including furniture,
library and research facilities and messenger services. For this, the ICSSR shall pay to the
University/Institution of affiliation overhead charges @7.5% or maximum Rs. 1,00,000/- of the total
expenditure incurred on the project only after successful completion of the project.

13. The accounts and the Utilization Certificate will be signed by the Finance
Officer/Registrar/Principal/Director in the case of accounts of the institution are audited by CAG/AG.
Otherwise, they need to be signed by the Finance Officer and the Chartered Account.

14.The Project Coordinator/ Project Director of the research project will be Dr. Amit Kumar, who will be
responsible for the completion of the research project within 5/6 Months from the date of commencement
of the project, which is 15.09.2023 as intimated by the scholar.

15.In case, the Project Coordinator/Project Director fails to submit the periodic / final project report as per
schedule with adequate justification, the scholar will be debarred from availing all financial assistance
from ICSSR in future.

16.All grants from ICSSR are subject to the general provision of GFR 2017 and in particular with reference
to the provision contained in GFR 209, GFR 210, GFR 211 and GFR 212.

17.The Project Coordinator/Project Director will ensure that the expenditure incurred by him conforms to the
approved budget heads. The grant-in-aid is subject to all the conditions laid down in the Indian Council
of Social Science Research (ICSSR) Research Projects available in the ICSSR website
WWW.IiCSSr.org

18.The expenditure on this account is debatable to the Budget Head-ICSSR (Scheme Code 0877); OH
31.09 Research Projects.
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19.All instalments will be transferred through Public Finance Management System (PFMS) and ICSSR shall
implement the EAT module for ensuring transparency of expenditure at all levels and to ensure that there
is no parking of funds.

20.As per the instruction from MoE, the amount of grant sanctioned herein is to be utilized by the end of the
project duration. The unspent amount shall be refunded to the ICSSR immediately on the expiry of the
duration of the project. If the grantee fails to utilize the grant for the purpose for which the same has been
sanctioned/or fails to submit the audited statement of expenditure within the stipulated period/ or fails to
submit the final report within the stipulated time, the grantee will be required to refund the amount of the
grant released with a penal interest thereon @ 10% per annum.

Yours faithfully,

Sd/- Dr. Richa Sharma
For MEMBER-SECRETARY
Encl: as above.

Copy to:

1. Dr. Amit Kumar
Institute of Law,
Kurukshetra University,
Kurukshetra, Haryana 136119

2. Dr. Sunil Kumarr,
Assistant Professor,
Deptt. Of Sociology,
Kurukshetra University,
Kurukshetra, Haryana-136119

3. Dr. Sadeep kumar Malyan
Deptt of Environmental Studies,
Dyal Singh Evening College,
Lodi Road, University of Delhi,
New Delhi-110003.

4. Dr. Sumit Kumar
Institute of Law,
Kurukshetra University,
Kurukshetra, Haryana 136119

5. Finance Branch, ICSSR, New Delhi

6. Record file

Sd/- Dr. Richa Sharma
For MEMBER-SECRETARY



Title:

PROJECT BUDGET

The Impact Assessment of Beti Bachao Beti Padhao Scheme vis-a- vis Protection, Education and
Participation of the Girl Child : A Multi-site study of select Districts of Haryana, Punjab and Rajasthan

By: Dr. Amit Kumar

S. No. Heads of Expenditure Value

1. Research Staff: Not exceeding 40% of the total budget.
Full time/Part-time/Hired Services

2. Fieldwork: Not exceeding 30%

Travel/Logistics/Boarding, Survey
Preparation or Consultancy etc.

3. Workshop to disseminate the outcomes of | Up to 15% (not exceeding INR 2.00 lakh for collaborative
the project research)

4, Equipment and Study material: Not exceeding 10%
Computer, Printer, Source Material,
Books, Journals, Software, Data Sets efc.

5. Contingency Not exceeding 5%

6. Institutional Overheads (over and above Affiliating Institutional overheads @ 7.5% of the approved
the total cost of the project) budget , subject to a maximum limit of Rs 1,00,000/-

> Remuneration and Emoluments of Project Staff

(a)Project staff could be engaged by the Project Coordinator/Project Director on a full/ part-time basis during the
research work and the duration/consolidated monthly emoluments of their employment may be decided by the
Project Coordinator/Project Director within the limits of the sanctioned financial allocation and as per the ICSSR
rules.

(b) Research Associate @ Rs.40,000/- p.m.. (Qualification — Post graduate in any social science discipline with
minimum 55% marks and NET/SLET/M.Phil/Ph.D)

(c) Research Assistant @ Rs.32,000/-p.m.(Qualification-Ph.D./M.Phil./ Post graduate in social science discipline
with minimum 55%)

(d) Field Investigator @ Rs.30,000/-p.m. (not exceeding 3 months) (Qualification- Post graduate in any social
science discipline with minimum 55% marks)

(e)Retrospective payment for work already done is not permissible.

Re-appropriation: The Institution may re-appropriate expenditure from one head to another up to 10% of the
sanctioned budget with the prior approval of the ICSSR.

Selection of Research Staff should be done through an advertisement and a selection committee consisting of
(1) Project Coordinator/ project Director; (2) One outside Expert (other than the Institute where the project is
located); (4) Head of the Department/Dean of relevant faculty.

For all field work related expenses of Project Coordinator/Project Director, Co-Project Director and project
personnel, rules pertaining to affiliating institutes shall be followed.

All equipment and books purchased out of the project fund shall be the property of the affiliating institutions. On
completion of the study, the Project Coordinator/ Project Director shall submit an undertaking in this regard. The
ICSSR, however, reserves the right to take charge of equipment and books, if it thinks it fit in a case.

Purchase of equipment/ assets for the Research Project is permissible only if it is originally proposed and
approved by the ICSSR and does not exceed the permissible amount.

No publication/presentation in any form related the awarded research shall be made by the researcher or any
member of the research team without prior approval of the ICSSR
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Dr. Richa Sharma Indian Council of Social Science Research
Deputy Director (Ministry of Education)
SCD Division (In-charge) JNU Institutional Area, Aruna Asaf Ali Marg
Tel # 011-26742140 New Delhi - 110067
Email: specialcall@icssr.org Website: www.icssr.org
SANCTION ORDER

F.No. 91/CRP-2023-2290/SIM(PMKVY)/SCD Dated: 26-09-2023

To,

The Principal

Dyal Singh Evening College, Delhi
Delhi (NCT), 110003

Subject: Sanction of Short-term Empirical Research Project (Collaborative/Individual) entitled
“Evaluation of PMKVY: A Multi-site study of select Districts of Haryana,
Western Uttar Pradesh, and Uttarakhand” to Dr. Sandeep Kumar Malyan,
Dyal Singh Evening College, Delhi

Dear Sir/Madam,

1. The Indian Council of Social Science Research (ICSSR) has approved the award of
“Evaluation of PMKVY: A Multi-site study of select Districts of Haryana,
Western Uttar Pradesh, and Uttarakhand” the above Research Project submitted by
Dr. Sandeep Kumar Malyan of your Institution.

2. The study, as proposed by the researcher, is to be located at and financially administered
by your institution as per the guidelines of this award.

3. The ICSSR has sanctioned a grant-in-aid of Rs. 1300000/- for the above research project
and the grant will be released as follows:

First instalment (50 % of sanctioned grant-in-aid) Rs. 650000/-
Second instalment (25 % of sanctioned grant-in-aid) Rs. 325000/-

Final instalment (25 % of sanctioned grant-in-aid) Rs. 325000/-

Total Rs. 1300000/-

Overhead charges over and above
7.5% or maximum Rs.1,00,000 : Rs. 97500/-
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. The First installment of the approved grant-in-aid will be released after receiving the grant-in-
aid bill duly filled in, stamped and signed by the Project Director as well as the affiliating
organization.

. As the study involves empirical research, the finalized schedules/questionnaires (2 copies)
designed to elicit information should be sent to the ICSSR as per the following schedule:

a) If the schedule /questionnaire for eliciting information is as per standard questionnaire,
these will have to be sent to ICSSR immediately,

b) If the schedule /questionnaire for eliciting information are to be designed afresh keeping in
view the requirements of the project, these will have to be sent to the ICSSR within a period
of two months in any case.

. The Second instalment will be released after receiving a satisfactory three months progress
report, data summary report, along with a statement of expenditure for the first instalment and
Grant-in-Aid Bill for second installment.

. The Third and Final instalment will be released on receipt of (a) Satisfactory book length of
the Final Report (Two Hard Copies plus one Soft Copy in Pen-Drive) in the publishable form
after incorporating all corrections, suggestions of the expert; (b) soft and 2 hard copies of
Executive Summary of Final Report; (c) Statement of accounts with Utilization Certificate in
GFR of 12A form for the entire project amount duly signed by the Finance
Officer/Registrar/Principal/Director of the affiliating institution (d) A certificate of statement of
assets and books purchased out of the project fund issued by the affiliating institution. (e) The
Grant-in-Aid Bill for the third installment.

. Research undertaken by a Project Director may be reviewed by the Monitoring and Advisory
Committee constituted by ICSSR and the project may be discontinued/ terminated, if
research progress is found unsatisfactory or any ICSSR rules/guidelines are violated.

. The Project Coordinator/Project Director would organize a workshop before submission of the
final report. The workshop would deliberate on data collection process, compilation,
organization and analyses of data on the respective scheme/policy initiative.

10.The ICSSR reserves all rights to publish the project funded by it, provided the work is

recommended for publication by the ICSSR appointed expert/experts. In case, ICSSR
approves the publication of the research work, the scholar should acknowledge that the
project has been sponsored by the ICSSR, in all publications resulting from the project output
(Research Paper, Books, Articles, Reports, etc.) and should submit a copy of the same to the
ICSSR.

11.The Contingency Grant may be utilized for research and office assistance, books, stationary,

computer cost, research assistance and the field work expenses of Project Coordinator, Co-
Project Directors and research personnel connected with the research work.

12.The University/ Institution of affiliation will provide to the scholar office accommodation

including furniture, library and research facilities and messenger services. For this, the ICSSR
shall pay to the University/Institution of affiliation overhead charges @7.5% or maximum Rs.
1,00,000/- of the total expenditure incurred on the project only after successful completion of
the project.



13. The accounts and the Utilization Certificate will be signed by the Finance
Officer/Registrar/Principal/Director in the case of accounts of the institution are audited by
CAG/AG. Otherwise, they need to be signed by the Finance Officer and the Chartered
Account.

14.The Project Coordinator/ Project Director of the research project will be Dr. Sandeep
Kumar Malyan, who will be responsible for the completion of the research project within 5/6
Months from the date of commencement of the project, which is 15-09-2023 as intimated by
the scholar.

15.In case, the Project Coordinator/Project Director fails to submit the periodic / final project
report as per schedule with adequate justification, the scholar will be debarred from availing
all financial assistance from ICSSR in future.

16.All grants from ICSSR are subject to the general provision of GFR 2017 and in particular with
reference to the provision contained in GFR 209, GFR 210, GFR 211 and GFR 212.

17.The Project Coordinator/Project Director will ensure that the expenditure incurred by him
conforms to the approved budget heads. The grant-in-aid is subject to all the conditions laid
down in the Indian Council of Social Science Research (ICSSR) Research Projects
available in the ICSSR website www.icssr.org

18.The expenditure on this account is debatable to the Budget Head-ICSSR (Scheme Code
0877); OH 31.09 Research Projects.

19.All instalments will be transferred through Public Finance Management System (PFMS) and
ICSSR shall implement the EAT module for ensuring transparency of expenditure at all levels
and to ensure that there is no parking of funds.

20.As per the instruction from MoE, the amount of grant sanctioned herein is to be utilized by the
end of the project duration. The unspent amount shall be refunded to the ICSSR
immediately on the expiry of the duration of the project. If the grantee fails to utilize the grant
for the purpose for which the same has been sanctioned/or fails to submit the audited
statement of expenditure within the stipulated period/ or fails to submit the final report within
the stipulated time, the grantee will be required to refund the amount of the grant released
with a penal interest thereon @ 10% per annum.

Yours faithfully,

(sd/- Dr. Richa Sharma)
For MEMBER-SECRETARY
Encl: as above.
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Copy to:

1. Dr. Sandeep Kumar Malyan
Department of Environmental Studies, Dyal Singh Evening College, Lodi Road ,
University of Delhi, New Delhi 110003
Delhi (NCT) 110003

2. Dr. Sunil Kumar,
Department of Sociology,
Kurukshetra University Haryana, 7015155877

3. Dr. Amit Kumar, Institute of Law, Kurukshetra University, Kurukshetra (Haryana),
996510039

4. Prof. Vivek Kumar, CRDT,
[IT DELHI. HAUZ KHAS,
NEW DELHI - 110016
9412619735 vivekk@iitd.ac.in

5. Finance Branch, ICSSR, New Delhi

6. Record file

(sd/- Dr. Richa Sharma)
For MEMBER-SECRETARY
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PROJECT BUDGET

Title: Evaluation of PMKVY: A Multi-site study of select Districts of Haryana, Western Uttar
Pradesh, and Uttarakhand

By: Dr. Sandeep Kumar Malyan

S.No. | Heads of Expenditure Value

1 Research Staff: Not exceeding 40% of the total budget.
Full time/Part-time/Hired Services

2 Fieldwork: Not exceeding 30%

Travel/Logistics/Boarding, Survey
Preparation or Consultancy etc.

