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The field of mathematics; The lower area of the calculus is a graphic of a function drawn in black and a tangent line to this function drawn in red. The slope of the tangent line is equal to the derivative of the function at the marked point. Calculus Basic theorem Leibniz integral rule Limits of Functions Average value theorem Differential Definitions Derivative (generalizations) A
function total Concepts Differentiation representation Second derivative Implicit differential Logarith differential is part of a series of articles about infinite simal Mical differentiation Related ratio Sum of Taylor's theorem Rules and identities Product Chain Power Coefficient L'Hôpital rule Reverse General Leibniz Faà di Bruno's formula Integral Lists integral transform Definitions
Antiturevit Integral (inappropriate) Riemann integral Lebesgue integration Contour Integrated Reverse functions Integration with Part Discs Cylindrical shells Subseging (trigonometric, Weierstrass, Euler) Euler formula Partial fractions Replacement sequence Reduction formula Integral Under Distinguished Series Geometric (arithmeico-geometric) Harmonic Alternative Power
Binomial Stone Convergence Tests Total and limit (period test) Ratio Root Integral Direct comparison Limit comparison Alternative series Cauchy condensation Dirichlet Abel AndCtor Gradient Divergence Curl Laplacian Directional derivative IDs Theorems Gradient Green's Stokes's Divergence generic Stokes Multi-Variableformalisms Matrix Tensor External Geometric Definitions
Partial derivative Multi integral Line integral Surface integral Volume integralJacobian Hessian Custom Fraction malliavin Stochastic Variations Calculus Dictionary Account Subjects Dictionary Vte In Mathematics, differential calculus is a calculus sub-field that examines the rates at which quantities change. [1] It is one of two sections of two traditional calculus, the integral calculus
of the other, which is the study of the area below one curve. [2] The primary objects of differential calculus work are derivatives of a function, related concepts such as differentials and their applications. The derivative of a function in the selected input value explains the rate at which the function close to that input value changes. The process of finding a derivative is called
differentiation. Geometrically, at some point, the pattern is the slope of the tangent line to the graph of the function at that point, but if the derivative exists and is considered defined at that point. For the actual value function of a single real variable, the derivative of a function at a point typically determines the best linear approximate value to the function at that point. Differential
calculus and integral calculus are connected by calculus theorem, which means that differential is a reverse process to integration. Differentiation has practices in almost all quantitative disciplines. Physics displacement of an object that moves according to time is the speed of the cinin and the derivative acceleration of speed by time. The derivative of a cale's momentum over time
is equal to the force applied to the body; the reorganization of this derivative statement led to the famous F = ma equation associated with Newton's second law of motion. The reaction rate of the chemical reaction is a derivative. In operational research, derivatives determine the most efficient ways to transport materials and design factories. Derivatives are often used to find
maxima and minima of a function. Equations containing derivatives are called differential equations and are fundamental to the identification of natural phenomena. Its derivatives and generalizations occur in many areas of mathematics such as complex analysis, functional analysis, differential geometry, measurement theory and abstract algebra. The graph of a derivative Random
function is y = f ( x ) {\displaystyle y=f(x)} . The orange line x = a {\displaystyle x=a} tangent means exactly what it means at this point, the slope of the curve, and the straight line are the same. At different points, the derivative f ( x ) {displaystyle f(x)} is defined as the slope of the tangent at x = a {\displaystyle x=a} ( a , f ( a ) ) {\displaystyle (a,f(a))} . [3] To gain an intuition for this
definition, you must first be informed about finding the slope of a linear equation written as y = m x x + b {\displaystyle y=mx+b}. The slope of an equation is its steepness. Splitting any two points by selecting and changing the change in y {\displaystyle y} to x {\displaystyle x}, i.e. x {\displaystyle {\text{slope }}=\frac {{\text{ change in }}y}{{{text{change in }}}}} ( Example, y = − 2 x + 13
