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   preface
 
  
 
   
   Math—that single word can trigger a slight sense of panic for many of us in the creative and visual world of web development, perhaps even a pit-of-the-stomach-deep feeling of dread. Why the foreboding? Because just reading that four-letter word often brings back memories of being bored out of our skulls as a chalk-dusted teacher droned out about abstract equations and endless proofs that felt disconnected from the tangible things of the world. True, your web dev work isn’t a tangible thing either, but you’re still trying to make things that look good and work well. If you’ve ever thought, “Dammit, Jim, I’m a designer/developer, not a mathematician,” then that word math might strike fear in you to this day.
 
  
 
   
   But that is precisely why I wrote this book: the truth is, you’re already using math every day. It’s the silent partner behind every fluid animation, every perfectly balanced layout, and every responsive grid. That satisfying snap of an element locking into place or the organic feel of a physics-based transition isn’t magic—it’s logic. This book isn’t about turning you into a mathematician but about translating that logic into a practical and creative tool you can use with confidence.
 
  
 
   
   My goal is not to revisit the dry theory you may remember from school but to connect these powerful concepts directly to the UI challenges you face daily. I want to show you how a little bit of trigonometry can create a beautiful circular menu, or how a simple physics equation can make an animation feel alive. Think of this as pulling back the curtain, giving you the power not just to use the tools of frontend development, but to truly understand them.
 
  
 
   
   Welcome to the logic behind the magic.
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   about this book
 
  
 
   
   In this book, you’ll learn about the math that underlies huge chunks of modern web development, as well as how to wield mathematical tools to make your web pages more robust, better looking, and more flexible. No math degree is even close to being required to read this book! Everything you need to know is provided as you need it, and you won’t find any long-winded technical discussions or philosophical arguments in these pages. That said, though, I do assume that you’re familiar with HTML and CSS and know at least the basics of frontend coding with JavaScript.
 
  
 
   
   I’m assuming that you have a life away from your computer screen, so this book is structured to allow nonlinear reading, letting you move directly to the sections you need. If you’re just getting started, read chapter 1 to get an overview, then tackle chapters 2 and 3 for some solid mathematical foundations in JavaScript and CSS. From there, you can try out any of the other chapters in any order. To make things easier to find, the roadmap section that follows gives a summary of the book’s 14 chapters.
 
  
 
   
   Who should read this book?
 
  
 
   
   This book is aimed, first and foremost, at anyone who does frontend web development, whether they do it professionally, as a hobby, or out of necessity by virtue of being the most technical person in the office. Specifically, this book was written with the following readers in mind:
 
  
 
   
   	Frontend developers who want to sharpen their understanding of the math behind CSS, JavaScript, and UI animations
 
   	Web designers who work with layouts, typography, and color theory and want to better understand the math behind their design choices
 
   	UI/UX designers who want to leverage mathematical principles for responsive design and interactive experiences
 
   	Self-taught developers who may not have a strong math background but want to level up their frontend development skills
 
   	JavaScript enthusiasts interested in building interactive elements, animations, and data visualizations
 
  
 
   
   How this book is organized: A roadmap
 
  
 
   
   You don’t need to read this book cover-to-cover (although feel free to do just that). If you prefer to dip in and out, then you’ll need a map that shows you what is covered where. To that end, here’s a chapter-by-chapter summary of what’s coming up on the road ahead:
 
  
 
   
   	Chapter 1 discusses the importance of math in frontend development, showing how mathematical concepts are already a part of the CSS and JavaScript you use daily. It provides a high-level overview of the essential math topics you need to know, from algebra to trigonometry.
 
   	Chapter 2 takes you through the fundamentals of working with numbers and expressions in JavaScript. It explores arithmetic and comparison operators, different number types, and how to handle common problems such as floating-point precision errors. The chapter also covers practical skills such as rounding numbers, using modulo logic for wrapping values, and generating random numbers.
 
   	Chapter 3 focuses on the math that powers CSS styling and layouts. You’ll learn how the browser calculates different measurement units, how to use built-in math functions such as calc(), and how the underlying formulas shape the CSS box model and property inheritance. 
 
   	Chapter 4 delves into the mathematical foundations of the CSS Grid layout system. You’ll learn to think of the grid as a coordinate system and understand the algorithm that CSS employs to calculate the size of tracks, especially when using fractional fr units.
 
