
MathSolver – user guide
What MathSolver can solve, how to enter a problem and what the result looks like.

MathSolver solves problems from a photo or typed in, and for every result it shows the working the way it
is done at school – step by step, with explanations and, where it makes sense, a graph.

Each chapter covers one type of problem: what to expect from the solution, how to enter it, and
examples of real output from the app. Known limitations, if there are any, are listed at the end of the
chapter.
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Entering a problem
You can take a photo of the problem – crop the photo to just the problem before sending it. The app
recognizes it and shows a preview; if the transcription is wrong, correct it in the field below the preview.
The same field lets you type a problem directly.

If the input is an expression without an equals sign, a chip lets you choose what to do with it: simplify,
expand, factor, split into partial fractions, differentiate, analyze the function, compute a Taylor
polynomial, integrate, sum a series or compute a Fourier series. Set the “Focus” option on the home
screen to what you are practising – it preselects a suitable chip.

Equations and inequalities are solved straight away. Where there is more than one method (the method
for a system, for absolute values, differentiating from the definition), you choose it with a chip; the result
is recomputed at once. Equations and inequalities are solved in the real numbers; the “Solve in” chip
picks ℕ, ℤ, ℚ or ℝ⁺ instead. For a limit, a chip picks whether an indeterminate form is resolved by
transforming it or straight away by l’Hôpital’s rule.

How to enter it

x^2 + 3x - 4 Powers are written with ^; multiplication by a number
or a variable can be left out (3x, 2xy).

(x+1)/(x-2) Fractions with a slash; put a numerator or denominator
that is not a single number or letter in brackets.

sqrt(x+1), x^(1/3) Square root sqrt(…), other roots as a power with a
fractional exponent.

|2x - 1| Absolute value between vertical bars. If the input can
be read in more than one way (|x|y|z|), the app offers
the readings to choose from; to make it unambiguous,
put the absolute value in brackets: 2x(|x - 1|).

ln x, log x, log_2 x ln is the natural logarithm, log (or lg) the common
(base 10) one, log_2 the base-2 one.

sin x, cos 2x, tan x, cot x Trigonometric functions; an argument without
brackets is the term right after the function (cos 2x =
cos(2x)).



sinh x, cosh x, tanh x, arsinh x Hyperbolic functions sinh, cosh, tanh, coth and their
inverses arsinh, arcosh, artanh, arcoth (asinh, arcsinh,
… accepted too).

sin alpha = 1/2, sin(x + 30°) An angle in degrees: a Greek letter as the unknown
(alpha, beta, … or α itself), or degrees on a number;
Latin letters are in radians.

sin x = 1/2, x ∈ <0; 2pi) Roots in an interval – after a comma or on the next
line (x ∈ <0; 2pi) or 0 <= x < 2pi).

pi, e, oo The number pi, Euler's number e, infinity oo.

x sin x, 2x(x+1) Put a space between a variable and a function (x sin x)
– xsinx is read as a product of letters.

2x + 3y = 7

x - y = 1

Write a system of equations or inequalities line by line,
one per line.

(3+4i)/(1-2i) Complex numbers: i is the imaginary unit (in
expressions and equations).

x^2 < 10, x ∈ Z The number set after a comma: x ∈ N, Z, Q, R+ (or ℕ, ℤ,
ℚ, ℝ⁺, “in N”); ℕ without zero.

Known limitations

The result is given in exact form (fractions, roots, π) with an approximate value; a purely numerical
mode is not available yet.



Linear equations and inequalities
The app rearranges a linear equation the way it is done at school – it expands the brackets, moves the
unknown to one side and divides. For an inequality it watches for the sign flip when multiplying by a
negative number and writes the result as an interval; the graph shows both sides as lines and marks the
solution on the x-axis.

Examples

An equation with brackets.

Input: 3(x - 2) = 2x + 5



An inequality – dividing by a negative number flips the sign.

Input: 2x - 3 < 5x + 6



Quadratic equations
The app brings a quadratic equation to the form ax² + bx + c = 0 and solves it with the discriminant and
the quadratic formula; it also recognizes a double root. If the equation has no real solution, it says so,
and the “Show Complex Solution” button shows the complex roots.

Examples

Two real roots.

Input: x^2 - 5x + 6 = 0



A negative discriminant – complex roots.

Input: x^2 + 2x + 5 = 0  Show Complex Solution



Higher-degree equations
The app turns a biquadratic equation into a quadratic one by substitution. A general higher-degree
equation is factored with synthetic division (Horner's scheme): roots are looked for among the divisors
of the constant term and each root found is divided out until a quadratic equation is left.

Examples

A biquadratic equation by the substitution y = x².

Input: x^4 - 5x^2 + 4 = 0



Synthetic division – roots among the divisors of the constant term.

Input: x^3 - 6x^2 + 11x - 6 = 0



Rational equations
For an equation with the unknown in a denominator the app first states the conditions, then multiplies
the equation by the common denominator and solves it. It compares the roots with the conditions and
discards those that do not satisfy them.

Examples

Conditions, common denominator, a quadratic equation.

Input: (x+3)/(x-1) = 2/(x-1) + x



Radical equations
The app solves an equation with the unknown under a root by isolating the root and squaring. Squaring
can add roots that do not satisfy the equation – so a check always follows and the roots that fail it are
discarded.

Examples

Squaring and a check – one of the roots does not satisfy the equation.

Input: sqrt(x+5) = x - 1

Known limitations

Radical inequalities are not solved yet.



Exponential and logarithmic equations and
inequalities
The app solves an exponential equation by converting to the same base, by taking logarithms or by
substitution; a logarithmic one by combining the logarithms by the rules and removing the logarithm,
always with the conditions. Inequalities are solved through monotonicity – for a base less than 1 the sign
flips.

Equations with different bases: aˣ + bˣ = cˣ with bases from two primes (25ˣ + 10ˣ = 4ˣ) are divided by a
power and turned quadratic by t = (5/2)ˣ; logarithms of different bases are converted to one (log₅ x = log₂
x / log₂ 5).

