Calculus worksheet chain rule practice

In order to continue enjoying our site, we ask that you confirm your identity as a human. Thank you very much for your cooperation. Concavity is all about the rate at which the slope of a curve is increasing or decreasing. It has many important applications in mathematics, not the least of which is to help you decide which part of a hill to cycle up.
Unless you are feeling particularly masochistic, you probably don't want to cycle up parts of a hill where the slope is increasing at an increasing rate! There are two types of concavity that are particularly useful in calculus: concave up and concave down. Let's try and untangle what these terms mean by drawing some pictures. A function is concave up
when its gradient increases as its values increase. I like to think of a parabola with the ends pointing upwards (one that's the 'right way up'). You might have written descriptions of concave up curves in Physics classes. They're the ones that are 'increasing at an increasing rate' or 'decreasing at a decreasing rate'. ] A function is concave down when its
gradient decreases as its values increase. I like to think of a parabola with the ends pointing downwards (one that's 'upside down'). You might have written descriptions of concave down curves in Physics classes. They're the ones that are 'increasing at a decreasing rate' or 'decreasing at an increasing rate'. The following pictures show some more
curves that would be described as concave up or concave down: Of course, at this point, someone is going to pipe up and ask what happens when the slope of a curve neither increases nor decreases. In this case, the function is a straight line. As we'll see later, straight lines satisfy the definitions of both concave up and concave down. How's that for
muddying the waters? Let's explore more of the gory details about concavity before we get too worried about that. Finding where a curve is concave up or down You guessed it, it isn't enough to know what concave up or concave down curves look like! We need to be able to find where curves are concave up or down. A curve can have some parts that
are concave up and other parts that are concave down, and it's useful to be able to work out which is which, even before you draw the graph. An understanding of concavity comes in really handy when you need to be able to solve problems like finding the maximum time you can spend playing games on your iPad during a boring class before your
teacher finds out... There are also applications in economics and many other fields. Coming up with a definition (a.k.a. as keeping the mathematicians happy) The mathematicians aren't satisfied if we say that a curve is concave up if it is increasing at an increasing rate or concave down if it is increasing at a decreasing rate. In fact, you shouldn't be
satisfied either: parts of concave up curves can decrease at decreasing rates, and parts of concave down curves can decrease at increasing rates. So... we first have to ask what's special about curves that are concave up or down. The key idea is that we if we draw a line joining any two points of the curve, it won't cross from one side of the curve to the
other. Clear as mud? Hopefully, the pictures below will make this idea a little easier to understand. Well, we're on the road to making the mathematicians happier! The next step is to chuck a formula into the mix. Let's use another picture to help us figure out what's going on. We start by choosing any two values of \(a\) and \(b\) that lie in the interval
we're interested in and draw a line from \(f(a)\) to \(f(b)\): Now you can make the \(x\)-values move between \(a\) and \(b\) using a value (often called a parameter) \(t\), which lies between \(0\) and \(1\): \(x = ta + (1-t)b\) Let's look at what happens to \(x\) for different values of \(t\): When \(t = 0\), \(x = 0a + 1b = b\) When \(t = 1\), \(x = 1a + 0b = a\)
When \(t\) moves between \(0\) and \(1\), \(x\) moves between \(a\) and \(b\). Now, what about the function values corresponding to these \(x\)-values? How do they compare to the points on the line joining \(f(a)\) to \(f(b)\)? When \(x = ta + (1-t)b\): \(y=f(x)\) is equal to \(y = f(ta + (1 - t)b)\) The point on the line corresponding to \(x\) is \(y = tf(a) + (1 t)f(b)\) If the function is concave up, then the line needs to stay above or on the curve (and not cross it). So this means: \(f(ta + (1 - t)b) \leq tf(a) + (1 - t) f(b) \) and if the function is concave down, then the line needs to stay below or on the curve (and not cross it). So we change \(\leq\) to \(\geq\) to give: \(f(ta + (1 - t)b) \geq tf(a) + (1 - t) f(b) \) These
are the definitions that mathematicians actually use to decide whether something is concave up or concave down. How do I remember which is which? Some people say that the best way to remember the shape of a concave up curve is using a cup like this: But I think it's easiest to remember that a function is concave up if its mood is up, so it has a