   	Chapter 5 explores the calculations that determine how Flexbox layouts work. The chapter breaks down the algorithms for the flex-grow and flex-shrink properties, showing exactly how Flexbox distributes available space among items in a container.
 
   	Chapter 6 explores the math required to build fluid and responsive websites that adapt to any screen size. You’ll learn to work with proportional layouts using percentages, viewport-based units, and dynamic CSS functions such as clamp().
 
   	Chapter 7 examines the deep connection between math and digital color. You’ll learn about different color models such as RGB and HSL, how to use mathematical relationships to create harmonious and accessible color schemes, and how CSS blend modes are calculated.
 
   	Chapter 8 provides the mathematical foundations you need to craft beautiful and readable text on the web. You’ll learn about fluid typography that scales with the viewport, how to build a modular type scale using mathematical ratios, and the calculations needed to maintain a consistent vertical rhythm with a baseline grid.
 
   	Chapter 9 illustrates how to apply trigonometry to solve common UI challenges. The chapter covers the basics of sine, cosine, and tangent, showing how to use them to create circular layouts, implement wave effects, and calculate angles for dynamic animations.
 
   	Chapter 10 introduces the use of vectors and geometry to build complex and interactive user interfaces. You’ll learn how to measure and align elements with precision, manipulate vectors in JavaScript to control movement, and use geometric shapes for clipping and motion paths. 
 
   	Chapter 11 uncovers the math that makes animations feel smooth and natural. You’ll learn what Bzier curves are, how they’re constructed mathematically, and how to use them in CSS to create custom easing functions that go beyond the standard keywords.
 
   	Chapter 12 shows how to make your animations more realistic by applying principles from real-world physics. You’ll explore how to simulate velocity, acceleration, gravity, and spring forces in JavaScript to create UI motion that feels intuitive and satisfying to users.
 
   	Chapter 13 focuses on the math needed to respond to user input. You’ll learn how to work with mouse and touch event coordinates, convert between different coordinate systems, and use that knowledge to build interactive features such as drag-and-drop interfaces and scroll-based animations.
 
   	Chapter 14 takes your math skills to the HTML canvas element, where you have pixel-level control. You’ll learn to use the canvas coordinate system to draw data-driven shapes, detect hits, and create complex animations such as particle systems using physics.
 
  
 
   
   About the code 
 
  
 
   
   Not surprisingly, a book about frontend web dev coding contains quite a bit of code! To help differentiate the web page code from the rest of the text, throughout this book the code is formatted in a fixed-width font. The book also has many separate code listings. In these listings, I’ve tried as much as possible to make each line fit into the available page width. However, there are some cases where a line is too long to fit the page width, so the line carries over to a second line and that second line is preceded with a line-continuation marker.
 
  
 
   
   You might be tempted to describe some of the code in this book as a dismaying amount of code if you’re operating under the assumption that you’re going to need to type all that code by hand. Not so! You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/math-for-web-design. All the book’s web page code is available to view, download, and copy as you see fit from the Manning website at www.manning.com/books/math-for-web-design and the book’s GitHub repository at https://github.com/paulmcfe/web-dev-math. To download everything, click the green Code button, and then click Download ZIP. Otherwise, click a chapter and then select the file you want to view.
 
  
 
   
   liveBook discussion forum
 
  
 
   
   Purchase of Math for Web Design includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/math-for-web-design/discussion.
 
  
 
   
   Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website for as long as the book is in print.
 
  
 
 
   
   about the author
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   Paul McFedries has been a professional technical writer for more than 30 years. He has authored more than 110 books to his credit, with global sales topping 4 million copies. His other Manning titles include Web Design Playground, 2nd Edition and Building Websites with ChatGPT. When he’s not writing books, Paul is either coding solutions to Project Euler (https://projecteuler.net/) math problems or building web pages, which he’s been doing since 1996. Paul has hand-coded many sites, including his web home (https://paulmcfedries.com); Word Spy (https://wordspy.com); WebDev Workshop (https://webdevworkshop.io); and Web Design Playground (https://webdesignplayground.io/2).
 