{\displaystyle y=-2x+13} graphic − 2 {\displaystyle -2} (as shown in the following diagram: y − − − 2 x − 13 {\displaystyle y=-2x-13} graphic x = − 6 + 3 = − 2 {\displaystyle {\frac {{\text{change in }}y}{{\text{change in }}x}}={\frac {-6}{ For abbreviation 3}}=-2} For abbreviation, a y-change in x {\frac {{\text{change in }}y}{\text{change in }}x}}}} is usually written as Δ y Δ x {\displaystyle {\frac
{\Delta y}{\Delta x}}}, Δ {\displaystyle \Delta } means 'change in'. The slope of a linear equation is constant, meaning that the steepness is the same everywhere. However, many charts, such as y = x 2 {\displaystyle y=x^{2}} , differ in their steepness. This means no longer taking any two random points and calculating the slope. Instead, the slope of the chart is defined using a
tangent line and a line that 'touches only' a specific point. The slope of the curve at a specific point is defined as the slope of the tangent to that point. For example, y = x 2 {\displaystyle y=x^{2}} In x = 2, the 4 {\displaystyle 4} slope is equal to 4 {\displaystyle 4} ( 2 screen styles 4} : Y = x 2 {\displaystyle y=x^{2}} graphic with a tangent straight line ( 2 , 4 ) {\displaystyle (2.4)} . The
slope of the tangent line is equal to 4 {\displaystyle 4}. (Note that the chart's axes do not use a scale of 1:1.) The derivative of a function is defined as the slope of this tangent line. [Note 1] Even if the tangent line touches only one point, it can be estimated approximately with a line that crosses two points. This is known as a secant line. If the two points where the secant line passes
are close to each other, The secant line is very similar to the tangent line, and as a result its slope is very similar: The dotted line passes through points ( 2 , 4 ) {\displaystyle (2.4)} and ( 3 , 9 ) {\displaystyle (3.9)} is located on the curve y = x 2 {displaystyle y=x {2}^}. Since these two points are quite close to each other, the dotted line and tangent line have a similar slope. As the two
dots get closer together, the error generated by the sequence line becomes increasingly small. The advantage of using a secant line is that its slope can be calculated directly. The two points in the chart (x , f ( x ) { \displaystyle (x,f(x))} and ( x + Δ x , f ( x + Δ x ) {\displaystyle (x+\Delta x,f(x+\Delta x))} , Δ x {\displaystyle \Delta x} is a small number. As before, the slope of this two-
point line can be calculated with formula bevel = Δ y Δ x {\displaystyle {\text{slope }}=\frac {\Delta y}{\Delta x}}}}. This slope = f ( x + Δ x ) − f ( x ) Δ x {\displaystyle {\text{slope}}={\frac {f(x+\Delta x)-f(x)}{\Delta x}}} Δ x {\displaystyle \Delta x} 0 {\displaystyle 0} approaches, the slope of the secant line gets closer and closer to the slope of the tangent line. This is officially lim Δ x → 0 f ( x
) Δ x ) Δ x {\displaystyle \lim _{\Delta x\to 0}{\frac {f(x+\Delta x)-f(x)}{\Delta x}} As the above expression 'x {\displaystyle x} approaches and approaches 0, the slope of the line of sns gets closer to a certain value. The approached value is f ( x ) {\displaystyle f(x)}; this can be written as f' ( x ) {\displaystyle f'(x)}. If y = f ( x ) is {\displaystyle y=f(x)}, the derivative can also be written as d y
d x {\displaystyle {\frac {dy}{dx}}}, d {\displaystyle d} represents an infinite change. For example, d x {\displaystyle dx} x.[Note 2] Represents an infinitesial change in the abstract, if y = f ( x ) {\displaystyle y=f(x)} is f ( x ) {\displaystyle f(x)} d y d x = f ′ ( x ) = lim Δ x → 0 f ( x + Δ x ) − f ( x ) Δ x {{x) \displaystyle {\frac {dy}{dx}}=f'(x)=\lim _{\Delta x\to 0}{\frac {f(x+\Delta x)-f(x)}\Delta x}}} if
such a limit exists. [4] [Note 3] Distinguish using a function the above definition is known as differentiation from the first principles. Here's evidence that uses differentiation from the first principles. y = x 2 {\displaystyle y=x^{2}} 2 x {\displaystyle 2x} olduğunu: d y d x = lim Δ x → 0 f ( x + Δ x ) − f ( x ) Δ x = lim Δ x → 0 ( x + Δ x ) 2 − x 2 Δ x = lim Δ x → 0 x 2 + 2 x Δ x + ( Δ x ) 2 − x 2 Δ x
= lim Δ x → 0 2 x Δ x + ( Δ x ) δ x x → 0 2 x Δ x {\displaystyle {\begin{aligned}{\frac {dy}{dx}}&amp;amp=\lim _{\Delta x\to 0}\frac {f(x+\Delta x)-f(x)}\Delta x}\\&amp;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\{2} {2}\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\&amp;\lim _{\Delta x\to 0}{\frac {x^{2}+2x\Delta x+(\Delta x)^{2}-x^{2}}\Delta x}\\\\\delta
