DIFFERENTIAL EQUATIONS

Special Formulas

Certain types of differential equations occur sufficiently often to justify the use of formulas for the corresponding particular
solutions. The following set of tables I to XIV covers all first, second, and nth order ordinary linear differential equations with
constant coefficients for which the right members are of the form P(x)e’* sinsx or P(x)e’™ cossx, where r and s are constants and
P(x), is a polynomial of degree 7.

When the right member of a reducible linear partial differential equation with constant coefficients is not zero, particular solutions
for certain types of right members are contained in tables XV to XXI. In these tables both F and P are used to denote polynomials,
and it is assumed that no denominator is zero. In any formula the roles of x and y may be reversed throughout, changing a formula
in which x dominates to one in which y dominates. Tables XIX, XX, XXI are applicable whether the equations are reducible or
not. The symbol (') stands for (L' and is the (7 4+ 1)** coefficient in the expansion of (a + b)™. Also 0! = 1 by definition.

m—n)!n!

A-46



Differential Equations A-47

SOLUTION OF LINEAR DIFFERENTIAL EQUATIONS WITH CONSTANT COEFFICIENTS

Any linear differential equation with constant coefficients may be written in the form
p(D)y = R(x)
where
e D is the differential operation: Dy = %
e p(D) is a polynomial in D,
e y is the dependent variable,
e x is the independent variable,
e R(x) is an arbitrary function of x.
A power of D represents repeated differentiation, that is
py A"y
T dxn

For such an equation, the general solution may be written in the form

y:yc+yp

where y, is any particular solution, and y, is called the complementary function. This complementary function is defined as the
general solution of the homogeneous equation, which is the original differential equation with the right side replaced by zero, i.e.

p(D)y=0

The complementary function y, may be determined as follows:

1

2.

6

. Factor the polynomial p(D) into real and complex linear factors, just as if D were a variable instead of an operator.

For each nonrepeated linear factor of the form (D — a), where a is real, write down a term of the form
ax

ce

where ¢ is an arbitrary constant.

For each repeated real linear factor of the form (D — a)”, write down 7 terms of the form
c1e™ + c3xe™ + c3x7e™ 4 -+ c,x" e

where the ¢;’s are arbitrary constants.

For each non-repeated conjugate complex pair of factors of the form (D —a + ib)(D — a — ib), write down 2 terms of the
form

c1e” cos bx + ce** sin bx

For each repeated conjugate complex pair of factors of the form (D —a +ib)"(D — a — ib)", write down 2# terms of the form

c1e™ cos bx + c,e™ sin bx + c3xe®™ cos bx + c4xe®™ sin bx

4 1" e cos bx + ¢, X" e sin bx

. The sum of all the terms thus written down is the complementary function y..

To find the particular solution y,, use the following tables, as shown in the examples. For cases not shown in the tables, there
are various methods of finding y,. The most general method is called variation of parameters. The following example illustrates
the method:
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Example:  Find y, for (D* —4)y = ¢*.

This example can be solved most easily by use of equation 63 in the tables following. However it is given here as an example of
the method of variation of parameters.

The complementary function is

Yo = cre¥ + e

To find y,, replace the constants in the complementary function with unknown functions,
yp — uer + Ue—Zx

We now prepare to substitute this assumed solution into the original equation. We begin by taking all the necessary derivatives:

yp — Mer _I_Ue—Zx

Y, = 2ue™ — ve™ ¥ +ule® 4 ve

For each derivative of y, except the highest, we set the sum of all the terms containing u/ and v7 to 0. Thus the above equation
becomes

we* +ve*™ =0 and Y, = 2ue® — 2ve™**
Continuing to differentiate, we have
Y, = 4ue™ 4+ dve ™ + 2/ e — 2y e

When we substitute into the original equation, all the terms not containing #’ or ¢’ cancel out. This is a consequence of the
method by which y, was set up.