  

 
   
   about the cover illustration
 
  
 
   
   The figure on the cover of Math for Web Design, captioned “Il Conciategami,” is taken from a collection originally published in 1853 by Stabilimento tipografico di G. Nobile, Napoli, and is provided by the George Peabody Library, Johns Hopkins University. Each illustration is finely drawn and colored by hand. 
 
  
 
   
   In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 
  

 
   
   1 Web dev math fundamentals
 
  
 
   
   This chapter covers
 
    
    	Improving web dev precision with math
 
    	The benefits of learning web dev math
 
    	How math is used in CSS and JavaScript
 
    	The math basics for coding motion and animation, layouts, and user interactions
 
   
 
  
 
   
   When you design or code a website, you might not think of yourself as doing math, but there’s likely at least a little mathematics behind most of what you do. Are you using relative units such as em or rem? There’s math behind those units. Are you applying an easing function such as ease-in-out to an animation? There’s math behind that function. Does your JavaScript code call the getBoundingClientRect() method on an element to determine its size and position? There’s math behind that method.
 
  
 
   
   Certainly, it’s possible to design and develop websites without giving math more than a cursory thought. Whatever math lies underneath a unit such as em or an easing function such as ease-in-out might not matter to you as long as the job gets done. However, the whole point of this book is that if you take a bit of time to understand that math, you’ll find it makes a big difference in the precision and robustness of your web layouts and interfaces. The good news is that you don’t need a graduate degree to build better websites. You only need to understand a small set of concepts, and none of it is as complex as the CSS and JavaScript you already know.
 
  
 
   
   This chapter lays the foundation for understanding the math that powers frontend development. But don’t fret, this isn’t about complex equations or abstract theory. Instead, my focus here is on practical math that helps you solve real design and development problems. By the end of this chapter, you’ll understand how just a bit of math can go a long way in making your designs more precise, your animations smoother, and your layouts more responsive.
 
  
 
   
   1.1 Why bother learning about frontend math?
 
  
 
   
   Okay, I get it: your job as a frontend designer or developer has a full plate as it is, so you might be wondering whether you really need to add “learn frontend math” to your already too-long to-do list. And what about AI, the web development elephant in the room? Wouldn’t it be easier and faster to let your favorite AI coding agent handle all the math for you?
 
  
 
   
   I wrote this book precisely because I believe every designer and developer would benefit from a bit of math background, and those benefits won’t come your way if you use AI instead. Now, let me try to persuade you:
 
  
 
   
   	You’ll build more precise, reliable layouts. When you understand the math behind spacing, alignment, and sizing, you can create layouts that are cleaner, more consistent, and easier to maintain. You’ll know exactly why a layout breaks or goes wonky, rather than just guessing and tweaking values until it looks right. Math turns guesswork into great work.
 
   	You’ll master responsive design faster. Responsive design is all about scaling, proportions, and constraints. Understanding how percentages, viewport units, and CSS functions such as clamp() work gives you the power to create fluid designs that adapt beautifully to any screen. Without math, you’re just crossing your fingers and hoping things work; with math, you’re in control.
 
   	You’ll write smarter, faster code. Animations, scroll effects, and dynamic layouts often rely on calculations under the hood. Knowing a bit of math lets you write your own logic instead of relying on a heavy library. That means smaller, faster, and more flexible code, which is always the goal, of course, but it is especially useful for performance-sensitive projects.
 
   	You’ll debug layout and animation problems more easily. Have you ever had two elements almost line up, or an animation almost look smooth? These almosts often come down to a missing unit, a misunderstood percentage, or a miscalculated transition. When you understand the math, you can spot the problem faster and fix it with precision.
 
   	You’ll unlock creative design possibilities. Math isn’t just about solving problems but also about creating possibilities. Circular layouts, spiral animations, rhythmic typography, responsive grids that follow the golden ratio—these all depend on math. Once you understand the logic, you can invent your own visual systems and interactions instead of merely copying patterns.
 
   	You’ll level up your professional value. Let’s be honest: developers and designers who can bridge the gap between visual creativity and technical logic are rare and in demand. Being able to say, “Yes, I know how to make this animation fluid and why it works” sets you apart. Math adds an extra layer of professionalism to your toolkit.
 
  
 
   
   Convinced? I knew it! Now I want to show you why math matters so much in web development.
 