x\\\\delta x\to 0}\frac {2x\Delta x+(\ Delta x)^{2}}\\Delta x}}\\\Delta x}}\Delta x\to 0}2x+\Delta x\\\end{aligned}}} Δ x {\displaystyle \Delta x} yaklaşırken 0 {\ displaystyle 0} , 2 x + Δ x {\displaystyle 2x+\Delta x} approaches 2 x \\Displaystyle 2x}. Therefore, d y d x = 2 x {\displaystyle {\frac {dy}{dx}}=2x} . This evidence is generalized to show that there are {\displaystyle a} and n
{\displaystyle n } constants if d ( a x n ) d x = a n − 1 {\displaystyle {\frac {d(ax^{n})}}{dx}}=anx^{n-1}}. This is known as the power rule. For example, d d x ( 5 x 4 ) = 5 ( 4 ) x 3 = 20 x 3 {\displaystyle {\frac {d}{dx}}(5x^{4})=5(4)x^{3}=20x^{3}} . However, many other functions are not as easily distinguishable as polynomial functions, which means that sometimes other techniques are
needed to find a derivative of a function. These techniques include the chain rule, the product rule, and the section rule. Other functions are indistinguishable at all, which led to the concept of difference. A concept closely related to the derivative of a function is its differential. When x and y are real variables, f-derived tangent line in x is the slope to f chart at x. Because the source
and destination of the F are one-dimensional, the derivative of f is an actual number. If x and y are vectors, the best linear approach to the f chart depends on how f changes in various directions at the same time. Taking the best linear approach in a single direction usually determines a partial derivative ∂/∂x is shown. F linearization in each direction at the same time is called the
total derivative. Main article: History of Calculus A concept of derivatives in the sense of tangent line is a very old concept familiar with Greek geometers such as Euclid (such as 300 BC), Archimedes (such as 287-212 BC) and Apollonius of Perga (such as 262-190 BC). [5] Archimedes also revealed the use of infinitesimous minors, alcause they were primarily used to study fields
and volumes, rather than derivatives and tangents; See Archimedes' use of infinitesimations. The use of infinites of smallers to study exchange rates can be found in Indian mathematics, perhaps as early as A.D. 500, when astronomer and mathematician Aryabhata (476-550) uses infinitesy small to study the moon's orbit. [6] Usage it was significantly developed by infinitesy small
bhāskara II (1114-1185) to calculate exchange rates; indeed, it has been argued that many of the basic concepts of differential calculus can be found in his work like the Rolle theorem. [8] Islamic mathematician Sharaf al-Dīn al-Tūsī (1135–1213) set the conditions for some cubic equations to find solutions in the Thesis of Equations, finding the machination of appropriate cubic
polynomials. For example, cubic ax2 - x3 maximum occurs when x = 2a/3, and proved to the equation that ax2 - x3 = c is exactly a positive solution c = 4a3/27, and two positive solutions time c &lt; c &lt; 4a3/27. [9] Scientific historian Roshdi Rashed argued that al-Tūsī should have used cubic derivative to achieve this result. Rashed's conclusion, however, was disputed by other
scientists, who argued that he may have obtained the result by other methods that did not require the derivative of the function to be known. [11] Modern development of calculus is often attributed to Isaac Newton (1643-1727) and Gottfried Wilhelm Leibniz (1646-1716), who provided independent approaches to its differentiation and derivatives. But the main insight that earned
them this credit was the calculus theorem about differentiation and integration: This overridden many of the earlier methods for computing areas and volumes that had not been significantly extended since the time of Ibn al-Haytham (Alhazen). [14] For their ideas on their derivatives, both Newton and Leibniz, Built on previous important work by mathematicians such as Pierre de
Fermat (1607-1665), Isaac Barrow (1630-1677), René Descartes (159) 6-1 1650), Christiaan Huygens (1629–1695), Blaise Pascal (1623–1662) and John Wallis (1616–1703). Regarding Fermat's influence, Newton wrote in a letter: I took the hint of this method of action from fermat's way of drawing tangents, and I did it generally, applying it directly and inversely to abstract
equations. [15] Isaac Barrow is usually credited for the early development of the derivative. [16] However, while Newton and Leibniz remain key figures in the history of differentiation, Leibniz systematically developed much of the notation still used today, not least because Newton was the first to apply differentiation to theoretical physics. Since the 17th century, many