Thus all that is necessary is to write down the terms containing #’ or ¢’ in the highest order derivative of y,, multiply by the
constant coefficient of the highest power of D in p(D), and set it equal to R(x). Together with the previous terms in #’ and v' which
were set equal to 0, this gives us as many linear equations in the first derivatives of the unknown functions as there are unknown
functions. The first derivatives may then be solved for by algebra, and the unknown functions found by integration. In the present
example, this becomes

u/er + U/e—lx =0
e — e = ¢*

We eliminate v and #’ separately, getting

4u/e?* = ¢*
4y e = —¢*
Thus
r 1 ,—x
v = 4e1 3
r_ _1,3x
vV=—ze
Therefore, by integrating
— _1,x
u= 3 e
v=—Leg¥

A constant of integration is not needed, since we need only one particular solution. Thus

1 1
_ 2x —2x __ _ T ,—x,2x _ _— 3x,-2x
Vp = ue™ +ve 7 = 20 5ee
=——¢"— —e¢"=—=¢
12 3
and the general solution is
Y=Y+ Y= c1e® + cpe™> — ge"

The following samples illustrate the use of the tables.



Differential Equations A-49

Example 1: Solve (D* — 4)y = sin 3x. Substitution of g = —4, s = 3 in formula 24 gives

_ sin3x
W= 9y
wherefore the general solution is
o S sin 3x
y =cie® + e E
Example 2: Obtain a particular solution of (D?* — 4D+ 5)y = x?e* sin x.

Applying formula 40 witha =2, b=1,r =3,s =1, P(x) = x>, s +b=2,s —b=0,a—r =—1,(a—r)>  + (s + b)*> =S,
(a—7)*>+ (s —b)? =1, we have

_ ePsinx (20N, (212 2A=10),  (3:1:2-2" 3.1.0-0),
Yoo = 2 571)° 25 1 X 125 1
e¥cosx [(—1 -1\ , 1-4 1-0 -1-3(-1)4 —-1-3(-1)0
- —_ 1) — 2
2 Ks 1)x+<25 1)x+< 125 1 )}

Lo 4 2N (2, 28 136\
5x 25x 125 e’ sinx 5x 25 125 e CoSXx

The special formulas effect a very considerable saving of time in problems of this type.

Example 3: Obtain a particular solution of (D? — 4D + 5)y = x*¢** cos x. (Compare with Example 2.)
Formula 40 is not applicable here since for this equation 7 = a, s = b, wherefore the denominator (a — 7)* + (s — b)> = 0. We
turn instead to formula 44. Substituting @ = 2, b = 1, P(x) = x? and replacing sin by cos, cos by -sin, we obtain

e cosx [, 2 e2*sin x , 1
=S (D) ()
= © 1 e** cosx + ¥ x e?*sinx
“\ 4 8 6 4

Example 4: Find z, for (D — 3D,) 2 = In(y + 3x). Referring to Table XV we note that formula 69 (not 68) is applicable. This
gives

which is the required solution.

Zp = x In(y + 3x)
It is easily seen that —y/3 In(y + 3x) would serve equally well.
Example 5: Solve (D, + 2D, — 4) z = ycos(y — 2x).

Since R in formula 76 contains a polynomial in x, not y, we rewrite the given equation in the form (D, + 3D, —2) z =
ycos(y — 2x). Then

1
2

1
2. =e®F (x— Ey) = f(2x—y)

and by the formula

1 1 1
2y = ) cos(y — 2x) - <% + %) —§(2y+ 1) cos(y — 2x)

Example 6: Find z, for (D, +4D,)*z = (2x — y)*.
Using formula 79, we obtain

[ [wde® w _ _(2x—y)5

Zp

TR2+4-DP  5-4-3-(-8) 480
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Example 7:

Example 8:

Find z, for (D} + SD2D, — 7D, + 4)z = e?**3, By formula 87
r x x 7y

62x+3y

62x+3y

TG ys 2237214

Find z, for

58

(D} + 6D} Dy + DDy + Dj + 9)z = sin(3x + 4y)

Differential Equations

Since every term in the left number is of even degree in the two operators D, and D,, formula 90 is applicable. It gives

o = sin(3x + 4y)
P (=92 +6(=9)(=12) + (=12) + (—=16) + 9
_sin(3x + 4y)
B 710
TableI: (D —a)y=R
R »
1. e~ ¢
e + 1 s
. asinsx + s cossx . 1
2. sin sx* o = s sin (s?c)—l— tan ;)
1 P/ P// P n
3. P(x) S S B e
a a a a"
4. "~ sinsxx Replace a by a — r in formula 2 and multiply by e'~.
5.P(x) €™ Replace a by a — r in formula 3 and multiply by e"*.
a? — s? a’ — 3as? E_(K)ak 22 g (Baktsd
. . , ” a ak—=s ak%s —1)
6. P(x)sinsxx —sinsx {m (x)—i—mP(x)—l—mP (%) +-- + 2 4 P! 1(x)+-'}
S 2d$ / 3425 - 53 " (llz)akils - )ak73s3 to (k—1)
7. P(x)e™ sinsxxReplace a by a — 7 in formula 6 and multiply by e"*.
8. ™ xe™*
. e** cossx
9. e sin sx -
s
10. P(x)e™* e” [ P(x)dx .
11, P(x)e™ sinsx e™sinsx [ P'(x) B P”(x) PY(x) 1 e™ cossx P(x) — P’ (x) n PY(x)
s s3 s3 ss s s2