smiley face like this: and concave down if it's feeling a big down like the mouth on this sad face: Using calculus to help out Remember, we can use the first derivative to find the slope of a function. However, we want to find out when the slope is increasing or decreasing, so we either need to look at the formula for the slope (the first derivative) and
decide, or we need to use the second derivative. If a function is concave up, then its second derivative is positive. If a function is concave down, then its second derivative is negative. To find out what happens when the second derivative is zero, read the article on points of inflection. Example: My favourite concave up function is \(y = x^2\). Let's see if
we can use the derivatives to tell us that it is concave up: The first derivative is \(2x\), which is always increasing. So the first derivative tells us the graph is concave up. The second derivative is \(2\), which is positive! So the second derivative test tells us that the graph is concave up. Both tests give us the correct answer! This function is definitely
concave up! Example Where is the function \(y = 4x^3 + 3x^2 - 2x\) concave up and concave down? Start by finding the second derivative: \(y' = 12x^2 + 6x - 2\) \(y'' = 24x + 6\) Let's look at the sign of the second derivative to work out where the function is concave up and concave down: For \(x For \(x > -\dfrac{1}{4}\), \(24x + 6 > 0\), so the
function is concave up. Note: The point where the concavity of the function changes is called a point of inflection. This happens at \(x = - \frac{1}{4}\). Finally, what about straight lines? Earlier we mentioned that the slope of straight lines neither increases nor decreases: it always stays the same. This means that you can choose to say that a straight
line is concave up or concave down. A straight line \(f(x) = mx + b\) satisfies the definitions of both concave up and concave because we always have \(f(ta + (1-t)b) = tf(a) + (1- t)f(b)\). \(y = -2x + 1\) is a straight line. It is both concave up and concave down. The second derivative is always zero: Calculus is one of the most important branches of
mathematics that deals with continuous change. The two major concepts that calculus is based on are derivatives and integrals. The derivative of a function is the measure of the rate of change of a function, while integral is the measure of the area under the curve of the function. The derivative gives the explanation of the function at a specific point
whereas the integral accumulates the discrete values of a function over a range of values. Calculus is also referred to as infinitesimal calculus or “the calculus of infinitesimals”. Infinitesimal numbers are the quantities that have value nearly equal to zero, but not exactly zero. Generally, classical calculus is the study of continuous change of functions.
What is Calculus? Calculus focuses on some important topics covered in math such as differentiation, integration, limits, functions, and so on. Calculus, a branch of mathematics, deals with the study of the rate of change, was developed by Newton and Leibniz. Calculus Definition: Calculus in Mathematics is generally used in mathematical models to
obtain optimal solutions and thus helps in understanding the changes between the values related by a function. Calculus is broadly classified into two different sections: Differential Calculus Integral Calculus Both differential and integral calculus serve as a foundation for the higher branch of Mathematics known as “Analysis”, dealing with the impact
of a slight change in dependent variable, as it leads to zero, on the function. Calculus Topics Based on the complexity of the concepts covered under calculus, we classify the topics under different categories as listed below, Precalculus Calculus 1 Calculus 2 Precalculus Precalculus in mathematics is a course that includes trigonometry and algebra
designed to prepare students for the study of calculus. In precalculus, we focus on the study of advanced mathematical concepts including functions and quantitative reasoning. Some important topics covered under precalculus are, Functions Inverse Functions Complex Numbers Rational Function Calculus 1 Calculus 1 covered the topics mainly
focusing on differential calculus and the related concepts like limits and continuity. Some of the topics covered under calculus 1 are, Limits Derivatives Applications of Derivatives Integrals Calculus 2 Calculus 2 focuses on the mathematical study of change first introduced during the curriculum of Calculus 1. Some of the important topics under
Calculus 2 are, Functions Functions in calculus represent the relationship between two variables, which are the independent variable and the dependent variable. Let’s consider the following diagram. There is an INPUT, a black box, and an OUTPUT. For example, suppose we want to make a pizza. We would need the following basic ingredients. Pizza
Base Pizza Sauce Cheese Seasoning The above real-life example can be represented in the form of a function as explained below, The taste of our pizza depends on the quality of the ingredients. Let’s take another example Suppose that: y = x2 Value of x Value of y 1 1 2 4 9 81 11 121 Using the diagram given above, we get: We can see that the value