Logarithms whose bases are powers of one number (log₂ x + log₄(x + 2) = 2) are converted to one base
(log₄ a = log₂ a / 2), the equation multiplied and the logarithms combined. A logarithm with the unknown
in its base (logₓ 8 = 3) is removed by the definition (x³ = 8) with the conditions x > 0, x ≠ 1. An equation
with the unknown in both the base and the exponent (x^(log x) = 100) is solved by taking logarithms and
the substitution t = log x. Inequalities with the substitution t = log(x + 1) and systems of logarithmic and
exponential inequalities are solved like single inequalities – through monotonicity.

Equations and inequalities with hyperbolic functions are rewritten by the definition (sinh x = (eˣ − e⁻ˣ)/2,
…) as exponential ones and solved by the substitution t = eˣ; arsinh x = c is solved by the inverse function
(x = sinh c).



Examples

The substitution t = 2ˣ.

Input: 4^x - 3*2^x - 4 = 0



Combining logarithms, conditions.

Input: log_2(x+1) + log_2(x-1) = 3

Different bases – divide by 4ᵈ, substitute t = (5/2)ᵈ.

Input: 25^d + 10^d = 4^d



A base less than 1 – the inequality sign flips.

Input: (1/2)^x > 8

Hyperbolic tangent by the definition – substitution t = e²ˣ.

Input: tanh x = 1/2



The unknown in the base – by the definition; the root −1 fails the conditions.

Input: log_x (2x+3) = 2



The unknown in the base and the exponent – take logarithms, substitute t = log x.

Input: x^(log x) = 100

Known limitations

Logarithms of different bases that aren’t powers of one number (log₂ x + log₃(x + 1) = 2) are solved
only numerically.

Hyperbolic equations leading to a 4th-degree equation in eˣ (cosh²x − 3 sinh x = 3) are solved only
numerically; inequalities with inverse hyperbolic functions are not supported yet.



Absolute value
The app solves equations and inequalities with absolute values in two ways, which you choose with a
chip: “By the definition” – a shortcut that writes out |a| = b or |a| < b – and “Zero points” – splitting the
number line into intervals on which each absolute value has a fixed sign. Without a choice it picks the
more suitable one itself.

Nested absolute values (||x| − 2| = 1) are solved the same way: by the definition step by step from the
outside in, by zero points from the inside out – first the zero points of the inner absolute values, then the
remaining absolute value on each interval.

An inequality |f| < |g| (just an absolute value on each side) can also be solved with the “By squaring” chip:
both sides are non-negative, so it is squared and solved as a quadratic one. An expression with absolute
values alone (|x − 1| + |x + 2|) is simplified by pieces – zero points, a sign chart and the expression
without absolute values on each interval.

Examples

One absolute value – written out by the definition.

Input: |2x - 1| = 5



Two absolute values – the zero-points method.

Input: |x - 1| + |x + 2| < 5



A nested absolute value – by the definition from the outside in.

Input: ||x| - 2| = 1

Absolute values on both sides – squaring.

Input: |x - 1| < |2x + 3|  By squaring



An expression with absolute values – by pieces on the intervals.

Input: |x - 1| + |x + 2|

Known limitations

An expression with absolute values is simplified only on the whole number line, not on a given interval;
squaring is offered only for an inequality with a single absolute value on each side.



Trigonometric equations and inequalities
The app brings an equation to basic equations such as sin x = a and solves them on the unit circle: it
finds the angles of one turn and adds multiples of the period (x = π/6 + 2kπ, k ∈ ℤ). The circle is drawn
right in the steps.

It prefers the known formulas – double and half angle, sin²x + cos²x = 1, sum to product –, then
factoring, the substitution t = sin x, dividing a homogeneous equation by cosⁿx and the auxiliary angle for
a·sin x + b·cos x = c. The result is also checked numerically over a whole period.

An unknown written as a Latin letter (x, t) is in radians, a Greek one (alpha, β, …) in degrees – as is an
input with the ° sign (sin(x + 30°)). To get the roots in a given interval, add the interval after a comma or
on the next line.

An inequality is solved by an arc of the unit circle, a more complex one by the zeros on one period; the
result is intervals with the period.



Examples

Two branches of solutions, the angles on the unit circle.

Input: sin x = 1/2



The substitution t = sin x and a quadratic equation.

Input: 2sin^2 x - sin x - 1 = 0



The formula for sin 2x and factoring.

Input: sin 2x = cos x



The auxiliary angle: sin x + cos x = √2·sin(x + π/4).

Input: sin x + cos x = 1



A Greek letter – the result in degrees.

Input: sin alpha + cos alpha = sqrt(2)

Only the roots in the given interval.

Input: sin x = 1/2, x ∈ <0; 4pi)



An arc of the unit circle, an interval around zero.

Input: cos x > 1/2



The zeros on a period and the sign between them.

Input: 2sin^2 x - sin x - 1 > 0



Known limitations

Equations with the unknown also outside a trigonometric function (x = cos x) are solved only
numerically, without the period.

A double trigonometric inequality (−1/2 < sin x < 1/2) and trigonometric functions inside an absolute
value are not supported yet.



Inequalities and systems of inequalities
The app solves quadratic and rational inequalities with the zero points and a sign chart. A double
inequality and a system of inequalities are solved as the intersection of the solutions of the individual
inequalities, shown on a number line. A system of inequalities in two unknowns is solved as a region in
the plane, shaded in the graph.

In a system of inequalities in two unknowns the app also lists the region’s corners – the intersections of
the boundaries with exact coordinates. A system of an equation and inequalities in one unknown is
solved by solving the equation and substituting its roots into the inequalities; in two unknowns the
solution is the part of the equation’s curve lying in the inequalities’ region – highlighted in the graph, its
end points computed exactly. A system can also be written on one line, separated by semicolons (2ˣ > 4;
3ˣ < 81).

Examples

A quadratic inequality – zero points and signs.

Input: x^2 - x - 6 > 0



A rational inequality – the denominator must not be zero.

Input: (x+1)/(x-3) <= 0



A double inequality.

Input: -1 <= 2x + 1 < 5

A system of inequalities in two unknowns – a region in the plane and its corners.

Input: x + y <= 4
x - y >= 0



y >= 0



An inequality in the integers – the integers of the interval are listed.

Input: x^2 < 10

An equation and an inequality – the equation’s roots substituted into the inequality.

Input: x^2 - x - 6 = 0
x > 0

A circle and a half-plane – the solution is an arc, its end points don’t belong to it.

