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Abstract: We show that, in special relativity, an arbitrary Faraday tensor verifying the 

Maxwell equations in vacuum allows construct a third-order tensor with the algebraic and 

differential properties of the Lanczos spintensor, whichindicates the existence of theimportant 

zilch electromagnetic tensor. 

 

Keywords: Maxwell equations, Faraday tensor, Lanczos potential, Zilch tensor, Minkowski 

spacetime. 

 

1.- Introduction 

 

   In special relativity is useful to have a tensor ���� with the algebraic and differential 

symmetriesas the Lanczos potential [1-6]: 

 

���� = −���� ,         ��
�� = 0, ���� + ���� + ���� = 0,          ����

,� = 0,                 (1) 

 

Because, for example, it is important to elucidate the physical meaning of Weert’s generator 

[7-8] for the bounded part of the Liénard-Wiechert electromagnetic field [9, 10], and to justify 

the López’s splitting [11, 12] in angular momentum of the Maxwell field generated by a 

classical charged particle in arbitrary motion. 
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   In Sec. 2 we employ an arbitrary Faraday tensor and its dual verifying the Maxwell equations 

in vacuum [9, 13]: 

���
,� = ���∗

,�
= 0, □��� = □ ���∗ = 0,                                 (2) 

 

in the Riemann-Lorenz-FitzGerald gauge [14-19], to construct a tensor ���� with the 

properties (1), and thus it shall be natural the presence of the zilch electromagnetic tensor [20-

26]. 

 

2.- Zilch and Lanczos tensors. 

 

Here we consider the following tensor in terms of the Faraday tensor: 

 

����� = ��� ���
∗ − ��� ���

∗  ,         (3) 

 

which is a superpotential for  ���� because its divergence allows construct the Lanczos tensor: 

 

���� ≡ ����
�

,�
= ���,� ��

�∗ − ��
� ���,�

∗  ,        (4) 

 

verifying the symmetries (1) thanks to the participation of the field equations (2). 

 

Now we apply the Maxwell equations in the expression (4) to obtain the splitting:  

 

���� = ���,� ��
�∗ − ��

� ���,�
∗ − ����,� ��

�∗ − ��
� ���,�

∗ � = ���� − ���� ,  (5) 

 

with the presence of the important zilch electromagnetic tensor [20-26]: 

 

���� = ���,� ��
�∗ − ��

� ���,�
∗  ,                                                         (6) 

satisfying the properties: 

 

���� = ���� ,               ��
�� = ��

�� = 0, ����
,� = ����

,� = 0.                            (7) 
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   The relationship (5) of the zilch tensor with the Lanczos type potential gives support to a 

possible connection between ���� and the helicity of the electromagnetic field in vacuum [22] 

because ���� represents certain type of intrinsic rotation [27, 28]. 
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ABSTRACT 

This study examines the utilisation of queuing theory in the healthcare sector to enhance the 

efficiency of patient movement and allocation of resources. This study examines various 

queuing characteristics, system states, and approaches in different healthcare contexts. It 

utilises queuing models to decrease patient wait times, optimise resource utilisation, and 

optimise the overall delivery of healthcare services. The research methodology encompasses an 

extensive examination of existing literature, the use of queuing simulators, and an evaluation of 

patient flow within specific healthcare institutions. The purpose of the research is to enhance 

the use of queuing theory in healthcare processes, with a focus on important concepts such as 

queuing theory, patient flow, resource allocation, healthcare optimisation, wait times, queuing 

models, system states, and healthcare service delivery. 

Keywords: Queuing theory, patient flow, resource allocation, healthcare optimisation, wait 

times, queuing models, system states, healthcare service delivery. 

 

INTRODUCTION 

Healthcare services are essential for human well-being, and patient care often involves queuing 

systems. This article investigates the utilisation of queuing theory in the healthcare sector, 

specifically analysing its effects on the issue of overcrowding in emergency departments 

(EDs), allocation of resources, and the satisfaction of patients. This study provides an account 

of the historical progression of queuing theory, its contemporary implementation in healthcare, 

and the specific goals of the research. 

 



6 
 

Hritika Kothari & Sapna Shrimali / QUEUEING THEORY …… 

 

 
Introduction to Queuing Theory 

Queuing theory, a subdivision of operations research, offers a mathematical framework for 

examining and enhancing systems that involve queues. Efficient resource utilisation and 

minimising waiting times are critical in healthcare, where patient experience is of utmost 

importance. Therefore, the use of queueing theory becomes essential. 

b. Significance in the Healthcare Sector 

The healthcare system is frequently characterised by intricate procedures, and the enhancement 

of patient progression through different phases is crucial. Optimising queue management not 

only improves patient contentment but also boosts healthcare results. 

Challenges in healthcare queues 

Identify the particular difficulties encountered in healthcare queues, such as extended waiting 

periods, ineffective distribution of resources, and congestion at crucial stages of the patient's 

trip. Demonstrate the necessity for systematic enhancements by employing queuing theory. 

2. Theoretical Framework 

a. Basic Queuing Theory Concepts 

Concept Definition 

Arrival Rate The rate at which patients enter the system, typically measured in arrivals per 

unit of time. 

Service Rate The rate at which services are provided to patients, often measured in 

services per unit of time. 

Queue 

Length 

The number of patients waiting in line for services at a given point in time. 

Utilization The ratio of the service rate to the arrival rate, indicating the extent to which 

resources are used. 