R
12. ¢

13. sinsxx*

14. P(x)

15. " sin sx*
16. P(x)e™

17. P(x) sin sx*

*For cossx in R replace “sin” by “cos” and “cos” by “—sin” in y,.

dar m!

b= dx" (:'n) - (

m— n)ln!

Table Il: (D — a)®>y = R

Yp
e?’Z
(7 —1a)2
m[(d2 — s%) sinsx + 2as cos sx] = pEane) sin (sx +tan”
s s
1 2P'(x)  3P"(x n+1)P"(x
—Z{P(x)—f— (x) ) e VPP
a a a a

Replace a by a — r in formula 13 and multiply by e"*.
Replace a by a — r in formula 14 and multiply by '*.

a? —s? a’® — 3as? a* — 6a*s? + s*
i —— P —— P’ 3—— P’ s

ot e T

ak — (5)a*2s* + (§)a*4s* — ..
k -1 2 4 P(k—Z) L
+Hk—1) . (x) +
a 3a’s —s3 4a’s — 4as® |

+cossx {ml’(x)—klm P(x)+3mP (x)-l—
kY k-1 kY k-3 .3

+(k71)(1)tl s—(3)a N +...P(k—2)(x)+,“

(42 +52)k

0t=1

1

2as

a’ —s2

)
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18. P(x)e™* sinsx* Replace a by a — 7 in formula 17 and multiply by e"*.

19. e%* 7x2€ax
20. e™ sin sx* —ﬂ
s
21. P(x)e™ e“x//P(x) dxdx
% g 3p” 5pv 7 pvi
22. P(x)e* sinsxx —w P(x) — z(x) 4(x) — 6(x) + }
s s s s
e’*cossx [2P'(x) 4P"(x) 6PY(x)
B 2 + 3 5
s s s s

* For cossx in R replace “sin” by “cos” and “cos” by “-sin” in y,,.

Table III: (D* +q)y=R

R yp rx
2.0 a
r°+q
24. sin sx* Smsx
ot i (2k)
1 P” pPv P
25. P(x) pg = P20 q(lx) — (=1 qk(x)
) (r* —s? +q)e’*sinsx — 2rse’* cos sx e ) i 2rs
26. ¢ sinsx T 5 5 = sin |[sx —tan” —————
S N e X L S aal r—sitq
27. P(x)e’™ e [p x) — =7 p/(x)+up/’(x)_ﬂp’//(x)+...
rt+q r+q (r2 +q)? (r* +q)°
e (D =GP+ Bt — (k=1)
+o (1) = PR (x) 4+ .-+
. sinsx 3s? + ., S5s*+10s2q+ ¢ _,,
28 Plx)sinsxe o {P(x) - ﬁz) (x)+TZ)4qP (x) + -
(=1 () s+ () s™2g + (1) s o pen iy 4
(52 + g+ e
$COSSX 2P'(x) 4s? +4q k) g2k=2 4 (2K) G2h—dy g
_ > . _ . qu (x)++(_1)k+1(1) 2(3) = P(Z/e 1)(x)+
(=s*+q) | (=s*+4q) (=s*+q) (=s*+q)
Table IV: (D? +b*)y = R
29. sin bxx* _xczsz
. sin bx P’(x)  PY(x) cos bx P"(x)
30. P b P(x) — —] = P(x) — | d
(x)sinber 07 [P = 357 T 2mp } 2b ) = gz * X
* For cossx in R replace “sin” by “cos” and “cos” by “—sin” in v,
Table V: (D? + pD+q)y =R
R Yo 7X
31.¢e™ 267
r-+pr+gq
. (q — s?)sinsx — ps cossx 1 . 4, s
32. sinsx* 5 3 = sin | sx — tan 3
(g —s%)*+(ps) (g —s2)2 + (ps)? q—s
1 2 _ 3_2 n _ (n—=1\  n-2 n=2\ on—4 2 __ .

