DESISTUDENTS.ME

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 — 7

1. Method of Undetermined Coefficients

M y" =3y +2y=e*
Homogeneous solution: yy,.
Characteristic: m> —3m+2=0=>(m—-1)(m—-2)=0>m = 1,2.

yn = Cie* + C,e?*

Particular solution: Since RHS = e3* is not in y,,, assume Yp = AeB3*,
Substitute:

Yy = 34e3*,y,) = 9Ae3*.

Equation: (94 — 94 + 24)e® = e 524 =1 A=~
3x

Thus y, = %e

General solution:

1
y = Cie* + C,e** + 563"

(i) y"' + 4y = sin 3x
Homogeneous: m? + 4 = 0 =>m = +2i.

yp = Cycos 2x + C,sin 2x

RHS = sin 3x (frequency 3 # 2), so assume y,, = Acos 3x + Bsin 3x.

¥y = —9Acos 3x — 9Bsin 3x.

Substitute: (—9Acos 3x — 9Bsin 3x) + 4(Acos 3x + Bsin 3x) = sin 3x.
Coefficient match:

cos 3x: =94 +4A=0>-54=0=4=0.

sin 3x: ~9B+ 4B =1= —5B = 1=>B=—§.
Thus y, = —%sin 3x.

General solution:

1
y = Cycos 2x + C,sin 2x — gsin 3x

February 11, 2026



DESISTUDENTS.ME

(i) y"' +y' — 6y = —6x% + 3x% + 6x
Homogeneous: m> + m—6=0= (m+3)(m—2)=0=>m = -3,2.

Y = Cre 73 + Ce**

RHS is cubic polynomial, so assume y, = Ax® + Bx?* + Cx + D.
yp = 3Ax* + 2Bx + C,y, = 6Ax + 2B.

Substitute into ODE:

(6Ax + 2B) + (3Ax2% + 2Bx + C) — 6(Ax3 + Bx? + Cx + D) = —6x3 + 3x? + 6x.
Match coefficients:

x3:—6A=—-6=>A=1.
x?>:34—-6B=3=>3-6B=3=B=0.
x:6A+2B—-6C=6=26—6C=6=>C =0.
Constant: 2B+ C—-6D =0=>0—-6D=0=D =0.

Thus y, = x°.

General solution:

y = Cie 3% 4+ Ce?* + x3

(iv) y" + 2y’ — 35y = 125 + 37sin 5x
Homogeneous: m? +2m —35=0=> (m+7)(m—5)=0=>m = —7,5.

yn = Cie” 7 + Cre™*

RHS has e5* (matches m = 5) and sin 5x.
For 12e3*: Since e* is in y,, multiply by x: assume y,; = Axe>*.
For 37sin 5x: assume y,, = Bcos 5x + Csin 5x.
So y, = Axe®* + Bcos 5x + Csin 5x.
Compute ¥, and y,, substitute, match coefficients:
For e term: (24 - 5 + 2A)e5*? Let’s compute carefully:

Yp1 = Axe>*

Vp1 = Ae>* + 5Axe>*

Ypi = 5Ae>* + 54> + 25Axe>* = 10Ae>* + 25Axe>*
Plug into homogeneous operator L = D? + 2D — 35:

L[yp1] = [104e>* + 25Axe>*] + 2[Ae>* + 5Axe®*] — 35[Axe>*]

Coefficient of xe®*: 254 + 104 — 354 = 0 (as expected).
Coefficient of e5*: 104 + 24 = 12A4.
We need 124e%* = 12e>* = A = 1.
Thus y,, = xe>*.

For yp,,: ¥p2 = Bcos 5x + Csin 5x
Yp2 = —5Bsin 5x + 5Ccos 5x
Yp2 = —25Bcos 5x — 25Csin 5x
Plug into L:
L[y,2] = (—25Bcos 5x — 25Csin 5x) + 2(—5Bsin 5x + 5Ccos 5x) — 35(Bcos 5x + Csin 5x)
Combine:
cos 5x: —25B 4+ 10C — 35B = —60B + 10C
sin 5x: —25C — 10B — 35C = —10B — 60C
Set equal to Ocos 5x + 37sin 5x:
System:
—60B +10C =0
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—10B — 60C = 37
From first: C = 6B.
Second: —10B — 360B = 37 = —370B = 37 = B = —0.1, then C = —0.6.
Thus y,, = —0.1cos 5x — 0.6sin 5x.

General solution:

y = Cie”™* + C,e°* + xe5* — 0.1cos 5x — 0.6sin 5x

2. Variation of Parameters

DY o o
@) a2 L Ty=e log x

Homogeneous: m?> —2m+1=0= (m — 1)> = 0 = m = 1 (double).

Yr = (G + Cx)e”

Two independent solutions: y; = e*, y, = xe*.
Wronskian: W = y,y; — ¥,y = e*(e* + xe*) —xe* - e
Particular solution: ¥, = u;y; + u,y,, where

,_ Y2 f) - f(x)
— ul =

X 2x

=e

,f(x) = e*log x.