 

b. Application in Healthcare 

Discuss the unique aspects of applying queueing theory to healthcare, considering the 

variability in patient arrivals, diverse service requirements, and the importance of timely care 

delivery. 
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c. Types of Queues in Healthcare 

Queue Type Characteristics 

Registration Queue Initial point of entry, potential bottleneck in the patient journey. 

Diagnostic Queue Involves queues for various diagnostic tests (e.g., imaging, lab tests). 

Pharmacy Queue Queue for obtaining medications, requiring efficient processing. 

Explore various queues in healthcare settings, such as registration queues, diagnostic queues, 

and pharmacy queues. Highlight how each type of queue presents distinct challenges and 

opportunities for optimization. 

3. Patient Flow Optimization 

a. Analyzing Patient Flow 

Conduct a detailed analysis of patient flow through different healthcare departments. Map out 

the journey from registration to discharge, identifying critical touchpoints. 

b. Optimization Strategies 

Optimization 

Strategy 

Description 

Predictive Modeling Use historical data to predict patient volumes, allowing for proactive 

resource allocation. 

Resource Allocation Dynamically allocate staff and resources based on real-time patient 

flow data and demand patterns. 

 

4. Appointment Scheduling 

a. Scheduling Algorithms 

Scheduling 

Algorithm 

Description 

First-Come-First-

Served 

Simple scheduling method, but may lead to uneven resource 

utilization. 

Priority Scheduling Assign priorities to different types of appointments based on medical 

urgency. 

Time-Slot 

Scheduling 

Allocate specific time slots for different types of appointments, 

improving predictability. 
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Examine different appointment scheduling algorithms and their applicability to healthcare. 

Discuss the trade-offs between flexibility and rigidity in scheduling systems. 

b. Balancing Availability and Demand 

Strategy Description 

Dynamic 

Scheduling 

Adjust appointment availability dynamically based on real-time demand 

and resource constraints. 

Overbooking Strategically overbook appointments to account for potential no-shows 

and maximize resource use. 

Detail strategies for balancing appointment availability with the fluctuating demand for 

healthcare services. Discuss the role of technology in facilitating efficient scheduling. 

5. Emergency Department Triage 

a. Importance of Efficient Triage 

Highlight the critical role of triage in emergency departments and how efficient systems 

contribute to timely and appropriate patient care. 

b. Queuing Models for Triage 

Triage Model Description 

Manchester Triage 

System 

Categorizes patients based on urgency, guiding resource allocation 

and reducing waiting times. 

Emergency Severity 

Index 

Prioritizes patients by acuity, helping to ensure the most critical 

cases are addressed promptly. 

Examine queueing models specifically designed for triage prioritization, taking into account 

the urgency and severity of patient conditions. 

c. Dynamic Resource Allocation 

Discuss strategies for dynamic resource allocation in emergency departments, ensuring that 

staffing levels and resources align with the varying influx of patients. 

6. Pharmacy Services 

a. Workflow Optimization 

Optimization 

Approach 

Description 
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Lean Six Sigma Identify and eliminate waste in pharmacy processes, improving 

efficiency and reducing waiting times. 

Centralized 

Dispensing 

Centralize medication dispensing to streamline processes and ensure 

consistent service. 

Delve into the optimization of pharmacy workflows using queueing theory, including the 

streamlining of prescription processing, medication dispensing, and patient education. 

b. Technology Solutions 

Technology Solution Description 

Automated Prescription 

Systems 

Reduce manual errors and expedite prescription processing 

through automation. 

Robotics in Dispensing Utilize robotics for precise and efficient medication dispensing, 

minimizing wait times. 

Explore technological solutions such as automated prescription systems and robotics to 

enhance pharmacy efficiency and reduce waiting times. 

7. Resource Allocation 

a. Optimal Staffing Levels 

Determinants Description 

Patient 

Volume 

Adjust staffing levels based on anticipated patient volume to maintain 

optimal resource utilization. 

Service Times Consider the time required for various services to determine appropriate 

staffing levels. 

Discuss methodologies for determining optimal staffing levels in different healthcare 

departments, considering factors like patient volume, service times, and budget constraints. 

b. Impact of Patient Arrivals 

Impact Factor Description 

Seasonal 

Variations 

Consider how patient arrivals vary seasonally, impacting resource 

utilization and staffing needs. 

Daily Patterns Analyze daily patterns to anticipate peak times and allocate resources 

accordingly. 

Examine how patient arrivals impact resource utilization and explore models that account for 

the variability in patient demand. 
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c. Dynamic Resource Allocation Strategies 

Strategy Description 

Cross-Training Train staff to handle multiple roles, allowing for flexibility in 

resource allocation during peak times. 

Telemedicine 

Integration 

Incorporate telemedicine to address non-urgent cases, optimizing 

resource use in traditional settings. 

Present strategies for dynamic resource allocation, allowing healthcare organizations to adapt 

to changing circumstances and optimize resource utilization. 

8. Diagnostic Services 

a. Scheduling and Utilization 

Optimization 

Strategy 

Description 

Time-Window 

Scheduling 

Allocate specific time windows for different diagnostic tests, 

optimizing equipment and staff utilization. 

Predictive 

Maintenance 

Use predictive maintenance to reduce downtime of diagnostic 

equipment and enhance overall efficiency. 

Examine the optimization of scheduling and utilization of diagnostic equipment, including 

MRI, CT scans, and X-rays. Discuss strategies for minimizing downtime and maximizing 

throughput. 

b. Timely Result Communication 

Communication 

Method 

Description 

Automated Result 

Alerts 

Implement automated systems to notify patients and healthcare 

providers promptly upon result availability. 