mathematicians have contributed to the theory of differentiation. In the 19th century, calculus was put on a much more rigorous ground by mathematicians such as Augustin Louis Cauchy (1789-1857), Bernhard Riemann (1826-1866) and Karl Weierstrass (1815-1897). During this period, differentiation was generalized in euclid space and complex plane. If optimization of derivators'
applications is a differentiating function on F, R (or open range) and x is a local maximum or local minimum f, f is zero at x. f'(x) = to points where 0 is called critical points or fixed points (and the f value in x is called a discritic value). If F is not assumed to be differentiable everywhere, points that cannot be differentiation are also identified as critical points. If f can be distinguished
twice, on the contrary, the critical point of f can be analyzed taking into account the second derivative x of x : if positive, x is a local minimum; if negative, x is a local maximum; if zero, x can be a local minimum, a local maximum, or what. (For example, f(x) = x 3 has a critical point, but there is neither maximum nor minimum there, while ± x4 has a critical point at x = 0, and there is at
least and maximum one point, respectively.) It's called a second derivatives test. An alternative approach, called the first derivatives test, includes taking into account the f' mark on both sides of the critical point. Getting derivatives and solving them for critical points is therefore a simple way to find local minima or maxima, which can often be useful in optimization. A continuous
function in the closed range with an overvalued theorem must reach its minimum and maximum values at least once. If the function is differentiating, minima and maxima can only occur at critical points or endpoints. This also has graphic drawing applications: once found in the local minima and maxima of a differentiable function, observation that a rough plot of the chart will either
increase or decrease between critical points can be achieved. At higher sizes, the critical point of a scaler-valued function is a point where the gradient is gradient. The second derivatives test can be used to analyze critical points considering the values of the Hessian matrix of the second partial derivatives of the function at the critical point. If all self-values are positive, the point is a
local minimum; a local maximum, if all negative. If there are some positive and some negative values, the critical point is called the saddle point, and if none of these cases hold (that is, some self-values are zero), then the test is considered to be without results. Account of variations Main article: The account of variations is an example of an optimization problem: Find the shortest
curve between two points on the surface, assuming that the curve should also lie on the surface. If the surface is a plane, the shortest curve is a line. But if the surface, for example, is egg-shaped, then the shortest path is not immediately clear. These paths are called geodesics, and one of the most fundamental problems in the caliization of variations is finding geodesics. Another
example: Find the smallest area surface of a closed curve filling in space. This surface is called a minimal surface and can also be found using the account of variations. Physics Calculus is vital many physical processes are defined by equations that contain derivatives called differential equations. Physics is especially relevant to the way quantities change and develop over time,
and the concept of time derivative - the rate of change over time - is necessary for the precise definition of several important concepts. In particular, time derivatives of the position of an object are important in Newtonian physics: speed is derivative of the displacement of an object (distance from the original position) (distance from the original position), acceleration is derivative of
the speed of an object (by time), that is, the second derivative of an object's position (by time). For example, if an object's position on a line is x ( t ) = − 16 t 2 + 16 t + 32 , {\displaystyle x(t)=-16t^{2}+16t+32,\,\!} the object's speed is x ( t = 32 t + 16 , {\displaystyle {\dot {x}}(t)=x'(t)=-32t+16,\,\!} and object acceleration x ̃  ( t ) = x ( t ) = − 32 , {\displaystyle {\ddot {x}}(t)=x's(t)=-32,\\,!} is
constant. Differential equations Main article: Differential equation A differential equation is the relationship between a collection of functions and their derivatives. An ordinary differential equation is a differential equation that associates the functions of a variable with that variable in its derivatives. A partial differential equation is a differential equation that associates the functions of
