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MISCELLANEOUS EXERCISE PAGE NO: 419
1. For each of the differential equations given below, indicate its order and degree (if defined)
(i) (d2y/dx?) + 5x(dy/dx)? — 6y = log x

(i) (dy/dx)® — 4 (dy/dx)> + 7y = sin x

(iii) (d4y/dx¢) — sin (d?y/dx®) = 0

Solution:

(i) (d2y/dx?) + 5x(dy/dx)? — 6y = log x

Rearranging the given equation, we get

(d2y/dx?) + 5x(dy/dx)2— 6y — log x =0

Hence, the highest order derivative present in the given differential equation is d2y/dxz.

Therefore, the order is 2.

Also, the highest power raised to dzy/dx? is 1.

Hence, the degree is 1.

(if) (dy/dx)® — 4 (dy/dx)? + 7y = sin x

Rearranging the given equation, we get

(dy/dx)®— 4 (dy/dx)? + 7y —sinx =0

Hence, the highest order derivative present in the given differential equation is dy/dx.

Therefore, the order is 1.

And the highest power raised to dy/dx is 3.

Hence, the degree is 3.

(iii) (d*y/dx) — sin (d?y/dx®) = 0

The highest order derivative present in the given differential equation is d*y/dx‘. Hence, the order is 4.
Since the given differential equation is not a polynomial equation, the degree of the equation is not defined.

2. For each of the exercises given below, verify that the given function (implicit or explicit) is a solution to the
corresponding differential equation.

(i) y = aex+ bex + x2 x (d?y/dx?) + 2(dy/dx) —xy + x*—2=0

(if) y = ex(a cos x + b sin x): (d2zy/dx?) — 2(dy/dx) + 2y =0
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(iii) y = x sin 3x: (d?y/dx?) + 9y —6 cos 3x =0

(iv) x2=2y2log y: (x* + y?)(dy/dx) —xy =0

Solution:

(i) y = aex+ bex + x2 : x (d2y/dx?) + 2(dy/dx) —xy + x*—2=0
Given: y = ae*+ be* + x?

Differentiate the function with respect to x, and we get

dy/dx = ae*—be*+2x ... (1)

Now, again differentiate with respect to x, and we get

dey/dxz = aex+ be*+2 ...(2)

To check whether the given function is the solution of the given differential equation, substitute (1) and (2) in the given
differential equation.

L.H.S of the given differential equation

= X (dzy/dx?) + 2(dy/dx) — xy + X2

Now, substituting the values, we get

=X (ae*+ bex + 2) + 2 (ae*— be + 2X) — x (aex+ be* + x2) + x2— 2

= (xae*+ X be* + 2x) + (2ae*— 2be* + 4x) — (xae*+ xbe* + x?) + x2 — 2
On simplifying the above equation, we get

=2ae—2be*—x2+ X2+ 6x -2 #0

Hence, L.H.S # R.H.S.

Therefore, the given function is not a solution to the corresponding differential equation.
(if) y = ex(a cos x + b sin x): (dzy/dx?) — 2(dy/dx) + 2y =0

Given: y = ex(acos X + b sin x)

The given function can be written as follows:

y =exa cos X + exb sin x

Differentiating the function on both sides, we get

dy/dx = (a + b)excos x + (b —a)exsin x ...(1)

Again, differentiate the above equation on both sides with respect to x, and we get

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

BYJ ch NCERT Solutions for Class 12 Maths Chapter 9 —
Differential Equations

The Learning App

dey/dx2 = [(a + b) (d/dx) (ex cos x ] + [(b-a) (d/dx) (exsin X]

dey/dx2 = [(a+ b) (ex cos x —exsin x) ] + [(b- a)(e* sin x + ex cos X)]

dey/dx2 = ex[(a+ b) (cos x — sin x) + (b- a)(sin X + cos x)]

On simplifying the above equation, we get

dey/dxz = 2ex(b cos X —a sin x) ...(2)

Now, substitute (1) and (2) in the given differential equation.