q q q q q"
34.¢*sinsxx  Replace p by p+ 2r, g by g + pr + r? in formula 32 and multiply by ¢"*.
35. P(x)e™ Replace p by p + 2r, g by g + pr + r? in formula 33 and multiply by ¢*.
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Table VI: (D — b)(D — a)y=R

sin sx a a4 =S b st
36.P i - "
(x) sin s b—a [<a2+52 bz—l—s) +(az+s b2+s)) (x)
a’® — 3as? b3—3b5
(a2 +s2)3 (D2 +5s2)?

| Cossx s s P(x) + 2as 2bs P'(x)
b—a \a2+s2 b:ts2 x (@2 +s2)2  (PP+s2)2 x

N 3a’s —s*  3b*s -’ Prlx) +
(aZ +52)3 (b2_|_52)3
37. P(x)e*sinsx* Replace a by a—r, b by b — r in formula 36 and multiply by ¢"*.
e " P(x) P’(x) P"(x) P™(x)
38.P ax P(x)d e ————
(x)e a—b U et g Y e T o—ap T o
* For cossx in R replace “sin” by “cos” and “cos” by “-sin” in y,.
 For additional terms, com e with formula 6.

Table VII: (D?* — 2aD +a* + b*)y =

s+b s—b 2a(s + b) 2a(s — b) ,
<az+(s+b)2 - a2+(s—b)2) e ([aur(sw)ﬂ2 ) [d2+(s—b)2]2> e

3a’(s +b) = (s +b)°  3a’(s—b)— (s —b)’ P(x) + - --
[a2 + (s + b)?]° @2+ (s = )]’

cossx a a a* — (s +b)? a* — (s —b)? ,
2 Kaz—l—(s-i-b)2 B a2+(s_b)2> Pl <[a2+(s+b)2}2 - [{124—(5—5)2]2) e

N a*—3a(s + b)z _ @ —3a(s - b)z Pr(x)+---
[a> (s +b0]"  [a*+ (s —b)?]

R Yo
sinsx

39. P(x) sinsx* b

40. P(x)e"™ sin sx Replace a by a — 7 in formula 39 and multiply by ¢’*.
» % P”(x) Piv(x)
41. P(x)e = P(x) — = + i
P e**sinsx
42. e sin sx* 2 n 2
43. ¢ sin bxx e cos bx
' b

44. P(x)e* sin bxx

e sin bx P’(x)  PV(x)
— — -
(Zb)zb{() (2 )P(() )P()
edx COS x " v
_grcosvx [p | d
A { )= ape ) } *
* For cossx in R replace “sin’ by “cos’ and “cos” by “-sin” in y,,.
For additional terms, com e with formula 6.

Table VII: f(D)y=[D"+a, D" ' +---+a;D+agly=R

R yprx
45. ¢ L
f(r) ) . .
46. sin s [ao — ars? + ags* — - - | sinsx — [a1s — azs® +ass® +-- -] cossx
' [ao — aps? +ass* — - 12 + [a1s — a3s3 +ass’ — -+ ]2
Table IX: f(D?)y=R
47 sin sxx sinsx sin sx

f(—s?) TG-St L2
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48. '

49. sin sx*

50. P(x)

51. e™ sinsx*
52. ™ P(x)

53. P(x)sinsxx

54. e" sin sxx

55.e™P(x)

—1 2 P’ 2 P///
56. P(x)e"™ sin sxx* (=1) e sinsx n (x) (n+ (x) n
s n—1) s n—1) s3

57. e

R
58. ¢
59. sinsx*

60. P(x)

61. e"* sin sx*

Table X: (D — a)"y=R

erx
(r —iz)”
(a(z% <Z)ﬂ” 252 4 a" st —.. Isinsx
s — (Nag"3s3 —|— -] cossx}

(=1)" n P n—|—1 P'(x) n+2\ P”(x)
—2 + —2 + N
a" a 3 a
Replace a by a—rin formula 49 and multiply by e"*.
Replace a by @ — 7 in formula 50 and multiply by e'*.