Input: x^2 + y^2 = 4



y > x

Known limitations

A system with two or more equations together with inequalities is not solved yet; write decimals with
a point (x > 2.5).



Systems of equations
The app solves a system of linear equations in two unknowns by elimination (addition) or substitution,
and larger systems by Gaussian elimination – also in matrix form. You choose the method with a chip. A
system of two equations in two unknowns also gets a graph in which the solutions are the intersections
of the lines or curves.

A nonlinear system (say a circle and a line) is solved and drawn, so far without the working.

Examples

The elimination (addition) method.

Input: 2x + 3y = 7
x - y = 1  Addition

Three equations – Gaussian elimination.

Input: x + y + z = 6
2x - y + z = 3



x + 2y - z = 2  Gaussian elimination

A circle and a line.

Input: x^2 + y^2 = 25
x + y = 7



Known limitations

Nonlinear systems come without the working for now.



Equations and inequalities with a parameter
A letter in an equation besides the unknown is a parameter – any real number the solution depends on.
The app rearranges the equation into the form A·x = B (a quadratic one into A·x² + B·x + C = 0) and
discusses the solution by the parameter's values: where the coefficient of the unknown is zero, where the
discriminant is positive, zero or negative, where the conditions exclude a root and for which values the
problem makes no sense. The result sums up the cases.

The app takes the unknown in the order x, y, z, u, v, w, t; the other letters are parameters. Choose another
unknown with the “Unknown” chip or write it after a comma. The graph shows all solutions as a curve (a
region for an inequality) in the parameter–unknown plane; pick the parameter's value with the slider and
read the solutions off the vertical line.

In an indefinite integral, other letters are constants – the app adds which must not be zero (∫ dx/(a − bx)³
for b ≠ 0).

How to enter it

2ax + a = 4x Every other letter is a parameter; the unknown is x (or
y, z, …).

(q+3)x = 2x + q, unknown q You can name the unknown or the parameter after a
comma (“a is a parameter”, “unknown q”).



Examples

A linear equation – no solution for a = 2.

Input: 2ax + a = 4x



A quadratic equation – discussed by the discriminant.

Input: x^2 + 6x + p = 0

An inequality – the coefficient's sign decides the direction.

Input: 2x + 2p - 5 < 2px + 7



Known limitations

So far linear and quadratic equations and linear inequalities; the full discussion by intervals with one
parameter only, with more parameters the general cases.

Questions such as “for which p does the equation have a positive root” and systems with a parameter
are not supported yet.



Simplifying expressions
The app transforms an expression without an equals sign according to the chosen chip: it simplifies it (a
rational expression over a common denominator and cancelled, with conditions), expands it, factors it
(by taking out a common factor, by formulas and by synthetic division) or splits it into partial fractions –
as on paper, with equations for the unknown coefficients. Factoring is over the integers; if the expression
factors further over the reals (by irrational roots), the next step shows it. A root of a monomial is taken
out partly – with an even root as an absolute value where the base may be negative. Complex numbers
work too – a quotient by multiplying with the complex conjugate.

Examples

Simplifying a rational expression.

Input: (x^2 - 1)/(x^2 + 2x + 1)  Simplify

Expanding.

Input: (x + 2)^3  Expand



Factoring by synthetic division.

Input: x^3 - 6x^2 + 11x - 6  Factor

Partial fractions.

Input: (3x + 5)/(x^2 + x - 2)  Partial fractions



Taking a root out partly, with an absolute value.

Input: sqrt(8a^5 b^2)  Simplify

Dividing complex numbers.

Input: (3+4i)/(1-2i)  Simplify



Limits
MathSolver computes the limit of a function of one variable at a point, at infinity, and one-sided limits,
and proceeds as at school: first it tries to substitute into the function. The limit of a sequence (n → ∞)
works the same way – the form 1^∞ too, or a sum of powers with the fastest growing term taken out.

If substitution gives an indeterminate form (0/0, ∞/∞, …), it chooses a transformation by the form of the
function – factoring and cancelling, multiplying by the conjugate, dividing by the highest power, a known
limit (sin x / x) or L'Hôpital's rule, repeatedly if needed.

An infinite limit, or a limit that does not exist (the one-sided limits differ), is never passed off as a number
– the app says so in words and shows the one-sided limits. The result comes with a graph of the
function near the point with the limit value marked.

For the limit of a sequence the graph shows the points a₁, a₂, a₃, … instead of a continuous curve.

How to enter it

lim(x->2) (x^2-4)/(x-2) A typed limit: after the word lim, in brackets the
variable, the arrow -> and the point, then the function.

lim(x->oo) (3x^2+1)/(x^2-5) A limit at infinity: infinity is written oo (minus infinity -
oo).

lim(x->0+) 1/x A one-sided limit: + (from the right) or − (from the left)
after the point.

\lim_{x \to 0} \frac{\sin x}{x} From a photo, or in LaTeX as the camera recognizes it.

lim(n->oo) ((n+2)/(n+1))^(2n+3) The limit of a sequence at infinity.



Examples

The indeterminate form 0/0 – we factor the numerator and cancel.

Input: lim(x->2) (x^2-4)/(x-2)



A limit at infinity – numerator and denominator divided by the highest power.

Input: lim(x->oo) (3x^2+1)/(x^2-5)

The known limit sin x / x.

Input: lim(x->0) sin(3x)/x



L'Hôpital's rule, applied twice in a row.

Input: lim(x->0) (e^x-1-x)/x^2



The one-sided limits differ – the limit does not exist.

Input: lim(x->0) 1/x



The limit of a sequence – take out the fastest growing term 9ⁿ.

Input: lim(n->oo) (6^n+7^n+9^n)^(1/(2n))



Derivatives
The app differentiates by the rules – the sum, constant multiple, product, quotient and chain rules – and
says at every step which rule it used. It also handles higher derivatives and the value of the derivative at
a point. Basic functions (x², sin x, eˣ, …) can also be differentiated from the definition, as the limit of the
difference quotient. The result comes with a graph of the function and its derivative.

For a function given implicitly by an equation in x and y (x³ + y³ = 3xy) it differentiates both sides by x (y
as a function of x) and expresses y′, or uses the formula y′ = −F_x / F_y; it also finds y″ and, at a given
point, the tangent and the normal, and draws the curve.

At a singular point (the curve crosses itself or has a cusp) it finds the tangents from the equation’s
lowest-degree terms – for the folium at the origin x = 0 and y = 0.

