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OVERVIEW

This book explains applied calculus in a clear and practical way for public health epidemiology. It helps readers understand how math supports real tasks such as tracking outbreaks, measuring case growth, and estimating disease burden. 

The book connects each concept to public health work so readers can see how rates of change, cumulative totals, and basic models support better decisions. The focus stays on understanding and use rather than theory, which makes the content useful for students, analysts, and working professionals.

The book is helpful because it breaks down complex ideas into simple steps and real examples. It shows how to read trends, plan resources, and review the impact of public health actions using clear logic. Each section builds skills that support daily work in surveillance, outbreak response, and health planning. The examples reflect real public health situations and avoid complex language, which helps readers learn with confidence.

 




If readers need more help, they can scan the QR codes included in the book to watch video explanations (for example, Ex 1). These videos explain key ideas and walk through examples in a simple way. 

[image: Image]

If readers need additional learning support, they can scan the YouTube QR code provided here to visit the YouTube channel and watch video explanations. 

 

[image: Image]If readers have questions, they can scan the website QR code to directly visit the project website and submit their questions or can also visit the link below.
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PREFACE

 

Dear Reader:

 

Public health epidemiology combines multiple analytic disciplines to protect and improve population health. Arithmetic counts cases; statistics and probability frame uncertainty; and sound epidemiological study design guides the collection and interpretation of data and facts. Applied calculus contributes analytic clarity--a derivative signals a rate of change, an integral quantifies cumulative communicable disease burden, and a differential equation models outbreak dynamics. Python and GenAI workflows can scale these professional operations, but the underlying logic remains mathematical. Together, these methods and techniques help accelerate insights and support timely public health decision-making. 

 

Epidemiology is the study of the distribution and determinants of health conditions or events in populations—and the application of that study to control health problems.

 

Analytic epidemiology asks why and how, using comparison groups to test associations and hypotheses.

 

Applied epidemiology puts these tools into practice to reduce risk and prevent disease in populations.

 

Over 40 years ago, I encountered disease-related word problems in an applied calculus textbook (Goldstein et al 1984). They stayed with me. This handbook reflects what I’ve since found professionally useful—approachable calculus concepts, applied to public health surveillance, outbreak response, and public health action, with worked examples and Python code for hands-on exploration.

 

GVF












 

PURPOSE OF THIS HANDBOOK

 


		Present applied calculus in accessible terms for public health epidemiologists



 


		Demonstrate its role in disease modeling and surveillance



 


		Offer structured word problems with step-by-step solutions



 

Please attempt the word problems in Section 7. And in Section 8, I offer optional Python code examples.

 

I hope this proves useful.

 

GVF

 

Reference: 

Centers for Disease Control and Prevention. Principles of Epidemiology in Public Health Practice, third edition. Atlanta: U.S. Department of Health & Human Services; 2006 [updated 2012].
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Learning Objectives:

 


		Explain the relevance of calculus in applied public health epidemiology.

		Describe how core mathematical tools support disease surveillance and health system operations.

		Identify common epidemiological tasks that benefit from understanding rates of change and cumulative burden.





This handbook presents selected concepts from calculus that are useful in epidemiological practice, including functions and limits, derivatives, integration, exponential growth and doubling time, and first-order differential equations. These concepts are not presented for their mathematical elegance, but for their practical relevance. Each topic is paired with a clear explanation and linked to familiar tasks in public health epidemiology. The emphasis is on understanding—not memorization—and on empowering public health professionals to think analytically about change.

 

Applied calculus refers to the use of calculus in real-world, non-mathematics settings, often with fewer theorems and no formal proofs. In the context of public health epidemiology, we apply these concepts to the day-to-day challenges faced by professionals supporting public health agencies. This includes the use of mathematical models such as the SIR model—a system of first-order differential equations widely used in infectious disease epidemiology.

 

Public health epidemiology relies on understanding change over time. Whether tracing an outbreak, planning staffing needs, or forecasting demand for critical resources, the ability to quantify both rates of change and cumulative burden is essential. While summary statistics help describe what has happened, applied calculus helps us reason about what may happen next.