3 Workshop to disseminate the outcomes | Up to 15% (not exceeding INR 2.00 lakh for
of the project collaborative research)
4 Equipment and Study material: Not exceeding 10%

Computer, Printer, Source Material,
Books, Journals, Software, Data Sets

etc.

5 Contingency Not exceeding 5%
Institutional Overheads (over and above | Affiliating Institutional overheads @ 7.5% of the
the total cost of the project) approved budget , subject to a maximum limit of Rs

1,00,000/-

> Remuneration and Emoluments of Project Staff

(a)Project staff could be engaged by the Project Coordinator/Project Director on a full/ part-time
basis during the research work and the duration/consolidated monthly emoluments of their
employment may be decided by the Project Coordinator/Project Director within the limits of the
sanctioned financial allocation and as per the ICSSR rules.

(b) Research Associate @ Rs.40,000/- p.m.. (Qualification — Post graduate in any social science
discipline with minimum 55% marks and NET/SLET/M.Phil/Ph.D)

(c) Research Assistant @ Rs.32,000/-p.m.(Qualification-Ph.D./M.Phil./ Post graduate in social
science discipline with minimum 55%)

(d) Field Investigator @ Rs.30,000/-p.m. (not exceeding 3 months) (Qualification- Post graduate in
any social science discipline with minimum 55% marks)

(e)Retrospective payment for work already done is not permissible.

>  Re-appropriation: The Institution may re-appropriate expenditure from one head to another up to
10% of the sanctioned budget with the prior approval of the ICSSR.

>  Selection of Research Staff should be done through an advertisement and a selection committee
consisting of (1) Project Coordinator/ project Director; (2) One outside Expert (other than the Institute
where the project is located); (4) Head of the Department/Dean of relevant faculty.

>  For all field work related expenses of Project Coordinator/Project Director, Co-Project Director and
project personnel, rules pertaining to affiliating institutes shall be followed.




All equipment and books purchased out of the project fund shall be the property of the affiliating
institutions. On completion of the study, the Project Coordinator/ Project Director shall submit an
undertaking in this regard. The ICSSR, however, reserves the right to take charge of equipment and
books, if it thinks it fit in a case.

Purchase of equipment/ assets for the Research Project is permissible only if it is originally
proposed and approved by the ICSSR and does not exceed the permissible amount.

No publication/presentation in any form related the awarded research shall be made by the
researcher or any member of the research team without prior approval of the ICSSR
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_~ EXTERNAL SUPERVISOR
Miss Manisha Kadyan
Chief Environment Officer
YFC Projects Pvt. Ltd. DMRC DC-(4

“AN INTEGRATED STUDY ON WATER CONSUMPTION, WASTE
MANAGEMENT AND OCCUPATIONAL HEALTH OF WORKERS IN A DELHI
METRO RAIL CONSTRUCTION PROJECT - A CASE STUDY™

A

DISSERTATION REPORT

SUBMITTED IN PARTIAL FULFILLMENT FOR THE AWARD OF

DEGREE OF
MASTER OF TECHNOLOGY

IN
ENERGY & ENVIRONMENTAL MANAG EMENT

Submitted by

Name- Aman Bargoti

Roll no- 2022010002

INTERNAL SUPERVISOR <
Dr. Sandeep Gupta
Assistant Professor

Institute of Environmental Studies,

Kurukhetra University, Kurukhetra

INSTITUTE OF ENVIRONMENTAL STUDIES,
KURUKSHETRA UNIVERSITY, KURUKSHETRA
(2022-2024)
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Wi /' 1CAR-Central Soil Salinity Research Institute, Karnal (Haryana) -132001
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Zarifa Farm, Kachhwa Road, Karnal-132001 (Haryana) India
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Dr. Ggjender Dated: 02 April, 2024

Senior Scientist (Agronomy)
ICAR-CSSRI, Karnal-132001
Email: gajender.icar@gmail.com

To,

The Head,

Institute of Environment studies
Kurukshetra University, Kurukshetra

Subject: Consent for Co-Supervision of Ms. Pinki, PhD Research
Dear Sir/madam,

In reference to the ICAR-CSSRI office order F.No. 4(14)/ Estt. Sci. /2024/3945 dated
19.03.2024 in response to email from Dr. Dipti, | have been nominated as Co-supervisor of
Ms. Pinki for her PhD research work at ICAR-CSSRI, Karnal. | hereby, convey my consent
to serve as a co-supervisor for the above mentioned PhD research in collaboration with
Kurukshetra University, Kurukshetra.

Under this Co-Supervision arrangement, we will provide guidance, support and utilize
our knowledge and technical research support to enhance the quality of your research. We are

looking forward to commencing this collaboration and contributing to achieve the research
objectives.

Kind Regards

(Dr. Gajender)
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File No. CGWB/NWR/Chem.Lab./2023- Dated-11.08.2023

O WHOM IT MAY CONCERN

This is to centify that Ms. Ekta Siwatch D/o Mr. Bhoop Singh Siwatch has
participated in the Skill Development Initiative (Training Program) of CGWB,
NWR, Chandigarh from 26.06.2023 to 11.08.2023 under the supervision of Sh,
Kuldeep Gopal Bhartariya, Sc-B (Chemist). She carried out analysis of
groundwater samples following Standard Operating Procedure using conventional
and modemn instruments. Skills were developed in various hydro-chemical aspects
of groundwater, including data generation in compliance with validation protocols

and report writing.
Loz ]23
w el
(Anurag Khanna)
Regional Director
Address:

Ms. Fkta Siwatch

D/o Mr. Bhoop Singh Siwatch

Kurukshetra University, RIT
Kunikshetra,

Haryana.

vorer s, iz 38, dwer 279, wou e, i 160019
Bhuja! Bhawan, Plot No. 38, Sector - 27A, Madhya Marg, Chandigarh- 160019
Tel - D172-2619500-01, E-mad | rdewr-cgwh@nic in
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o Chandigarh Pollution Control Committee

TranDinent Paryavaran Bhawan, Madhaya Marg, Sector 19-8,Chandigarh- 160019

CPCCLAb 1 Trug 2028 | 2359 Dated: |7-08-23

b is centified that Ms. Alka Yaday, student of M.Sc. Environment Sciences, Institute of
Environmental Stodies. Kuruksbetrs University, Kurukshetra, Haryana has successidly
undergone training from 01.07.2023 to 15,08.2023 at Chandigarh Pollution Control Committee
on Water Quality Assessment of Sekhea Lake in Chandigarh,

During the traming period. she was punctsal, handworking and her condact was pood

She bears a pood moral chamcter

I wish her all success i the future
v“"
{Aralrajan P IFS)
Member Secretury
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TRAINING CERTIFICATE

This is to certify that Ms. Raunak Soni D/o Sh. Bhoop Singﬁ,
bearing Registration No. 22-UD-552 & Roll No. 2022009822, a student of M.Sc.
Environmental Science, Under Kurukshetra University, Kurukshetra worked
under my supervision during her offline Summer internship Research
Program period w.e.f. 20/06/2023 to 06/08/2023 under the office of Public
Health Engineering Sub Division No.3, Fatehabad. During her internship she
has demonstrated her skills with self-motivation to learn new skills.

We wish her all the best for her upcoming career.

Signature with seal of Issuing Authority

/-
Place:- Fodtrakad. S %/

Sub Divn, Engineer

- 093 PH Engg. SDivh.No 3
Date °*‘°Q’]‘? < FATEHABAD
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CERTIFICATE OF COMPLETION

Thas s to certify that Ms. SAHIBA awdﬁm&mUmmm'Km bas successfislly completed her Imermndp

with Mumespal Corporstion Rohtak from 27-06-2023 to 10-08-2023 Duniog the penod of Intemship. she worked and assisted the

Munscrpal Corporatson Rohtak in research deugn fieldwoek selated to Waste Management, Bio Compost Tramung and Wied Wise
[EC Activary with due diligence and comsmement.

Dase 230823 Ajay Kumar
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CERTIFICATE

This is to certify that the
USING DWR' is a bonafide work done by Ms NEETU

sroject entitled ‘RAINFALL ESTIMATION

. a summer trainee. M.S¢ 3"

Semester,  Kurukshetra  University, Kurukshetra under  my supervision  ut

Meteorological Centre.Chandigarch.

AN
{

2. 9% z
= r oyle A 9«"01:5

(A K SINGH )
(Scientist)
Meteorological Centre, Chandigarh,

(e@. Riv)
(A.K. SINGH)
s /Scientist
W W, Mateceoiogeal Centre,
teee-30-W. 48z 1008
Sector-33-C, Chandigarh-160035
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IN PLANT TEQ_INING CERTIFICATE
Mr. SACHIN bearing

This is certified that
Roll No. 2022009826 a student of M.Sc. Environmental

Science in KURUKSHETRA UNIVERSITY, KURUKSHETRA
has undergone vocational training at *Civil Maintenance
Division" Panipat Thermal Power Station, Panipat from
June 26, 2023 to August 14, 2023 during this period his

performance is found very good.

\
Place:- PTPS, Panipat AR e
Date:- August 21, 2023 ’_”“r;f s Dividion
/ \
|
t
[{
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CPTL/Trg/2023/08/01 Dated: 05-08-2023

CERTIFIC

This is to certify that Ms, Ritika D/o. Sh. Raghubir as sponsored by
Kurukshetra University, Department of Environmental Studies vide letter no. 2733
dated 07-06-2023 has satisfactorily undergone Summer Training from 20 June to
5" August 2023 in the Discipline of Environment Impact Assessment Studies
related to development projects in the EIA-Division of this organization. She 1s

relieved w.e.f. the afternoon of 5° August 2023.

We wish her success in her future endeavors.

Sd/-

14039
zch' Signatory
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CERTIFICATE

This is to certify thot the project entitied “Utilization of Satellites in Weather Services” is
a bonofide record of the work done by ANKUR SHARMA, a summer frainee.
M.SC(Envikonmental Science). final year, Kurukshela university . Kwukshetra under my

supervision at Meteorological Cetrwe, Chondigarh.

o LA
s\'v \ —
('77; _/mjgu) \
(A K SINGH)

(sclentist, Meteorological Celnre, Chandigarh)

2. Rig)
(A.K. SINGH)

WS Jentist

wn 3z, w, teorols
#m—l i q
Sector-35-C, Chanc

_'.cﬂ Cmr,"
4160038
Hh-1600 B
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My Certificate

L Pestyde For LT
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No C-110125Misc 20t 1'Watet Lab Dated CA032

TO WHOM IT MAY CONCERN

This s 10 certify that Miss. Sonal Dio Sh, Surender Singh studant of M S
Environment Science at Kurukshetra University, Kurushelrs (Haryana) nhas
undertaken Summer Training work on *Assessment of physico-chemical study in
soll and sludge sample™ at Sou & Sold Waste Laboratory @ Sub Division of ©
Walter Laboratory of Central Pollution Control Board Dalhi from 207 Ju
August 2023

eTiira

Dunng the training she has learm analysis of Soil & Sludge samples
different methods ke gravimetric, tinmetnic, colonmetic aic She has Jiso worsed or
the laboratory instruments like pH Meter, Conduciwity meter. Flame pholomets
Visible Spectrophotometer

She has completed the training satisfaciorily Dunng Uns pe

hersell 10 be hard working sincere and | found hae very enthusiasic
reguiar in her training work

e e Uve

| wish her all the success for har bnght ful

= = - ! .v L] -
(Dr. K. Ranganathan)
Scient:s! ‘E''Ade. Drasio
Divigional Head
Water & Inatrumentation Laborator

afriver wa' wdft seofw s, fageelto 0000

Parivesh Bhawan, East Arjun Nagar, Deit- 110042
ST Tal | 43102030, 22305792 WWATEZ Website © Www CHCD Nic 11
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CHANDIGARH POLLUTION N s g
A A
C TESTING LABORATORY R o e

Frvimaments/ Mastiring £ NOC. ETR 579 Eaal oo gt on aguk s,
NARET Acermofitet FIA Corranifmng Wobalie - Sntiptiosn
CPTL Trg2023/08/03 Dated: 05-08-2023
OF NING

This is 10 certify that Ms. Shalu Dfo. Sh. Anil as sponsored by Kurukshetra
University, Depariment of Environmental Studies vide letter no. 2735 dated 07-06-
2023 has satisfactorily undergone Summer Training from 20 June 10 5% Augast
2023 in the Discipling of Environment Impact Assessment Studies related to
development projects in the EIA-Division of this organization. She is relieved
w.e.f, the afternoon of 5™ August 2023,

We wish her success in her future endeavors,

> ent
Authorized Signatory
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Wh ver 1t Ma oncern
rukshetra University, Haryana, has

This is to certify that Miss. Simran, a student from Ku
successfully completed her Summer Training on wAgriculture Pollution and ity
023 1o 16-08-2023 under Depariment of agriculture and

Management™ w.c.f. 03-07-2023
Farmer \Vc!fgc. Rewari.

We wish Miss, Simran all success in her carricr.