How to enter it

(x^2 sin x)' A derivative with a prime after the bracket.

d/dx (e^x / x) The d/dx notation, also from a photo (\frac{d}{dx}).

(x^3 ln x)'' Higher derivatives with more primes, or with the order
at the “Differentiate” chip.

(x^2 + 1)'|_{x=2} The derivative at a point, or fill in the point at the chip.

x^2 sin x An expression with the “Differentiate” chip – there you
also choose the order, the point and the method (by
the rules / from the definition).

x^3 + y^3 = 3xy An equation in x and y – the “Implicit derivative” chip
(order 1 or 2, the method, a point [x₀; y₀]) or “Graph of
the curve”; written diff(x^3+y^3=3xy, x).



Examples

The product rule.

Input: (x^2 sin x)'



The quotient rule.

Input: d/dx (e^x / x)



The second derivative.

Input: (x^3 ln x)''

The derivative from the definition, as a limit.

Input: x^2  Differentiate → From the definition



An implicit derivative – the folium of Descartes, the tangent and the normal at [3/2; 3/2], the second
derivative.

Input: x^3 + y^3 = 3xy  Implicit derivative, order 2, point [3/2; 3/2]



Function analysis
The app analyzes a function in the usual order: domain, even or odd, intercepts, the sign of the function,
limits at the ends of the domain and asymptotes, the first derivative – monotonicity and extrema (also by
higher derivatives), the second derivative – concavity and inflection points, and finally the range. It sums
everything up in an overview and draws a graph with the points marked.

For a trigonometric function the app finds the period, examines the function on one period and writes the
results with the period (a maximum at x = π/2 + 2kπ); if only the derivative is periodic (x + 2 sin x), the
extrema and monotonicity repeat with the period. Absolute values are removed by the signs on the
intervals and the one-sided derivatives compared at the corners; where the derivative is infinite, a vertical
tangent is shown. Nested absolute values and sums of absolute values are analyzed by pieces; where
the function is constant on an interval, this is stated with its value (a minimum at every point of the
interval).

How to enter it

analysis y = x^3 - 3x With the word “analysis” before the function.

x^3 - 3x A function with the “Analyze function” chip.



Examples

A polynomial – extrema and an inflection point.

Input: x^3 - 3x  Analyze function



A rational function – asymptotes.

Input: x^2/(x - 1)  Analyze function



A periodic function – everything on one period, the results with the period.

Input: sin 2x + 2cos x  Analyze function





Tangent – vertical asymptotes, range ℝ.

Input: tg x  Analyze function



Hyperbolic tangent – horizontal asymptotes y = ±1.

Input: tanh x  Analyze function



Only the derivative is periodic – the extrema values grow with k.

Input: x + 2sin x  Analyze function





Absolute value – corners, one-sided derivatives.

Input: |x^2 - 1|  Analyze function





Cube root – a vertical tangent at zero.

Input: x^(1/3)  Analyze function





A nested absolute value – by pieces, an even function.

Input: |-x^2 + 2|x| + 3|  Analyze function





A sum of absolute values – a constant piece and two oblique asymptotes.

Input: |x - 2| + |x + 3|  Analyze function



Known limitations

A function without even a periodic derivative (x·sin x) is analyzed only numerically on ⟨−2π; 2π⟩,
without the period; inverse trigonometric functions (arcsin, arctan) are not supported yet.



Taylor polynomial
The app builds the Taylor (at 0 the Maclaurin) polynomial of a given degree: a table of the derivatives at
the point, substitution into the formula and the remainder in Lagrange form. It can also find the degree
itself – the smallest one for which the error at a given point or on an interval stays below a given bound.
The graph shows the function and the polynomial; a slider changes the degree so you can see the
approximation improve.

How to enter it

taylor(sin x, 0, 5) The function, the point and the degree.

maclaurin(e^x, 4) The Maclaurin polynomial – the point is 0.

taylor(e^x, 0, error=0.001, x=0.5) The degree by the error at the point x (on an interval
enter r=… instead of x).

ln(1 + x) A function with the “Taylor polynomial” chip – fill in the
point, the degree or the accuracy there.



Examples

A polynomial of degree 4 with the remainder.

Input: taylor(ln(1 + x), 0, 4)



The degree by the required accuracy – an approximate value of e^0.5.

Input: taylor(e^x, 0, error=0.001, x=0.5)





Indefinite integrals
The app integrates with the methods taught at school and says at every step what it does. It checks the
result by differentiating (the check is the last step) and draws the integrand and the antiderivative.

Roots of powers of the variable (∛(x⁴), √(x³)) are rewritten as powers with rational exponents; an
absolute value (|cos x|, √(1 − sin²x)) is written with the sign function sgn.

If an integral has no elementary antiderivative (such as e^(−x²)), the app says so and gives it in terms of a
special function (erf, Si, …).

How to enter it

int(x e^x, x) An integral with the variable.

int(x^2 sin x) Without the variable when there is only one.

∫ x^2 dx With the integral sign, also from a photo.

x e^x A function with the “Integrate” chip.

Basic integrals and substitution

The integral of a sum term by term, constants taken out, table integrals (also with a linear inner function)
and substitution when the integrand contains a function together with the derivative of its inside.



Examples

Term by term from the table.

Input: int(3x^2 - 2/x + e^x)



The substitution t = x².

Input: int(2x cos(x^2))

An integral with constants a, b.

Input: int(1/(a - bx)^3)

Integration by parts

The app integrates a product of a polynomial with an exponential, a trigonometric function or a logarithm
by parts, repeatedly if needed; integrals like eˣ sin x by cyclic integration by parts.



Examples

Integration by parts twice in a row.

Input: int(x^2 e^x)

Rational functions

The app divides a rational function if needed, factors the denominator and splits the function into partial
fractions, which it integrates into logarithms and arctangents.

A denominator that can’t be factored over the rationals (x⁴ + 1, x⁵ + 1) is factored over the reals – each
pair of complex conjugate roots gives a quadratic factor with no real roots.



Examples

Partial fractions.

Input: int((x + 1)/(x^2 - 3x + 2))



Factoring the denominator x⁴ + 1 over the reals.