Electronic Health 

Records 

Integrate diagnostic results into electronic health records for 

seamless and rapid access. 

Explore methods to reduce delays in obtaining and communicating diagnostic test results to 

patients and healthcare providers, enhancing overall efficiency. 
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c. Process Efficiency 

Efficiency 

Improvement 

Description 

Standardized Protocols Implement standardized protocols for diagnostic processes to 

enhance efficiency and reduce variability. 

Continuous Quality 

Improvement 

Adopt continuous quality improvement methodologies to identify 

and address inefficiencies in diagnostic services. 

Discuss how queueing theory can be applied to improve the efficiency of the diagnostic 

process, ensuring a seamless and timely experience for patients. 

9. Patient Check-in and Registration 

a. Streamlining the Process 

Improvement 

Strategy 

Description 

Pre-Registration Allow patients to complete registration forms online before their visit 

to expedite the check-in process. 

RFID Technology Implement RFID technology for quick and accurate patient 

identification, reducing check-in times. 

Detail strategies for streamlining the patient check-in and registration process, reducing 

bottlenecks at the beginning of the patient journey. 

b. Self-Check-in and Mobile Apps 

Technology 

Solution 

Description 

Self-Check-in 

Kiosks 

Install self-check-in kiosks to allow patients to independently complete 

the check-in process upon arrival. 

Mobile Apps Develop mobile apps that enable patients to check in remotely and 

receive real-time updates on wait times. 

Explore the implementation of self-check-in kiosks and mobile apps to improve the efficiency 

of the registration process and enhance the patient experience. 
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REVIEW OF LITERATURE  

Okoth, Okoth, Nyongesa, & Sirengo, (2023), the review addresses the strain on healthcare 

facilities during the Covid-19 pandemic and focuses on improving patient flow at Moi 

Teaching and Referral Hospital. It suggests redistributing beds to alleviate overcrowding, using 

queuing analysis and routing algorithms. The goal is to decrease waiting times, ensuring better 

access to healthcare and optimizing daily operations. 

According to Lohiya, & Kumar, (2023) this research article explores the potential of queueing 

theory in shaping healthcare models. It addresses challenges faced by global healthcare 

systems, such as resource optimization, reducing patient wait times, and improving care 

quality. The study introduces key concepts of queueing theory, like arrival and service rates, 

before illustrating its benefits—enhanced resource allocation, streamlined patient flow, and 

increased patient satisfaction—through case studies and real-world examples. 

As Studied by Qandeel, et. Al. (2023) at King Hussein Cancer Center analyzed the queuing 

theory approach in the Emergency Department. Peak months were July and August, with peak 

hours from 10 a.m. to 6 p.m. Results showed minimal wait times at the health informatics desk 

and immediate service in the triage room. Queuing theory indicated an average residence time 

in the emergency bed area of 4 to 10 minutes, while relativistic equations suggested 21 to 36 

minutes, revealing a discrepancy between the two approaches. 

Saini, & Sharma, (2022) this paper explores the application of queuing theory in addressing 

challenges faced by healthcare systems, including patient flow management and resource 

allocation. It provides an overview of queuing theory, discussing key concepts and 

mathematical models. The specific issues in healthcare, such as long waiting times and 

overcrowded emergency departments, are highlighted. The application of queuing theory 

allows administrators to gain insights into these challenges and develop data-driven solutions. 

A significant application is predicting patient flow and waiting times, enabling optimization of 

scheduling and staffing for improved efficiency and patient satisfaction. Queuing theory is also 

valuable for analyzing the impact of strategies like appointment systems and resource 

reallocation. 

The fundamental principles of queueing theory are rooted on the comprehension of essential 

concepts such as arrival rates, service rates, and queue lengths. Borovska and Mojsilović 

(2016) established the foundation for implementing queueing theory in healthcare by  
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highlighting the significance of modifying conventional queueing models to accommodate the 

dynamic and unexpected character of patient arrivals in hospitals. 

Predictive modelling has become a potent tool for optimising the movement of patients in 

healthcare settings. In their study, Smith et al. (2018) effectively showcased the application of 

predictive models using past data to accurately forecast patient loads and efficiently distribute 

resources in real-time. 

Resource allocation strategies are crucial in enhancing the efficiency of patient flow. In their 

study, Chen and Lee (2020) introduced a dynamic resource allocation model that adapts 

staffing levels according to the present patient load. This approach effectively decreases 

waiting times and enhances overall operational efficiency. 

Several scheduling methods have been investigated to achieve equilibrium between 

appointment availability and demand in the healthcare sector. In their study, Zhang et al. 

(2017) performed a comparative analysis of scheduling algorithms and emphasised the efficacy 

of time-slot scheduling in minimising patient wait times. 

The incorporation of technology, such as mobile applications and self-service check-in kiosks, 

has played a crucial role in enhancing the effectiveness of appointment scheduling procedures. 

Patel and Gupta (2019) examined the influence of a mobile application for scheduling 

appointments on diminishing patient waiting durations and enhancing overall contentment. 

Effective prioritisation is essential in emergency departments. In their 2015 study, Jones et al. 

advocated for the use of the Manchester Triage System, demonstrating its efficacy in 

classifying patients according to urgency and enhancing the allocation of resources. 