‘la d.—&’

Nb 307y
‘ %ﬁ;ﬁ:ﬂon

A
Dele: 29-08-202.2 Agriculture and Farmer Welfare Department,
! Rewari

\

Sowved e Cavicaee
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CITL T/ 202 V0804 Diwted: 05082073

This ix 1o certify that M. Purmima o, Sh. Yogendra us sponsored by
Kurukshetra University, Department of Environmental Studies vide lelter no. 27754
dated O7.006-2023 has satisfactorily undergone Summer Traning from 20" June 10
<* August 2023 in the Discipline of Environment Impact Asscssoent Studies
related to development projecta o the Ei1A-Division of this organization. She iy

relieved woe. b the afternoon of $% August 2023

We wish her success in her future endoeayoes.

oI

wired Signatory
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File No. CGWB/NWR/Chem.Lab./2023- Dated-11.08.2023

TO WHOM IT MAY CONCERN

This is to certify that Ms. Ritu Rani D/o Mr. Ami Lal has participated in
the Skill Development Initiative (Training Program) of CGWB, NWR, Chandigarh
from 26.06.2023 to 11.08.2023 under the supervision of Sh. Kuldeep Gopal
Bhartariya, Sc-B (Chemist). She carried out analysis of groundwater samples
following Standard Operating Procedure using conventional and modem
instruments. Skills were developed in various hydro-chemical aspects of
groundwater, including data generation in compliance with validation protocols

and rcport writing. =
AR s

(Anurag Khanna)
Repional Director

Address:

Ms. Ritu Rani

D/o Mr. Ami Lal
Kurukshetra University,
Kurukshetra,

Haryana.



CERTIFICATE

This is to certify that the project entitled "DWR & Upper Air Wind Observations” is a
bonafide record of the work done by Palak, a summer trainee M.Sc Environmental Science

(2022-2024) , Kurukshetra University, Kurukshetra under my supervision at Meteorological

Centre, Indian Meteorological Department ,Chandigarh.

rl\-\
W’ %

(A K Singh)
(Scientist)

Meteorological Centre, Chandigarh

R fym)
(AK. SINGH)
tonfe, < centist

W, Meteo Negical Centre,
=30-#, wine 160038
Sector-39.¢, Chandigarti- 160036
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CERTIFICATE

This is to certify that the project entitled “Doppler Weather Radar & Weather Services”
s 4 Bonafide record of the work done by Sourubh, 1 summer trainee, MSc (Env. Science) final

year, Kurukshetra university, Kurukshetra under my supervision at India Meteorological

Department. Chandigarh

= 15 Ly
c-’——‘; ule 3{ 20) 3
{AKSingh)
Sclentist, Meteorological Centre

IMD, Chandigarh

(e, RiT)
(AK. SINGTH)
A Fum ) Sclentul
e $7, Moteoroiog' ol Leaire,
Aner-0-@, d8TE- 1008
Sector-39-C, Chandig¥n 160036
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CERTIFICATE OF INTERNSHIP




CERTIFICATE

. A FE -
WATER TECH ENGINEERS n
New Delhi, India

Dt17/0872023

Th 1 cotied ht W Saoh dentof M. Enmresent Sceee e [tine o Ercemen Sadis Korukshets Urinensy, Lamksher
Farvana, hus sccesflycompletod he i o 'y 20310 15" Augas 222 Water Tch Enginee, A Esvimmment Csnsain, Enginering
et Motk New Dl i From 1y 222 15 At Shehas werked n  ro tve - Waskwae Tretment STP Plart BBR.
Teckrelag, How the indesril waste e uragennt ot i - 2 Indusial s, i s s very ef-motivted attude o e sew s
i el e bt e e e e

Forl

o’ he
Kz Sisodia
Chilef




CERTIFICATE

This is w certify that the project entitled “MSLP & its relationship with DWR
Reflectivity™ is a bonalide record of the work done by Sukshi, u summer trainee, M Sc
Environmental Science (2022-2024), Kurukshetra University, Kurukshetra under my
supervision at Meteorological Centre, Indian Meteorological Department. Chandigarh.

A
A T PO |

(AK Singh)
(Scientist )

Meteorological Centre, Chandigarh

(z.=.
(AK. s..?é'l.,




TO WHOM IT MAY CONCERN

w

- This s to certify that Miss. Salony Dio Sh. Om Parkash student of M.Sc.
> Environment Science at Kurukshetra University, Kurushetra (Haryana) has
> undertaken Summer Training work on “Analytical Methods for Waste Water
3 analysis” at Water Laboratory (Waste Water Laboratory) of Central Poliution Control
X Board, Delhi from 20™ June to 04™ August 2023.

During the training she has learnt analysis of waste water samples by different

e Physico-chemical methods such as Gravimetric, Titrimetric, Colorimetric, Distillation

b etc. She has also worked on the laboratory instruments like pH Meter, Conductivity

K meter, Flame photometer, UV-Visible Spectrophotometer,

- She has completed the training satisfactorily. During this period she proved

Y herself to be hard working, sincere and | found her very enthusiastic, attentive and
regular in her training work.

b ]

>

Y | wish her all the success for her bright future.

k

e K,

s — 7 23

- (Dr. K. Ranganathan)

Add. Director & Divisional Head

EY Water & Instrumentation Laboratory

B .3, v [ K Rargmaban
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CERTIFICATE

WATER TECH ENGINEERS n

New Delhi, India
Dt 17082023

TOWHOME SOEVER IT MAY CONCERN

e & ool 2 W Coinchl wdent of ML (Ervirmmment Soence) from the Dastiude of Ensionmest Soadin, haaisaets Lsserety Kmandery
ST W Sty giend ey imerati frem 1oy XM 15 Aapuat N0 it Water Tech Ergmeens, Ay Ersirvement (cmsaitg Engrweniag

& Beon Marctarmery e Dl India From 1 ey 2840 157 Aagesd. She hin worked o2 provect ditde - Industris] Woste Visugesess
Firw 2 Déaimic wiate nugeme ool 11+ 1= indadrid ook, ind e m very seitmotnted dtiode e leam oew thiapy
Ftel b il the Sewt b Doy fure endvsnans

T Water Tooh Engineens

A"GN Sinadia

Chiet Crpuvatione Crmpany Stamp
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CERTIFICATE

Studles. &-mhhnn l’uhmhy Kurwhsherra, ll-r;sn- has woccessfully
w Ernining feom DL07.2023 s 15.08,2023 s Chumdigardi Mllistion Control Cominse
ﬂ_h'l AirSampling & Anabyse in Chandigarh

During the truiing perid. she war puncis, Skt and her condast was good.
m.m el characoer

L il hee 2l siccass in the Tt




CERTIFICATE

1l cenifiol M Ms. Kamal, sudest of MSe. mm
Emvirsmmental Stodics, Kurubahesrs Univensity, Kurwkahetra, Marysna hus
undergone taining from B1OT.2023 s 15,08,2023 s Chandigarh Pollution
on Water Sampling sid Analysts of druins fn Chanidigark, =
During the training perod, she wi panctual, hardworking and her conduct was
She hears u good morsd chaeater .

1 - e ——

l I wish her all seccess in the fubare.

3|P.;|.;v




ENVIROCHEM TESTING LAB
& Research Centre

(AN 180 9001 : 2015, IS0 14001 : 2018, 180 18001 : 2007 Cartified Lab)
Plot No. 165, 1st Floor, Sector-25, Part-ll, HUDA, Panipat-132103, Hr.

M.: 451 50348 91129, 80501 75388, 96719 55782
Emall : envirochemtestinglab @ gmall com Web. : www.atiec.com

Dated: 09.08.2023

TO WHOM IT SO EVER IT MAY CONCERN

It is certified that Miss Vimal D/o Sh. Randhir Singh has attended
intemship from 28™ June 2023 to 9™ August 2023 as a trainee for testing in the
Field of Drinking water, wastewater, and Sophisticated Instrumentation handling

at ENVIROCHEM TESTING LAB & RESEARCH CENTRE.

We wish for success her future endeavour.

Mirs. Poonam Kalsyan (Technical Manager)
Envirochem Testing Lab & Research Centre

gmwumamnmmuummw
mmmubuwmh‘n—mdnmlmmncmw
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s ff & 4t oo
T el . e, e e
Aravall Power Company Private Limited
(A joint venture of NTPC, HPGCL AND IPGCL)

CIN No.:U40105DL2006PTC | 56884

Ref No. APCPL/HR/EDC/2023.24 Date: 17/08/2023

TO WHOM SO EVER IT MAY CONCERN

This 1s 1o certify that Miss. Anjali, a student from Kurukshetra University,
Haryana successfully completed her Summer Internship Training on EMG
Development of APCPL, Jharli, Jhagjar, w.e.f. 03/07/2023 to 16/08/2023 under the
guidance of Sh. S K. Agarwal, AGM (EMG&AUD),

We wish Miss. Anjali all success in her career,

\*}","35%\”13 |

\
* (Rajesh -Kumar Nagrath)
Muanager (HR)

Miss. Anjali
Kurukshetra University, Haryana

: o)
vad i °)
NTPC ﬁ':

-
oo ard) que wdg dlee gieee, s, e - goat sRamn -124 141
|ndn"§mdhi SU‘DOI’ Thermal Power Project, Jharll, g;tzlstzzd%a;. Haryana-124 141
TEL. Off. : 01251-266265, Fax : 01251-
wohigs wratam - v A 0 @ waw, I wude, 7, geeyquad W @l O, T8 Red-110008
REGD. OFFICE : NTPC BHAVAN, SCOPE COMPLEX, 7, INSTITUTIONAL AREA, LODHI ROAD, NEW DELHI-110003
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WATER TECH ENGINEERS n
New Delhi, India

Dx.17/08/2023

10 WHOME SOEVER IT MAY CONCERN

T o otidat M Marih et of MSc et S o e e of Emirsmet S Kok U, Kot
s sl oo 01 5 e 20t T e A Enconmat ol Execie
o Vasadaren New Ao, Trom oy 5015 Augut Sk ked ot Gt il e Mg,
o h il wadk mamagn! bl sl o and ey e e b e ke e iy
I hral o best ke ke ndeavon

For Waler Tech Engloery

At K, Skoda
Chief Operations




L4
= Chandigarh Pollution Control Committee

—— Paryavaran Bhawan, Madhays Marg. Sector 19.8 Chandigarh. 160019

CPCCLab2 1/ Trng 2023 | 2358 Datek: |- 0823
TO WHOMSOEVER IT MAY CONCERN

It s cervifiod that Ms. Ankita, student of MSc Esviromment Sciences. Institute of

Envirorssestal Studies. Kwrukshetra University, Kurskshetra, Haryzna has successfully

mdergone tsning fom 01072003 10 15.08.2023 & Chandigart Poliution Comrol Commities
on Water samplisg and analysis of STI™s is Chasdigarh.

Duting the tmming perod, she was pumcoal, hardworking and her conduct was good

She bears & pood meeal chamcier
I wish her all success m the foture
/X
(Arulesjan P IFS)
Member Seervtary

Pnone

0172-2700149, EPABX | 01722700311, o small Cps

C-Chddonic. |
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CERTIFICATE OF INTERNSHIP

RER TR 20 N Oeganization Dewi2023

:-m Goyermment of [ndis
q Imndin Meteorsogscal Department
worry sfters Pryes fwrw *» Office of 1he
o { .“"'-;T,‘”'-\». IHrectar Genernd of Meteurobegy
e ”m l\.‘ wl'. ) 1.."’? AMausam Bazwan, Lol Road
e wwn MO Ty NP New Dol - 110 003 (Indin)
=g T2l - 110 003 (T a“*u.,u‘ Daed: 18.08.2023
W 1SOE M CE

This is to cerufy that Miss Kajal from Kurukshertra University,
kurukshetra has successfully completed her internship in Satellite
Division of India Meteorological Department, Lodi Road, New Delhi
from 4™ July to 18" August 2023

She has worked on project tiled “WEATHER
CONDITIONS DIFFRENCES BETWEEN A COASTAL AND A
LANDLOCKED REGIONT. As part of the project, she has shown
great cfforts and dedication in carrying out all assigned duties, which
included gathering and interpreting data, analyzing and reporting
results to concerned depantments, Lo name a few.

During her internship, she has demonstrated her skills with self-
motivation 1o leam new skills. Her performance exceeded our
expectations and she was able to complete the work on time.

We wish her all the best for her upcoming career,

g oSSRV
Rk, (LTSN ki e
eric | 124032675

Page 4




Training Certificate:-

»

Public Health Engineering
Department, Haryana

Certificate of Internship

To whom it may concern

O/o Mr. Deva: Singh . student oOf

This is o certify that M Manisha Devi
Institute of Enswronmental studies Kurukshetra Unwversity Kuruhshetrs has
M completed har intermahip programme in Watar Quality Analyain ot
PHED State Water Testing Laboratory fal Bhawar Esrnal from date July § 2023
10 August 22,2023 . During interrmbip she carriod out varnous chomical water
testing and she abso cared out sume bactenclogical testing of water and
Pesticide testing of water. During internship she wfficie~tly contributed to the

work and hard working and heen 1o learn We wish her all the best for the huture
/6;!-1 T




& PERFACT GROUP

erfacl,

S —

S1h Sepremier, 2020

TO WHOMSOEVER [T MAY CONCERN

This s to certity that Mr. Abhikek Singh, 3 stusent of instituse of Crviroamental Studies, Kurukshetra Unhwruty,
Kundeshetra; Myc £VS | Rol Nember 2022009801(39] , has successtully complwted s minimum 4%-day mandatory
it with Perfact Greup, Janakpuri officetrom 29™ fune, 2023- 18" August, 2023,

Mo Separtmmed of working was Envircamental imgact Assmsement (£.1.A)

The titie of tes project was “Avsesament of Dust Pollution from Coastruction Project m Dells and NCR
Regon.”