Input: int(1/(x^4 + 1))

Trigonometric functions

Identities first (sin²x = (1 − cos 2x)/2, products into sums), for an odd power the substitution t = sin x or t
= cos x, for a rational function of sine and cosine a substitution by parity, and the Weierstrass
substitution t = tan(x/2) only as the last resort.



Examples

An odd power of sine – the substitution t = cos x.

Input: int(sin(x)^3 cos(x)^2)

Hyperbolic functions

Table integrals (∫sinh x dx = cosh x + C, ∫1/cosh²x dx = tanh x + C, …), ∫tanh x dx by the logarithm of the
derivative, by parts (x sinh x, arsinh x), squares by the formulas sinh²x = (cosh 2x − 1)/2, tanh²x = 1 −
1/cosh²x; the rest by the definition through exponentials.



Examples

The formula sinh²x = (cosh 2x − 1)/2.

Input: int(sinh(x)^2)

Roots

Integrals with a root of a linear fractional function by substitution, with a root of a quadratic by an Euler
substitution, and binomial integrals by Chebyshev's conditions – when none of them holds, the app says
the integral is not elementary.



Examples

An Euler substitution.

Input: int(sqrt(x^2 + 1))



Known limitations

For some integrals we find the result without the working – the app says so in the steps.

A computation without steps that takes too long is stopped – the app says so.



Definite integrals and their applications
The app computes a definite integral by the Newton–Leibniz formula (the fundamental theorem of
calculus) and draws the area under the graph – the part above the x-axis in a different colour from the
part below. It also handles improper integrals and applications: area, arc length, volume and surface area
of a solid of revolution, also for curves given parametrically and in polar coordinates.

Definite integral

The app finds the antiderivative as for an indefinite integral and substitutes the limits. With a substitution
it converts the limits right away. If the integral has no elementary antiderivative, it computes it
numerically.

How to enter it

int(x^2, x, 0, 3) An integral with the variable and the limits.

\int_{0}^{\pi} \sin x\,dx From a photo or in LaTeX.

x^2 A function with the “Integrate” chip – fill in the limits in
the fields.



Examples

A substitution with the limits converted.

Input: int(3x^2 cos(x^3), x, 0, 1)

Improper integrals

The app handles an infinite limit or an unbounded function with a limit of the antiderivative and says
whether the integral converges or diverges. If that limit cannot be computed, it decides by a comparison
test.



Examples

An infinite upper limit.

Input: int(1/x^2, x, 1, oo)



A function unbounded at the lower limit.

Input: int(1/sqrt(x), x, 0, 1)

Area under a curve and between curves

The app computes the area between a graph and the x-axis, or between two curves, as the integral of the
absolute value of the difference – parts above and below both count as positive. You don't have to enter
the limits: it finds them as the intersections of the curves.

How to enter it

area(x^2, x) The area between two curves, limits from the
intersections.

area(sin x, 0, pi) The area between a curve and the x-axis on an interval.

x^2 A function with the “Integrate” chip → “Area between
curves”; fill in the second curve and the limits in the
fields.



Examples

The area between a parabola and a line.

Input: x^2  Area between curves, second curve x

Arc length

The app computes the length of a graph on an interval by the formula l = ∫√(1 + f′²) dx. It tries to simplify
the root (for a semicircle it comes out as arcsine); where the integral has no elementary antiderivative,
the result is numerical.

How to enter it

length(x^(3/2), 0, 4) The arc length on an interval.



Examples

The length of a semicircle.

Input: sqrt(1 - x^2)  Arc length, limits −1 and 1

Volume of a solid of revolution

The app computes the volume of a solid of revolution about the x-axis by the formula V = π∫f² dx
(between two curves as washers), about the y-axis by the shell method. It also shows the solid in 3D –
rotate it with your finger.

How to enter it

volume(sqrt(x), 0, 4) The volume of the solid rotated about the x-axis.

volume(x^2, 0, 2, y) Rotation about the y-axis.



Examples

A paraboloid of revolution.

Input: sqrt(x)  Volume of a solid, limits 0 and 4

Surface area of a solid of revolution

The app computes the lateral surface area by the formula S = 2π∫f√(1 + f′²) dx; the product under the
root often simplifies (for a sphere it comes out constant).

How to enter it

surface(sqrt(4 - x^2), -2, 2) The surface of the solid rotated about the x-axis.



Examples

The surface of a sphere of radius 2.

Input: sqrt(4 - x^2)  Surface of a solid, limits −2 and 2

Parametric curves and curves in polar coordinates

Write a curve x = φ(t), y = ψ(t) on two lines, a curve in polar coordinates as r = ρ(φ). The “Integrate” chip
then offers the area, length, volume and surface; the limits of the parameter are optional (without them
from 0 to 2π). Volume and surface are computed by rotating the part of the curve above the x-axis about
the x-axis.

How to enter it

x = t - sin(t)

y = 1 - cos(t)

A parametric curve on two lines.

r = 1 + cos(phi) A curve in polar coordinates (also r^2 = … for a
lemniscate).



length(x=cos(t)^3, y=sin(t)^3, t, 0,

2pi)

The written form with the parameter and the limits.

Examples

The area under an arch of a cycloid.

Input: x = t - sin(t)
y = 1 - cos(t)  Area



The length of a cardioid.

Input: r = 1 + cos(phi)  Arc length



Curves given by an equation

For an equation in x and y (x³ + y³ = 3xy) the “Integrate” chip offers the area, the length, the volume and
the surface. Without limits it takes the whole closed curve: a circle or an ellipse in parametric form by
cos and sin, a loop through the origin (the folium of Descartes) by the lines y = tx – the loop’s area then
exactly from the sectors, the length, volume and surface numerically. With limits in x it uses the upper
branch y = f(x).

How to enter it

x^3 + y^3 = 3xy A closed curve – the “Integrate” chip without limits.

y^2 = x^3 A curve that isn’t closed – the “Integrate” chip with
limits in x (the upper branch y = x^(3/2)).



Examples

The area of the folium’s loop – by the lines y = tx and the sectors, S = 3/2.

Input: x^3 + y^3 = 3xy  Integrate → Area

Known limitations

The arc length of y = ∛x (and similar curves) is only computed numerically – it leads to an elliptic
integral, which has no elementary antiderivative.

For parametric and polar curves the shaded area and the 3D solid are still missing; rotation only about
the x-axis.