METTY R T Ty
, xe* - e*log x
W=y = —xlog x
, e*-e*logx
Uu; = —Ym - log x
Integrate:
x? x?
u, = —[ xlog xdx = —<710g x—T)
u, = [log xdx = xlog x — x
Thus
x? x?
Y =e* —710g x +Z + xe*[xlog x — x]
Simplify:

x? x? 5
Y =e* —710gx+z+x log x — x

3 xle 3x?
=e*|Slog x ——

General solution:

x? 3x?
y = (C, + Cx)e* + e* <7log X — T)

.o d%y dy — X
(ii) Tx2 2 ™ + 2y = e*tan x

Homogeneous: m? —2m+2=0=>m=141.

yn = e*(Cicos x + C,sin x)
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Solutions: y; = e*cos x, y, = e*sin x.
Wronskian:
W =y1y; = y201
y1 = e*(cos x —sin x), y; = e*(sin x + cos x)
W = e*cos x - e*(sin x + cos x) — e*sin x - e*(cos x —sin x)
e?*[cos xsin x + cos 2 x — sin xcos x + sin 2 x]

= p2%
f(x) = e*tan x.
yof e*sin x - e*tan x sin 2 x
[ A— — — 3 —
w=—-—-=———>———=—sinxtan x = -
w e cosXx
x L oX
w = nf _efcosx-eftan x ¥ = sin x
T w o e B -
Integrate:
sin 2 x 1—cos?x .
u =—J dx =—] ———dx = —f (sec x —cos x)dx = —In | sec x + tan x | +sin x
cosx cosx
u, = [ sin xdx = —cos x
Thus ¥, = u;y; + upy, = e*cos x[—In | sec x + tan x | +sin x] + (—cos x)e*sin x
Simplify: y, = —e*cos xIn | sec x + tan x | +e*cos xsin x — e*sin xcos x
Cancels: ¥, = —e*cos xIn | sec x + tan x |.

General solution:

|y = e*(Cycos x + C,sin x) —e*cos xIn | sec x + tan x ||

ass 2 _ 1
(iii) (D° + Dy = P

Homogeneous: m? + 1 =0=m = £i.

yp = Cycos x + C,sin x

Yy = COS X, y, = sin x.

Wronskian: W = cos x - cos x —sin x - (—sin x) = cos 2x + sin ?x = 1.
1

fe) = 1+si x°
, Vof sinx
ul === —-———/"
w 1+sin x
., nf coS X
u’Z ==
W 1+sinx
Integrate:
sinx 1
w ==l gyt = I (- rsmz) &
+f dx
= —Xx _—
1+ sin x
Letl = [ 1+::; o Multiply numerator and denominator by 1 — sin x:
I fl—sinxd [ (sec? . ) X
=) ———dx = ] (sec”x — sec xtan x)dx = tan x — sec x
cos?x
Thus u; = —x + tan x — sec x.

co .
Uy, =) ——dx=1In|1+sin x|.
1+sin x

Yp = U1€0S X + U,Sin x

cos x(—x +tan x —sec x) + sin xIn | 1 + sin x |
—xcos x +sin x —1 +sin xIn | 1+ sin x |

General solution:
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y = Cycos x + Cpsin x — xcos x + sin x — 1 + sin xln |1+sinx||

(iv)z%)+y =sin x
Homogeneous: m? + 1 =0=>m = =+i.
yn = Cic0s x + C,sin x.
Here sin x is in yj (resonance). Use variation of parameters:
y; =cos x,y, =sin x, W =1, f(x) = sin x.
sin x - sin x

u1=——1 = —sin?x
, cosx-sinx 1
uzz—l = —sin 2x
Integrate:
) 1 —cos 2x x sin 2x
u =—[sin?xdx=—J — —dx=—5+—

1. 1
u, = [ 5 sin 2x dx = —3cos 2x

Yp = U1€0S X + Uysin x
( x sin 2x

2+4

1
)cos x + <_ZCOS Zx) sin x

Use sin 2x = 2sin xcos x:

sin 2x 1 5
cos x = =sin xcos “ x
4 2

1 i 1 . . 1. 1.
Also —Zcos 2xsin x = ——(1 — 2sin 2 x)sin x = —sin x+;sm3x

. x 1 . 1 . 1 .
Combine: y, = —Zcos x + _sin xcoszx—zsmx+gsm3x
Butcos?x = 1 —sin 2 x:
i 21— sin? ) — Lsin x + sin 9 x = L LU SRS SRR 08
—sin x(1 —sin2x) ——sin x + =sin3x = =sin x — =sin3x — =sin x + =sin 3x = —sin x
2 4 2 2 2 4 2 4
X 1
So y, = —=cos x + -sin x.
v 2 4

General solution:

x 1
y = Cycos x + C,sin x — =cos x +Zsin X

1 . . . . . x
(Note: 5 Sin x can be absorbed into C,sin x, so simpler form: y = C;cos x + C,sin x — 5 cos x.)

d2%y 2
(V)ﬁ-i_ a‘y = sec (ax)

Homogeneous: m? + a? = 0 = m = tai.
¥ = Cycos (ax) + C,sin (ax).
y; = cos (ax), y, = sin (ax), W = a.

f(x) = sec (ax).

, sin (ax)sec (ax) tan (ax)
u = - a == a
, cos(ax)sec(ax) 1
=0 " a
Integrate:
1 1
u, = _Ef tan (ax)dx = Fln | cos (ax) |
x
U, =—
T a
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1 x
Yp = ;cos (ax)In | cos (ax) | +Esin (ax)

General solution:

1 x
y = Cycos (ax) + C,sin (ax) + Fcos (ax)In | cos (ax) | +Esin (ax)
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