Duning the enure penod of by mismstep, we Sound him to be » focused, honest and 2 dedheated proteswcnal who handied the
work asigned 1o him with zeal

We wish him all the very best in ol Bes luture endeavon
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IN PLANT TRAINING CERTIFICATE

This is certified that Mr. ANAND KUMAR bearing

Roll No. 2022009804 a student of M.Sc. Environmental

Science in KURUKSHETRA UNIVERSITY, KURUKSHETRA

has undergone vocational training at “*Civil Maintenance

Division" Panipat Thermal Power Station, Panipat from
June 26, 2023 to August 14, 2023 during this period his

performance is found very good.

\ “ ! ‘\
Place:- PTPS, Panipat Exdauive Engineer

Datc;' Augusl 21, 2023 Tllhlﬂg Thvision
FTES HPGC L Panipy




suopwado pryd

ssasutdug yoa| M 104

SI083PU 31 32 10] 15 4 [ 324 Ysiu
SRy M2t WES] 0} ApTCHR PajeANO-Js K534 S19Ys pur YU [PISHPU] R - U 0500 aaBum jeucise easapu a woy Bojonps ]
WU} 1S Toaayeal] apeMaysey) - i pofoad e uo paysom sty g ey 1 o) Ao wouy pu] A MaN (sempepauey spelosy ¥
St Sumsuo) Aoy vy ‘ssauidug g9 | B e g a8y 101y 4 woy drysump 5y papidmon Aysssons sey wwedey
vaRySYT ‘AJRATU() PIRUIRIRY, 'SP JAUOIAUY J0 40JASU] ) WOL Q003D URBUOAAVS) ST J0 FU3prs ioag S ) P2 01 S T

IN E14'(0)

£20Z/80/L13Q

eIpu] ‘14130 MAN
n SUAANIONA HOAL d41LVM

CEEEm N T . i w0




TO WHOM IT MAY CONCERN

This is to certify that Ms. Serena, a student of M.Sc.

Environmenta] Science 2nd Semester from Kurukshetra University,

Kurukshetra has undergone prachcal trammg w.e.f 3006.2023 to
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Ganpati Dairy Products Pvt.

, V.P.O.- Behal, District - Bhiwan! (HR) P!
Emall : Oﬂnpaﬂdanquqmml com s
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Training Certificate

TO WHOM IT MAY CONCERN

This is certified that Reena Kumari D/O Mahipal, A
Student of M.Sc. Environment Science From Kurukshetra
University, Kurukshetra (Haryana) has completed her
training on waste management of dairy under the

|
|
i
guidance of Mr. Paramjeet Singh at Ganpati Dairy

g Products Private Limited Behal From 19/06/2023 To
e 04/08/2023.

We wish all success in her life and future endeavor.
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Groundwater hydrogeochemistry and non-carcinogenic health risk
assessment in major river basins of Punjab, India
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Geophysical signatures of the Saraswati River
palacochannel in a part of Kurukshetrn district,
Haryana, India
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Geophysical charactertzation of Saraswatl River
palacochannel In parts of Yamuna Nagar and Kurukshetra

districts of Haryanu, Indis
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Geotechnical Characterization and PS-InSAR for Risk Analysis
of Solang Landslide in Beas Valley, NW Himalaya: A Wake-Up Call!

-ﬁnmﬂ:mnmnrﬂhmamﬁ

& Fella ey of A g o
Bbeittygct

Lmmuladiche in momy of Ehe Mol G morsmag il dresen m i Himalayan wrmmse i 4o o rugged pngrapln
serp alope, md dricnral instahaiy The & pencssios of fhlulat s o Blomalgy § 5 TS devasermyg | g G liss
adf ke, propemy, amd o TheElinr, of w inponst o e Edifales shd e itn e ey e whaok:
thr wiade o (Bean Hﬂm—hm-ﬁuhtmlﬂﬂh!ulm i Frshby i

enrmdays. The preel sudy (usres: & srmbned approack

g 17 I B & e gt gl okl

lﬂﬂ.ﬂﬁh—ﬁqﬂﬂtmﬂrih-hﬂlﬂmﬁlmq—mhh

g par ol e villge =

ﬁ-mmnni—hmudqhﬂmukmm ol e

g
landalicde Tie nak sy sis it tha -Mihh“wm-ﬂltﬁﬂn—ﬂ'iﬂﬁhﬂbhﬁ
rﬂ.'l-n'ﬂ-_lﬂ]-l-hhﬁ,phlu-t—-l--n.h seahy din dsitg o e draied g eige s
-ﬂrﬂ-.iiwh'ma-nlhumutndhmuﬂﬁnm n e @=s The presani
ity bagrhdig b 15 D‘!Hmmwmlﬂlk.ﬁ:mrﬂlﬁhilﬂﬂlﬂ

_Hh“ﬂﬂlﬁh‘“ﬁl__

Erpeeerds Ffimaliys  Scleng - [Laowhisk - {ng PS5 InSAlN

Intraduction

| gslalide i oww o o semeral R domudation o
CCaAnE -.-H-mmmuu.ml._nu..
mim.kmﬂﬂrmdﬂnp g
vial cousgs @ clidings in sk gy el e inpeg
raply {ialehwrinf ot al, 1904) i or all, 200M; Peaflar o ol
W]} Thew ooz im i Hitthaboyws s she rh e
dan b landelide g relatead musss Malviriecmi has s
Plid ae dhee guopmsbat i bias grvmen memidoh] i srhaniss.
o) L ¢ o v S st il billsbopes Py 2002

[FH] ¥ e agmy
T oy -

L] [™% I“H
B o ik, B g

LT BT S pa—
lilhl-l—n.Tllﬂ-.;-

" ey B Clapud b
i

' n Loy et ]
il Wby [rins Mobamd ool Mo | CVopbm Budia

Dby, L

Caiacquemly « 261 cussaliicy mal comamnic lins ol ihe
ordar o - | Rillion 18 doller st poriod sach e in e
lsmaiyyn (Maithgm, | 999). Thete snr sumsmos suslsers
ol banlatechen b the Blomalay n = bk by i sipse sl colirs
willapen, g 6 lorge beishide wiggersd by 0% Siw Sikkom
earibupumly of 1§ Scptomber W destrogral o sitlage
= upseesss of che Tohusg Chi siver whemds 130 willag-
ETU W A poricd missing Dbllatthe o @l 2005 hone 3013
Kodarmath dowsssr compleicly washod awsy Rambary
lllige i by = [0 peopk wTn Ramdng (A lemsr
Ll B3 I Oguaber X007 Sokia hasklide o Bl
hitrict CHemhal Pracah; dosirored |2 buiidisgs song
s 00 b o agr i omenal lend (e o0 gl . 07, 3
Aupusd M08 o ledslide in Pt wipdl il il cetsrs
Jure wiluge killing = (%) poogie (L-smichigme o o, 20}
w6 Sepietntey 014 ok Bl dessnered the seire Syl
village dewns & Kasbmir. bmisa) oomineng 79 beecs
el hilling > & powpie. (Kuset ¢i gl 20171, Howeer, i
TIEEIE NoErE, O R A T (6 d el of iosr KimS
o Ratnlatiche cuenn i e i Enstorys {5 aphe el gl 20EL
Therctiar there o sineng, peed B smplerem mropar 2
aip o iy ! swingme lendelide ot

£ tyringm



.%_ Sreneelives
i

phiRdL § Raas: 1 wsia

L I TP M Y O - X1

m e ! I"

Arfich proviey
A

iFllaka ke
bRiiaE WA
bl i B

i b 1

ﬁ Mothematics ond Comgutors In Simiilatian
— . e U [ bscmom 300 o Trisd

Ewcommendad oriicles [

ewqi i ng basasd sodaiion of

Modeling the effect of non-
pharmaceutical measures and
vaccination on the spread of two variants
of COVID-19 in India

i ook 4 8, G B B, BN

[TESRpu——

4 iy is by =X Ghas T O

asrtul & frrenlial evpstion
T b (T P e
LR [ T ¥ ST S

B ey e b ol Ter Pravmanod
aewpro-hil il rqua v i -
TP N | TR e

¥ =
FLH eyl b s

g pad wpsrhisnmira ra g el
Ay bivni brrian o mrkani...
s beiy oIS ET o R ITIEDES F o ob
i P Ch



m tarnos B
At

[l i e ke

[ AT I N

B watccan g

i agisss FOE

ﬁ Europ=an journal of Mechanics - &/Salids ﬁ

4, B s 1L WM

Gradation and porosity’s effect on Love

waves in a composite structure of
piezoelectric layvers and functionally
graded porous piezoelectric material

Jord Fyeres Wi "B lrreeg Pony™ B0

Ly mes

+ didwrieadewy o e W e

At ded e L

Iifpos al porm iyl focterrdiym
il eewiiag Jnd fer wilisan of of

Teruiel e Uy e i miaim

CL R ]

Friwtnk Cl'k ol b e dinicding s
vl brwhT e o e bl B
i o i o Y s ik S
bryest -tmee Bewery dindeerw-wed e gy b

ul ol Peepienaie s of chsromnfrre wriil
wariinial dEnar waani o reETn
s (B e

3labindi s i W



I e o i i h i 8 ke s e e e

[ el ™ IRAR! V7 e B woh e =

i

Love wave propagation in a smart comgaosite structure of o inigds P A
linmar and exponential functionally graded porous Sehme T A0
piezoelectric matarial o el Corrms bt e
Bl £, Vb sk s Uy Buonpe 8 :HM'HI :ﬁ“
Fbabed J Rapriyiers L= 00 Y M E B B e ks e Ay, e b
R PEERTER S e T b H—"':h
e tren bAme ™ Kushn T Trane thin amicls "-'!"‘—""""l

Crtpion e K. Vs e Dy Besgs SO0 Py Sor 99 1SN
[ R A e

s F e e

N R 5




g e
(o

] [ T e s e

eyl Bt

T SormelDirmd
-

N R 1 e 5

w o ®ah -

JrHelp 41 Seecd B Mhocosei O Ngnie i

m byt

tmrry
Imrrr e

frmd L b
o e ey

(=1 _de 0]

W D Trow ke i mama

o8& -0 0 Q

ﬁ Thin-walled Siruciures
=t : e THL MGETR JRB DLILA

adl HAY WRCE

f-erteralized Rayleigh waves in a mulri-

layered structure of porous piezoelectric
materials overlying a funcrionally graded

porous piezoelectric base

duil B ket 2 O, 0 s D, g g R,

Bhawm e W

+ bl o e ™ O

ey b e B I e 0 AR

L3

Eecarmendeg prthcles o

[rnarnn drssheen of & (e sysid
amabad | i el e ki

Vi~ B Mea bk Sawmi B 60 WL®
Fials Theii. il T

Freied B« DI ERe DOpeiine sy
ngtisbalios el erargrrmibke miii
ol ML e A e e

Tmmi | e . Doalpiy s

Thar Luid - st i rTirt on e R
o PO RS ST PRI
Fim s o et Sy, e B U miw

e ey

Ty | rewr miain =
T | & rricwce [

; e
Fovee ~Desowe U7 W



£ s

A=

1 g

i @ | Bl @ S lamo HE W |
o WA L

=t B

W =ubiimhiag

st~ Reportson Progress

319 180

iri Physics

Ol o | || O &

LT T R e e e . A [
; 3 INCLLEINE VRIS g"-f_

Plrsica 5L“"I|’.l|d TRLATED 2[00 "'l;'\.-"
ST Aruchs rmatn

Reflection and transmission of ultrasonic waves 0 a layened i) [l el

structure with a functionally graded porous piezoelectric Fehimi

bass [T P

S € Yasdwra | Uiy Soaep = (01 geed Yskuid T T e

dndmcd s TR = T LR B I by o' LY LT e
g laran ;

T R i Ty srans thin ks

o4 F R i &

T ; 3

= y R

1 ki o B¢ & = B B D F v

FUHPOSE-LED
PUBLISHEM G

Yiodp may ok ik



FACTA UNIVERSITATIS (NIS)

SER. MATH. INFORM. Vol. 38, No 4 (2023), 671-681
https://doi.org/10.22190/FUMI211022043Y
Original Scientific Paper

ON WIJSMAN DEFERRED STATISTICAL CONVERGENCE OF
DOUBLE SEQUENCES OF SETS

Mehmet Cagri Yilmazer!', Mikail Et!, Vinod K. Bhardwaj>
and Sandeep Gupta®
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Department of Mathematics, 23119 Elazig, Turkey
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Abstract. In this article, we introduce the concepts of Wijsman deferred statistical
convergence and Wijsman strong deferred Cesaro summability for double sequences of
sets. Additionally, some properties and based results have been established under a few
restrictions.

Keywords: statistical convergence, Cesaro summability, double sequences of sets.