L.H.S = (d2zy/dx?) — 2(dy/dx) + 2y

= [2e(b cos x —asin x)] — 2[(a + b)ex cos x + (b —a)exsin x] + 2 ex(a cos x + b sin x)

= e*[(2b cos x — 2a sin x)- (2a cos x + 2b cos x) — (2b sin x — 2a sin X) + (2a cos X + 2b sin x)]
= e<[2b cos X — 2a sin x- 2a c0s X — 2b cos X — 2b sin x + 2a sin X + 2a cos X + 2b sin X]
=e[0]

=0=R.H.S

As L.H.S = R.H.S, the given function is the solution of the corresponding differential equation.
(iii) y = x sin 3x: (d2y/dx?) + 9y —6 cos 3x =0

Given: y = x sin 3x

Now, differentiating the given function with respect to x, and we get

dy/dx = sin 3x + X. cos 3x. 3

dy/dx = sin 3x + 3x cos 3x ...(1)

Again differentiate (1) with respect to x, we get

dey/dx2 = (d/dx) (sin 3x) + 3 (d/dx) (x cos 3x)

d2y/dx2 = 3 cos 3x + 3 [cos 3x + X (- sin 3x). 3]

On simplifying the above equation, we get

d2y/dx® = 6 cos 3x — 9x sin 3x ...(2)

Now, substitute (1) and (2) in the given differential equation, and we get the following:
L.H.S = (d?y/dx?) + 9y — 6 cos 3x

= (6 cos 3x — 9x sin 3x) + 9(x sin 3x) — 6 cos 3x

=6 c0os 3X — 9x sin 3x + 9x sin 3x — 6 cos 3X
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As L.H.S = R.H.S, the given function is the solution of the corresponding differential equation.

(iv) x2=2y2log y: (x* + y?)(dy/dx) —xy =0

Given: x2=2y?log y

Now, differentiate the function with respect to x, and we get

2x = 2 (d/dx) (yz log y)

On simplifying the above equation, we get

x = (d/dx) (y* log y)

X =[2y log y .(dy/dx) + y2. (1/y). (dy/dx)]

x = (dy/dx)[2y log y + ]

Hence, we get

dy/dx =x /[y(1 + 2 log )] ...(1)

Now, substitute (1) in the given differential equation.
L.H.S = (x + y?)(dy/dx) — xy

=[2y*logy +y].[x/[y(1+2logy)]]-xy
=[y@logy+ 1. [x/[y(l+2logy)]]-xy
=Xy — Xy

=0=R.H.S

As L.H.S = R.H.S, the given function is the solution of the corresponding differential equation.

3. Form the differential equation representing the family of curves given by (x- a)2 + 2y? = a2, where a is an

arbitrary constant.

Solution:

Given equation: (x- a)? + 2y? = &

The given equation can be written as:

= X?+ a2 —2ax + 2y? = @?

On rearranging the above equation, we get

= 2y?=2ax—x2...(1)
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Now, differentiate equation (1) with respect to x,
= 2.2y (dy/dx) = 2a — 2x

= 2y(dy/dx) = (2a — 2x) /2

= dy/dx = (a-x)/2y

= dy/dx = (2ax — 2x?) / 4xy ... (2)

From equation (1), we get

2aX = 2y + X2

Substitute the value in equation (2), and we get
dy/dx = [2y2 + x2 — 2x7]/4xy

dy/dx = (2y2 — x?) | 4xy

Therefore, the differential equation representing the family of curves given by (x- a)? + 2y? = a? is (2y? — X?) / 4xy.

4. Prove that x2—y2 = C (x2 + y?)? is the general solution of the differential equation (x® — 3xy? ) dx = (y? — 3x?y) dy,
where C is a parameter.