of y depends on the value of x. We can conclude that INPUT is independent of the OUTPUT OUTPUT depends on the INPUT Black Box is responsible for the transformation of the INPUT to the OUTPUT In calculus, INPUT is an independent variable OUTPUT is a dependent variable Black Box is a function Differential Calculus Differential calculus
focuses on solving the problem of finding the rate of change of a function with respect to the other variables. To find the optimal solution, derivatives are used to calculate the maxima and minima values of a function. Differential helps in the study of the limit of a quotient, dealing with variables such as x and y, functions f(x), and the corresponding
changes in the variables x and y. The notations dy and dx are known as differentials. The process used to find the derivatives is called differentiation. The derivative of a function, y with respect to variable x, is represented by dy/dx or f’(x). Limits Limit helps in calculating the degree of closeness to any value or the approaching term. A limit is normally
expressed using the limit formula as, limx→cf(x) = A This expression is read as “the limit of f of x as x approaches c equals A”. Derivatives Derivatives represent the instantaneous rate of change of a quantity with respect to the other. The derivative of a function is represented as: limx→h[f(x + h) − f(x)]/h = A Continuity A function f(x) is said to be
continuous at a particular point x = a, if the following three conditions are satisfied – f(a) is defined limx→af(x) exists limx→a− f(x) = limx→a+ f(x) = f(a) Continuity and Differentiability A function is always continuous if it is differentiable at any point, whereas the vice-versa for this condition is not always true. Integral Calculus Integral calculus is the
study of integrals and the properties associated to them. It is helpful in: calculating f from f’ (i.e. from its derivative). If a function, say f is differentiable in any given interval, then f’ is defined in that interval. calculating the area under a curve for any function. Integration Integration is the reciprocal of differentiation. As differentiation can be
understood as dividing a part into many small parts, integration can be said as a collection of small parts in order to form a whole. It is generally used for calculating areas. Definite Integral A definite integral has a specific boundary or limit for the calculation of the function. The upper and lower limits of the independent variable of a function are
specified. A definite integral is given mathematically as, ∫ab f(x).dx = F(x) Indefinite Integral An indefinite integral does not have a specific boundary, i.e. no upper and lower limit is defined. Thus the integration value is always accompanied by a constant value (C). It is denoted as: ∫ f(x).dx = F(x) + C Calculus Formula Calculus Formulas can be
broadly divided into the following six broad sets of formulas. The six broad formulas are limits, differentiation, integration, definite integrals, application of differentiation, and differential equations. All of these formulas are complementary to each other. Limits Formulas: Limits formulas help in approximating the values to a defined number, and are
defined either to zero or to infinity. Ltx→0 (xn - an)(x - a) = na(n - 1) Ltx→0 (sin x)/x = 1 Ltx→0 (tan x)/x = 1 Ltx→0 (ex - 1)/x = 1 Ltx→0 (ax - 1)/x = logea Ltx→0 (1 + (1/x))x = e Ltx→0 (1 + x)1/x = e Ltx→0 (1 + (a/x))x = ea Differentiation Formula: Differentiation Formulas are applicable to basic algebraic expressions, trigonometric ratios, inverse
trigonometry, and exponential terms. \(\dfrac{d}{dx}\)xn = nxn - 1 \(\dfrac{d}{dx}\) Constant = 0 \(\dfrac{d}{dx}\) ex = ex \(\dfrac{d}{dx}\)ax = ax.loga \(\dfrac{d}{dx}\) log x = 1/x \(\dfrac{d}{dx}\) sin x = cos x \(\dfrac{d}{dx}\) cos x = -sin x \(\dfrac{d}{dx}\) tan x = sec2x \(\dfrac{d}{dx}\) cot x = -cosec2x \(\dfrac{d}{dx}\) sec x = sec x.tanx \
(\dfrac{d}{dx}\) cosec x = -cosec x.cot x Integration Formula: Integrals Formulas can be derived from differentiation formulas, and are complimentary to differentiation formulas. ∫ xn.dx = xn + 1/(n + 1) + C ∫ 1.dx = x + C ∫ ex.dx = ex + C ∫(1/x).dx = log|x| + C ∫ ax.dx = (ax/log a) + C ∫ cos x.dx = sin x + C ∫ sin x.dx = -cos x + C ∫ sec2x.dx = tan x +
C ∫ cosec2x.dx = -cot x + C ∫ sec x.tan x.dx = sec x + C ∫ cosec x.cotx.dx = -cosec x + C Definite Integrals Formulas: Definite Integrals are the basic integral formulas and are additionally having limits. There is an upper and lower limit, and definite integrals, that are helpful in finding the area within these limits. ∫ba f'(x).dx = f(b) - f(a) ∫ba f(x).dx =
∫ba f(t).dt ∫ba f(x).dx = - ∫ab f(x).dx ∫ba f(x).dx = ∫ca f(x).dx + ∫bc f(x).dx ∫ba f(x).dx = ∫ba f(a + b - x).dx ∫a0 f(x).dx = ∫a0 f(a - x).dx ∫2a0 f(x).dx = 2∫a0 f(x).dx ∫a-a f(x).dx = 2∫a0 f(x).dx, f is an even function ∫a-a f(x).dx = 0 , f is an odd function Application of Differentiation Formulas: The application of differentiation formulas is useful for
approximation, estimation of values, equations of tangent and normals, maxima and minima, and for finding the changes of numerous physical events. dy/dx = (dy/dt)/(dx/dt) Equation of a Tangent: y - y1 = dy/dx.(x - x1) Equation of a Normal: y - y1 = -1/(dy/dx).(x - x1) Differential Equations Formula: Differential equations are higher-order derivatives