1. Introduction

The idea of statistical convergence was given by Zygmund [34] in the first edi-
tion of his monograph published in Warsaw in 1935. The concept of statistical
convergence was introduced by Steinhaus [31] and Fast [14] and later reintroduced
by Schoenberg [30] independently. Over the years and under different names sta-
tistical convergence has been discussed in the theory of Fourier analysis, Ergodic
theory, Number theory, Measure theory, Trigonometric series, Turnpike theory and
Banach spaces. Later on it was further investigated from the sequence space point
of view and linked with summability theory by Altin et al. [3], Bhardwaj et al.
([5],16],[7]), Cakalli [8], Caserta et al. [9], Connor [10], Dagadur and Sezgek [11],
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Nuray et al. ([23],[24],[25]), Et et al. ([12],[13],[16],[17],[28]), Fridy [15], Isik and
Akbas ([4],[18],[19]), Kii¢iikaslan and Yilmaztiirk [20], Mursaleen et al. ([21, 22]),
Salat [27], Savas [29] and many others.

Agnew [1] introduced the concept of deferred Cesaro mean of real (or complex)
valued sequences « = (zy,) defined by

1 Qn
(Dd(a))n = ——— > @pn=123,..
In = Pnyp

where p = (p,,) and q = (¢, ) are two sequences of non-negative integers satisfying

Pn < qn and lim g, = oco.
n—oo

A sequence x = () is said to be deferred statistically convergent to L provided
that

<qn: —L| >
lim {pn <k < gn: |2k |_€}|:0
n—oo n — Pn
for each € > 0 and it is written by S — lim2), = L [20].

Let (X, p) be a metric space. The distance d(z, A) from a point z to a non-empty
subset A of (X, p) is defined to be

(e, 4) = inf p(a.y)

If sup,, d(z, Ar) < oo (for each x € X), then we say that the sequence {Ay} is
bounded.

A set of sequence { Ay} is said to be Wijsman statistical convergent to A provided
that

1
d(z, A) = le - {k <n:l|d(z,Ag) —d(z,A)| >} =0

if for each € > 0 and for each z € X. It is written by st — limy Ay = A.

By the convergence of a double sequence we mean the convergence in Pring-
sheim’s sense [26]. A double sequence x = (z; )k, jen of real numbers is said to be
convergent to L € R in Pringsheim’s sense if for any € > 0, there exists N. € N such
that |z; — L| < e, whenever k,j > N,. In this case we write P —limy ;00 25 = L
or limg ;o0 Tr; = L.

A double sequence x = (z;) of real numbers is called to be bounded if there
exists a positive real number M such that |z;| < M, for all k,j € N. In other
words [|z]| = supy, ; |z < oo

A double sequence x = (xy;) is said to be statistically convergent to L provided
that

1
lim —
m,n—o00 M

‘{(kv.j) ik < n,j <m: |-'17kj —L| > g}| =0,

Many worthwhile developments of double sequences in summability methods
can be found in ([2],[11],[21],]22],[24],[25],[29],[32],[33]).
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2. Main Results

In this section, Wijsman deferred statistical convergence and Wijsman strongly
deferred Cesaro convergence of double sequences of sets will be defined and the
relationship between them will be scrutinized.

Throughout this paper, we will suppose p = (pn), ¢ = (gn),7 = (rm) and
t = (t,n) are sequences of non-negative integers satisfying the following condition:

(2.1) Pn < Gn, tm <7y and lim ¢, = oo, lim r, = oo
n— oo m— 00

and

(22) ¢n:(}n_pn7 wm:rm—tm,D:(p,q,;r,t)

Definition 2.1. [11] Let (p,), (¢n), (rm) and (¢, ) be sequences of non-negative in-
tegers satisfying the conditions (2.1) and (2.2). The deferred double natural density
of any subset S of N x N is denoted by dp(S) and defined as

(SD(S): lim M,

m,n—00 YW,

provided the limit exists, where Sy, = {(k,j) € S :p, <k < qn and t,, < j <7}

It is obvious that the deferred double natural density of any finte subset of N x N
is zero and dp(S) + Ip(Nx N— S) =1 for any set S C Nx N .

Before proceeding further, we recall a double sequence (Ay;) is Wijsman conver-
gent to A if for each x € X, P—limy, j_, oo d(z, Ag;) = d(z, A) or limy, j_, o0 d(z, Ag;) =
d(x, A), where the convergence is in Pringsheim’s sense.

Definition 2.2. Let (p,), (¢n), (rm) and (¢,,) be sequences of non-negative inte-
gers satisfying the conditions (2.1) and (2.2). A double sequence {Ay;} is said to
be Wijsman deferred statistically convergent to A provided that

1
lim
m,n—00 YW,

[{(k,5) € Som : |d(z, Agy) — d(z, A)| > e}| =0

for each € > 0 and for each x € X and it is written by Ag; — A (WS2) or WS3 —
lim Ay; = A. The set of all Wijsman deferred statistically convergent sequences will
be denoted by WS(%. If ¢, = n,pp, = 0,7, = m and t,, = 0, then we write W52
instead of W S2.

Definition 2.3. Let (p,), (gn), (rm) and (t,,) be sequences of non-negative inte-
gers satisfying the conditions (2.1) and (2.2). A double sequence (Ay;) is said to be
Wijsman strongly deferred convergent to A provided that

Tm

im 3 Y (A Ay — d(, A)) [ =0

man =00 Pt k=pn+1j=tm+1
—rn —tm
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for each € > 0 and for each x € X, and it is written by Ay; — A (WN(%) or
WNZ—lim Ay; = A. The set of all Wijsman strongly deferred convergent sequences
will be denoted by WN;. Ifg, =m0, pn=0,r, =m,t, =0, then we write WN?
instead of WN?Z.

If we take g, = kn, Pn = kn—1, " = Jm, tm = Jm—1, Where 0 = {(kn;jm)}
are double lacunary sequences, then WSg—convergence is the same as Wijsman
lacunary statistical convergence of double sequences of sets and WNf—convergence
coincides with Wijsman lacunary strongly convergent of double sequences of sets
[25].

We first show that a double sequence which is Wijsman strongly deferred Cesaro
summable is Wijsman deferred statistically convergent. However, the converse is
not true, in general.

Theorem 2.1. Let (pn), (qn), (rm) and (t.,) be sequences of non-negative integers
satisfying the conditions (2.1) and (2.2). If WN2 — lim Ay; = A, then WS% —

Proof. We assume that WN37 — lim Aj; = A. Then for an arbitrary ¢ > 0, we have

1 qn,Tm

d(x,Ag;) —d(z, A
G 2l Au) o )
J=tm+1
1
= 75 > + > |d(z, Ay;) — d (z, A) |
o Srn it s=hn it
\d(m,Ai;>lndJ(rm,A)|ze |d(z,A2;>TdJ(rm,A>|<s
1
2 D Z ‘d(x7Akj)_d<x7A)|
nem k=pn+1
\d(m,A}Z;)’T;&,AMzE
- E|{(k,j) € Snm : |d(z, Agj) —d(z, A)| > s}‘

wnwm
By taking limit as n,m — oo, we obtain

i |{(k,j) € Shm : |d(z, Agj) —d(z, A)| > €}| o

m,n— o0 ¢nwm

The converse of Theorem 2.1. is not true, in general. For this; ¢, = kn, pn = kn_1,
Tm = Jm, tm = Jm—1, where 8 = {(ky,jm)} are double lacunary sequences and
define a sequence {Ay;} as follows:

{(k7.7)}7 if k/’nfl <k < k‘nfl + [\/ hn 7jm71 < ] < jmfl + [\/ hm
A = (n,m=1,2,...)
{(0,0)}, otherwise.
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Note that {A;} is not bounded. For every € > 0 and for each € X, we get

i (k) € Lo s (e, Arg) = d(a, {(0,0))) = 2}

(V] [V

= ————= s0asn,m— o
hn hm ) )

that is, Ag; — {(0,0)} (WS3). But

LS (e, A — d(z, {(0,0)})]

finFim (k1) €lnm

_ 1 [ (W] ([VAn] + 1) (V] ([VRm] +1))
Bnbiom 4
1

~q

Therefore, Ay; - {(0,0)} (WN3). O

The following theorem establishes that for bounded double sequences {Ay;}, the
converse of Theorem 2.1. is also true.

Theorem 2.2. Let (pn), (qn), (rm) and (t.,) be sequences of non-negative integers
satisfying the conditions (2.1), (2.2) and let {Ag;} be a bounded double sequence. If
WSL% —lim Ay; = A, then I/VNd2 —lim Ay; = A.

Proof. Suppose that {A;} is bounded and WS? — lim Ag; = A. In this case, there
exists a real number M > 0 such that

|d($,Ak]’) - d(xaA)| < M

for all k,j € N. For an arbitrary € > 0, we have

1 qn,Tm
" D ldlw, Ay) — d(z, A)l
M f=pp 1
j=tm+1
1
= T S e Ay) - d (@A)

k=pn+1
J=tm+1
ld(z,Ap;)—d(z,A)|>e

1
+¢ E |d(z, Akj) —d(z,A)]
nWm k=ppn+1
J=tm+1
ld(z, Ajj)—d(z, A)|<e

[{(k,J) € Spm : |d(z, Agj) — d(z, A)| > €} e

VnWm

IN

M
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Since
k,7) € Spm : d(z, Ay;) — d(x, A)| >
lim [{(k.9) Az, Aj) — dlx )|*€H:Oasn,m—>oo
m,n—00 VW
we get
li - d(xz, A d(z,A)| =0 as
m,}LIEOO’l/)nwm |d(z, Ag;) — d(xz,A)| =0 as n,m — oco.
k=pn+1
G=tm 1
|

Theorem 2.3. Let (pn), (gn), (Tm) and (t,,) be sequences of non-negative integers
satisfying the conditions (2.1) and (2.2). A Wijsman convergent double sequence
(Agj) is Wijsman deferred statistically convergent, but converse need not be true.

Proof. The proof follows in view of the fact that the deferred double natural density
of any finite set is zero. However, the converse is not true, in general. Example in
Theorem 2.1. provides a double sequence (Ay;) of sets which is Wijsman deferred
statistically convergent but fails to be Wijsman convergent. [

We next show that the under certain condition Wijsman statistically convergent
double sequences are Wijsman deferred statistically convergent.

Theorem 2.4. Let (pn), (qn), (rm) and (t,) be sequences of non-negative integers
satisfying the conditions (2.1), (2.2) and limy, ;-0 o =a>0.If wWSs? —
limy Ay = A, then WS2% —lim Ay; = A.

Proof. If WS% — limy Ay; = A, then we have

1
lim —|{(k,j) : k <n,j <m:l|d(x, Ag;) — d(z, A)| > e}| = 0.

n,m—o0 NM

Since
{(k,5) € Spm: d(z, Agy) — d(z, A)| > e}
C {(k,j):k<n, j<m, |d(z,Ay;) —d(z,A)| > e}
we have
[{(k,7) € Snm: |d(z, Axj) — d(x, A)| > e}|
S |{(k7]) k§n7 ]Sma |d(‘r7AkJ)7d(xaA)| 25}'
and so

[{(k, ) € Spm: |d(z, Aj) — d(z, A)| > €}|

YnWm
nm |{(k,j):k<n, j<m:l|d(z, Ay;) —d(z, A)| > e}

YVnWm nm
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Hence -
lim H(k,j) € Spm: |d(z, Agj) —d(z, A)| > s}| _

n,M—00 wnwm

that is WS3 —lim Ay; = A. [

In the next theorem, we arrive at the same result as established in Theorem 4,
but under a different condition.

Theorem 2.5. Let (py), (qn), (rm) and (tm) be sequences of non-negative inte-
gers satisfying the conditions (2.1), (2.2) and {Ax;} be double sequence of sets. If
lim inf,, Z“ > 1 and liminf,, 7= > 1, then WS? — limy Ap; = A implies WS(% —
lim Ay; = A.

AV

Proof. Assume that liminf,, q" > 1 and lim inf,, T= > then there exist o, 3 > 0
such that q" - >1+aand rm > 1+ B for sufficiently large n, m which implies that

Qn_pn> «

— > l4+a= >
Pn qn 1+«
T'm Tm — tm B
— > 1 = >
tm +5 m 1+
(q’ﬂ - pn) (Tm - tm) > O‘ﬁ
dn T'm o (1+O‘) (1+5)

Gn Tm — (14+a)(1+0)

If W82 —limy Ay; = A, then for every € > 0 and for sufficiently larger n, m we get

{(k. 7)1k < g, J <1 |d(z, Agj) — d(z, A)| = e}

(In m
> o S : |d(z, Agy) — d(x, A)| > 5}‘
- (1+ao;?1+6) <¢n]‘;}m ’{(kjj) ngmﬁ |d(x7Ak])_d(x7A)| >5}|>

for each x € X. Hence, WS3 —lim Ay; = A. [
Following the same technique , as that of Lemma 1,1 of Salat [27], we have

Theorem 2.6. Let (pn), (qn), (rm) and (t,) be sequences of non-negative integers
satisfying the conditions (2.1) and (2.2). A double sequence {Ay;} of sets is Wijs-
man deferred statistically convergent to A if and only if there exists a set K C NxN
such that dp(K) =1 and lim «,j0c Ag; = A.