In many public health surveillance or operational settings, we ask questions like:

 


		How quickly are new infections being reported?

		How long before an ICU reaches capacity?

		What is the total communicable disease burden if current trends continue?



 

These are not abstract mathematical questions—they are operational decisions with real consequences. Applied calculus provides the analytic framework for addressing such problems. For example:

 


		Functions and limits describe how quantities behave as conditions change.

		Derivatives help quantify the rate at which one variable changes with another.

		Integration allows us to estimate accumulated disease burden over time.

		Exponential growth and doubling time help assess early epidemic spread.

		Differential equations model dynamic change, such as disease resolution.



 

The ability to translate mathematical concepts into operational practice allows public health epidemiologists to engage more deeply in outbreak detection, trend evaluation, and forecasting. Even introductory tools like derivatives and integrals, when correctly contextualized, empower professionals to assess time-sensitive phenomena such as surges in case counts or changes in resource utilization. By building a shared foundation in these topics, public health professionals can use existing data more effectively to guide response, allocate resources, and support interventions. Applied calculus helps us see the shape of change before it overtakes our communities.

 

This discussion of applied calculus and first-order differential equations is intended to strengthen the analytic skill set of public health epidemiologists engaged in communicable disease modeling, surveillance analytics, and population health decision-making. The review supports modeling of disease transmission and forecasting using real-world data, such as outputs from Electronic Laboratory Reporting (ELR) systems.
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Check Point Questions:      

 


		What are two examples of public health challenges where understanding change over time is essential?



 


		Why is calculus more applicable than simple arithmetic when interpreting public health surveillance trends?
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Learning Objectives

 


		Recognize common function types used in public-health modeling.

		Compute and interpret limits that describe epidemic endpoints or threshold behavior.

		Relate average rate of change to the concept of an instantaneous rate (a preview of derivatives).



 

Functions allow epidemiologists to model relationships between variables such as time and disease incidence. Understanding how these relationships evolve provides insight into the trajectory of disease outbreaks and the impact of interventions. A function is a rule that describes the relationship between an input (e.g., a risk factor) and an output (e.g., a health outcome). We say the outcome is a function of the input.

 

A structured review demonstrated how piecewise-defined functions can model public health burdens across demographic groups. In a synthetic tuberculosis dataset, analysts applied a step function to illustrate age-related variations in prevalence. This kind of model shows how the shape of a function reflects underlying population structure and disease dynamics—emphasizing that not all public health relationships are linear or continuous.

 

2.1 Functions in Epidemiologic Context

 

A function maps one public health variable to another. 

 

Typical pairs include:



		
				Input (x)

				Output (f(x))

				Surveillance Example

		

		
				Calendar day

				Number of new ELR-confirmed cases

				Daily COVID-19 incidence

		

		
				Vaccination coverage (%)

				Effective reproduction number (Rₑ)

				Vaccine impact

		

		
				Time since symptom onset (days)

				Viral load (Ct value)

				Isolation guidance

		

	

 

We primarily use continuous, single-variable functions of time to model communicable disease dynamics.

 

Common function types:

 


		Polynomial – for early outbreak approximations

		Exponential / Logistic – for growth and saturation

		Rational – for modeling interventions like vaccination



 

 

2.2 Limits: Seeing the Destination Before We Arrive

 

The concept of a limit is central to calculus and is especially important when examining the behavior of a function near a point of interest—such as the onset of an epidemic or the date of a policy intervention. A function is continuous if it is








		Long-run limits – total outbreak burden or steady state.

		Threshold limits  – behavior near a policy shift or data artifact.












































		 





		Average rate 






		Derivative at 











		Plot the function — get a visual before formal analysis.

		Check for horizontal asymptotes — total disease burden or saturation points.

		Use numerical limits to validate long-term projections.

		Flag discontinuities — check for surveillance artifacts or system changes.










		What kind of function might describe a steady number of new communicable disease cases each day?





		How is a limit used to understand the behavior of a function of new ELR-confirmed cases as time progresses?
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