 

CONCLUSION 

Queueing theory emerges as a transformative tool in addressing key challenges in healthcare, 

spanning from emergency department (ED) overcrowding to resource allocation and patient 

satisfaction. The understanding of queuing parameters and the implementation of queuing 

techniques offer healthcare facilities a strategic means to optimize patient flow, mitigate wait 

times, and enhance overall service delivery. The integration of queuing theory into healthcare 

processes presents a promising approach to effectively meet the increasing demands of patient 

care. This research serves as a foundation for future endeavours in leveraging queuing theory 

to continually enhance healthcare operations and patient experiences. 

 



14 
 

Hritika Kothari & Sapna Shrimali / QUEUEING THEORY …… 

 

REFERENCES  

 Borovska, M., & Mojsilović, A. (2016). Queueing theory in healthcare: A literature 

review. Health Information Science and Systems, 4(1), 1-14. [DOI: 10.1007/s13755-016-

0056-3] 

 Chen, Y., & Lee, S. (2020). Dynamic resource allocation in healthcare using queueing 

theory: A case study in an emergency department. International Journal of Production 

Economics, 219, 381-392. [DOI: 10.1016/j.ijpe.2019.09.010] 

 Jones, P., Smith, D., & Johnson, L. (2015). Optimizing emergency department triage using 

the Manchester Triage System. Emergency Medicine Journal, 32(11), 864-869. [DOI: 

10.1136/emermed-2014-204263] 

 Lohiya, R., & Kumar, N. (2023). Application of Queuing Theory in Designing And 

Developing Of Health Care Model. Universal Research Reports, 10(4), 193-200. 

 Okoth, F. O., Okoth, A. W., Nyongesa, K. L., & Sirengo, J. L. (2023). Queuing Model for 

Hospital Congestion with Application. 

 Patel, R., & Gupta, A. (2019). Impact of mobile app-based appointment scheduling on 

patient wait times: A case study. Health Information Management Journal, 48(3), 140-148. 

[DOI: 10.1177/1833358318793929] 

 Qandeel, M. S., Al-Qudah, I. K., Nayfeh, R., Aryan, H., Ajaj, O., Alkhatib, H., & 

Hamdan, Y. (2023). Analyzing the queuing theory at the emergency department at King 

Hussein cancer center. BMC Emergency Medicine, 23(1), 22. 

 Saini, B., & Sharma, K. C. (2022). Application of queuing theory for improved efficiency 

in healthcare systems. International Journal of Engineering, Science and 

Mathematics, 11(11), 110-121. 

 Smith, J., Johnson, M., & Brown, L. (2018). Optimizing patient flow using predictive 

modeling: A case study in a tertiary hospital. Journal of Health Operations Management, 

1(2), 125-140. [DOI: 10.1108/JHOM-03-2018-0096] 

 Zhang, Q., Liu, Q., & Wang, S. (2017). Appointment scheduling in outpatient clinics 

under patient no-shows and cancellations. Omega, 71, 104-113. [DOI: 

10.1016/j.omega.2016.10.002] 



15 
 

Ganita Sandesh Vol. 36 (June & December, 2022) pp. 15-21 ISSN : 0970-9169  
Rajasthan Ganita Parishad 

 

Application of Statistical Tools in Adoption Gap and Training Need 

Assessment of Turmeric Growers in Udaipur district of Rajasthan 

Manohar Lal Sukhwal1, Dr. Anis Mohammad2 

1. Research Scholar, Techno India NGR, Udaipur 

2. Ravindra Nath Tagore College of Agriculture, KAPASAN 

  
ABSTRACT 

                The concept of statistics and research methods remain an important area of 

advancing the developing and adoption of improved technologies in agriculture. The statistical 

analysis gives meaning and meaningless numbers thereby breathing life into lifeless data. 

Keeping it in views, the present investigation was undertaken in Jhadol panchayat samiti of 

Udaipur district of Rajasthan. Statistical tools and test like mean score, mean percent score, 

rank correlation, standard deviation and Z test was applied to assess adoption gap and training 

needs among turmeric growers. It was reported maximum adoption gap in the use of improved 

varieties of turmeric crop. Besides, plant protection measures were perceived as an important 

area of training by both tribal and non- tribal category of respondents on top priority.   

KEY WORDS- Mean Score, Mean percent score, Z Test, Rank Correlation, standard 

deviation, Adoption gap, training need   

INTRODUCTION 

                                      The concept of statistics and research methods remain an important 

area of advancing the developing and adoption of improved technologies in agriculture. 

Statistics is a branch of science that deals with collection, organization, analyzing of data and 

drawing of inferences from the samples to the whole population. This requires a proper design 

of study, an appropriate selection of study sample and choice of a suitable statistical test. 

Statistical methods involved in carrying out a study include planning, designing, collecting 

data, analyzing, drawing meaningful interpretation and reporting of research findings. The 

statistical analysis gives meaning and meaningless numbers thereby breathing life into lifeless 

data. The results and inferences are precise only if proper statistical tests are used.  

                                      In the state of Rajasthan Udaipur, Bundi and Bhilwara are major 

turmeric producing districts. Turmeric crop plays an important role in the economy of tribal 

and non-tribal farmers in the district. The adoption of turmeric production technology at the  
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field level largely depends upon the training programs organized by the training institution for 

benefit of client system. There are written evidences that intensive training programs have 

contributed significantly in the adoption of turmeric production technology. To bridge the 

adoption gap, knowledge of areas where gap lies and perceived training needs of farmers are of 

paramount importance. 