(k,j)eK
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Proof. For r € N, let K" = {(k,j) € Nx N: |d(z, A;) — d(z, A)| < 1}. As K" =
N x N = {(k,j) e Nx N:|d(z, Ay;) — d(z,A)| > 1} and WS? — lim Ay; = A so
(SD(KT):].. As

{(k,j) € NxN:|d(z, Ay;) — d(z, A)| < ril}

C {(k,j) € Nx N: |d(z, Ay;) — d(z, A)] < i}

soK'D>K?>K3--- > K" > KUt ...and 6p(K") = 1. Let us choose (ny,m;) €
K!. Then there exists (n2,ma) > (n1,m1), (n2,ma) € K2 such that for all
(n,m) > (n2, ma) we have

1

1 1
o ‘{(k,j)eNxN:pn <k <gnand tym < j<ry |dz,Ar;) —d(z, A)| < 5}. > 5

Choose (n3,m3) > (n2,mz),(n3,m3) € K3 such that for all (n,m) > (n3,m3) we
have

1 1 2
=g H(k7j)€NXN5pn <k<gnand tm <j<rm |dz,Ar;) —d(z, A)] < g}' >3-

We continue this process and construct by induction a sequence (n1,m;) < (n2,mz) <
(n3,ms3)---(n;,m;) < --- such that (n;,m;) € K7 with

1 1 j— 1
=g H(kz,j)eNXN:pn<k§qn and tm < j < 7T |d(w,Akj)_d($,A)‘<3}’>]T

for all (n,m) > (n;,m;).

Let us consider K = ([1,n1) X [1,m1)> U; <<[ nj,Mjy1) X [mj,mj+1)> ﬂKj>.

Now for each (n,m) such that (n;,m;) < (n,m) < (njy1,Mj+1), we get

1
ww H(kd)EKpn<k§qnandtm<3§rm}|

L 1
" H(k,j)ENXN:pn<k§qn and t,, <j <1y, |d(x7Akj)_d(x’A)|<jH
nwvm
j—1

>

for each j € N.

From this, we have dp(K) = 1. Let € > 0. Choose j such that % < €. Now for all
(n,m) > (nj,m;) and (n,m) € K, choose p > j such that

(np,myp) < (n,m) < (Npt1,Mpt1), we get (n,m) € KP which in turn yields
1 1
‘d(l’,Akj) — d(l’,A)| <-<-=<e
p

Conversely, suppose there exists a set K C N x N such that ép(K) = 1 and
lim r,j-00 Agj = A. For € > 0, there exists (ng, mg) € N x N such that

(k,j)EK
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|d(z, Ag;) — d(x, A)| < € for all (k,j) > (ng,mo) and (k,j) € K.
Taking K. = {(k,j) € Nx N: |d(z, A;) — d(z, A)| > €}, the result follows in view
of the facts that K. ¢ (Nx N) - K. O

Before proceeding further first we introduce the following notation:

If A= (Ag;j) is a double sequence of sets such that (Ay;) satisfies property P for
all (k,7), except a set of deferred double natural density zero, then we say A = (Ag;)
satisfies P for “almost all (k,j) deferred double with respect to D = (p,q : r,t)”
and we abbreviate this by “a.a. (k,j) deferred double w.r.t.D” where p = (p),
q=(qn),r = (rm) and t = (t,,,) be sequences of non-negative integers satisfying the
conditions (2.1) and (2.2).

Finally we establish that the terms of a Wijsman deferred statistically convergent
double sequence (Ay;) are coincident with those of a Wijsman convergent sequence
for a. a. (k,j) deferred double w.r.t. D.

Theorem 2.7. A double sequence (Ayj) of sets is Wijsman deferred statistically
convergent if and only if there exists a Wijsman convergent double sequence (Bj;)
of sets such that By; = Akj a. a. (k,j) deferred double w.r.t. D.

Proof. Let (Ag;) is Wijsman deferred statistically convergent to A. So for each
€ > 0 we have dp(K) = 0 where K = {(k,j) € Nx N: |d(z, Ay;) — d(z, A)| > €}.

Consider
b [ A (k) €N xN) - K
ki = A, otherwise

Then (By;) is a Wijsman convergent double sequence of sets converging to A such
that By; = Axj a. a. (k,j) deferred double w.r.t. D.

Conversely, let (By;) is a Wijsman convergent double sequence of sets converging
to A such that By; = Ag; a. a. (k,j) deferred double w.r.t. D. Then for ¢ > 0
there exists ko,jo € N such that |d(z, By;) — d(x, A)| < € for all (k,j) > (ko, jo)-
Let K = {(k,j) € Nx N: By; # Ai;}. Now {(k,j) : |d(z, Ap;) — d(z,A)| > €} C
K U[1,kg) x [1, 7o), ylelds the result. O
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Abstract. In this paper, Moore-Gibson-Thompson theory of thermoelasticity is considered to investigate the
fundamental solution and vibration of plane wave in an isotropic photothermoelastic solid. The governing
equations are made dimensionless for further investigation. The dimensionless equations are expressed in
terms of elementary functions by assuming time harmonic variation of the field variables (displacement,
temperature distribution and carrier density distribution). Fundamental solutions are constructed for the system
of equations for steady oscillation. Also some preliminary properties of the solution are explored. In the second
part, the vibration of plane waves are examined by expressing the governing equation for two dimensional
case. It is found that for the non-trivial solution of the equation yield that there exist three longitudinal waves
which advance with the distinct speed, and one transverse wave which is free from thermal and carrier density
response. The impact of various models (i)Moore-Gibson-Thomson thermoelastic (MGTE)(2019), (ii) Lord
and Shulman’s (LS)(1967) , (iii) Green and Naghdi type-II(GN-II)(1993) and (iv) Green and Naghdi type-
HI(GN-III)(1992) on the attributes of waves i.e., phase velocity, attenuation coefficient, specific loss and
penetration depth are elaborated by plotting various figures of physical quantities. Various particular cases of
interest are also deduced from the present investigations. The results obtained can be used to delineate various
semiconductor elements during the coupled thermal, plasma and elastic wave and also find the application in
the material and engineering sciences.

Keywords: fundamental solution; Moore-Gibson-Thompson thermoelastic model; photothermoelastic
isotropic; plane waves; steady oscillations

1. Introduction

Study of mechanical and thermal interaction within a solid medium is of emended significance
in various scientific fields. There are few examples such as high energy particle accelerated devices,
modern aeronautical and astronomical engineering and different system exploited in nuclear and
industrial applications with the consideration of second sound effect in thermoelastic model plays a
significant role in analysing elastic body with in a variety of scientific and technological fields. In
contradiction with physical observation the infinite thermal propagation speed is observed through
conventional uncoupled theories. The coupled thermoelasticity proposed by Biot (1956) in order to
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eradicate the classic uncoupled principle’s inherent paradox. Generalized thermoelasticity theories
are designed to solve the weaknesses and shortcomings inherent in classic dynamic thermoelasticity
coupled theory. Lord and Shulman (1967) and Green and Lindsay (1972) developed generalized
theory of thermoelasticity involving one and two relaxation parameters.

Green and Naghdi (1991, 1992, 1993) derived three models in thermoelasticity which are labelled
as GN-I, II and III models. The linearized form of model-I reduces to classical heat conduction
theory whereas linearized version of model-II and III permit propagation of thermal waves at finite
speed.GN-II (1993) shows a feature which makes it different from other thermoelastic models as it
does not allow dissipation of thermal energy. The model GN-III (1992) contains the thermal
displacement gradient alongwith temperature gradient among the constitutive variables and admits
the dissipation of energy. Tzou (1995) proposed the dual-phase heat conduction law which is a more
common one with two different phase delays, one in the heat flow vector and the second in the
temperature gradient, which takes into account the effects of the microstructure on the heat
transmission mechanism, in order to evaluate the delayed reaction caused by the microstructure
effects over time. One of the most recent advances in the theory of thermoelasticity is the three-
phase lags suggested by Roychoudhari (2007). This model also has phase delays of thermal
displacement gradients, in addition to the phase lags in the hot flux vector and temperature gradient.
These two suggestions, involving different derivatives as the Taylor spectrum approaches the heat
flow and temperature gradients, assume that the suggestion by Roychoudhari seeks to restore Green
and Naghdi models if various Taylor approaches are taken into account.

Abbas and Abd-alla (2008) investigated the thermoelastic interactions in an infinite orthotropic
elastic medium with a cylindrical cavity subjected to ramp-type heating applied to the boundary of
the cavity.Abbas (2011) discussed the influence of reinforcement on the total deformation body
by applying Green and Naghdi theory. Marin ef al. (2014) studied the basic equations and conditions
of the mixed initial boundary value problem in the context of micropolar thermoelastic diffusion,
which is an extension of known Saint-Venant's principle from classical Elasticity. Zenkour and
Abbas (2014) analysed the nonlinear transient thermal stress of temperature dependent infinite
cylinders subjected to a decaying with time thermal loading. Abbas (2015) studied the natural
frequencies, thermoelastic damping and frequency shift of a thermoelastic hollow sphere into the
context of the generalized thermoelasticity theory with one relaxation time. Abbas et.al. (2016)
examined the propagation of waves in thermoelastic plate in the context LS theory and obtained an
analytical solution for the temperature, displacement components, and stresses using the eigenvalue
approach. Abbas and Kumar (2016) studied the plane problem in initially stressed thermoelastic
half-space with voids due to thermal source. Ghanmi and Abbas (2019) introduced the bioheat
equation under fractional derivatives to study the thermal damage within the skin tissue during the
thermal therapy.

The semiconducting materials were used widely in modern engineering, with the development
of technologies. The study of wave propagation in a semiconducting medium will have important
academic significance and application value. Of recent interest is the relevance of the excitation of
short elastic pulses (high-frequency elastic waves) by photothermal means to several areas of applied
physics including the photoacoustic microscope, thermal wave imaging, determination of
thermoelastic material parameters, non-destructive evaluation of devices, monitoring of laser
drilling, and laser annealing and melting phenomena in semiconductors. When a semiconductor
surface is exposed to a beam of laser, some electrons will be excited. In this case, the photo-excited
free carriers will be produced with non-radiative transitions, and a recombination between electron
and hole plasma occurs. Many efforts are made to explore the nature of semiconductors in last few
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years. The technique adopted is photo acoustic and photo thermal technology.

Photoacoustic (PA) and photothermal (PT) science and technology have extensively developed
new methods in the investigation of semiconductors and microelectronic structures during the last
few years. PA and PT techniques were recently established as diagnostic methods with good
sensitivity to the dynamics of photoexcited carrier (Mandelis 1987, Almond and Patel 1996,
Mandelis and Michaelian 1997, Nikolic and Todorovic 1989). Photogeneration of electron-hole
pairs, i.e., the carriers-diffusion wave or plasma wave, generated by an absorbed intensity modulated
laser beam, may, play a dominant role in PA and PT experiments for most semiconductor materials.
Depth dependent plasma waves contribute to the generation of periodic heat and mechanical
vibrations, i.e., thermal and elastic waves. This mechanism of elastic wave generation is a specific
of semiconductors. The electronic deformation mechanism is based on the fact that photogenerated
plasma in the semiconductor causes deformation of the crystal lattice, i.e., deformation of the
potential of the conduction and valence bands in the semiconductor. Thus, photoexcited carries may
cause local strain in the sample. This strain in turn may produce plasma waves in the semiconductor
in a manner analogous to thermal wave generation by local periodic elastic deformation.

The difference influences of the thermoelastic and electronic deformations in semiconductor
media with disregard the coupling between the plasma and the thermoelastic equations have been
analyzed by numerous researchers (McDonald and Wetsel 1978, Jackson and Amer 1980, Stearns
and Kino 1985). Todorovic (2003a, b, 2005) presented the theoretical analysis to describe two
phenomena that provide information about the properties of transport and carrier recombinations in
the semiconducting medium. The changes in the propagations of thermal and plasma waves go back
to the linear coupling between the thermal and the mass transport (i.e., thermodiffusion) have
included. Sharma (2010) investigated the boundary value problems in generalized thermodiffusive
elastic medium. Sharma and Sharma (2014) investigated the temperature fluctuations in tissues
based on Penne’s bio-heat transfer equation. Hobiny and Abbas (2019) investigated the
photothermal interactions in a two-dimensional semiconducting half-space under the coupled of
thermo-elastic theory and plasma wave based on Green and Naghdi theory. Abbas et al. (2020)
examined the effect of the variability of thermal conductivity in semi-conductor media with
cylindrical cavity using the eigen value methods. Marin et al. (2021) analysed a new picture of the
porothermoelastic model using the fractional calculus with thermal relaxation times. Sharma and
Kumar (2021) developed a dynamic mathematical model of photothermoelastic (semiconductor)
medium to analyse the deformation due to inclined loads. Sharma and Kumar (2022) examined
photothermoelastic deformation in dual phase lag model due to concentrated inclined load. Kumar
et al. (2022) investigated deformation due to thermomechanical carrier density loading in
orthotropic photothermoelastic plate.