Solution:

Given differential equation: (x® — 3xy2) dx = (y® — 3x?y) dy
The equation can be rewritten as:

dy/dx = (x® —3xy?) / (y* — 3x%y) ...(1)

The above equation is a homogeneous equation.
To simplify the equation, let us assume y = vx.
= (d/dx) y = (d/dx) (vx)

= dy/dx = v + x(dv/dx) ...(2)

Using equations (1) and (2), we get

=V + x(dv/dx) = (X2 — 3xy?) / (y? — 3x2y)

=V + x(dv/dx) = (X2 — 3x(vx)?) / ((vX)?* — 3x2(VX))
=V + x(dv/dx) = [(1-3v?)/(v*-3V)]

=x(dv/dx) = [(1-3v?)/(v3-3Vv)] — v

On simplifying the above equation, we get
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=x(dv/dx) = (1-v4)/(v® — 3v)
Rearranging the above equation,
= [(v& - 3v)/(1-v4)]dv = (dx/x).

Integrate both sides, and we get

= [ ( ';’*jj)dv — logz + logC" ... . (3)

= (52 Ydo=J 258 5
= [ (&

Where I, = [ [(v¥dv)/(1-v¥)] and I, = | [(vdv)/(1-v*)]

)dv — 135 .. (4)

Now, let us assume 1- v¢ =t
Hence, we get

= (d/dv) (1-v¥) = (dt/dv)

= -4vé = dt/dv
=ve dv = -dt/4
Now,

= [ -(dt/4t) = (¥4) log t = -(¥4) log(1-v*) ...(5)
Similarly,
= I(vdv)/(1-v)] = T [(vdv)/(1-(v2)]
Assume that vz =p
Hence, we get
=(d/dv)v? = dp/dv
= 2v = dp/dv
=vdv = dp/2

Now,
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l,= (%) | [dp/(1-p?)]

Using equations (4), (5) and (6), we get

J ( w3y )dv —+log(1 — v*)—3log ‘ }%ﬁ

Now, using equations (2) and (7)

—tlog(1 —v*)—2 Iog‘ Liv ‘ = logz + logc

—ilag _{1 — 1)‘4)‘ i_*:} ] = logC'z
—+log (1 —)(1+v )| 1+” ] = logC'z

—'-'IJ24 I &
Lo —{C)

Now, replace v with y/x in the above equation and simplify it.

Hence, we get

= (C—yP=C ety )

Now, take the square root on both sides of the above equation, and we get
=>X-y)=C?2(x2+y )

> (X-y)=C" (x2+Yy?)?, where C=C"

Hence, x2—y2 = C (x2 + y?)? is the general solution of the differential equation (x® — 3xy? ) dx = (y? — 3x2y) dy, it is
proved.

5. Form the differential equation of the family of circles in the first quadrant, which touches the coordinate axes.

Solution:
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We know that the equation of a circle with centre (a, a) and radius “a” in the first quadrant, which touches the

coordinate axes, is:

(x-a)? + (y-a)r=az...(1)

YA

a,a)

0 > X

Differentiating the above equation of both sides with respect to x, we get
= 2(x-a) + 2(y-a)(dy/dx) = 0

Now, the equation can be written as

= (x-a) + (y-a)y’ =0

= (x-a)+yy’—ay’ =0

= Xx+yy -a(l+y) =0

=>xt+yy =a(l+y)

Rearranging the above equation, we get

=a=(x+yy)/(1+y’)

Now, substitute the value of “a” in equation (1), and we get

- 2 . 2 3
(] + [ o] - [

(@ |? | [p-2]?_ [z+w]?
= _u.-,-yq} +[1+ﬂ —[ }
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On simplifying the above equation, we get

= (Xy)2y 2+ (y-X) = (x+ yy')

Therefore, the differential equation of the family of circles in the first quadrant, which touches the coordinate axes, is
(X-yyy? + (y-x) = (x+ yy’')

6. Find the general solution of the differential equation (dy/dx) + V[(1-y?)/(1-x?)] = 0.
Solution:

Given: (dy/dx) + V[(1-y2)/(1-x))] = 0.

The given differential equation can be written as dy/dx = -V[(1-y2)/(1-x?)]

= dy N(1-y?) = -dx/N(1-x7)

Now, integrate both sides, and we get

=sinty=-sintx+C

Now, rearrange the equation, and we get

= sint x +sinty = C.

7. Show that the general solution of the differential equation (dy/dx) + [(y2+y + 1)/ (x2+ x + 1)] = 0 is given by (x
+y+1)=A(1-x-y-2xy), where A is the parameter.