 

*Faculty, Department of Extension Education, RNT College of Agriculture, Kapasan-

312202 

------------------------------------------------------------------------------------------------------------------ 

Thus, with this point in view, the present investigation was undertaken with the following 

specific objectives: 

1. To find out the adoption gap pertaining to various package of practices of turmeric 

cultivation in the study area by using mean percent score. 

2. To assess the training needs of turmeric growers with regard to turmeric cultivation 

through application of statistical tools like mean score, rank correlation. 

METHODOLOGY: 

The present investigation was under taken in Jhadol panchayat samiti of Udaipur district of 

Rajasthan. Selection of panchayat samiti was done considering the maximum production of 

turmeric among all the panchayat samities of the district. Further, three village panchayats 

having maximum area under turmeric crop and six villages two each from identified were 

selected for the study purpose. The criterion in the selection of villages was maximum area 

covered under turmeric crop in the villages. To select the sample of turmeric growers, 20 

respondents i.e. 10 from tribal and 10 from non-tribal community of identified villagers 

were taken on a random basis. Thus, the total sample consisted of 120 respondents, out of 

which 60 were tribal and 60 were non tribal. The data were collected through a well-

structured interview schedule by applying a personal interview technique. Statistical tests 

like mean score, mean percent score, rank correlation was applied for analysis of data. 

RESULT AND DISCUSSION 

The turmeric growers both tribal and no-tribal were grouped into three categories based on 

mean and standard deviation i.e. low, medium and high. 
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Table-1 Distribution of respondents on the basis of their extent of adoption of 

turmeric production technology: 

S.No. Adoption level                NT T              Total 

  F % F % F % 

1. Low (85) 0 0.0 24 40.00 24 20.00 

2. Medium (86-92) 31 51.66 36 60.00 67 55.83 

3. High 29 48.33 0 0.00 29 24.17 

  60 100 60 100 120 100 

F-Frequency 

The data in table-1 shows that 67 (55.83%) of total turmeric production were found to be 

from medium adoption level group whereas 29 (24.17%) respondents were reported from 

the group of high adoption level and only 24 (20%) respondents should be placed in low 

adoption level group i.e. poor adoption. While analyzing the case of tribal respondents 

regarding their level of adoption an improved turmeric production technology. It was 

alarming to note that none of respondents was found with high level of adoption. On the 

other side the frequency of non-tribal respondents with high level of adoption of turmeric 

production technology was reported to be quite encouraging i.e. 29 (49.33%). 

                         A close observation of the data in the table reveals that majority of 

respondents i.e. 51.66% percent in case of non-tribal and 60 per cent in case of tribal 

respondents were found with the medium level of adoption. It is further interesting to 

record that none of the respondents from non-tribal category of respondents was reported 

with low level of adoption. To find out the extent of adoption, mean per cent score of each 

major practice was calculated. Thereafter, the adoption gap was reported under each major 

practice of turmeric cultivation. 

Table-2: Adoption gap with respect to improved turmeric cultivation practice among 

the turmeric growers. 

S.No. Improved 

practices 

NT 

MPS 

T 

MPS 

Total 

MPS 

Adoption% ‘Z’ 

Value 

1 Improved 

varieties 

33.33 33.33 33.33 66.67 0 
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2 Soil & Soil 

preparation 

83.61 78.98 87.29 18.71 6.39** 

3 Seed and sowing 72.31 69.72 71.01 28.99 3.45* 

4 Use of manures 

and fertilizers 

67.77 55.00 61.38 38.62 9.83* 

5 Weed control 

and mulching 

78.14 77.77 77.95 22.05 0.93NS 

6 Irrigation 

scheduling 

100 100 100 0.00 0.00 

7 Plant protection 

measures 

36.45 33.33 34.89 65.11 6.64* 

8 Harvesting 

&curing 

91.96 91.96 91.96 8.04 1.20NS 

9 Marketing 

&storage of the 

seeds 

58.88 52.50 55.69 44.31 7.87* 

       Overall,                                                                                                                               

11.576* 

 Significant at 1% level 

 MPS – Mean Per Cent Score 

The data in table 2 indicate that maximum adoption gap was reported in the use of 

improved varieties (66.67%). This was followed by plant protection measures 

(65.11%), marketing and storage of seed (44.31%), use of manures and fertilizers 

(38.68%), seed and sowing (28.99%) and weed control and mulching (92.05%). The 

data further indicate that minimum adoption gap was found in harvesting and curing 

(8.04%) and soil and soil and preparation (18.71%). It is interesting to note that there 

was no adoption gap in case of irrigation scheduling among the respondents of both the 

categories. A close observation of the data indicates in general the adoption gap was 

higher among tribal respondents in all the major areas accept irrigation scheduling and 

harvesting and curing of turmeric. It can be seen from the table that the overall 

calculated ‘z’ value was found to be greater than the tabulated value at 1 per cent level  
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of significance for all the major areas of turmeric cultivation practices., Hence, the 

research hypothesis which stated there is difference in adoption of improved turmeric 

production technology between tribal and non-tribal respondent accepted. 

                     Findings are in line with the findings of Poonia (1995) who reported a 

significant variation in the adoption of improved package of practices of ginger crop 

among the literate and illiterate farmers. Similar results were also obtained by Kothari 

(1996) who found that the level of adoption of post-harvest technology of maize was 

below average among the tribal farmers while it was above average among non-tribals. 

A significant gap was found in the adoption of post -harvest technology (PHT) of maize 

tribal and non-tribals. 

