Cauchy's Equation
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¢ Definition: An equation of the form

n dTLy n—1 n ly n—2 n— 2 X
¢ X d xm + p1x dxn—1 + p2x dxn— an—2 + .+ Pn- 1x + pnY =
e where p;, Py ....., P, are constants and X is a function of x is called homogeneous linear

differential equation of order n.

e The equation is also known as Cauchy’s equation.
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METHOD OF SOLUTION
e The equation can be transformed into an equation with constant coefficients by the substitution
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* SImiiarly, It can pe snown that  — = x—3\dz3 I i ) RS (1) ana so on.
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e Further the r.h.s. X by the substitution of x = e” changes to a function of z only say Z.

¢ Thus, the given equation by the substitution x = e? changes to a linear differential equation
with constant coefficients of the form f(D)y = Z and can be solved by the methods studied in

the previous exercise.

d?y dy .
EXAMPLE-1: x? — —3x—+5y= sin(log x)
a _ . Z
20 Pat Z=logm e M= apd & =D we gt

d2

> dy w2 d%y
e — D:j O\ﬁd \Cm - DCD"):’

The 9given D = Changes to

PD-13Y = 2Dy + 5y = Sin Z

Xy—UDy x5y =<inz

(P-uDx5) 3= Snz

AE 35S w-bw+ § =0
"= 21y

2 3 = CO_Z'Z- ( C,CU‘ﬁZ + Cq S\WﬁZ)

DE -LDd+5

MODULE-1 Page 2



Su Y = —-C\)2: "I

l

= S\ Z
L-YD
= 10D SinZ
LO-DD O +Dd)
_ ) | N
= —(OFD) T —— S &
L —D*
)Du_j DZ: -1
o _( \ = L QD) S0z
— L (D Sine
5 G %
Yo = J(g (sirz *+ cos2)
2

ya . \ ‘ fQGSZ»)
—_ ( Z Gy SN 2 ( SNz
. j—; Ae *TSP e e C..CC)S L) ZB 4

~esubshtubing Z =\o9™

q = X’LK/CICU_SC\Oa\,()a\CZ &\‘V\C\OEM}:(

o X/%m (log™) ~ (oS C\Oﬁ”‘);l
<€

3 2
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EXAMPLE-4: x2 4’y =+ x— + y = log x. sin(log x)
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