Solution:

Given differential equation: (dy/dx) + [(y>+y+ 1)/ (x2+x+1)]=0
Rearranging the given equation, we get

dy/dx =—[(y> +y+ 1)/ (x* + x + 1)]

=>dy/(y>+y+1)=—dx/ (x2+x+1)

Now, integrate both sides, and we get

= J[dy/(y2 +y + 1)] = -] [dx/ (x2 + x + 1)]
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dy - dx
j Lye v'"_i r— 143 \rﬁ 2
i@ @)
o 2 gan-1 (252 o =1 | S +-C
G P V3 P

—1 | 2y+1 _1|2z41 | _ V3C
= tan [ﬁ]—i—mn —ﬁ]_—E

On simplifying the above equation, we get

2 2y42 ‘f_
£ - ac
= (1__-iml‘ir21|?'_ull ) —tﬂﬂ[ 2 }

3

i

2r42y42
v 3C
= ( 1 {I-!_:yignfg.ﬂy.[j ) -= Cl WhEI‘E, Cl — {an [‘FT]

[la

v3(2z42y42) =i

3 (dzy+2z+2y+1) !
=>2V3(x+y+1)=C, (3—4xy +2x+2y+1)
=>2V3 (x+y+1)=C, (2—4xy—2x—2y)
=>2V3 (x+y+1)=2C, (1-2xy —x—Y)
=>V3(X+y+1)=C, (1-2xy—x—VY)
=>V3 (x+y+1)=C, (1-x—y—2xy)
= (X +y+1)=(CA3)1 —x—y—2xy)
= (x+y+1)=A (1 -x—y—2xy), where A = (C./\3)
Hence, proved.

8. Find the equation of the curve passing through the point (0, 7/4) whose differential equation is sin x cos y dx +
cos x siny dy =0.
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Solution:

The given differential equation is sin x cos y dx + cos x sin'y dy = 0.
It can also be written as:

= (sin x cosy dx + cos x siny dy) / cos x cos y = 0.

We know that sin x / cos = tan x,

And simplify the above equation

=tanxdx+tany dy =0

= log (sec x ) + log (secy) =log C

= log (sec x. secy) = log C

On simplification, we get

secxsecy=C

It is given that the curve passes through the point (0, n/4).
=1xV2=C

=C=1\2

Hence,

sec X X secy=\/2

= sec X x (1/cos y) = V2

= cosy = sec X / \2

Hence, the equation of the curve passing through the point (0, ©/4) whose differential
equation is sin x cos y dx + cos x sin y dy = 0 is cos y = sec x /\2.

9. Find the particular solution of the differential equation (1 + e>) dy + (1 + y?)exdx =0, given thaty = 1 when x =
0.

Solution:

Given differential equation: (1 +e>) dy + (1 + y?)exdx =0
Rearranging the equation, we get

= [dy/(1+y)] + [(e* dx)/(1 + )] = 0

Integrating both sides of the equation, we get
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tanty + | [(er dx) / (1+e2)] = C ...(1)

Let ex=1t, and hence, e*= t?

(d/dx) (&) = (dt/dx)

= ex = dt/dx

= exdx = dt

Substituting the value in equation (1), we get
tanty + J [(dt) / (1+£)] = C

= tanty +tanit=C

=tanty+tant(e)=C

Ifx=0andy=1, we get
=tantl+tant(e)=C
>tantl+tant1=C

= (n/4) + (n/4) =C

=>C=n/2

NCERT Solutions for Class 12 Maths Chapter 9 —
Differential Equations

Hence, tanty + tan? (e*) = /2, which is the particular solution of the given differential equation.