«4VﬁmﬂAf@%+G)mﬂﬂuwr(*4)mﬁwuw%«+a)mﬁpwm+~q

2 3
’ +l " +2 "
+(—1)”cossx[BnP(x)+(T)BnHP(x)—}-(nz )Bn+2P (x) + ”3 )Bn+3P (x) + -]
k
A 4 Cae az_sz,,,,,Akzak_()k252+ B gh-dgt —
a’ +s? (a% + s2)2 (a® 4 s2)k
a 2as (/;)a/e Is — (é)ak 33 4.
Bi=——5 b= 50y Be= 2
a’+s (a? 4 s2) (a? 4 s2)*

Replace a by a — r in formula 53 and multiply by "*.

[ ]

n—1

S X

+ 4\ PY(x)
LI

n+1

A-53

n—1 n—1/ s2 n—1 s*

n
(—1)Eeaxsinsx n—1 n+1\ P"(x) n+ 3\ PY(x)
Sin{(n—l)P(x)—(n_l) . +<n_1) - _}

(=1)2 ™ cossx n \ P'(x) n+2\ P"(x) n—+ 4\ P¥(x)
+5—n{<ﬂ—1) s _<n—1> $3 +(n—1> & —} (n even)

* For cossx in R replace “sin” by “cos” and “cos” by “—sin” in v,

Table XI: (D — a)" f(D)y =R

n ax

X e

n fla)

*For cossx in R replace “sin” by “cos” and “cos” by “—sin” in vy,

Table XII: (D? +q)"y =R

Y»
e/(r*+q)"
sinsx/(q — s%)"

1 n\ P"(x) n+1\ P¥(x) n+2\ P¥i(x)
?{P(x)_ 1) 7 +( 2) P _< 3 ) 7 +}

e n n n n
At — An72 B2 An74 B4 I _ Anfl B— An—3 B3
<m+mv{ Q) +<0 me {G) @) "

A=r*—s*+q, B=2rs

} cossx}
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62. sin bxx

63. ¢
64. P(x)

65. sin sxx

66. e sin sx*

R

67. eax+by

68. f(ax + by)
69. f(y — mx)

Differential Equations

Table XIII: (D? + )"y = R

n N ooy
np1/2 X" cos bx 42 X" sin bx

-1 —_— -1

(-1) A(20)" (n odd), (—1) A(20) (n even)
Table XIV: (D" — q)y =R

6”‘/(7”—6])() o

1 P pir
1 {P(x) o), i) +}

q q q

n—1

gsinsx +(—1) 2 s"cossx sinsx
_ pEaeT (n odd), 7(_52)n/2 —4 (n even)
Ae'*sinsr — Be'*cossx e . ~ tan-! B

2B S varp A\

A= [ = (s + (g 0] g
B[ te— (04
*For cossx in R replace “sin” by “cos” and cos by “—sin” in y,,

Table XV: (D, + mDy)z = R

70. ¢(x, y) f(y — mx) fly —mx) [ ¢(x,a +mx)dx (a =y —mx after integration)

71. eax+by

72. sin(ax + by)*

Table XVI: (D, + mD, — k)z = R

eax+by
b — k
? Z;T- bm) cos(ax + by) + ksin(ax + by)

(a + bm)? + k2

73. e**+PY sin(ax + by)x Replace k in 72 by k — « — mB and multiply by e***+#»

kx [
74. ¢ f(ax + by) M, u =ax+ by

ft 2
75. f(y — mx) _Jy—mx

1 ¢ p'ix) | p'(x) P (x)
76. p(x) f(y — mx) —Ef(y—mx) [p(x)+ 7 + = 4. o

77. e f(y — mx)

R

78. eax+[7y

79. flax + by)

80. f(y — mx)

xe! f(y — mx)
*For cos(ax + by) replace “sin” by “cos” and “cos” by “-sin” in z,.

