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Introduction (1/5)

: d
An equation of the form d—§+ Py =Q, where P
and Q are functions of x only is called a linear
differential equation since y and its derivatives
are of the first degree.

d
. The solution of d—i+ Py =Q is obtained by

multiplying throughout by what is termed an
integrating factor.

Introduction (2/5)
dy
dx
ly, gives:
only, gives .

2. Multiplying —+ Py =Q by say R, a function of x

by, RPy=RQ (1)
dx

3. The differential coefficient of a product Ry is
obtained using the product rule,

: d dy dR
e, —(Ry)=R—+y—,
dx( y) dx y dx
which is the same as the left hand side of
equation (1), when R is chosen such that
RP = arR
dx A
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R . . .
If — =RP, then separating the variables gives

Introduction (4/5)

5. Substituting R = AejpdX In equation (1) gives:

4.
dx d
R _ pax. e/ P"X(dyJ +ael™py = nel™q
X
Inte ratin both sides gives: pax( d Pdx Pdx
SR ) ie., e/ (d_yj%j Py=el™Q ()
—_deX|e InNR = dex+c X
d dx
from which, 6. The left hand side of equation (2) is &(YGJP j
R = ofPe  oJ e . . - [pox
which may be checked by differentiating ye
l.e.,,R= Aejpdx, where A = e® = a constant. with respect to x, using the product rule.
Introduction (5/5) Procedure
d X x
7. From equation (2), —(yede j: ejpd Q » Rearrange the differential equation into the form
dx dy
Integrating both sides gives: i —+ Py =Q, where P and Q are functions of x.
X X ° Pd
yejpd :Jejpd Qdx 3) Determlnej X. fror
» Determine the integration factore’ .

8. ej " is the integrating factor. * Substitute eI ""into equation (3).

* Integrate the right hand side of equation (3) to
give the general solution of the differential
equation. Given boundary conditions, the
particular solution may be determined.




Worked Problems

» Problem 1. Solve E3—y+4y= 2 given the
X dx

boundary conditions x =0 wheny = 4.
[y = %(1 +7e%

 Problem 2. Show that the solution of the
. dy y .. 3-x*
equation —+1=—=is given by y =———, given
dx X 2X

x=1lwheny=1.

Worked Problems & Exercise 183
* Problem 3. Determine the particular solution of
d_y_x+ y =0, given that x =0 when y = 2.
X
[y =x-1+3eX]
Solve the following differential equations.

« Exercise 1. xd—y =3-y
dx

[y = 3 +c¢/x]
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Exercise 183
Solve the following differential equations.
» Exercise 4. x(d—y +1j =x*-2y, given x = 1 when
y=3 dx
[y = x3/5 - x/3 + 47/15x?]
d
. Exercise 6. —L+X= 2y
dx

[y = x/2 + 1/4 + ce?¥]
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Further Worked Problems (1/2)

* Problem 4. Solve the differential equation
dy =secd + ytan @ given the boundary conditions

y=1when@=0.
[y =(6+1)secb)
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Further Worked Problems (2/2)

* Problem 5.
(a) Find the general solution of the equation
(X—Z)d—y+ 3(x-1) _1
dx (x+1)
(b) Given the boundary conditions thaty =5
when x = -1, find the particular solution of the
equation given in (a).
[(@) y(x + 1)2(x - 2) = (x + 1)3/3 + ¢
(b)y = (x + 1)/3(x - 2)]
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Exercise 184
» Exercise 2. Solve the differential equation:
t(jj—f+sect(tsint+cost)¢9 =sect, givent=r
when g =1.
[6 =%(sin‘r—1'rcos’r)]
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Exercise 184

dv
» Exercise 6. The equation pra —(av +Dbt), where

a and b are constants, represents an equation of
motion when a particle moves in a resisting
medium. Solve the equation for v given thatv=u
when t = 0.

[v=b/a? - bt/a + (u- b/a?)et]
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Exercise 184

» Exercise 9. The equation of motion of a train is
: dv L .
given by: ma =mk(l—e")—mcv, where v is the

speed, tis time and m, k, and ¢ are constants.
Determine the speed, v, givenv=0att=0.

[v:k{l_ et e ¢t }]

C c—1+c(c—1)
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