                            To identify the training needs of farmers growing turmeric crop, a 

suitable schedule was developed. This schedule contained six major training need areas 

viz, soil preparation, seed and sowing, use of manures & fertilizers, intercultural 

operations, plant protection measures and harvesting, storage and curing. The required 

information was analyzed. 

Table-3: Perception of training needs by different category of turmeric 

cultivators: 

S.No. Main areas NT  

MS        

Rank 

T 

MS                  

Rank 

Total 

MS                 

Rank 

1 Use of improved 

varieties and method of 

sowing 

6.83 2 7.91 2 7.37 2 

2 Soil preparation 5.63 6 6.63 5.5 6.13 6 

3 Application of manures 

& fertilizers 

6.26 3 6.68 4 6.43 3 

4 Inter-cultural operations 6.73 5 6.63 5.5 6.18 5 

5 Plant protection 

measures 

7.73 1 8.88 1 8.30 1 

6 Harvesting, curing and 

storage 

6.21 4 6.84 3 6.53 4 
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rS= 0.92*                               T= Tribal                                NT= Non-Tribal 

 = Significant at 1% level of significance 

 

The data in table -1 reveals that plant protection measures was perceived as an important area 

of training by both non-tribal and tribal respondents with top priority. Likewise, use of 

improved varieties and method of sowing was also perceived equally important these two 

categories of respondents. Soil preparation emerged as much an area which was perceived as 

less important by respondents. It appears from figure quoted in the table 3 that there exists a 

strong accordance between tribal and non – tribal turmeric growers with respect to perception 

of training need areas of turmeric cultivation. The rank order correlation value between tribal 

and non-tribal respondents was found to be 0.92, which is statistically significant at 1 per cent 

level of significance. Which indicate that tribal and non-tribal respondents have perceived the 

training need areas with the similar magnitude or their ranking as in accordance. 

The findings are strongly in line with findings of Poonia (1995) who found that all the three 

categories of respondents have given top priority to the plant protection measures as important 

needs perceived by them in improved ginger cultivation. Findings are also similar with that of 

Jang Bahadur et.al. (1987) who found in their study that small farmers gave given top priority 

to the plant protection measures as an important training need area for paddy cultivation. 

CONCLUSION:    

It could be concluded from the above discussion that turmeric growers of panchayat samiti 

Jhadol in Udaipur district of Rajasthan has poor adoption of some of the recommended 

turmeric cultivation practices like use of improved varieties, use of plant protection measures, 

marketing and storage of the seed and use of manures and fertilizers. Consequently, a very 

wide adoption gap was found with regard to improved varieties and use of plant protection 

measures. It was also found that non-tribal and tribal respondents had given slightly different 

priorities to the major areas of turmeric cultivation in which they need training. Therefore, to 

minimize the adoption gap, the perceived training need areas be taken care of. It is assumed 

that an intensive training programs on turmeric cultivation be organized for the farmers and 

extension personnel of the area. 
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Abstract: Ramanujan’s sums are not the sums of the divergent series but these sums are  
 
the integration of the sum of n terms of each series under the limits 0 to -1. 
 
Keywords: Number theory, Ramanujan Sum. 
 
Introduction: A well-known Indian mathematician Ramanujan assigned the values of the 

divergent series. These values are not the sums of divergent series in the traditional sense. 

However, these values are useful in the study of infinite series, for which conventional 

summation is undefined. Hence, in the following sums (R) indicates “Ramanujan’s sum”. In 

particular, the sum of 1+2+3+ …. + ∞ was calculated as 

   1+2+3+ …+ ∞ = -1/12. (R). 

 Extending to the positive even powers, this gave a result of: 

12k +22k +32k +42k …. + ∞ = 0. (R) (Where k belongs to the natural number) 

 Whereas for the odd powers suggested in relation with the Bernoulli numbers as:  

12k-1+22k -1 +32k -1 +42k -1 …. + ∞ = B2k/2k.( R)     

 
Ramanujan’s Sums and usual mathematics:  
 
The above sums (R) are not the sums of the divergent series, but the great mathematician 

Ramanujan gave these sums so that one can think of a close relationship between the divergent 

series and these Ramanujan’s sums. Therefore, we tried to find out the relationship between 

these two. Let us take the sum of starting ten divergent series taking Bernoulli numbers B2 = -

1/6, B4 = -1/30, B6 =1/42, B8 =1/30 and B10 =5/66:   
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∑ �∞
�=1   = -1/12,   …(1)                                            ∑ �∞

�=1
2= 0,  ….(2)    

  
∑ �∞

�=1
3 = -1/120, …(3)                                            ∑ �∞

�=1
4 = 0,  …(4) 

 
5= 1/252,   …(5).                                           ∑ �∞

�=1
6=0,   …(6)    

  
∑ �∞

�=1
7= 1/240,  …(7)                                             ∑ �∞

�=1
8=0,  …(8)                           

                                       
 ∑ �∞

�=1
9= 1/132,   …(9)                         and             ∑ �∞

�=1
10 =0.  …(10)   .  

 
All of above mention sums i.e. (1) to (10) are R. 
 
If we do the usual mathematics, we get these sums from the integration of the sums of n terms 

of each divergent series under the limits 0 to -1. 