P 9 ak+r
sza, Dy=a—, kaDyVIW
y xck Oyr
Table XVII: (D, + mD,)"z = R
4
peaerhy
P10
ey u =ax+ by
xﬂ
oy f(y — mx)

81. ¢(x, y) f(y + mx) ;‘l(y —mx) [ [ [¢(x,a +mx)dx"(a = y — mx after integration)
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82. goxtby

83. f(y — mx)

84. P(x) f(y — mx)
85. ek f(ax + by)

86. e™ f(y — mx)

Table XVIII: (D, + mD, — k)"z = R

eax+by
a+ mb — k)"
—1)" f(y — mx)
ko

(=" n\ p'(x) n+ 1\ p"(x)
(= mx) [p(x)+(1> 2 +( 2 ) 3

Table XIX: [D} +a; D} ' Dy + &, D ?D; + - - +a" D]z = R

eax+by

a+aa" b+ aya' 20 + - -+ a,b"

SIS fwydu

87. eax+hy
88. flax + by)
ax+by
ax+by €
89. ¢ Fla.b)

90. sin(ax + by)x*

a* + a1a" b+ a,a"2b? + - - + arb’

(u = ax + by)

Table XX: F(D,<D,)z=R

Table XXI: F(D2¢ D,Dy D})z= R

sin(ax + by)
F(—a?%, —ab, —b?)

o

n+2
3

)

P(x)+

k3

*For cos(ax + by) replace “sin ” by “cos”, and “cos” by “-sin” in z,,.

A-55
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DIFFERENTIAL EQUATIONS

yF(xy)dx + x G(xy)dy =0

_ G(v)dv
= [ G ¢

where v = xy. If G(v) = F(v), the solution is xy = c.

Linear, homogeneous, second order equation

dy dy
ﬁ—i-b%—}—cy_o

b, c are real constants

Let m1,, m, be the roots of #? + bm + ¢ = 0.

Then there are 3 cases:
Case 1. my, m, real and distinct:

y = c1e"* + ¢ e"*
Case 2. my, m, real and equal:

y = c1e™M* 4+ cyxe™~
Case3. my=p+qi,mm=p—qi:

y = eP*(cy cosqx + ¢ singx)

where p = —b/2, g = V/4c — b*/2

Linear, nonhomogeneous, second order equation

b, c are real constants

There are 3 cases corresponding to those immediately above:

Case 1.
y = 1™ 4 ™

e’ /e‘ml"R(x) dx

/e""z"R(x) dx

my — ny
emx
my —m
Case 2.

mx

y = c1e™* + cyxe™*

+xe’”1x/e"”1"R(x) dx

—e™M* / xe "*R(x) dx
Case 3.
y = e?*(cy cosgx + ¢, singx)
px i
+ % /e"”‘R(x) cosqxdx
eP* cos gx

7 /e_p"R(x) singx dx




Differential Equations

Euler or Cauchy equation

dzy dy
27 7 =7 —
X + bx x—i—cy-S(x)

Putting x = ¢’, the equation becomes
d’y dy

— +(b-1)— = S(¢
dt2+( )dt+cy (e')

and can then be solved as a linear
second order equation.

Bessel’s equation

dy dy
287y ay 2.2
X dx? +xdx +(

x*—nt)y=0

y = c1Ju(Ax) + c2 YV, (Ax)

2d2y

dx? dx

Transformed Bessel’s equation

(2p+1)xd— + (¥ + B*)y

e

et ()}

where g = /p? — B2.

Legendre’s equation

dx? dx

(1— )dy Zxd—+n(n+l)y 0

y=ci1Pux) +c20u(x

Differential equation

Method of solution

Separation of variables

filx)gi(y)dx + fr(x)g(y) dy =

0

f1(x) £2(9)
d dy =
Alx) ”/glm Y=o

Exact equation
M(x, y) dx + N(x,y)dy =0
where 9 M/dy = dN/dx

J Mox+ [ (n— a—nyax) =c

where dx indicates that the integration is to be
performed with respect to x keeping y constant.

Linear first order equation

d
d—z + P(x)y = O(x)

yel Pdx = [ Qel T¥#dx + ¢

Bernoulli’s equation

dy _ Y
Tx + P(x)y = O(x)y

vel!™ [ Pdx = [ QeI P&y 4 ¢
where v = y!'=" if n = 1, the solution is

Iny=[(0O—P)dx+c

Homogeneous equation

a
Inx=[ F(z/;/—z/ tc

ﬂz_bz

dy =F (X) where v = y/x. If F(v) = v, the solution is y = cx
dx x
Reducible to homogeneous Setu=ax+by+c
(a1x+ b1y +ci)dx v=ax+bhy+tc
+Harx+byy+c)dy=0 Eliminate x and y and the equation becomes homogenous
ay 1
@ b
Reducible to separable Setu=a;x+ by
(a1x+ b1y +c1) dx Eliminate x or y and equation becomes separable
+Hax+byy+c)dy=0
ai by
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