multiple variables with its partial derivatives. Differential equations occur naturally in physical science, mathematical modeling and mathematics ict. For example, Newton's second law, which describes the relationship between acceleration and strength, can be expressed as f ( t ) = m d 2 x d 2. {\displaystyle F(t)=m{\frac {d^{2}x}{dt^{2}}}}} Explains how heat emponsies from a straight
bar, u ∂ t = α ∂ 2 u ∂ x 2 ∂ partial differential equation. \\displaystyle {\frac {\partial u}{\partial t}}=\alpha {\frac {\partial ^{2}u}{\partial x^{2}}}}} Where u(x,t) position x and time t also depends on how fast the bar temperature and α are emitted over the bar is a constant. Average value theorem Main article: Average value theorem Average value theorem: For each differentiable function f
: [ a , b ] → R {\displaystyle f:[a,b]\to \mathbb {R} } with &lt; b {\displaystyle a&lt;b} is a c ∈ ( a , b ) {\displaystyle c\in (a,b)} and f ' ( c ) = f ( b ) − f ( a ) b − a {\displaystyle f'(c)={{tfrac {f(b)-f(a)}{b-a}}} . The average value theorem provides a relationship between derivative values and values of the original function. If f(x) is a function with real value and the numbers a and b &lt; b, the
average value theorem says that the slope between two points (a, f(a)) and (b, f(b)) under mild hypotheses is equal to the slope of the tangent line at a point between c. and b. In other words, f ' ( c ) = f ( b ) − f ( a ) b − a . {\displaystyle f'(c)={\frac {f(b)-f(a)}{b-a}}}}} In practice, what the average value theorem does is control a function in terms of its derivative. For example, let's say
that f is a derivative equal to zero at each point. This means that the tangent line is horizontal at all points, so the function must also be horizontal. The average value theorem proves that this should be true: the slope between any two points in the f chart should be equal to the slope of one of the tangent lines of f. All these slopes are zero, so any line from one point in the chart to
another also has a slope zero. But this says that the function does not move up or down, so there should be a horizontal line. More complex conditions in derivatives lead to less precise but still extremely useful information about the original function. Main articles on Taylor polynomials and Taylor series: Taylor polynomial and Taylor series derivative gives the best possible linear
approach of a function at a certain point, but this can be very different from the original function. One way to improve approximateness is to take a quadratic approach. That is, linearization of a real-value function at the point of x0 may be possible to achieve a better approach by considering a linear polynomial a + b(x − x0) and quaadratic polynomial a + b(x − x0) + c(x − x0)2.
However, a better cubic polynomial polynomial can be a + b(x − x0) + c(x − x0)2 + d(x − x0)3, and this idea can be extended to high-grade polynomials. For each of these polynomials, the coefficients of a, b, c and d should be the best possible choice, which makes them approximate as well as possible. In x0 district, the best possible choice is always f(x0) and the best possible
choice for b is always f'(x0). For C, d, and high degree values, these coefficients are determined by f.c high derivatives and should always be f''(x0)/2, d always f''''(x0)/3!. Using these coefficients, Taylor polynomial gives f. D degree Taylor polynomial, which is the best result of d degree, and coefficients can be found by generaling the above formulas. Taylor's theorem provides a
definitive link to how good the approximate is. If it is a polynomial less than or equal to d degree, the Taylor polynomial of the d degree is equal f. The limit of Taylor polynomials is an endless series called the Taylor series. The Taylor series is usually a very good approach to its original function. Functions that are equal to the Taylor series are called analytical functions. Functions
with iner places or sharp corners are not analytical; in addition, there are also smooth functions that are not analytical. Implicit function theorem Main article: Implicit function theorem Some natural geometric shapes, such as circles, cannot be drawn as a graphic of a chart For example, if f(x, y) = x2 + y2 − 1, the circle is a set of all pairs (x, y). This set is called a set of zero f and is