  
 
   
   1.2 Why math matters in frontend development
 
  
 
   
   If you’re a web developer or designer, math might not be the first thing that comes to mind when thinking about your everyday work. After all, you’re probably more familiar with pixels, colors, and typefaces than with equations or formulas. But here’s the secret: math is quietly at work in almost everything you build on the web, and it’s often extremely important to understand how. For an example that illustrates this importance, refer to the following listing, which illustrates a common CSS conundrum.
 
  
 
   
   Listing 1.1 A heading size conundrum
 
    
    CSS:
main {
    font-size: 1.25em;
}
article {
    font-size: 1.75em;
}
h2 {
    font-size: 2em;
}

HTML:
<main>
    <h2>Main Heading</h2>
    <article>
        <section>
            <h2>Section Heading</h2>
        </section>
    </article>
</main>
  
   
 
  
 
   
   Note All the code for this chapter’s listings is available in the book’s GitHub repository: https://github.com/paulmcfe/web-dev-math.
 
  
 
   
   Since the h2 element is declared with font-size: 2em, it’s understandable that you’d expect both headings on the page to appear at that size when the page is rendered in the browser. But as figure 1.1 shows, the section heading is noticeably larger than the main heading. Can you figure out why?
 
  
 
   
   This is one of those apparently nonsensical CSS behaviors that drives web designers crazy. Fortunately, there’s a logical explanation for such behavior, and it’s all about the math. Cruelly, perhaps, I’m going to hold off on the solution to this problem until I talk about the math of CSS inheritance in chapter 3.
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   Figure 1.1 Why is the section heading so much bigger than the main heading? Math!

  
 
   
   Once you start to recognize the mathematical patterns and principles behind your work, a whole new world opens up, and you begin to code with more confidence and creativity. This section is all about making that connection visible. You’ll explore how math underpins many of the choices and techniques you already use, from spacing and proportions in layouts to animations, interactivity, and responsive design. You’ll also look at some real-world examples that show how math helps shape the user experience. My goal here is to show you that math is already a part of your work and that understanding it just a little better can help you make smarter, more elegant, and more adaptable websites.
 
  
 
   
   1.2.1 The connection between mathematics and web design
 
  
 
   
   Web design might seem like a purely creative process that involves choosing colors, arranging elements, and adjusting typography, but beneath that shiny surface lies a solid foundation built on mathematics. Whether it’s aligning items on a grid, calculating spacing, or choosing responsive breakpoints, math plays a pivotal role in how things fit together and behave on screen.
 
  
 
   
   At its core, design is about balance, proportion, and structure, all of which have mathematical roots. Consider the rule of thirds in visual composition, the golden ratio in layout design, or the use of modular scales in typography. These ideas might come from the world of art and aesthetics, but they’re all based on mathematical patterns that help you create harmony and clarity in your designs.
 
  
 
   
   Even when you’re simply setting a max-width for a container or centering an element horizontally, you’re making a mathematical decision, even if it’s happening intuitively.
 
  
 
   
   1.2.2 Real-world examples of math in UI/UX
 
  
 
   
   Math doesn’t just shape the structure of a webpage. It also influences how users interact with it. In user interface (UI) and user experience (UX) design, math shows up in all sorts of practical ways:
 
  
 
   
   	Responsive layouts—Using percentages, viewport units, and calc() functions to scale content based on screen size.
 
   	Typography—Building a type scale using consistent ratios (e.g., 1.2 or 1.618) to maintain visual rhythm (refer to figure 1.2).
 
   	Color theory—Adjusting brightness, contrast, and blending modes often involves numerical manipulation of color values.
 
   	Spacing and alignment—Grid systems use consistent spacing units, gutters, and columns, essentially applying basic algebra to structure content.
 
   	Motion and animation—From smooth fades to bouncy transitions, animations are powered by timing functions, easing curves, and velocity equations.
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   Figure 1.2 A type scale based on the golden ratio (approximately 1.618).

  
 
   
   Even scroll position or cursor movement can serve as mathematical inputs that dynamically shape the UI. These are real, working examples of math directly improving UX, making interfaces more readable, accessible, and enjoyable to use.
 