Rotation about the y-axis only for a region on one side of the axis.

For implicit curves without limits only a circle, an ellipse and a loop through the origin are supported;
rotation only about the x-axis.



Infinite series
For a numerical series the app first checks the necessary condition for convergence (the term test) and
then picks one test by the form of the series – geometric series, Σ 1/nᵖ, the ratio, root, limit comparison,
integral or alternating series (Leibniz) test; for a series with alternating signs it distinguishes absolute
and conditional convergence. Where possible it sums the series. The graph shows the terms and the
partial sums.

Numerical series

The app finds the sum of geometric and telescoping series, series Σ P(n)qⁿ and well-known series (Σ 1/n²
= π²/6); otherwise it computes it numerically. A finite sum is added up the school way – telescoping,
arithmetic, geometric, otherwise term by term. An equation with the sum of a geometric series is solved
too, with the condition of convergence |q| < 1 checked.

How to enter it

sum(1/n^2) The general term; the index n from 1.

sum(1/n^2, n, 1, oo) With the index and the starting value.

\sum_{n=1}^{\infty} \frac{1}{n^2} From a photo or in LaTeX.

1/n^2 The general term with the “Series” chip – fill in the
starting index in the field.

sum(2k+1, k, 1, 100) A finite sum – with the index, the lower and the upper
bound.



Examples

The series Σ 1/n² – converges, the sum is π²/6.

Input: sum(1/n^2)



The alternating series test – converges conditionally.

Input: sum((-1)^(n+1)/n)

The ratio test and the sum.

Input: sum(n/2^n)



The necessary condition fails – the series diverges.

Input: sum(n/(n+1))

A telescoping sum – the first and the last term remain.

Input: sum(sqrt(2i+1) - sqrt(2i-1), i, 1, 60)



An equation with the sum of a geometric series.

Input: sum((2^x)^n, n, 1, oo) = 1

Power series

For a power series the app finds the radius of convergence by the ratio test, examines the endpoints as
numerical series and states the interval of convergence; where possible also the sum. The graph shows
the partial sums with a slider for the number of terms.



Examples

The interval of convergence [−1, 1).

Input: sum(x^n/n)

Taylor series

The app derives the Taylor series of a function from known expansions (eˣ, sin x, ln(1 + x), …) by
substitution and determines its interval of convergence.

How to enter it

taylor(e^x, 0, oo) The function, the point and oo instead of the degree; or
the “Taylor polynomial” chip → “Series”.



Examples

The series of ln(1 + x) and its interval of convergence.

Input: taylor(ln(1 + x), 0, oo)



Fourier series
The app builds the Fourier series of a function on an interval taken as one period (without one on [−π, π]),
or the sine or cosine series of a function on [0, L]. The function can also be given piecewise.

It computes the coefficients by integrals with the full working (integration by parts with the parameter n),
substitutes sin nπ = 0 and cos nπ = (−1)ⁿ and uses symmetry for even and odd functions. At
discontinuities it determines the sum of the series by Dirichlet's theorem, and by substituting a point and
by Parseval's identity it derives sums of numerical series (such as Σ 1/n² = π²/6). The graph shows the
periodic extension of the function and the partial sums with a slider.

How to enter it

fourier(x^2, -pi, pi) The function and the interval.

fouriersin(x, 0, pi) The sine series (fouriercos – the cosine series).

-1, -pi < x < 0

1, 0 < x < pi

A piecewise function line by line, with the “Fourier
series” chip.

x^2 A function with the “Fourier series” chip – choose the
kind of series and the interval there.



Examples

An even function – cosines only; the sums Σ 1/n² and Σ 1/n⁴.

Input: fourier(x^2)



A piecewise function – jumps and the Gibbs phenomenon.

Input: -1, -pi < x < 0



1, 0 < x < pi  Fourier series



A sine series and the sum 1 − 1/3³ + 1/5³ − … = π³/32.

Input: fouriersin(x*(pi - x), 0, pi)



Known limitations

An unbounded function (such as ln x on [0, 2π]) cannot be expanded – the series would diverge at the
point where the function grows without bound.

When the coefficients lead to an integral without an elementary antiderivative (ln x on [1, 3]), they are
expressed with the sine and cosine integrals.



Differential equations
The app solves first-order ordinary differential equations: separable, linear, exact, homogeneous (y′ =
f(y/x)), Bernoulli equations and equations y′ = f(ax + by + c). It recognizes the type itself and shows the
steps as taught at school – separating the variables, variation of the constant or an integrating factor, a
substitution, the potential of an exact equation. The integrals in the steps have steps of their own.

Higher orders: linear equations with constant coefficients of any order by the characteristic equation
(multiple and complex roots too), a particular solution by the special right side (resonance and a sum of
right sides too) or by variation of constants, an initial value problem at zero by the Laplace transform too
(the "Method" chip). Further Euler's equation by x = eᵗ, y⁽ⁿ⁾ = f(x) by repeated integration and the reduction
of order – when y is missing (p = y′) or x is (y′ = p(y)).

The equation y′ = y·(a(x)·ln y + b(x)) becomes linear by the substitution z = ln y. A linear second-order
equation with variable coefficients is solved when one solution can be guessed (xᵏ, eᶜˣ, …): the second
one by reducing the order (d'Alembert), the right side by variation of constants. The order is reduced by
more than one too (p = y⁽ᵐ⁾ with a second-order equation for p). With parameters the cases are told apart
– a damped oscillator by the sign of δ² − ω² (overdamped, critical, underdamped), a resonance (y″ + ω²y
= cos 2t for ω = 2) and the sign of a constant the integral depends on (y″ = 2yy′). The Laplace transform
also solves an initial value problem at a point other than 0 (by the shift τ = t − t₀) and with parameters.

The result is the general solution with a constant C, for higher orders with constants C₁, C₂, … (explicitly,
or implicitly where it can't be explicit); with conditions, the solution that satisfies them – initial and
boundary ones, including "no solution" and "infinitely many solutions". Constant solutions lost by dividing
are found too. Every solution is checked by substituting it into the equation. For the first order the graph
shows the direction field and solutions for different C, for higher orders solutions for different constants;
for an autonomous second-order equation (no x) a switch shows the phase plane (y, y′) too.

How to enter it

y' = x*y The derivative with a prime.

dy/dx = x y^2 Leibniz's notation – it names the variable too (dm/dt,
dT/dt).