not the same as the paraboloid f chart. Converts implicit function theorem into functions such as f(x, y) = 0. If F can be continuously differentiated, it means that around most points, a set of zero f looks like graphics of functions pasted together. The points where this is not true are determined by a condition on the f-derivative. The circle, for example, can be pasted together from the
graphics of ± √1 - x2. In one neighborhood of each point in the apartment except (−1, 0) and (1, 0), one of these two functions has a graph that resembles an apartment. (These two functions are to meet (−1, 0) and (1, 0), but this is not guaranteed by the implicit function theorem.) The implicit function theorem is closely related to the reverse function theorem, which state that a
function looks like graphics of inverse functions glued together. See also Differential (calculus) Differential Geometry Numerical differential differentiation Techniques Differential list of calculus subjects Notes ^ Although the technical definition of a function is somely included, it is easy to understand what a function is intuitively. A function takes an input and generates an output. For
example, f ( x ) = x 2 {\displaystyle f(x)=x^{2}} takes a number and squares it. The number in which the function performs an operation is usually represented using the letter x {\displaystyle x}, but there is no difference between the spelling f ( x ) = 2 {\displaystyle f(x)=x^{2}} and the letter f ( y = y 2 {\displaystyle f(y)=y^{2}}. Therefore, x {\displaystyle x} is usually defined as a 'dummy
variable'. The equation f ( x ) = x 2 {\displaystyle f(x)=x^{2}} and y = x 2 {\displaystyle y=x^{2}} can be changed when making a single-variable calculus. ^ The term infinites small can sometimes falsely convince people that it is an 'infinitely small number'— that is, a positive real number that is smaller than other actual numbers. In fact, the term 'infinitesy small' is just a steno for a
limiting process. Therefore, d y d x {\displaystyle {\frac {dy}{dx}}} is not a fraction — it is more of a fraction boundary. ^ Not every function is distinguishable, so the definition applies only if there is a 'limit'. For more information, see the Wikipedia article about the difference. References Differential Calculus Wikipedia's sister projectsWikimedia Defines from Wiktionary Media from
Commons News Wikiversity from Wikisource Textbooks from Wikisource Textbooks from Wikisource Textbooks ^ Description of differential CALCULUS. www.merriam-webster.com. Accessed: 2020-05-09. ^ INFORMATION OF THE ACCOUNT. www.merriam-webster.com. Accessed: 2020-05-09. Alcock, Lara (2016). How to Think New York: Oxford University Press. p. 155–157.
ISBN 978-0-19-872353-0. Weisstein, Eric W. Derivative. mathworld.wolfram.com. Accessed: 2020-07-26. See Euclid's Elements, Archimedes Palimpsest and O'Connor, John J.; Robertson, Edmund F., Perga Apollonius, MacTutor Historical Mathematics archive, University of St Andrews. O'Connor, John J.; Robertson, Edmund F., Old Aryabhata, MacTutor Historical Mathematics
archive, University of St Andrews. Ian G. Pearce. Bhaskaracharya II. ^ Broadbent, T. A. A.; Kline, M. (October 1968). Revised study(s): History of Ancient Indian Mathematics by C. N. Srinivasiengar. Math Paper. 52 (381): Comment 307–8. doi:10.2307/3614212. JSTOR 3614212. J. L. Berggren (1990). Innovation and Tradition in Sharaf al-Din al-Tusi's Muadalat, Journal of
American Eastern Society 110 (2), p. 304-309. ^ transmitted by J. L. Berggren (1990). Innovation and Tradition in Sharaf al-Din al-Tusi's Muadalat, Journal of American Eastern Society 110 (2), p. 304-309. J. L. Berggren (1990). Innovation and Tradition in Sharaf al-Din al-Tusi's Muadalat, Journal of American Eastern Society 110 (2), p. 304-309. ^ Newton began his studies in 1666
and Leibniz in 1676. However, Leibniz published his first article in 1684, before Newton's publication in 1693. It is possible that Leibniz saw sketches of Newton's work in 1673 or 1676, or that Newton used Leibniz's work to refine his own works. Both Newton and Leibniz claimed that the other plagiarismed their own works. This is the case in the 18th century. ^ This was a
tremendous success, although a limited version was previously proven by James Gregory (1638-1675) and some important examples were found in the work of Pierre de Fermat (1601-1665). Victor J. Katz (1995), Ideas of Calculus in Islam and India, Journal of Mathematics 68 (3): 163-174 [165-9 &amp; 173-4] ^ Sabra, A I. (1981). Theories of Light: From Descartes to Newton.
Cambridge University Press. p. 144. ISBN 978-0521284363. Havre, H. (1990). J. Edwards (1892). Differential Calculus. London: MacMillan and Co. p. 1.
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