The Moore-Gibson-Thompson theory of thermoelasticity has received immense level of concern
in recent years. This theory starting from a third-order differential equation and built in the context
of some considerations related to fluid mechanics by Thompson (1972). Quintanilla (2019)
presented a Moore-Gibson-Thompson thermoelasticity in which the heat conduction equation is
described by MGT equation. This equation is obtained by incorporating relaxation parameter in the
GN-III (1992) model. Conti et al. (2020) explored thermoelasticity of MGT type with history
dependence in the temperature. Conti et al. (2020a) presented the analyticity of viscoelastic plate
under MGT model of thermoelasticity. Quintanilla (2020) proposed a new thermoelastic model of
MGT heat conduction equation with two temperature and examine some basic theorems. Pellicer
and Quintanilla (2020) examined the uniqueness and instability of some thermomechanical
problems based on MGT theory of thermoelasticity.
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Bazarra et al. (2020) examined a thermoelastic problem numerically where the heat conduction
law is modelled by using Moore-Gibson-Thompson equation. Marin (2020) presented mixed initial-
boundary value problem in the context of the Moore-Gibson-Thompson theory of thermoelasticity
for dipolar bodies. Abouelregal et al. (2021) presented a modified Moore—Gibson—Thompson photo-
thermoelastic model for a rotating semiconductor half-space under magnetic field. Kumar et al.
(2022) studied the deformation due to thermomechanical and carrier density loading in orthotropic
photothermoelastic plate under Moore-Gibson-Thompson thermoelastic model. Sharma et al
(2013b) studied the wave propagation in anisotropic thermoviscoelastic medium in the context
Green-Naghdi theories of type-II and type-III. The concept of fundamental solutions has significant
role in investigation of various problem of mathematical physics, which are encountered in many
mathematical, mechanical, physical and engineering applications. The applications of fundamental
solutions to a recently developed area of boundary value method has provided a corporeal advantage,
is that an integral representation of the solution to a boundary value problem (BVP) in terms of
fundamental solution can be solved more easily by numerical methods with respect to differential
equation having specific boundary and initial conditions. Several methods are known for
constructing fundamental solutions of the system of differential equations, theory of elasticity and
thermoelasticity, which are given in the books [Kupradze (1979), Nowacki (1962,1975)]. For a
historical and bibliographical material on the fundamental solutions of partial differential equation
is also available in the books [Hormander (1983), Kythe (1996).]

Sharma et al. (2013a) investigated the propagation of plane waves and fundamental solution in a
homogeneous isotropic electro-microstretch elastic solids. Sharma et al. (2014) investigated the
propagation of plane waves and fundamental solution of homogeneous isotropic electro-
microstretch viscoelastic solids. Svanadze (2017) constructed the fundamental solution and
uniqueness theorems in the linear theory of thermoviscoelasticity for solids with double porosity.
Kumar et al. (2020) constructed the fundamental solution of the system of differential equations in
bio-thermoelasticity with dual phase lag in case of steady oscillations. Kumar et al. (2021)
constructed the basic theorem in terms of elementary function which analyse the behaviour of non-
local and dual phase lag model and determine the existence of longitudinal and transverse wave. El-
Bary and Atef (2021) obtained the fundamental solution of generalized magneto thermo
viscoelasticity with two relaxation times for perfect isotropic conduction. Kumar and Batra (2022)
investigated the fundamental solution and propagation of plane waves in swelling porous
thermoelastic medium involving mixtures of solid, fluid, and gas.

In this paper, the fundamental solution and propagation of plane waves in photothermoelastic
under Moore-Gibson-Thompson model has been studied. The representation of fundamental
solution of system of equations in the case of study oscillations is considered in terms of elementary
functions. Some basic properties of the fundamental solution are also established. The phase velocity,
attenuation coefficient, specific loss and penetration depth of plane waves for MGTE (2019), LS
(1967), GN-II (1993) and GN-III (1992) models are computed and presented graphically with
respect to frequency.

2. Basic equations

Let X=(X,,X,,%;) be the point of the Euclidean three- dimensional space E*.
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0 0

0
2 2 2 V2 _ . .
X = + X5 + , D, =| —,——,—— | and let t denote the time variable.
| (Xl 2 X3)}/ X (axl aXZ 5X3j

Following (Todorovic 2003b, Quintanilla 2019), the basic equations for homogeneous isotropic
photothermoelastic based on Moore-Gibson-Thompson heat equation in absence of body force, heat
source and carrier photogeneration sources are

(A+ Uy +p, =T =y N = pli, (1)
KT = 9 5 _S 0N 2
()(pc@w o) o
DN, -5 D= .1.k=12,3) 3)

where
Aand p are Lame’s constants, 7- the temperature distribution, 7, the reference temperature, u;
components of displacement, p - the medium density, K thermal conductivity, K thermal
conductivity rate, D, the coefficients of carrier diffusion, C, the specific heat, N=n-n, , n

0
equilibrium carrier concentration, E; the semiconductor energy gap, 7, :(3/I+2,u)an,an is
coefficient of electronic deformation, y, =(3)L+2,u)0:t,05t is the linear thermal expansion

coefficient. ¢ = % the thermal activation coupling parameter, 7, the thermal relaxation time,

T - the photogenerated carrier lifetime, t - the time variable.
Following dimensionless parameters are taken as

(X:’l’X'Z’Xé’u:l,.’u;’ué):nlco(X11X2’X3’u11u2;u3) ’ (t’,T(;,Z') 771C (t T, T) T = }/th ,N':nﬁ (4)
where
771 - & , Cj :M
K P
Egs. (1)-(3) by considering Eq. (4) take the form (after removing primes)
g,graddivu+ g,Au—gradT —g, grad N =i, 5)
: oY o O
AT+g,AT =|1+7,— | T+gsdivi—==N |, (6)
ot T
T : N
gs?+AN_g7N_g77:o' (7)

where
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g, = K 9. = To?¢ _ EaNort
fKpClTTY KpClp'TC KpypCl
1 C2
g7 — , gs — g_
771De ytDenonl

3. Steady oscillation

For the case of steady oscillation, we assume the displacement vector, temperature distribution

and carrier density distribution as
(U, T(x,t), N(x, 1) = Rel(u,T,N)e " | ®)

where @ is oscillation frequency and @ > 0.
Using Eq. (8) into Egs. (5)-(7), reduce the system of equation of steady oscillations as

g,grad div u+ (ng+ a)z) u—-gradT-g,grad N =0, )
- g
910 dlvu+(911+gle)T+%N =0 (10)
%H(M%jmzo, (1)
T T

where
9o =1-iwzr,. 1o = ®°Usy. 0y, = @°Qy. Gpp =—i 0+, Oy3 = —1 0T,

gy, =(ir0-1)g;.
Introducing the matrix differential operator

F (D) =|Fen(Dy).. (12)
where
o (D)=~ Foo(D,)= 0y -
an(DX):(92A+w2 mn+gl maT axm, e maxn’

X, 0%,
F44(Dx) =0+ 0A

F55(Dx):A+%!F45(Dx)=% )
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O,y 1s kronecker delta function.

The system of Egs. (9)-(11) can be rewritten as
F(D,)u(x)=0,
where

U =(u,T,N)is a five components vector function on E?.
we assume that

9,0, %0.

129

(13)

(14)

Definition. The fundamental solution of the system of Eqs. (9)-(11) (the fundamental matrix of

operator F ) is the matrix G(X) = HGgh(XX‘SXs satisfying condition (Hérmandertal 1963)

F(D)G(x)=(x)I (x)

where §is the Dirac delta, | = “59h“5x5 is the unit matrix and X € E°.

Now we construct G(X)in terms of elementary functions.

4. Representation of fundamental solutions

We consider the system of equations

g,grad div u+ (ng + a)z)u +g,oradT =H,

—divu+ (g, + guAT+ B N=L,
T

—ggdivu+%T+(A+%jN =M.
T T

where H in Eq. (16) are two vector function on E* and L & M are scalar functions on E°.

The system of Egs. (16)-(18) can be written in the form
F(D,)U(x)=Q(x)

where F"is the transpose of matrix F,Q=(H,L,M) and X €& E3.
Applying the operator div to Eq. (16), we obtain

(A + a)z)div U+ g,,AT =divH,
Egs. (20), (17) and (18) may be written in the form
N(A)S=w,

(15)

(16)
(17)

(18)

(19)

(20)

e2y)
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where
S=(divu, T,N) and y=(yv,,w,,w;)=(divH,L,M)
and
A+ @? 0,0A 0
NO=INulyo=) -1 gurger 2| (22)
-0, % A+ %
T T laa
Eq. (21) implies
LA)s=w (23)

- -~ o~ 3 T
also =y, v, v, and ¢/7n:LZN;nl//m,Fl(A):idetN(A); n=123. N, is the cofactor

912 m=1 12

of the elements N__ of the matrix N.

From Egs. (21) and (23), we notice that

I, (A) =1£[(A+ﬂ§1), (24)

where A2, m=1,2,3 are the roots of the equation I3 (A) or TI(~&)=0 (w.rt. x)

Now applying the operator I (A) to Eq. (16), yield
T, (A)g,A + 0 )u =T, (A)(- g,grad div u—g,,grad T + H),

Fl(A)(ng + o’ )u =-g,grady, — gy, grad v, + T, (A)H, (25)
Eq. (25) can be written as
L(A)L(Au=y (26)
where
1)
r)="1def® g - 27)
gz @ 1 2x2
and

. 1
v = g_{_ g,0rady; — gy,grad v, + I (A)H } ) (28)

2
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It can be seen that
I,(A)=(A+2)

where li is a root of the equation I, (—K) =0(wrt. «)
On the basis of Egs. (21) and (26), we obtain

O(A)U(x)=4(x),
where
w(X)= (w7, 1),
0(8)=|05(a ),
0, (A) =T (A (A) =T (A)A + 25),
0,,(A)=0,044)=0,(A)=T,(A),m=1234 g,h=1,2345 g=h,
From Egs. (23) and (28), we find

v = (A)grad divH +—T,(A)H

12

+0,,(A)grad L + q,,(A)grad M,

W, = qu(A)diVH + Q22(A) L+ qsz(A)M ,
Wiy= Gas(A)diVH + QZ3(A) L+ q33(A)M ,

where
1 1
qll(A) = (_ 9;Ny; — 9y N12) , q21(A) = (_ 9;N,, — glONZZ) )
2912 0,9,
1 1 1
qgl(A): (_ g1N31 - glost) , qu(A) = N12 ' Q22(A): N22 )
2912 12 0,0,
1
Q32(A)= N, , qlS(A): N3 C|23(A): A\ P Q33(A):— N; -
2912 9,9: 291> 9.9,

From Egs. (31)-(33), we have
w = R"(D, )Q(x)
where

R" is the transpose of the matrix R and R= H Rth :
56

_1 o N PR
Ron(D2) = () +0a(8) 5= R(D) =al8) 5= R(D) =) 5

m
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(29)

(30)

€2))

(32)
(33)

(34
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&ADQ=%4M51,&ADJ=%&M,&ADQ=%AA)mm=Lza

Also, from Egs. (19), (29) and (34), we obtain
OU =R'F"U
It implies that
O=R"F",
6(a)=R(D,)F (D,),
We assume that

A2 #2220,mn=1234 m=n.

Let
4
Y(X) = Y s (N)]lg.5 » Yorn (X) = D 1100 (X),
n=1
Yo (X) =0,
m=12,34 and v,w=12345, v+ W.
where

¢ (x) = P4 ex‘;g';”')(') n=1234.

4

r =2 -2)"1 =1234,
m=1
mel

We will prove the following lemma:

(35)

(36)

(37

(3%)

(39)

(40)

(41)

(42)

Lemma: The matrix Y defined above is the fundamental matrix of operator @(A) , which is

A(A)Y () =5(x)1 (x),

Proof: To prove the lemma, it is sufficient to prove that
Fl(A)FZ (A)Yn(x) =3(X),

We find that

(43)

(44)
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My +r,+rs+r,=0,
rlZ(;l’f - /1;) + r13(//112 - ;tg) + r14(/?5 _/1421) =0,
I’13(212 _ﬂg)(ﬁé _ﬂé) + I'14(A'f _li)(/ﬂé _Zi) =0, r14(212 _2'421)(/12 _li)(lg _2'421) =1
(A+22)E,(X) =S(X) + (A, — A2)< (X)), mn=1,2,3 4. (45)
Now consider

LA, (AN (X) = (A + 22)(A + 22)

(Ami)irm[m(zf ~ )],
(A 2) A+ BYA+ ) (- 2,
= A+ BB+ 0 (B = Ao+ (3= 20)¢ ]

=(A+25)(A +/1i)z O (A3 = 225 = 0D

AR (- YA (- o+ (-] = (A RS, =8, @6)
We introduce th:::jnatrix
G(x) =R(D,)Y (x), (47)
From Egs. (31)-(33), (37) and (43), we obtain
F (D,)G(X) = F (D)R(D,)Y (x)

=O(A)Y (X) = 5(X)1 (X). (45)

Hence G{(x) is the solution of Eq. (21).

Therefore we have proved the following theorem:

Theorem 1. If the condition (14) is satisfied, then the matrix G(x) (which is constructed using
four elementary functions ¢,¢,,S;and &, in Eq. (40)) defined by Eq. (47) is a solution of system
of Egs. (9)-(11), where R(Dy) and ¥(x) are given by Egs. (35) and (39) respectively.

Now we can establish the basic properties of G(x). Theorem 1 leads to the following results.

