Differential Equations
Dr. E. Jacobs

Topic for Today: Linear Equations



The following expression is called a linear
combination of the variables x and y

axr + by



An equation of the form ax + by = C de-
scribes a straight line

Y 5x+ 7y=1
/ §7y=0
/ x




Linear combination of x, y and z

2¢ 4+ (—5)y + 92
or equivalently,

20 — oy + 9z



More generally, a linear combination of the
variables x1, 9, x3, ..., T, 1S an expression
of the form:

C1T1 + C2X2 + C3T3 1+ + CnTp



More generally, a linear combination of the
variables x1, 9, x3, ..., T, 1S an expression
of the form:

C1T1 + C2X2 + C3T3 1+ + CnTp
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Linear Combinations of Vectors
Let @ = (2,3,4) = 2i + 3] + 4k
Let v =(1,0,5) = 1i+ 0j + 5k

Both u and V and hnear combinations of
the vectors 1 J and k



Linear Combinations of Functions

2

Let ¢(x) = e* and ¢(x) =sinx
The expression

5¢ -+ Ta)

is a linear combination of ¢ and v and rep-
resents the function:

56“’2 + 7sinx
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Linear combination of y, 2 and 2%

d*y  _dy
90— 7 1 8°7 116
5 + 8- + 16y



Linear differential equation

d*y  _dy
09— 9 1877 1 16y = 4
5 T8 +16y



Linear differential equation

2y d
zd—m‘g + 8% + 16y = 4
d?y

dy
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The coefficients of a linear differential equa-
tion could be functions of the independent
variable.

d2
exd—x‘z + Sinxé + 2%y =0
d’y 1dy
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We will begin with first order linear differ-
ential equations:

dy

(11% + apy = f(x)



a1@ + apy = f(x)

dx
a f(z)
dr  aq ai

f(x)

Let P(z) = 2% and let Q(z) =

1

% + P(z)y = Q(x)



Y 1 Py = Q)
(P(x)y — Q(x))dz + 1dy = 0
M=Py - Q@) N=1
Is there an integrating factor u(x) 7
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dy y
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This is a linear differential equation with
P(x) = 1 and Q(z) = 2. The integrating
factor is:

1
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=d
u:efm x:elnx:x
More generally,
L= 6ln|:t:|—|—C _ GC|$| _ :tGCCIZ‘

Let a = +e©

= ax



Be careful with exponential properties:



Be careful with exponential properties:



This is in the form %qLP(a:)y = Q(x) where

1

P(x) = 5

Calculate the integrating factor:
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