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I 11= ﬁ Int(eA(a*x)/(1+e7(a*x))) dx

Indefinite integrals: Approximate form = Hide steps
eax log(eax + 1)
dx =

1+e%* a
Possible intermediate steps:

Take the integral:

eax
dx
Jors

+ constant

e(l X

For the integrand , substitute u = axand du = ad x:

1 et
=—f du
alet+1

e +1

u

For the integrand

1 rl
= —J—ds
als

, substitute s = e¥+1and ds = e“d u:
et +1

1
The integral of — is log(s):
s

log(s)
a

+ constant

Substitute back for s = e% + 1:

log(e* + 1)
= —— + constant
a

Substitute back for u = a x:

Answer:

log(e?* +1)
= ——— + constant
a

log(x) is the natural logarithm »

3D plot:



Amin _D_ Amax _D_
Xmin _D_ Xmax _D_

+ More controls

Contour plot:

Amin _D_ dmax _D_
Xmin _D— Xmax _D_

Series expansion of the integral at x=0:

log(2 X2 axt
0g()+£+a__a + O(x8)
a 2 8 192

(Taylor series)

Big- O notation »

WolframAlpha ©


http://mathworld.wolfram.com/Big-ONotation.html
http://www.wolframalpha.com

In[5]:= ﬁ Int(3*xA2*exp(-x)) dx from 0 to In(2)

Definite integrals:

0g(2) 3
jl 32 exp(-x)dx = - 5 (-2 +1og?(2) +log(4)) = 0.19988
0

Possible intermediate steps:
Compute the definite integral:

0g(2)
f 3 x2dx
0

Factor out constants:

0g(2)
=3 f e*x>dx
0

For the integrand e~ x?, integrate by parts, J fdg=fg- j gdf, where

f=x* dg=e*dx
df =2xdx, g=-e™

log(2) 0g(2)
=(-3e* 1) +6Jl e*xdx
0 o

Evaluate the antiderivative at the limits and subtract.

(=36 x?)

log(2) 3
‘ Oog = (-3 671962 10g?(2)) - (-3 6 02) = - 5 log?(2):
3 0g(2)
=—510g2(2)+6f e*xdx
0

For the integrand e x, integrate by parts, [f dg=fg- Jg df, where

f=x dg=e*dx
df=dx, g=-e™

3 log(2) 0g(2)
= —Elogz(z) +(-6e7* x)| +6£ e*dx
0

Evaluate the antiderivative at the limits and subtract.
log(2)
0

(-6 x) = (-6 671°8?) log(2)) - (-6 70 0) = -log(8):

3 0g(2)
=-3 log?(2) -log(8) + 6 ﬁ e~*dx

More digits

Hide steps @



Apply the fundamental theorem of calculus.
The antiderivative of e™* is —e™*:

3 log(2
= - 10g*(2) - log(8) + (-6 0™) 8

0

Evaluate the antiderivative at the limits and subtract.
| 1og(2)
(-6e™)| T =
0

3log?(2
_3_ g°(2)

(-6e78@) -~ (-667) = 3:

-log(8)

Which is equal to:

Answer:

=- % (-2 +1og?(2) + log(4))

log(x) is the natural logarithm »

Visual representation of the integral:

0.8+ /

0.6
041

0.2

0.2 0.4 0.6

Riemann sums:

More cases
leftsum - 8 x 2,71 ((237- 1)2 42 (237- 1) n- 2 - 1)log’(2) =
2n-1) nd
(3 _ 3102gf§2) _3 10g(2)) _ SIngn(Z[ + O(( %)2)

(assuming subintervals of equal length)

041

02

0.2 0.4 0.6



N - o o
integral: - % (=2 +log?(2) +log(4)) = 0.199879
Riemann sum: 0.175446
error: 0.0244333

number of subintervals —D
summation method I left endpoint midpoint | right endpoint

Indefinite integral:

j3 X exp(-x)dx =3 e (-x* -2 x-2)+constant

Step-by-step solution

WolframAlpha


http://www.wolframalpha.com

Infel= ﬁ Int(xA2*In(x)A2) dx from 1 to e

Definite integrals: More digits | | Hide steps @)

1
rxz log?(x)dx = s (5% -2)=3.6455
1

Possible intermediate steps:
Compute the definite integral:

rxz log?(x) dx
1

For the integrand x* log?(x), integrate by parts, f fdg=fg- jg df, where
f =log*(x), dg=x*dx,