  
 
   
   1.2.3 How developers use math in animations, layouts, and interactions
 
  
 
   
   As a frontend developer, you’re already using math, even if you don’t think of it that way. Every time you center an element horizontally with left: 50% and transform: translateX(-50%), or calculate spacing using margin: calc(2rem + 1vw), you’re applying math in a creative context.
 
  
 
   
   Here are a few common ways math shows up in your everyday coding:
 
  
 
   
   	Animations—JavaScript animations often calculate positions over time using methods such as requestAnimationFrame(), which involves multiplying speed by time or using easing functions based on curves.
 
   	Layouts—CSS Grid and Flexbox both rely heavily on concepts such as ratios, fractions, and proportional scaling. Figuring out how many columns fit into a container or how to balance widths requires basic math.
 
   	User interactions—Mouse tracking, measuring drag distances, or determining when to trigger scroll effects all involve mathematical logic. Whether you’re calculating distance with the Pythagorean theorem or finding the angle between two points, these UI features are built on math.
 
  
 
   
   Understanding the math behind these tasks does more than help you debug or refine your code—it also helps you make better decisions about structure, flow, and behavior. The goal isn’t to memorize formulas but to recognize patterns and use them to your advantage.
 
  
 
   
   The next section explores how CSS and JavaScript each handle math differently and how you can use their respective strengths to build better interfaces.
 
  
 
   
   1.3 The role of mathematics in CSS and JavaScript
 
  
 
   
   When I talk about math in web development, I’m not referring to a single, monolithic object you need to learn. There’s no one-ring-to-rule-them-all approach to frontend math. Instead, both CSS and JavaScript offer their own approaches to handling math, and knowing the difference, as well as when to pick one over the other, is crucial so that you can use the right mathematical tool for the right job.
 
  
 
   
   1.3.1 How CSS uses math
 
  
 
   
   At first glance, CSS might not look like a math-heavy language, but math plays a key role in how styles are calculated, layouts are structured, and elements respond to different screen sizes. Every time you set a margin, calculate a width using a CSS function such as calc(), or define a responsive font size, you’re relying on mathematical logic, even if it’s happening behind the scenes. 
 
  
 
   
   CSS uses math to
 
  
 
   
   	Position elements—Whether you’re using CSS declarations such as left: 50%, top: 50%, and transform: translate(-50%, -50%) to center an item (refer to figure 1.3) or centering with Flexbox or Grid, CSS is doing calculations based on the box model and parent-child relationships.
 
   	Scale layouts—Units such as %, vw, and em require real-time math to compute the correct size based on the current context, including screen size, font size, and container dimensions.
 
   	Create responsive designs—CSS functions such as calc(), clamp(), min(), and max() let you build layouts and type scales that adjust fluidly as conditions change.
 
   	Style text—Line height, letter spacing, and font scaling rely on ratios and consistent spacing units to maintain readability and design rhythm.
 
   	Animate transitions—Although animation timing is usually associated with JavaScript, CSS transitions use math-driven easing curves (such as ease-in-out or cubic-bezier()) to define how an animation progresses over time.
 
  
 
    
   [image: ] 
   Figure 1.3 Centering an element within its containing block requires just a few CSS declarations, but behind the scenes, the browser is jumping through many mathematical hoops to get the job done.

  
 
   
   Understanding the math behind CSS doesn’t mean you need to solve equations. It just means learning how the browser interprets your styles mathematically. With that knowledge, you can design more flexible, precise, and scalable interfaces.
 
  
 
   
   1.3.2 JavaScript’s built-in mathematical capabilities
 
  
 
   
   JavaScript includes a rich set of built-in tools for working with numbers and performing mathematical operations, many of which you’re likely already using without thinking much about the math involved.
 
  
 
   
   At the heart of JavaScript’s math toolkit is the Math object, which provides functions for common operations, such as
 
  
 
   
   	Math.round(), Math.floor(), and Math.ceil() for rounding numbers
 
   	Math.random() for generating random numbers, which is useful for everything from UI effects to game logic
 
   	Math.max() and Math.min() to determine the extremes in an array or other set of values
 
   	Math.abs() to find absolute values, which is helpful in measuring distance or change
 
   	Math.pow() and Math.sqrt() for exponentiation and square roots, such as calculating distance using the Pythagorean theorem
 
   	Trigonometric functions such as Math.sin(), Math.cos(), and Math.atan2() for handling angles, curves, and circular motion
 
  
 
   
   Beyond the Math object, JavaScript supports arithmetic operators (+, -, *, /, %, **) and enables you to build dynamic expressions that power everything from animations and physics effects to responsive layouts and charting tools. These capabilities are essential when you’re calculating motion paths, handling user interactions, adjusting element positions on the fly, or creating data visualizations. Because JavaScript runs in real time in the browser, you can use math to make your UI adapt instantly to changing conditions.
 
