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Subject Name & Code:
MATHEMATICS II- BEO2R00011

(Disclaimer: The purpose of these Al-generated responses is just education and reference. Utilise them to grasp topics and structure, but
always rewrite in your own words and double-check the content before submitting.)

Assignment — 5

Question 1: Define Leibnitz’s linear differential equation and Bernoulli’s differential equation.
Answer:
e Leibnitz’s linear differential equation (or simply linear first-order ODE) is of the form

dy p _
i @)y =Q(x),

where P(x) and Q(x) are functions of x alone. Its solution is obtained using an integrating factor u(x) =
[ P(x)dx
e .

e Bernoulli’s differential equation is of the form

dy p _ n
=+ Py = Q"

where n # 0,1. It can be reduced to a linear equation by the substitution v = y1™",

Question 2: Solve (1 + y?) Z—; =tan 'y -x

Given:

2y 3% -1
1+y )E=tan y —X.

To Find: x(y).

Rewrite in standard linear form in x:

dx x tan"ly

dy T Try 112

1
1+y2’

tan "1y
1+y2 °

Here P(y) = Q) =

Integrating factor:

1
uy) = e T = granty,

Multiply through:

February 11, 2026



DESISTUDENTS.ME

Integrate w.r.t y:
dy
1+y2’

Lett =tan "1y = dt =
RHS becomes [ tetdt.

Using integration by parts:

[ tetdt = et(t —1) +C.

Thus:

xet@n 'y = etan_ly(tan ly—1+C.
x=tan ly—1+Ce 'Y,

Final Answer:

x=tan ly—1+4Cet ¥

. dx _
Question 3: Solve ™ + (cot y)x = sy’

Given:

dx+ - 1
e xcot y =

cosy’

To Find: x(y).
Integrating factor:

n(y) = el cotydy = glnisinyl — gin y(for sin y > 0).

Multiply:
d . o 4
o (xsin y) =sin y cosy - an y.
Integrate:
xsin y = [tan ydy =In | sec y | +C.
xsin y =1In | sec y | +C.
Final Answer:

xsin y = In Isecy|+C|

Question 4: Solve y(y — x)dx + x*dy = 0 where y(1) = 4.
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Given:

Rewrite as:

d. dv
Lety = vx = £=v+xa.

Substitute:

Thus:

Separate:

Integrate:

Back substitute v = y/x:

Use initial condition y(1) = 4:

Thus:

Final Answer:
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y(y — x)dx + x2dy = 0.

dy _—yOo—x) _yx—y*

dx x2 x2
dv  vx? —v2%x? 5
v+x—= 5 =v — v
d x
dv_ .
x— = —v2
dx
dv dx
v? x

X
—=1In | x| +C.
y

! In1+C C !
—_= —3 = —,
s " )

In lx 1+ ad
- = = .
T = Y T x1+1/4

x
y=—"3
ln|x|+z

1
—In [x|+4+C = ;=ln | x| +C.
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ion 5: dy 1 _¢
Question 5: Solve i + e
The given equation seems misprinted. Likely it is:

dy 1 e

Assume this form.

Integrating factor:

Multiply:
dy 2
X a +y= 7
Left side is =
eft side is —— (xy).
Thus:
d 2
O ==
Integrate:
xy =e?ln | x| +C.
Final Answer:

xy =e?ln | x| +C

Question 6: Solve rcos 6 — sin 02—; =12 givenr (g) =1.
Given:

0 in 6 L o2
TCos sin 60— =17

Rewrite:

. r 2
—sin 8 — =r* —rcos 6.

dae
dr N rcos 6 r?
do ' sin® = sin@
This is Bernoulli form with n = 2.
Divide by r2:
1dr cosf 1 _ 1

r_ZE+sin9 7 sing
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Letv=r"1 = —=

Then:

Linear in v.

Integrating factor:

Multiply:

Integrate:

Recallv = 1/r:

User(m/2) = 1:

At0 =m/2,sin 8 =1, cot 8 =0:

Thus:

Simplify 1 — cot 8 =

Final Answer:

dv cosé@ 1

vV=—

_E—I—sine sin@’

d tov= 0
g~ cot 8 v =csc 6.

v _ to+C
g = o .

= —cot 8 + C.

rsin 6

—=04+C = C=1.

1

1
=1-—cot 6.

rsin 0
rsin (1 — cot 8) = 1.

r(sin 8 —cos 8) = 1.

_ 1
r_sinG—cose

Question 7: Solve (1 + x)% —tan y = (1 + x)%e*sec y.

Given:

Divide by (1+x):
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) 1
0) = g~Jcot 8d — ,-Inlisin 6] — :
wo@)=e € sin 8
— . — 2
s 9) =csc @ S csc“ 6

dy
xX)-——tan y = x)“e’*sec y.
a+ )dx (1+x)%e*
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dy tany
dx 1+x

= (1+ x)e*sec y.
This is Bernoulli-type in y, but easier via substitution z = sin y.
Better: multiply by cos y:
dy . .
(1 + x)cos Yoy Siny= (1+x)%e”.
Letz=siny = %= cos y%.