21 X3
df = 08(x) dx, g= ?:
1 !
== log*x)| -— erzlog(x) dx
3 ) 3 h

Evaluate the antiderivative at the limits and subtract.

| 1 &3
= 563 log?(e) - 3 13 log?(1) = —:

1
_x31 2
p ()g(x)1 B

e’ 1
=—-—1221 d
3 Sf og(x)dx

Factor out constants:

=% 2 Felosmd
—3—3f 0g(x) dx

For the integrand x* log(x), integrate by parts, [ fdg=fg- j gdf, where

f=1log(x), dg=x*dx,
1 x3

df=—-dx, g=—:
X 3

SN

)
+—rx2cﬂx
. 9 A

Evaluate the antiderivative at the limits and subtract.

e
e’

= (— & e’ log(e)\ - (— & I 102(1)\ =-—

(— & x log(x)\



\' 9 v/ll \' 9 7\ 9 )
e’ 2

=—+— [ x¥dx
9 1

Apply the fundamental theorem of calculus.

The antiderivative of x% is —:

e

2

@3
9 27

Evaluate the antiderivative at the limits and subtract.

28 |° 288 2x13 2
= - = —(e-1):
27 . 27 27 27
et 2
=—+—(%-1)
9 27
Which is equal to:
Answer:
1
=—((e*-2
27 ( )

Visual representation of the integral:

1.5 2.0 2.5
Riemann sums:

8+

log(x) is the natural logarithm »

)



{ R o N D I A P

1.5 20 25
integral: o= (563 - 2) = 3.64547

Riemann sum: 3.0374
error: 0.608069

number of subintervals —D

summation method I left endpoint midpoint

Indefinite integral:

right endpoint

2x3 1 2
fxz log?(x) dx = > 3 2 log?(x) - 5 X3 log(x) + constant

Step-by-step solution

WolframAlpha


http://www.wolframalpha.com

In[15]:= ﬁ p"'(q)-p'(q)=0, p(0)=3,p'(0)=-1,p"(0)=1

Assuming “'” is referring to math Use “"'” as a unit instead

Input:

{P¥g)-p(g) =0, p(0) =3, p(0) = -1, p’(0) = 1}

Autonomous equation:
, 3 —
-p(@)+p(g) =0
Autonomous equation »
ODE classification:

third- order linear ordinary differential equation

Differential equation solutions:

p(q) = e 7+2

Possible intermediate steps:

fo i
Solve —d%sﬁ)- - q(%a.)_ = 0, such that p(0) = 3, p'(0) = -1, and p”(0) = 1:

Approximate form Hide steps

Assume a solution will be proportional to e*9 for some constant A.

Substitute p(q) = €9 into the differential equation:
as d

2l 1ol =0

dg® dq

Substitute %(e" ) = A3 e and C;,iq(ae" 7)) = Aeha:

MBeri-pAerd=0

Factor out e ¥:
(A -A)erd=0

Since e*9 * 0 for any finite A, the zeros must come from the polynomial:
AB-A=0

Factor:
AA-1D(A+1)=0

Solve for A:


http://mathworld.wolfram.com/Autonomous.html

=-lorA=00rA=1

The root A = -1 gives p1(q) = ¢; €9 as a solution, where ¢; is an arbitrary constant.
The root A = 0 gives p2(q) = ¢ as a solution, where ¢, is an arbitrary constant.

The root A =1 gives p3(q) = c3 €7 as a solution, where ¢; is an arbitrary constant.
The general solution is the sum of the above solutions:
P(a) = pi(q) + p2(q) + p3(q) = 1 €77 + 2 + ¢5 €1

Solve for the unknown constants using the initial conditions:

Compute ngﬂ:

dplg) _ d -

—(’fqﬂ)-— ag(CL e+ e+ c309)
=-ce9+c3e1

Compute %%zﬂ:

a? _ @ .

—d%f)-— @(qe 9+ ¢y + c3 €9)

=ce9+c3el

Substitute p(0) = 3 into p(q) = c1 €9+ ¢z €9+ ¢2:
ci+c+c3 =3

Substitute p'(0) = -1 into %‘f- =cel-c e

-+ =-1

d?