  
 
   
   With just a bit of practice, you can start combining these tools to create smarter, more interactive, and more flexible frontend experiences.
 
  
 
   
   1.3.3 Comparing CSS and JavaScript math approaches
 
  
 
   
   Both CSS and JavaScript offer powerful ways to work with math, but they approach it from different angles, and understanding those differences can help you decide which tool is best for the job. 
 
  
 
   
   CSS: Built-in, declarative math
 
  
 
   
   CSS provides math functions such as calc(), min(), max(), and clamp() that you can use to perform basic arithmetic right in your style declarations. These are especially useful for layout and typography, where you want
 
  
 
   
    
    width: calc(100% - 2rem);
font-size: clamp(1rem, 2vw, 2rem);
  
   
 
  
 
   
    
  
 
   
   JavaScript: Dynamic, procedural math
 
  
 
   
    
  
 
   
    
    const containerWidth = window.innerWidth;
const padding = 32;
const contentWidth = containerWidth - padding * 2;
  
   
 
  
 
   
    
  
 
   
   When to use each
 
  
 
   
    
  
 
   
   	CSS—Use CSS math for layout, sizing, spacing, and typography when the values can be determined by the browser at render time.
 
   	JavaScript—Use JavaScript math when you need interaction, complex animation, or real-time adjustments based on user behavior or complex conditions.
 
  
 
   
    
  
 
   
   1.4 The minimum math you need to know
 
  
 
   
    
  
 
   
   1.4.1 Arithmetic and arithmetic expressions
 
  
 
   
    
  
 
   
   	operand—An input value for an expression. It could be a number, a string, a variable, a function result, or an object property.
 
   	operator—A symbol that represents a particular action performed on one or more operands. For example, the * operator represents multiplication, and the + operator represents addition.
 
  
 
   
    
  
 
   
   Table 1.1 Some frontend arithmetic examples
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
    
  
 
   
   1.4.2 Algebra
 
  
 
   
    
  
 
   
    
  
 
   
   	Variable value—A letter or other symbol that stands for an unknown value
 
   	Constant—A fixed value (also called a numeric literal), such as 2, 0.5, or 3rem 
 
   	Operation—The standard arithmetic operations (i.e., addition, subtraction, multiplication, and division) represented, respectively, by the operators +, -, *, and / 
 
   	Expression—A combination of one or more variable values, constants, and operators (e.g., 3x + 2) 
 
   	Equation—Two expressions set equal to each other (e.g., 3x + 2 = 11)
 
   	Inequality—An expression that compares two values to determine if they’re not equal (refer to section 1.4.6 for more)
 
   	Function—A relationship between inputs and outputs, for example, f(x) = 2x + 1
 
  
 
   
    
  
 
   
    
  
 
   
    
    const remainingHeight = window.innerHeight - headerHeight;
  
   
 
  
 
   
    
  
 
   
   Table 1.2 Some frontend algebra examples
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   1.4.3 Ratios
 
  
 
   
    
  
 
   
    
  
 
   
    
    .video-thumbnail {
    aspect-ratio: 16 / 9;
}
  
   
 
  
 
   
    
  
 
   
   Table 1.3 Some example ratios
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   	Calculating proportions in Flexbox layouts (covered in chapter 5)
 
   	Applying the golden ratio (1:1.618) for visual harmony (check out chapter 8 for more about the golden ratio)
 
   	Using percentages to scale child elements along with their parents (covered in chapter 6)
 
   	Creating a typographic scale: 1rem, 1.25rem, 1.563rem, and so on (refer to chapter 8 to learn more about modular typography scales)
 
  
 
   
    
  
 
   
   1.4.4 Exponents and nth roots
 
  
 
   
    
  
 
   
    
  
 
   
    
  
 