and can be comparable to general equations. In the general equation, we have the unknown variable 'x' and here we have the differentiation dy/dx as the variable of the equation. Homogeneous Differential Equation: f(λx, λy) = λnf(x, y) Linear Differential Equation: dy/dx + Py = Q General solution of Linear Differential Equation is y.e- ∫P.dx =
∫(Q.e∫P.dx).dx + C Applications of Calculus Calculus is a very important branch, a mathematical model that helps in: Analyzing a system to find an optimal solution to predict the future of any given condition for a function. Concepts of calculus play a major role in real life, either it is related to solve the area of complicated shapes, evaluating survey
data, the safety of vehicles, business planning, credit card payment records, or finding the changing conditions of a system that affect us, etc. Calculus is a language of economists, biologists, architects, medical experts, statisticians. For example, Architects and engineers use different concepts of calculus in determining the size and shape of the
construction structures. Calculus is used in modeling concepts like birth and death rates, radioactive decay, reaction rates, heat and light, motion, electricity, etc. ☛ Related Topics Example 1: Let f(y) = y2 and g(y) = ey. Use the chain rule in calculus to calculate h′(y) where h(y) = f(g(y)). Solution: Given, f(y) = y2 and g(y) = ey. First derivative above
functions are f'(y) = 2y and g'(y) = ey To find: h′(y) Now, h(y) = f(g(y)) h'(y) = f'(g(y))g'(y) h'(y) = f'(ey)ey By substituting the values. h'(y) = 2ey × ey or h'(y) = 2e2y Example 2: y is a function of x, and the function definition is given as: y = f(x) = 1/(1 + x2). Find the output values of the function for x = 0, x = −1, and x = √2. Solution: We have: f(0) =
1/[1 + (0)2] = 1/1 = 1 f(−1) = 1/[1 + (−1)2] = 1/2 f(√2) = 1/[1 + (√2)2] = 1/3 Example 3: Find the slope of the curve y = 2x2 + 3x + 1, at the point (-1, 0) Solution: The given equation of the curve is y = 2x2 + 3x + 1. The aim is to find the slope of the curve and hence we need to differentiate the equation. (d/dx).y = d/dx. (2x2 + 3x + 1) dy/dx = 4x + 3
Slope at at point (-1, 0) is m = 4(-1) + 3 = -1 Answer: Hence the slope of the curve is -1 Example 4: Differentiate x tan x. Solution: d/dx. x tanx = x.( d/dx) tan x + tan x.(d/dx) x Using calculus formula, d/dx. x tan x = x.sec2x + tan x.1 = x sec2x + tan x Answer: (d/dx) x tan x = x sec2x + tan x Read More > go to slidego to slidego to slidego to slide
Breakdown tough concepts through simple visuals. Math will no longer be a tough subject, especially when you understand the concepts through visualizations. Book a Free Trial Class FAQs on Calculus Calculus is one of the most important branches of mathematics, that deals with continuous change. Calculus is also referred to as infinitesimal
calculus or “the calculus of infinitesimals”. Infinitesimal numbers are the quantities that have values nearly equal to zero, but not exactly zero. What are Important Calculus Formulas? A few of the important formulas used in calculus to solve complex problems are as listed below, Ltx→0 (xn - an)(x - a) = na(n - 1) ∫ xn.dx = xn + 1/(n + 1) + C ∫ ex.dx =
ex + C \(\dfrac{d}{dx}\)xn = nxn - 1 \(\dfrac{d}{dx}\) Constant = 0 \(\dfrac{d}{dx}\) ex = ex What is Differential Calculus? Differential calculus focuses on solving the problem of finding the rate of change of a function with respect to the other variables. The derivative of a function, y with respect to variable x, is represented by dy/dx or f’(x). What
do you Use Calculus for in Real Life? Concepts of calculus play a major role in real life, either it is related to solve the area of complicated shapes, evaluating survey data, the safety of vehicles, business planning, credit card payment records, or finding the changing conditions of a system that affect us, etc. Calculus is a language of economists,
biologists, architects, medical experts, statisticians. For example, architects and engineers use different concepts of calculus in determining the size and shape of construction structures. How to Find the Maxima and Minima of a Function in Calculus? To find the optimal solution, derivatives are used to calculate the maxima and minima values of a
function. Maxima and minima are the highest and lowest points of a function respectively, which could be determined by finding the derivative of the function. What are the Four Main Concepts of Calculus? The four main concepts covered under calculus are as given below, Limits Differential Calculus Integral Calculus Multivariable Calculus What is
Integral Calculus? Integral calculus is the study of integrals and the properties associated with them. It is helpful in calculating f from f’ (i.e. from its derivative). If a function, say f is differentiable in any given interval, then f’ is defined in that interval. It enables us to calculate the area under a curve for any function.
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