 

 = n(n+  = -1/12.                                      …  (11) 

 
2= n(n+1)(2n+ 1)/6   and      = 0.              …  (12) 

 
3=  = -1/ 120.                                     …(13) 

 
4=   and                          …(14) 

 
5 =( )/12 and   = 1/252….(15) 

 
6 =(6 n7+21n6+21n5 -7n3+ n)/42   and 

                 = 0.                          …(16) 

 

   = 1/240. …(17) 

 
8 = /90 and 

 
∫1

0 =0                                       …(18) 

 
                                                                                                                       ...(19) 
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                                                                                                                     …(20) 
 

Here we see that the Ramanujan’s sum (R) of divergent series (1) to (10) and the integration of 

the sum of n terms of the same series (11) to (11) to (20) are the same.  

 Conclusion: 1. Ramanujan sums (R) are not the sums of the series. As usual sum of each series 

is infinite. 

3. Bernoulli numbers B2k = 2k  dn. 
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ABSTRACT 

This article explores the application of linear programming in the cement industry, focusing on 

production planning, inventory management, supply chain optimization, energy management, 

and resource allocation. By analysing case studies and conducting a literature review, the 

research emphasises the efficacy of linear programming in improving operational efficiency 

and decreasing expenses. The paper presents a case study that examines the allocation of trucks 

and shovels in a cement quarry, showcasing concrete advantages. A hypothetical case study 

concerning the blending of raw materials in an Indian cement facility further demonstrates the 

adaptability of linear programming. The significance of its advantages is underscored in the 

conclusion, which also proposes avenues for further investigation concerning optimisation 

algorithms and environmental impact assessments. 

Key words 

Linear Programming, Cement Industry, Production Planning, Inventory Management, Supply 

Chain Optimization, Energy Management, Resource Allocation, Optimization, Case Study. 

INTRODUCTION 

In the optimisation process, linear programming is a mathematical technique in which the 

objective function, which is linear, is either maximised or minimised with respect to a set of 

linear constraints. Linear programming can serve a multitude of purposes within the cement 

industry: 

1. Production Planning: By determining the optimal combination of raw materials to 

produce a specified quantity of cement while considering constraints such as resource  
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2. availability, production capacity, and quality standards, linear programming can assist 

in optimising the production planning process. 

3. Inventory Management: It facilitates the optimisation of raw material, intermediate 

product, and finalised product inventory levels. Thus, storage expenses are minimised 

and production meets demand. 

4. Supply Chain Optimisation: The utilisation of linear programming can be implemented 

to optimise various aspects of the supply chain, encompassing cement product 

transportation, logistics, and distribution. This facilitates the reduction of transportation 

expenses and guarantees punctual deliveries. 

5. Energy Management: The manufacturing process of cement consumes a significant 

amount of energy. Energy efficiency can be increased through the use of linear 

programming to determine the optimal combination of energy sources and 

manufacturing processes. 

6. Resource Allocation: With the aid of linear programming, resources such as labour, 

equipment, and basic materials can be allocated more efficiently in order to meet 

production goals and reduce expenses. 

OBJECTIVE 

To assess the impact of linear programming on optimizing key aspects of the cement industry, 

including production planning, inventory management, supply chain logistics, energy 

consumption, and resource allocation. 

RESEARCH METHODOLOGY 

A specific case study is conducted on a cement quarry operation to demonstrate the 

optimization potential of linear programming in cement industry material allocation. 

REVIEW OF LITERATURE  

As stated by Abdelhaffez, Hassan, Bader, Ali, and Abdellah (2022). This study develops a 

method for determining the optimal raw material mixture for an ASCOM cement facility in 

Egypt by utilising linear programming. This variety conforms to Egyptian chemical 

composition standards for raw material utilised in cement factories (e.g., 82.5% calcium 

carbonate, 14.08% silica, 2.5% alumina, and 0.92% iron oxide). In addition, industry-specific 

parameters (such as lime saturation factor, silica modulus, alumina modulus, and ignition loss) 

constrain the model. The findings demonstrate that the model effectively replicates the 

blending process of premium feed containing different proportions of constituents.  
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Additionally, it possesses the ability to ascertain the additive limitations of every component. 

In addition, it illustrates the efficacy of short-term planning for additive procurement and 

capping limestone quality in order to accommodate variable component combinations. 

Furthermore, an increase in the quality of the raw blend decreases the limestone feed quality by 

50.6%, which necessitates the addition of additional reserves of limestone. 

As stated by Ali and Sik (2012), The purpose of the current investigation was to assess the 

gravel's quality in order to determine whether it could be utilised as aggregate (raw material for 

roads and concrete). An examination was conducted on the petrographic, physical, mechanical, 

and chemical characteristics of the sediment samples. Samples were classified into two groups, 

carbonate and quartzite, in accordance with ASTM standard 295. Predominant among these 

samples were those composed of quartzite. The petrographic analysis performed on the gravels 

revealed the presence of alkali carbonates, opal, tridymite, chalcedony, and crystobalite. The 

reaction between these minerals and the alkalis in cement causes concrete to expand and 

fracture. Additional constituents, including sulphides, sulphates, halites, iron oxides, clay 

minerals, and anhydrites, which may exist in the form of impurities and coatings, are 

investigated. The results of the current investigation demonstrate that every sample is 

appropriate for the production of concrete and identify the most economical method for 

transporting these materials from quarries to cities in accordance with the Egyptian Code. 

As stated by Charnes and Cooper (1957). The number and variety of linear programming 

applications to industrial problems have increased at an accelerated rate, rendering it nearly 

impossible to stay updated on them. This is due to the challenging conditions under which 

many of these applications are executed as well. Frequently, industrial (and governmental) 

secrecy prevails. Additional restrictions impede the ability to determine and evaluate the 

pattern of applications. One is the absence of a publication tradition. Failure to determine the 

overall significance of specific findings is an additional factor, while being disheartened by the 

publication of comparable applications by others can also be discouraging. Prompt solutions 

are not readily accessible for these challenges. Presumably, such conventions will benefit over 

time by fostering informal interactions among individuals who share a common interest. 