Then:
1+ 0% = (1422
( x)dx z=(1+x)%e”.

Divide by (1+x):

dz z
dx 1+x

=(1+x)e”.

Linear in z.

Integrating factor:

1(x) = e—fﬁdx — p-Inll+xl : j—x'
Multiply:
d z
dx (1 + x) =et
Integrate:
Z X
Trx e*+C.

Back-substitute z = sin y:
sin y = (1 +x)(e*+ ).

Final Answer:

|sin y=0+x)(e*+ C)|

Question 8: Solve

2

dy dy
- 2 = pYy
<dx) +dx e

Step1l —Letp = Z—z:

p>+p=¢e’.

Step 2 — Differentiate with respect to x:
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d2+_dy
m@ m—w@)

Left:

—(P )—Zpd— a( )_—-

So:

dp dy
— =Y = =Y
2p+1) ix e ix erp.

Step 3 — Substitute e¥ = p? + p from original equation:

@p+ DL = +p)
p+1——=p@®+p)

(2 +1)d—p= Zp+1)
p dx p~(p .

Step 4 — Separate variables:

2p+1 d
p*(p+ 1)

Step 5 — Partial fraction decomposition:
Let

2+1 A B C
e+ p P pl
Multiply through by p?(p + 1):

2p+1=Ap(p+1)+B(+ 1)+ Cp?
Expand:

2p+1=A(@P*+p)+Bp+B+Cp
2p+1=(A+C)p*+(A+B)p+B.

Compare coefficients:
1. p2A+C=0

2. phA+B=2

3. p%:B=1

FromB=1,A4+1=2=A=1.
ThenA+C=0=>C=-1.

So:
2p+1 _1 1 1

———=—t+=- :
p’(p+1) p p? p+1

Step 6 — Integrate:
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f(1+ ! L)dp=fdx.

p p? ptl
1
In IpI—E—ln [p+1]|=x+C;.

1
In ILI——=x+C1.
p

Step 7 — Relate p and y using p? +p = e”:
From p? + p — e¥ = 0, solving for p:

_ —1xv1+4eY

p 2

2
Alsoﬁ=ef/p=:—y(usingp+1=ey/pfromp2+p=ey=>p(p+1)=ey,sop+1=ey/p).

Actually easier: from p? + p = e, wehave p + 1 = e”/p, so

2

p p p

p+1=ey/p=ey'

2
1
In <Z—y>—5=x+C1.

1
ln(pz)—y—£=x+(]1.

Then:

1
2In |p|—y—5=x+C1.

Butp?+p=eY=>y=1In(p?+p).

Substitute y = In (p(p + 1)):
1
2In IpI—ln(p(p+1))—5=x+C1.
1
2In [pl—=Inp—1In |p+1|—5=x+(]1.
1
In [p|—In |p+1|—;=x+Cl.

This matches earlier equation exactly (consistent). So one form of the solution is the relation
between p and x:
1
In ILI ——=x+C.
p

And y is given by y = In (p? + p), ore” = p% + p.

Step 8 — General solution in parametric form (p as parameter):

p 1
x=In|——|—-=+¢,
p+1l p

y = In (p* + p).
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Final Answer:

+1

x=In ILI—E+Cy=ln(p2+p)
14 p

. . _ __bp
Question 9: Solve p = tan (x 1+p2).

Given:

d
_ __P _Y
p—tan <x 1+p2),p—dx.

P
1+p2’

Letu =x — Then p = tan u.

Differentiate y w.r.t x via p and eliminate p leads to a solvable form. This is a “solvable for x” type:

Fromu = x — andp = tan u,

1+4p?

tanu sin ucos u

1
+—=u+ =u + =sin 2u.
1+tan2u 1 2

X=u

Also, dy = pdx = tan udx.
From dx = (1 + cos 2u)du.

Thus:

dy = tan u(1 + cos 2u)du = tan u - 2cos 2 u du = 2sin ucos udu = sin 2u du.

Integrate:

1
y = —Ecos 2u+C.

General solution in parametric form (u parameter):

1 1
X =u+§sin 2u,y = —Ecos 2u+C.

Final Answer:

1 1
x=u+§sin 2u,y=—§cos 2u+C

Question 10: Solve Clairaut’s Equation y = px + f(p).
Given Clairaut’s form:

dy
y=px+f()p =

Differentiate w.r.t x:
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dp , dp
p—p+xa+f(p)a-

Thus:

N
e+ f@) L = 0.

Case 1: Z—z =0 = p = m (constant).

Then general solution:

y = mx + f(m),

a family of straight lines.

Case2:x+ f'(p) = 0.
This gives singular solution by eliminating p between y = px + f(p) and x = —f'(p).

Final Answer:
General solution: y = Cx + f(C).
Singular solution: x = —f'(p),y = px + f(p) with p eliminated.
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