10. Solve the differential equation y e% dx = (xe*s + y?)dy (y # 0).

Solution:

Given: y ew dx = (xew + y2)dy
Rearranging the given equation, we get

y e (dx/dx) = xew +y?

e [y(dx/dy) — x] = y:

= [ew [y(dx/dy) —x J)/y2=1....(1)
Assume that e =z

Differentiate with respect to y, and we get
(d/dy)(e%) = dz/dy

=ev[(y(dx/dy) — x)/y?] = dz/dy ...(2)
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Comparing equations (1) and (2), we get

=dz/dy = 1

= dz=dy

Now, integrating both sides, we get

=2z=y+C

= ew=y + C, which is the solution of the given differential equation.
11. Find a particular solution of the differential equation (x —y) (dx + dy) = dx — dy,
given thaty = -1, when x = 0. (Hint: putx —y = t)
Solution:

Given differential equation: (x —y) (dx + dy) = dx — dy
On simplifying the above equation, we get

= (dy/dx) = (1-x+y)/ (x -y +1)

= (dy/dx) = [1 - (x-)] / [1 + (x-y)] ...(1)

Given: x—y=t...(2)

(d/dx) (x —y) = dt/dx

= 1 — (dy/dx) = dt/dx

= 1 — (dt/dx) = dy/dx ...(3)

Using the equations (1), (2) and (3), we get

= 1 — (dt/dx) =(1-t)/(1+t)

= dt/dx = 1 — [(1-t)/(1+t)]

On simplification, we get

=dt/dx = 2t/ (1+t)

= [(1+t)/t]dt = 2 dx

= [ 1+ (/t)]dt = 2dx

Now, integrating both sides, we get

=>t+logftj=2x+C
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= (x-y) +log |x-y|=2x + C

= log |x-y|=x+y+C

When x=0andy = -1, we get

=1logl=0-1+C

=>C=1

Hence, log [x-y|=x +y + 1.

Therefore, log |x-y| = x +y +1 is a particular solution of the differential equation (x —y) (dx + dy) = dx — dy.
12. Solve the differential equation [ (2 /\x ) — (y/\x) ](dx/dy) = 1 (x # 0).
Solution:

Given: [ (e /Ax ) — (y/x) J(dx/dy) = 1

Rearranging the given equation, we get

= dy/dx = (e>* \x ) — (y/x)

= (dy/dx) + (yNX) = (e2* /Ax )

The above equation is a linear equation of the form (dy/dx) + Py = Q
Where, P = 1/3x and Q = e**/Vx

Now, |.F = g/rax= ghnxax= g2

Hence, the general solution of the given differential equation is:
y.(LF)=[(QxLF)dx +C

Now, substituting the values, we get

= yer = [ [ (e?"/Vx) xe>* Jdx + C

=yers = [ (1Nx) dx + C

=>ye»s = 24x +C, which is the solution of the given differential equation.

13. Find a particular solution of the differential equation (dy/dx) +y cot x = 4x cosec X, (x# 0), given thaty =0
when x = n/2.

Solution:
Given: (dy/dx) +y cot X = 4x cosec x

The given equation is a linear differential equation of the form (dy/dx) + Py = Q
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Where

P = cot x and Q = 4x cosec X

Now, |.F = g/Pax= gleorxds = glogsind = gjn X

Hence, the general solution of the given differential equation is:
y. LF)=](Q xLF)dx +C

= ysin x = | (4x cosec x x sin x) dx + C
=ysinx=4xdx+C

=>ysinx=4(x¥2)+C

=>ysinx=2x*+C

when x =7/2 and y = 0,

Substituting the values in the above equation, we get

= 0=2(n/2)>+C

=0=2(m/4) +C

=>0=n2+C

=>C=—7?2

Hence, y sin X =2x2 — (n%/2)

Therefore, the particular solution of the differential equation (dy/dx) + y cot X = 4x cosec X is y sin X =2x2 — (1%/2).
14. Find a particular solution of the differential equation (x + 1) (dy/dx) = 2ev— 1. Given that y =0 when x = 0.
Solution:

Given differential equation: (x + 1) (dy/dx) = 2ev—1

Rearranging the equation, we get

= dy/2ev—1=dx/(x + 1)

= (e dy)/(2-¢’) = dx/(x+1)

Integrate on both sides, we get

[ [(e” dy)/(2-e")] = log [x+1| + log C ...(1)

Assume that 2-ev=t
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= (d/dy) (2-&) = dt/dy

= -g¥ = dt/dy

= -evdy = dt

Substituting the value in equation (1), we get
=[ [(dt)/(t)] = log |x+1| + log C

= —log |t| = log |C (x+1)|

= —log |2-e’| = log |C (x+1)|

= 1/ (2-) = C (x+1)

=2-¢= 1/[C(x+1)]

When x=0andy =0, we get
=22-1=1/C

We get C = 1.