\frac{dy}{dx} = \frac{y}{x} + x Notation from a photo.

(2xy + 6x)dx + (x^2 + 4y^3)dy = 0 The form M dx + N dy = 0 (an exact equation).

y' = y^2 + 1, y(0) = 1 An initial condition after a comma or on the next line.



dm/dt = m + 2, m(0) = 0 The function and the variable can be any letters.

y'' - 3y' + 2y = 3e^(2x) A higher-order equation – the derivatives with more
primes.

y^{(4)} + 2y'' + y = 0 Higher derivatives as y^{(4)} (from a photo too).

y'' + y = 0, y(0) = 1, y'(0) = 2 Initial conditions y(0), y′(0) – or boundary ones at
different points.

\ddot{x} + \omega^2 x = 0 Newton's dots (derivatives by time t) and Greek
parameters.

Examples

A separable equation – the general solution and the direction field.

Input: y' = x*y



The initial condition determines the constant C.

Input: y' = y^2 + 1, y(0) = 1



A linear equation by variation of the constant.

Input: y' + 2y = e^x  Variation of the constant



The same equation by an integrating factor.

Input: y' + 2y = e^x  Integrating factor



A homogeneous equation – the substitution u = y/x.

Input: y' = (x - y)/(x + y)



A Bernoulli equation – the substitution z = y^(1−n) and the constant solution y = 0.

Input: xy' - y = -xy^2



An exact equation – the potential F(x, y) = C.

Input: (2xy + 6x)dx + (x^2 + 4y^3)dy = 0



The substitution z = x − y; Symja would lose a factor 2 here, the app checks the result.

Input: y' = cos(x - y), y(0) = pi/2

The characteristic equation with complex roots −2 ± 3i.

Input: y'' + 4y' + 13y = 0



A special right side with resonance – 2 is a root of the characteristic equation.

Input: y'' - 3y' + 2y = 3e^(2x)  Special right side



The right side tan x isn't special – variation of constants and the Wronskian.

Input: y'' + y = tan x





An initial value problem – a system for the constants C₁, C₂.

Input: y'' - 4y' + 3y = e^(2x), y(0) = 1, y'(0) = 0



The same problem by the Laplace transform.

Input: y'' - 4y' + 3y = e^(2x), y(0) = 1, y'(0) = 0  Laplace transform

A boundary value problem with infinitely many solutions.

Input: y'' + y = 0, y(0) = 0, y(pi) = 0



Euler's equation – the substitution x = eᵗ.

Input: x^2y'' - 2xy' + 2y = x^2 + 2



The reduction y′ = p(y), the constants from the initial conditions step by step.

Input: y'' = e^(2y), y(0) = 0, y'(0) = 1



A damped oscillator – three cases by δ and ω.

Input: y'' + 2δy' + ω^2y = 0



Resonance – for ω = 2 the solution has a different form.

Input: y'' + ω^2y = cos(2t)



A guessed solution y₁ = x and reduction of order (d'Alembert).

Input: (1-x^2)y'' - 2xy' + 2y = 0



Known limitations

An equation that needs a hint from the problem (other than z = ln y) can't be solved yet.

For an equation with a parameter (k, λ, ω) the app draws no graph and takes the parameters as
positive.

Where the solution can't be expressed explicitly, it stays implicit.

The Laplace transform doesn't know the Heaviside function, shifts and periodic right sides yet.



Recurrences and generating functions
The app solves linear recurrences with constant coefficients of any order by the characteristic equation
– multiple and complex roots too (the complex form of the solution and its conversion to the real one by
de Moivre's theorem) – and with a right side of the form P(n)·qⁿ (also cos nφ, sin nφ, resonance and a
sum of right sides). The initial conditions determine the constants; as a check, the app computes further
terms from the recurrence and compares them with the formula.

The “Method” chip offers the generating function too (A(x) = Σ aₙxⁿ, partial fractions, geometric series),
matrix powers (diagonalization) or, for the first order, summing. A first-order recurrence with a variable
coefficient (aₙ₊₁ = (n + 1)aₙ) is solved by a product (factorials), convertible nonlinear recurrences by the
substitution bₙ = 1/aₙ or bₙ = ln aₙ. A system of two recurrences is solved by eliminating one sequence or
by the matrix, a divide-and-conquer recurrence T(n) = aT(n/b) + f(n) by n = bᵏ – with the master theorem's
estimate.

With the “Generating function” operation the app finds the generating function of a sequence given by a
formula (n² + 2ⁿ) or by its first terms (1, 0, 1, 0, …), and conversely the formula for aₙ from a function A(x).
The number of non-negative whole solutions of x₁ + x₂ + … = N (also with bounds or coefficients – paying
with coins) is the coefficient of a generating function.

The graph shows the terms of the sequence as points (both sequences of a system).

How to enter it

a(n+2) = 5a(n+1) - 6a(n), a(0) = 1,

a(1) = 4

Brackets, the conditions after a comma.

a_{n+2} = 5a_{n+1} - 6a_n Subscripts (also from a photo). Without conditions:
the general solution with constants C₁, C₂.

F_n = F_{n-1} + F_{n-2}, F_1 = F_2 =

1

The index may go down (aₙ₋₁, aₙ₋₂); one value can be
given to several terms.

a_{n+1} = a_n + 2b_n

b_{n+1} = 3a_n + b_n

a_0 = 1, b_0 = 0

A system – the equations on lines, the conditions on
the last one.

T(n) = 2T(n/2) + n, T(1) = 1 Divide and conquer – a term at n/b.



n^2 + 2^n A sequence's formula with the “Generating function”
operation (also aₙ = …).

1, 0, 1, 0, ... The first terms separated by commas.

1/(1 - x - x^2) A generating function in x (also A(x) = …) – the formula
for aₙ.

number of solutions x_1 + x_2 + x_3 =

10, x_1 <= 3

The number of non-negative whole solutions with
bounds.

Examples

Two distinct real roots, the check by further terms.

Input: a_{n+2} = 5a_{n+1} - 6a_n, a_0 = 1, a_1 = 4



The Fibonacci sequence – Binet's formula.

Input: F_n = F_{n-1} + F_{n-2}, F_0 = 0, F_1 = 1



Complex roots 1 ± i – the complex form and de Moivre's theorem.