Substitute p(0) = 1into = 7

=ce9+ce:

Cl+Cg=1

Solve the system:

Clzl
Cz=2
c3=0

Substitute ¢y =1, ¢, = 2,and ¢ = 0into p(q) = ¢ @7+ c3 89+ ¢,:

Answer:

p(q) =e™1+2



Plots of the solution:

WolframAlpha


http://www.wolframalpha.com

In[16]:= ﬁ y"(x)-3"y'(x)+2*y(x)=sin(x), y(0)=3/10,y'(0)=0

Input:

3
{re-sy+2y00 = sin@, y0) = =y =0}

ODE classification:

second- order linear ordinary differential equation

Alternate forms:

3
{79 =37(-250+sin(0, 50) = =, y(0) = 0}
(3100 +sin(0) = /() +2 49, 10 40) = 3, y(0) = 0}

11 3
{re-syw 2y = Siet - Zie )0 = = y(0) = 0}

Differential equation solutions: Approximate form

Solve with undetermined coefficients | ~

Hide steps

yx) = % (e* — e** + sin(x) + 3 cos(x))

Possible intermediate steps:

Solve -3 %%)- + %Zﬁ + 2 y(x) = sin(x), such that y(0) = 13_0 and y’(0) = 0:

The general solution will be the sum of the complementary solution and particular solution.

Find the complementary solution by solving ‘ﬂ—d’ff)- -3 igf)- +2y(x)=0:

Assume a solution will be proportional to @ * for some constant A.

Substitute y(x) = @** into the differential equation:

d? d
ﬁ(e’\x) -3 a(e}“‘) +2eM =0

Substitute f7(e" ¥)= A er*and a‘”ix(e" ¥)=Aerx

Aerr_3p et 4262 =0

Factor out e**:
(A2-3A+2)er =0

Since @2% £ 0 far anv finite A. the zerns muist came fram the nalvnamial-



A-3A42=0
Factor:
A-2)(A-1)=0
Solve for A:
A=1lorA=2

The root A = 1 gives y1(x) = ¢; €* as a solution, where ¢ is an arbitrary constant.

The root A = 2 gives y»(x) = ¢, €%* as a solution, where ¢; is an arbitrary constant.
The general solution is the sum of the above solutions:
V() = y1(x) + y2(x) = c1 € + 0 €% F

Determine the particular solution to %21)_ +2y(x)-3 id}%)- = sin(x) by the method of

undetermined coefficients:
The particular solution to dp—dff)- +2y(x)-3 %xﬂ = sin(x) is of the form:

Vp(X) = a1 cos(x) + ap sin(x)

Solve for the unknown constants a; and a,:

).

Compute ===

dyp(x d .

-%—L = E(“l cos(x) + a sin(x))

= —qa; sin(x) + a, cos(x)

dPyp(x) .

Compute =, 5=

dPy,(x o2 .

—dxé-l = 4z (@ cos(x) + ap sin(x))

= —a; cos(x) — ap sin(x)

Substitute the particular solution y,(x) into the differential equation:
el _ g din(x)
dx? dx
(- a; cos(x) — ap sin(x)) - 3 (- a; sin(x) + ap cos(x)) + 2 (a; cos(x) + ap sin(x)) = sin(x)

+ 2 Yp(x) = sin(x)

Simplify:
(1 - 3 @) cos(x) + (3 a1 + ap) sin(x) = sin(x)



Equate the coefficients of cos(x) on both sides of the equation:

01—3(12=0

Equate the coefficients of sin(x) on both sides of the equation:

3ai+a, =1

Solve the system:
=3

@ =
= L

@ =1

Substitute @; and ap into y,(x) = ap sin(x) + a; cos(x):
3cos(x) sin(x)
+
10 10

Yplx) =

The general solution is:

3 cos(x) sin(x)
(%) = Ye(X) + yp(x) = o + T +C 65 + ¢y 6%%

Solve for the unknown constants using the initial conditions:

ayx) .
Compute ==
Ul = S Sy g 014 cy07)

- cos(x) _ 3sin(x)
10

10 +clex+20262"

Substitute y(0) = 13_0 into y(x) = c, €%+ ¢, €2 + Mrlloz)_ + ScclJ(s)(x):
3 3

a+0+—=—

20 T 10

Substitute y(0) = 0 into 242 e 206’ - 3_(_15111(1)x + mofox :

a+2c0+—=0
SRR

Solve the system:

_ 1
a =7

1

T



. 1 1 . i 3
Substitute ¢ = s-and ¢ = - 5= InNf0 Y(x) = 1 "+ 2 €27 + %ﬂ + %ﬂ:

Answer:

y(x) = 11—0 (-6** + e + 3 cos(x) + sin(x))

Plots of the solution:

WolframAlpha


http://www.wolframalpha.com