Corollary 1. If the condition (14) is satisfied, then the fundamental solution of the system

g,Au+ g,Vdivu =0, (49)
0,AT =0, (50)

9e T L AN—g,N=0
g,N=0, (51)

T
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is the matrix @ = H(D ghusxs , where
! axa;x j;s(x)

,®m4(x)= O'(thn(x): O,(I)44(X)= 91.¢ (%),
D X)= 9744()()1@45()():0 )

(%)
CD54(X)= %44()()’

(Dmn(x)z [QZAé‘mn + g

D, (X) = O(]X|_l) and @ (x)= O(]X|_2)
hold in a neighbourhood of the origin, where m.n =1,2,3,4,5. and =1,2,3.

On the basis of Theorem 1 and Corollary 1 we obtain the following
Theorem 2. If the condition (14) is satisfied, then the relations

G (x)=0(X™ and G, ,(x)=0(x?)
G,y (x)- @, (x)=const+O( X))

ok 1q
W[Grm (X) =@, (x)] = O(x| ™)

hold in a neighbourhood of the origin, where

m

d4=0,+0,+0,q21q, 20r =123and _
mn=12345.

CD(X) is the singular part of the fundamental matrix G(x) in the neighbourhood of the origin. Taking
into account inequality ImA_, >0(m=21234) we have

£ (9 =exp(— 2 X)O(X|") and ¢, () =exp(~A|X)O(x*)
for |X| >>1, where A, =min {Imxlj N =12,3,4} >0 and r =1,2,3.Consequently, on the basis

of Theorem 1 each element of G(x) is represented in the form
4

@, (x) =D @(x),

s=1
where (A + )@)beﬁi(x) =0 for |XI # 0, and has the following property at the infinity
D5 (x)=ep(=4XPO(x ™), and D, (x)=exp(=2,x)O(x"),
for |x|>>1,mn=1234,s=1234
and r=123.

hus

b

5. Plane waves

We consider a plane wave propagation in a homogeneous isotropic photothermoelastic medium
under Moore-Gibson-Thompson thermoelasticity. For two dimensional problem, we take
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U =(Ul(Xl,X3,t),O,U3(X1,X3,t)), (52)
T(X, %5,1), N(X, X5, 1).

By Helmbholtz decomposition theorem, we have

ob oY ob oY
u=—-—andU;=—+—
0%, 0%, OX; 0% (53)
Egs. (5)-(7), with the aid of Egs. (52) and (53), take the form
62
(A—at—zjdb—T—gsN =0, (54)
2
[A—ia—zj =0, (55)
g, ot
0 0°
|:95[1+ 1'0 EJA[ t2j:| —
2
Ag+g4A—[1+roéj8—2 T (56)
ot ot)ot
[%(u 7, QJQ}N -0,
T ot)ot
gSI+(A—g7(£+EDN=O, (57)
T ot
We assume the solution for Egs. (54)-(57) of the form
(o, %, T,N)=(®,¥,T,N)
[ wt] (58)
e Sy xq+Izx3)—wt

where @ = &C1 the frequency, & is the wave number and ¢ is the phase velocity. D,%,T,N
are undetermined amplitudes, that are dependent on time t and coordinates X (mM=13) .

[, andl; are the direction cosines of the wave normal to the X X; — plane with the property
I7+12 =1

Making use of Eq. (58) in Egs. (54)-(57), we get
(&2 +0?)d-T—g,N =0,

9104:26"'(91252 _a’zgg)f_% N =0,

(59)

(60)
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%f+(—§2+%jﬁzo, (61)

T T

2
[5 2_ ‘;—j@ -0, (62)
2

For non- trivial solution of the system of Eqs. (59)-(61), yields the following polynomial
characteristic equation in & as

(°+R&* +RE +R,)=0, (63)
where
R = (_ Guo? — Go®’7 — 9,0°7 — 912914)
0,7
[_ Og013 + 049972 + 0109147 t 999140)27]
R, - — 03010057 — 9129145021 R = (w2g8g13 —a)zfgng) _
912'[2 9127'2

Solving Eq. (63), we obtain six roots of &, that is &,&,and&; correspond to positive X,
direction and other three roots —¢&,—&,and—¢&; correspond to negative X, direction.

Corresponding to roots &, &,and &5, there exist three waves in descending order of their velocity,
namely a longitudinal wave (P-wave) , thermal wave (T-wave) and plasma wave(PL-wave). From
Eq. (62) we obtain two roots of ¢, that is +¢&, and corresponding to this root ,there exists a

transverse wave (SV).It is noticed that these two values are unaffected by the thermal properties of
the photothermoelastic medium.

We derive the expressions of phase velocity, attenuation coefficient, specific loss and
penetration depth of these type of waves as

(i) Phase velocity
The phase velocities is given by

Vo @
- |Re()

where V,,V,,V,are the phase velocities of P,T and plasma waves respectively.

(ii) Attenuation coefficient
The attenuation coefficient are defined as

Q=Im¢&), i=123. (65)

where Q,,Q, and Q, are the attenuation coefficients of P,T and plasma waves respectively.

L i=123. (64)

(iii) Specific loss
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The specific loss is defined as

_[AW) _ 4 ImR)
R_(WJ_M‘Re(R), =123 (66)

where W is elastic energy and R, R, and R; are specific loss of P,T and plasma waves respectively.

(iv) Penetration depth
The penetration depth is defined as

S :L, i=123. (67)

- [Im(&)

where §, S, and S, are penetration depth of P,T and plasma waves respectively.

6. Particular cases

Photothermoelasticity under Moore—Gibson-Thompson model in which K,K andz, all are
positive is limited to following cases
(i) If we take K" =0 in Egs. (47) and (63), we obtained the corresponding result for Lord and
Shulman’s (LS) model.
(ii) If we take 7, =K =0 in Egs. (47) and (63), we obtain the corresponding result for Green and
Naghdi of type-II (GN-II) model.
(iii) If we take 7, =0 in Eqgs. (47) and (63), we obtain the corresponding result for Green and
Naghdi of type-III (GN-III) model.

7. Numerical results and discussion

For the numerical calculations we take material constants for an isotropic Silicon (Si) material
as 1=3.64 N/n?, £=546 N/n?, o, = 0.00414K *, o, = —0.00198m° / kg ,
p =2330kg/m*, T, =300K , K =150w/nk, E, =1.11eV,C, = 695 j /kg K,z = 0.05s,
D, =2.5m?/s,n, =10°m™

The values of phase velocity, attenuation coefficient, specific loss and penetration depth of plane
waves are determined by using MATLAB software. The variations of phase velocity, attenuation
coefficient, specific loss and penetration depth with respect to frequency are shown in Figs. (1.1) to
(1.12) respectively. Comparison has been made among the generalization theories presented by
Moore-Gibson-Thomson thermoelasticity (MGTE), Lord and Shulman (LS), Green and Naghdi of
type-II (GN-II) and Green and Naghdi of type-I1I (GN-III).

In all the figures solid line correspond to photothermoelastic MGTE model, dashed line

corresponds to LS model, dotted line corresponds to GN-II model and dashed-dot line corresponds
to GN-III model.
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Phase velocity

Fig. 1.1 depicts trend of phase velocity PV; vs. @ . Initially, the magnitude of PV; is maximum
for LS model and minimum for GN-II model for the lower frequency. The behaviour and variation
of PV; for MGTE, LS and GN-III is oscillatory. GN-III model minimize the value of PV; for extreme
values of frequency. All the curves correspond to PV; are in decreasing trend for the whole range
of .

Fig. 1.2 displays trend of phase velocity PV, vs. @ . In the initial range of frequency, the
magnitude of PV, is higher for GN-III model and lower for LS model. The value of PV, is
monotonically increasing with the increase in frequency due to GN-II model. The curves correspond
to PV is oscillatory in behaviour for LS and MGTE model.

Fig. 1.3 demonstrates trend of phase velocity PV; vs. @ . The magnitude of PV3is maximum for
lower frequency due to GN-II model. The values of PV’s is monotonically increasing for the whole
range of frequency due to GN-II and GN-III models. The curves correspond to PV’ is oscillatory in
behaviour for LS and MGTE model.

Attenuation coefficient

Fig. 1.4 depicts trend of attenuation coefficient Q; vs. @. In the initial range of frequency, the
magnitude of Q; is maximum for GN-II model and minimum due to MGTE model. The behaviour
and variation of Q; is opposite oscillatory for GN-III and LS model, in the range 25< @ <4.5. The
values of Q; is monotonically decreasing in the range O < @ < 2due to GN-II model as compare to
other models.

Fig. 1.5 demonstrates trend of attenuation coefficient Q; vs. @. For the extreme values of
frequency, the magnitude of O, is maximum for GN-II model and minimum due to LS model,
whereas for intermediate values of frequency LS model intensify and GN-II model minimize the
values of Q. The curves correspond to O, are oscillatory in nature due to MGTE, LS and GN-III.

Fig. 1.6 displays trend of attenuation coefficient O3 vs. @. In the initial range of frequency, the
magnitude of Q3 is maximum for GN-II model and minimum due to LS model. The behaviour and
variation of Qs is opposite oscillatory for GN-III and LS model, for the whole range of frequency.
The curves correspond to O; for MGTE and LS model fluctuate in the same way.

Penetration depth

Fig. 1.7 displays trend of penetration depth S; vs. @ . Initially, the magnitude of S;is maximum
for MGTE model and minimum due to GN-II model. The behaviour and variation of S is
monotonically increasing due to GN-II model for whole range of frequency. All the curves
correspond to S; are in increasing trend for higher values of frequency.

Fig. 1.8 depicts trend of penetration depth S> vs. @. Initially, the magnitude of S;is maximum
for LS model and minimum due to GN-II model. The behaviour and variation of S; is monotonically
decreasing for LS model in the range O < w < 2.5and opposite oscillatory for GN-III & MGTE
model and LS & GN-II model.

Fig. 1.9 demonstrates trend of penetration depth S3 vs. @. Initially, the magnitude of S; is
maximum for LS model and minimum due to GN-II model. The behaviour and variation of S; is
decreasing for all models. The variation of S3 is opposite oscillatory for GN-III and MGTE model
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for the whole range of frequency.
Specific loss

Fig. 1.10 demonstrates trend of specific loss R; vs. @ . Initially, the magnitude of R;is maximum
for LS model and minimum due to MGTE model. The behaviour and variation of R; is decreasing
for all models for the whole range of frequency. The variation of R; is monotonically decreasing for
GN-IT model in the range O < w < 2.The curves due to MGTE,LS and GN-III travels in similar
manner with small difference in their magnitude.

Fig. 1.11 displays trend of specific loss R;vs. @. Initially, the magnitude of R,is maximum for
GN-II model and minimum due to LS model. The behaviour and variation of R; is oscillatory for all
models except GN-III model. The variation of R; is opposite oscillatory for GN-II and MGTE

models in the range @ > 2.

Fig. 1.12 depicts trend of specific loss R3 vs. @. Initially, the magnitude of R3 is maximum for
GN-II model and minimum due to LS model. The behaviour and variation of R; is oscillatory for all
models except GN-II model. The variation of R;3 is opposite oscillatory for GN-III and LS models
for the whole range of frequency. The curve due to MGTE model behave opposite oscillatory with
GN-III model in the initial range of frequency.

8. Conclusions

Study of fundamental solution and plane wave vibrations are an important problem of mechanics
of continua.The fundamental solution of system of equations in the generalized theories of
photothermoelastic medium under Moore-Gibson-Thompson thermoelasticity for steady oscillation
in terms of elementary functions has been constructed.

On the basis of fundamental solution of the Egs. (9)-(11), it is possible to construct the surface
(single layer and double layer) and volume potential in photothermoelastic with MGTE model and
to establish their basic properties. To obtain the formulae of integral representation of regular
solutions of the Egs. (9)-(11), for the investigation of three dimensional BVP in the considered model
by means of potential method and the theory of two dimensional singular integral equation. The
method of fundamental solution is an elegant method for the solution of the basic differential
equations. On the basis of the Theorem 1 and Theorem 2 discussed above, we can construct the
regular solution of the 3 dimensional BVP of steady vibration by using potential methods and theory
of singular integral equation in the considered model.

The propagation of plane wave in the considered medium under Moore-Gibson-Thompson
thermoelasticity has also been studied. It is observed that there exist three longitudinal waves namely
Longitudinal wave (P-wave), thermal wave(T-wave) and plasma wave(PL-waves) in addition to
transverse wave SV wave which is not affected by thermal properties and photothermal effect of the
materials.

Opposite behaviour of phase velocities PV; and PV is observed for lower frequency due to all
models. For higher frequency, PV attain higher magnitude due to one relaxation time in comparison
to other models. Attenuation coefficient correspond to P-wave and T-wave remains higher and lower
for higher frequency respectively in MGTE model in comparison to other models. One relaxation
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time predominant attenuation coefficient corresponds to PL-wave in comparison to other assumed
models. Without energy dissipation and one relaxation time has predominant impact on S; and S>for
higher and lower frequency respectively. S3 has dominant impact of energy dissipation for lower
frequency. Impact of MGTE on R; is observed stronger in comparison to R, and R3 for higher
frequency.

The result showed that several physical quantities like MGTE, photothermoelasticity
significantly impact the system interaction. The comparison of the different models on attributes of
the waves shows the dependence of physical field quantities. The result shows that MGTE model of
photothermoelastic predicts a finite speed of wave propagation that makes a new model more
consistent with the physical property of the material. The model explored in this work find
application in various field such as structural engineering, theoretical seismology etc.
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