Input: a_{n+2} = 2a_{n+1} - 2a_n, a_0 = 1, a_1 = 2



The right side n, a double root 2.

Input: a_{n+2} = 4a_{n+1} - 4a_n + n, a_0 = 0, a_1 = 0



The same recurrence by the generating function.

Input: a_{n+2} = 5a_{n+1} - 6a_n, a_0 = 1, a_1 = 4  Generating function



The same recurrence by matrix powers.

Input: a_{n+2} = 5a_{n+1} - 6a_n, a_0 = 1, a_1 = 4  Matrix powers



A first-order recurrence by summing.

Input: a_{n+1} = 2a_n + 1, a_0 = 0  Summing

A variable coefficient – the product gives a factorial.

Input: a_{n+1} = (n+1)a_n, a_0 = 1



A nonlinear recurrence – the substitution bₙ = 1/aₙ.

Input: a_{n+1} = a_n/(1 + a_n), a_0 = 1

A system of two recurrences by eliminating the sequence bₙ.

Input: a_{n+1} = a_n + 2b_n
b_{n+1} = 3a_n + b_n



a_0 = 1, b_0 = 0



Divide and conquer (merge sort) – n = 2ᵏ and the master theorem.

Input: T(n) = 2T(n/2) + n, T(1) = 1



The generating function of the sequence n² + 2ⁿ.

Input: n^2 + 2^n  Generating function



The formula for aₙ from a generating function – partial fractions by irrational roots.

Input: 1/(1 - x - x^2)  Generating function

The number of solutions of x₁ + x₂ + x₃ = 10 with x₁ ≤ 3.

Input: number of solutions x_1 + x_2 + x_3 = 10, x_1 <= 3



Known limitations

Not yet: higher-order linear recurrences with variable coefficients, systems of three or more
recurrences, divide and conquer with several terms (T(n/2) and T(n/3)) and nonlinear recurrences
these substitutions don't make linear.



Applications of differential equations
The "Applications of differential equations" button on the home screen opens a form with 23 models:
radiocarbon dating, decay and half-life, exponential growth, a decay chain, Newton's cooling (also the
time of death from two measurements), chemical kinetics of the 0th–2nd order, a drug in the blood (one
dose, repeated doses, an infusion), blood alcohol, savings and loans, RC, RL and RLC circuits, a mass on
a spring, a fall with air resistance, a draining tank, mixing in a tank, logistic and Gompertz growth, a
harvested population, the SIR epidemic, predator and prey, two competing species and a chemostat.

You choose the model, its variant and what you are looking for; the constants (¹⁴C's half-life, the
gravitational acceleration, …) are prefilled and can be changed. Every quantity and the result have a unit
to choose – the app converts the values (the conversion is a step). The "?" by the model explains where
its equation comes from.

The steps start by setting the model up (why this equation), go on solving the equation (separation of
variables, an integrating factor, the characteristic equation), substitute the conditions, express the sought
quantity and end by substituting the numbers. Systems (SIR, predator and prey, competition, a
chemostat) are solved numerically by the Runge–Kutta method, their equilibria and stability exactly. The
graph shows the quantities in time with the answer marked, for systems also the phase plane.



Examples

The age of a find with 35 % of ¹⁴C left.

Input: model(radiocarbon; find=t[yr]; T12=5730[yr]; p=35[pct]; input=ratio)



The time of death: the body was 30 °C when found, 28 °C an hour later, the room 20 °C.

Input: model(cooling; find=t[h]; T0=30[degC]; Ta=20[degC]; t1=1[h]; T1=28[degC];
Tt=37[degC]; k=measured)

A 500 mg drug every 8 hours – the steady level between doses.

Input: model(drug; find=steady[mg_l]; D=500[mg]; V=40[l]; T12=6[h]; tau=8[h];



mode=repeated)

The monthly repayment of a loan of 1 000 000 CZK for 20 years at 5 %.

Input: model(interest; find=a[CZK_mo]; B0=1000000[CZK]; r=5[pct_yr]; t=20[yr]; B=0[CZK];



kind=loan)



How long a capacitor takes to charge to half the source voltage.

Input: model(rc; find=t[ms]; R=10[kohm]; C=100[uF]; U=12[V]; u=6[V]; mode=charge)

A damped spring – the displacement at 1 s.

Input: model(spring; find=x[cm]; m=0.5[kg]; k=20[N_m]; b=1[kg_s]; x0=5[cm]; v0=0[m_s];



t=1[s])



An epidemic with R₀ = 2.5 – the peak and the final number of infected.

Input: model(sir; find=overview[d]; N=10000[pcs]; I0=10[pcs]; R0=2.5; D=7[d]; rates=r0)



Predator and prey – the equilibrium, its stability and the period.

Input: model(predator; find=overview[mo]; a=0.5[per_mo]; b=0.01[per_pcs_mo]; c=0.4[per_mo];
d=0.005[per_pcs_mo]; x0=100[pcs]; y0=20[pcs])



Coming soon
We are working on these types of problems or have them planned. The order may change depending on
what you need most.

Equations and inequalities

Incomplete quadratic equations by factoring or taking roots (x² = 9) instead of the discriminant.

Functions, derivatives and integrals

Integral applications with parameters – general formulas (a sphere of radius r, an ellipse, a cone).

The shaded area and the 3D solid for parametric and polar curves.

Physical applications of derivatives and integrals (velocity, acceleration, work, centre of mass).

The complex form of the Fourier series and the spectrum.

The Riemann and Lebesgue integrals of special functions (the Dirichlet and Riemann functions).

Differential equations

Systems of differential equations given as equations (the applications have them already) and their
phase portrait.

The Laplace transform with the Heaviside function, shifts and periodic right sides.

Other areas

Vectors – magnitude, dot, cross and triple products, angles, areas and volumes.

Matrices – operations, determinant, rank, inverse matrix, eigenvalues and eigenvectors.

Construction problems – triangles, quadrilaterals and circles from given elements, the construction
steps and the number of solutions.

Complex numbers in the polar and exponential form, de Moivre's theorem, n-th roots.

Cramer's rule for systems of linear equations.

Functions of several variables, multiple, line and surface integrals.

Exact and numerical result modes (decimals instead of fractions and roots).

Word problems – setting up the equations from the text and solving them.