   
    
    const dx = x2 - x1;
const dy = y2 - y1;
const distance = Math.sqrt(dx * dx + dy * dy);
  
   
 
  
 
   
    
  
 
   
   Table 1.4 Exponent and nth root examples
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   1.4.5 Linear equations
 
  
 
   
    
  
 
   
    
  
 
   
    
    y = mx + b
  
   
 
  
 
   
    
  
 
   
   	y is the output and is called the dependent variable.
 
   	x is the input and is called the independent variable.
 
   	m is the slope of the line, which tells you the rate of change.
 
   	b is the y-intercept and is often called the starting value because it’s the value of the equation when x is 0. In that sense, b represents a vertical translation.
 
  
 
   
    
  
 
   
    
  
 
   
    
    const scrollY = window.scrollY;    #1
const totalHeight = document.body.scrollHeight -
                                         window.innerHeight; #2
const progress = scrollY / totalHeight;    #3
 
     #1 Current vertical scroll position
     
#2 Total scrollable height of page
     
#3 Scroll progress
     

    
 
   
 
  
 
   
    
  
 
   
   	y: progress
 
   	m: 1 / totalHeight
 
   	x: scrollY
 
   	b: 0
 
  
 
   
    
  
 
   
   Table 1.5 Examples of linear equations
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   1.4.6 Inequalities and comparison expressions
 
  
 
   
    
  
 
   
   	> (greater than)—The comparison expression x > 100 is true whenever the value of x is larger than 100.
 
   	< (less than)—The comparison expression x < 100 is true whenever the value of x is smaller than 100.
 
   	!== (not equal)—In JavaScript, the comparison expression x !== 100 is true whenever the value of x is any value other than 100. Note that CSS doesn’t offer an equivalent of the not equal operator.
 
  
 
   
    
  
 
   
   	>= (greater than or equal)—The comparison expression x >= 100 is true whenever the value of x is equal to or larger than 100.
 
   	<= (less than or equal)—The comparison expression x <= 100 is true whenever the value of x is equal to or smaller than 100.
 
   	=== (equal)—In JavaScript, the comparison expression x === 100 is true whenever the value of x is equal to 100. CSS supports the = operator for equality tests.
 
  
 
   
    
  
 
   
    
    if (window.innerWidth >= 768) {
    // Your layout code goes here
}
  
   
 
  
 
   
    
  
 
   
   Table 1.6 Examples of inequalities and comparison expressions
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   1.4.7 Geometry
 
  
 
   
    
  
 
   
   	Point—A location in space, often described using x (horizontal) and y (vertical) coordinates. In CSS, layout positions are based on the box model and flow, but pixel-level precision can still depend on (x, y) coordinates, especially with transforms or when positioning elements absolutely.
 
   	Line—A straight, one-dimensional figure that extends infinitely in both directions. A line segment is a portion of a line that connects two points. A ray is a portion of a line that starts at a point and extends infinitely in one direction. When working with the canvas (see chapter 14), you often create lines explicitly.
 
   	Vector—A way to represent movement or direction (think of it as an arrow from one point to another). You work with vectors in JavaScript (as described in chapter 10) to move an element in a specific direction, apply physics-like forces (see chapter 12), and calculate swipe directions.
 
   	Angle—A figure formed when two rays (or line segments) meet at a common point, called the vertex. The angle measures the amount of rotation from one ray to the other. Angles are measured in degrees, where there are 360 degrees in a circle, or radians, where 180 degrees equals π (pi) radians. Angles play a big part in web development, including animating or rotating elements, creating circular layouts or radial menus, drawing arcs in canvas or SVG, and tracking movement and direction.
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   Figure 1.4 Some basic geometric figures

  
 
   
    
  
 
   
    
  
 
   
    
    ctx.lineTo(e.clientX, e.clientY);
  
   
 
  
 
   
    
  
 
   
   Table 1.7 Some geometric examples
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	      
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   1.4.8 Trigonometry
 
  
 
   
    
  
 
    
   [image: ] 
   Figure 1.5 A right triangle and its sides relative to the angle theta (θ)

  
 
   
   	Sine (sin)—The length of the side opposite the angle divided by the length of the hypotenuse
 
   	Cosine (cos)—The length of the side adjacent to the angle divided by the length of the hypotenuse
 