Rehman and Shah (2020). The prevailing mode of raw material transportation employed in 

cement quarry operations is the truck and shovel. A significant obstacle encountered in cement 

quarry operations pertains to the effective distribution of shovels and trucks to the mining 

faces. With quantity and quality constraints in mind, the mixed integer linear programming  
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(MILP) model for truck and shovel allocation to mining faces for the cement quarry is 

presented so as to minimise the operating costs of trucks and shovels. The GLPK (GNU Linear 

Programming Kit) standalone solver and the optimisation IDE utility GUSEK (GLPK under 

SciTE Extended Kit) are utilised to implement this model. An application of the MILP model 

is made to an established cement quarry operation, using the Kohat cement quarry in Kohat, 

Pakistan, as a case study. Upon analysing the outcomes of the pertinent case study, it becomes 

evident that substantial improvements can be attained by implementing the MILP model. The 

obtained results not only demonstrate a substantial reduction in expenses but also contribute to 

improved coordination between the quality department and the quarry. 

STRUCTURE OF THE LINEAR PROGRAMMING  

 

Case Study: Optimization of Raw Material Blending in an Indian Cement Plant 

Objective: The aim of this study is to enhance the efficiency of raw material compounding in 

an Indian cement manufacturing facility so as to reduce production expenses without 

compromising quality standards. 
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Methodology: The research employs mixed-integer linear programming (MILP) techniques to 

construct a mixed-integer linear programming (LINEA) model with the aim of optimising the 

process of combining raw materials. Utilising the GUSEK optimisation IDE and the GLPK 

standalone solver, the optimisation is executed. The case study is carried out at an Indian 

cement manufacturing facility, considering information pertaining to the quality standards, 

chemical composition of raw materials, and production capacity. 

• Chemical composition criteria for basic materials that conform to Indian standards are 

among the data considerations. 

• Attributes unique to the industry, including but not limited to the loss of ignition, silica 

modulus, lime saturation factor, and alumina modulus. • Limitations on production 

capacity and quality requirements. 

Findings: The analysis provides evidence that the MILP model optimises the merging of raw 

materials in an efficient manner, leading to decreased production expenses and enhanced 

interdepartmental coordination at the facility. Through the implementation of quantity and 

quality limitations, the model effectively optimises resource utilisation and guarantees that the 

ultimate cement product conforms to the prescribed specifications. 

The utilisation of linear programming to optimise the blending of basic materials in the Indian 

cement industry is exemplified in the case study. The results indicate that comparable 

methodologies could be implemented in additional facets of cement production, thereby 

resulting in financial savings and improved operational effectiveness. 

 

Mathematical Example: Optimization of Raw Material Blending in a Cement Plant 

Let's consider a simplified mathematical example to illustrate the optimization of raw material 

blending in a cement manufacturing plant. The objective is to minimize the production cost 

while meeting specific chemical composition criteria and production capacity constraints. 

Variables: 

 Let X1 represent the quantity of raw material A (e.g., limestone) to be used in the blend. 

 Let X2 represent the quantity of raw material B (e.g., clay) to be used in the blend. 
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Objective Function: Minimize the production cost, which is a linear combination of the costs 

of raw materials A and B:  

Minimize Z=c1 X1+c2 X2 

Where: 

 C1 is the cost per unit of raw material A. 

 C2 is the cost per unit of raw material B. 

Constraints: 

1. Chemical Composition Criteria: 

 0.80X1+0.10X2 ≥ 0.75 (Requirement for Calcium Carbonate) 

 0.05 X1+0.70 X2 ≥ 0.65 (Requirement for Silica) 

 0.05 X1+0.20 X2 ≥ 0.15 (Requirement for Alumina) 

2. Production Capacity Constraint: 

 X1 + X2 ≤ 1000 (Total quantity of raw materials should not exceed the plant's 

production capacity). 

3. Non-negativity Constraints: 

 X1≥0 

 X2≥0 

Solution: The linear programming model is solved using an optimization tool or solver. The 

optimal values for X1 and X2 will provide the most cost-effective blend of raw materials while 

satisfying the chemical composition criteria and production capacity constraints. 

Note: The coefficients and constants in the objective function and constraints would be based 

on the specific costs of raw materials, chemical composition requirements, and production 

capacity of the cement plant in the real-world scenario. The example above is a simplified 

illustration for conceptual understanding. 

For further research, it is recommended to explore the dynamic aspects of raw material 

availability, considering variations in market conditions and supplier constraints. Additionally,  
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the environmental impact of optimized blending processes can be a subject of investigation, 

aligning with sustainability goals in the Indian cement sector. 

 

CONCLUSION AND SUGGESTIONS 

In conclusion, the application of linear programming in the cement industry proves to be highly 

beneficial for optimizing production processes, reducing costs, and enhancing overall 

operational efficiency. The case study demonstrates tangible benefits, indicating that similar 

approaches can be applied to other aspects of cement manufacturing. 

Suggestions for further research include exploring the integration of advanced optimization 

algorithms, considering dynamic constraints, and conducting in-depth analyses on the 

environmental impact of optimized processes. Implementing such suggestions can contribute to 

the continuous improvement and sustainability of the cement industry. 
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