Therefore, 2-ev= 1/[1(x+1)]
=2-ev=1/(x+1)

= e =2 [1/(x+1)]

On simplification, we get

e = (2x +1) / (x+1)

=y =log |(2x +1) / (x+1)|, where X # -1.

Therefore, the particular solution of the differential equation (x + 1) (dy/dx) = 2ev-1isy = log |[(2x +1) / (x+1)|, where
x #-1.

15. The population of a village increases continuously at a rate proportional to the number of its inhabitants
present at any time. If the population of the village was 20,000 in 1999 and 25000 in the year 2004, what will be
the population of the village in 2009?

Solution:

Let us assume that the population at any instant (t) be y.

Also, given that the rate of Increase in population is proportional to the number of inhabitants at any instant.

(dy/dx) < y

= (dy/dx) = ky
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= dy/y = kdt (Where K is a constant)

Now, integrating both sides of the above equation, we get
logy=kt+C ... (1)

In 1999, t =0 and y = 20000, we get log 20000 =C ... (2)
In 2004, t =5 and y = 25000, we get 1og 25000=k.5 + C
= log 25000 = 5k + log 20000

= 5k = log(25000/20000) = log(5/4)

= k = (%) log(5/4) ...(3)

In 2009, t = 10 years.

Substitute the values of k, t and C in (1), and we get

log y=10[ (%) log(5/4)] + log 20000

On simplification, we get

y = (20000)(5/4)(5/4)

y = 31250

Therefore, the population of the village in 2009 was 31250.

16. The general solution of the differential equation [(y dx — x dy)/y] =0 is:

1. xy=C(B)x=Cy?(C)y=Cx(D)y=Cx?
Solution:

The differential equation is [(y dx — x dy)/y] = 0.

The given equation can be written as:

(ydx 7y) —(xdyly) =0

Thus, we get

dx = xdy ly

dx/x = dyly

(1/x)dx — (Uy)dy =0

Now, integrating the above equation on both sides, we get

log [x| —log |y| = log k
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= log |x/y| = log k

=>xly=k

=y = (k) x

=y = Cx [Where C = 1/K]

Hence, the correct answer is option (C) y = Cx.

17. The general solution of a differential equation of the type (dx/dy) + P.x = Q. is:

A ye.rpldy = I(Qle,rpldy)dy 4+ C
B. yel FidT — I Qiel 192)dz + C
)

Solution:

As we know, the integrating factor of the differential equation (dx/dy) + P.x = Q, is "' ¥,
Hence,

=>x (LF)=](Q.x1.F)dy+C

> x erno=[(Q, xerv)dy+C

Hence, the correct answer is option (C).
xe.f Pydy _— I(ngf Pldy)day ifa C

18. The general solution of the differential equation exdy + (y e+ 2x) dx = 0 is:

xe+x=C
xer+y’=C
yee+x2=C
D. yer+x2=C
Solution:

o w >

The correct answer is option (C) yex+x2=C

Explanation:

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

Differential Equations

m BYJ ch NCERT Solutions for Class 12 Maths Chapter 9 —

The Learning App

The given differential equation is exdy + (y ex+ 2x) dx =0
= ex(dy/dx) + yex+ 2x =0

Hence, we get

= (dy/dx) +y = -2xe>.

The above equation is the linear differential equation of the form (dy/dx) + Py = Q, where P = 1 and Q = -2xe~.
Now,

ILF = elPox=gla=gx,

=>y.(LF)=](Qx1F)dx+C

Sy e=[(-2xe*x e)dx +C

= yer=[-2xdx +C

sye=-x2+C

On rearranging the above equation, we get

>ye+x2=C

Hence, option (C) is the general solution of the given differential equation.

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