   	Tangent (tan)—The length of the side opposite the angle divided by the length of the side adjacent to the angle
 
  
 
   
    
  
 
   
    
    const items = document.querySelectorAll('.menu-item');    #1
items.forEach((item, i) => {    #2
    const angle = (2 * Math.PI / totalItems) * i;    #3
    const x = centerX + radius * Math.cos(angle) - 20;    #4
    const y = centerY + radius * Math.sin(angle) - 20;    #5
    item.style.left = `${x}px`;    #6
    item.style.top = `${y}px`;    #7
});
 
     #1 Get all the menu items
     
#2 Loop through the menu items
     
#3 Calculate the angle, in radians
     
#4 Calculate the x coordinate using cos()
     
#5 Calculate the y coordinate using sin()
     
#6 Set the item’s left
     
#7 Set the item’s top
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   Figure 1.6 Using trigonometry to arrange menu items in a circle

  
 
   
    
  
 
   
   	Assume the center of the menu is at (100px, 100px), its radius is 70px. Each menu item has a width and height of 40px, and there are six menu items.
 
   	For the first item, i = 0, so angle = (2 * Math.PI / 6) * i = 0.
 
   	 x = centerX + radius * Math.cos(0) - 20 = 100 + 70 * 1 - 20 = 150.
 
   	 y = centerY + radius * Math.sin(angle) - 20 = 100 + 70 * 0 - 20 = 80.
 
  
 
   
    
  
 
   
   Table 1.8 Some examples of using trig in web dev
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
     
     
      
      	   
      	    
      	   
     
 
      
      	   
      	      
      	   
     
 
      
      	   
      	     
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   1.4.9 Coordinate systems
 
  
 
   
    
  
 
   
    
  
 
   
   	Axes—The coordinate system’s reference lines. For a 2D coordinate system, these lines are usually the x-axis (the horizontal axis) and the y-axis (the vertical axis), which are perpendicular to each other.
 
   	Origin—The point where the axes intersect, which is typically the coordinate (0, 0) in a 2D coordinate system.
 
   	Coordinates—A set of numbers that define a point’s position relative to the origin. In a 2D coordinate system, each coordinate uses the general format (x, y), where x is the point’s position on the x-axis and y is the point’s position on the y-axis.
 
  
 
   
    
  
 
   
    
  
 
   
   	Origin (0, 0)—Located at the top-left corner of the viewport.
 
   	Positive x-axis—Extends rightward across the screen.
 
   	Positive y-axis—Extends downward along the screen.
 
   	Unit of measurement—Pixels (px) by default.
 
   	Negative values are allowed—You can use negative values of x and y to position elements entirely or partially outside the viewport to the left or above the top-left corner.
 
   	Values can exceed the viewport width or height—You can use values of x and y that are larger than the dimensions of the viewport to position elements entirely or partially outside the viewport to the right or below the bottom-right corner.
 
  
 
   
    
  
 
   
    
    .hero {
    height: 100vh;
    width: 100vw;
}
  
   
 
  
 
   
    
  
 
   
   Table 1.9 Some uses of coordinate systems in CSS and JavaScript
 
    
     
      
      
      
     
     
      
      	   
      	   
      	   
     
 
      
      	   
      	   
      	   
     
 
      
      	   
      	     
      	   
     
 
      
      	   
      	   
      	   
     
 
     
   
 
  
 
   
    
  
 
   
   Summary
 
  
 
   
   	Learning about frontend math will help you build more precise and reliable layouts, write more performant code, and debug layout problems faster.
 
   	Mathematics in UI and UX design has practical use cases for responsive layouts, typography, color, spacing, and alignment.
 
   	Developers use math when coding motion and animation, layouts, and user interactions.
 
   	In CSS, you use math to position and transform elements, scale layouts, build responsive elements, style text, and animate transitions.
 
   	CSS provides math functions that can be used to perform basic arithmetic right in your style declarations.
 
   	JavaScript gives you full control with dynamic, real-time math using the Math object and custom logic.
 
   	Use CSS math for layout, sizing, spacing, simple animation, and typography when the values can be determined by the browser at render time.
 
   	Use JavaScript math when you need interaction, advanced animation, or real-time adjustments based on user behavior or complex conditions.
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