B.A./B.Sc. 2" Semester (Honours) Examination, 2022 (CBCS)
Subject: Mathematics
Course: BMH2CC04
(Differential Equation and Vector Calculus)

Time: 3 Hours Full Marks: 60

The figures in the margin indicate full marks.
Candidates are required to write their answers in their own words as far as practicable.
[Notation and Symbols have their usual meaning]

1. Answer any ten questions: 10x2 =20

€)] Show that the function e* and xe* are linearly independent on the x-axis. [2]

(b) What is an integrating factor of a first order and first-degree differential equation? Is it [2]
unique? Justify your answer.

(©) Construct a differential equation having x and sinx as its fundamental solution. [2]

(d) Apply Picard’s theorem find the first two approximations of the initial value problem: [2]

 _ . _ i _
=YX, with y(0) = 1.

O] Obtain two linearly independent solutions of the equation [2]
d
(D> +D —2)y =0,whereD = o
()] Obtain three consecutive equilibrium points for the system [2]
dx _
a y
dy .
E = Sinx.
(9) Prove that the differential equation [2]

(4x + 3y + 1)dx + (3x + 2y + 1)dy = Owith y(0) = 1.
represents a family of hyperbolas.
(h) Find the solution of the differential equation [2]
Y _y—sinx +
PP y sinx COSX.
satisfying the condition that y should be bounded when x tends to infinity.
Q) Find a particular integral of [2]

(D? — 2D)y = e*sinx, where D = %.

{)) Let a(x) and b(x) be two solutions of the differential equation [2]

dy =vy+ 2022
dx_y ’

with the initial conditions a(0) = 1,b(0) = 1.
Then prove that a(x) and b(x) will never intersect .
(K Find the projection of the vector @ = 2i +5f - 2k on the vector b = i + 9j. [2]
0} Examine whether the three vectors 4i +2 j+ k,2i -j+ 3k and4i +3 -k are [2]
coplanar or not.
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(m) A force of 15 units acts in the direction of the vector 3 j - k and passes through a [2]
point i + j - k. Find the moment of the force about the point 41 +3 J - k.

(n) Find the unit vector in the direction of the tangent at any point on the curve [2]
7 =afcost+afsint+btk ,wherea, b are constants.

(o) Find a vector of magnitude 3 perpendicular to both the vectors i +2 j and [2]
4P+ +k.

2. Answer any four questions: 4x5 =20

@ Obtain the power series solution of [5]

(x2D? + (x + 1)D + 1)y = O,where D = %
about the point x = 0.
(b) Solve :(D? + 2)y = x?e3* + e* sin 2x ,where D = :—x. [5]
(© Find a general solution of the system of equations [5]
D+5)x+(MD-3)y=5
(D—-1x+Dy=t+5,
d

where D = —.
dt

(d) Find the family of curves for which the length of the part of the tangent between [5]
the point of contact (x,y) and the y- axis is equal to the y- intercept of the tangent.

© If A= (2y+4,xz+8,yz—x), evaluate [A.d7 along the curve ¢ where c is [5]
givenby x = 2t? ,y=t,z=tfromt =0tot = 2.
(f) Show that the triple product da. (EXE) is a scalar which is numerically equal to the (5]

volume of the parallelopiped of which the three concurrent edges are d, b, é.

3. Answer any two questions: 2x10=20
@ (i)  Apply the method of variation of parameters to solve the equation [4]
2 — = —
(D% +9)y = sec3x,where D = Ir
(i) solve: xy(y — px) —x = py wherep = Z—i. (3]
(i) solve: (D? + 4)y = sin2x + cos 2x + 5, where D = %. (3]
(b) (i)  Using the method of undetermined coefficients solve: [4]

d
(D? + 4)y = 4tan2x,where D = =

i olve:(D* + 2)(D* — 4)y = x°e“* + e “* cos 2x,whereD = —.
(II) Sol ( 2 )( 2 ) 3,2x 2x h ddx [3]
(iii)  Find a general solution of the system of equations [3]
(D—9)x + (D +2)y = t%et
D—-2)x+(D—4)y =t* —logt,
( )x +( )y =t*—log
_ 4
where D = o
(© ()  Solve: (D?+2D - 3)y = 9x ,with y(0) = 1,y'(1) = 2,where D = di [5]
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(d)

(i)

(i)

(i)

Consider the pair of first order ordinary differential equations [5]
o sx—5
dt = OX y
dy B
dc ~ *
with x(0) = 0, y(0) = 1. Then prove that x(t) is bounded on [0 , ).
For any three vectors @, b and ¢ show that [5]
d.(b'x¢) = (d.6)b — (d.b)c.
Fd%F d°F [5]
. ~ o rasrdr
For the curve 7 = 2af cost+2ajsint + t k, find d—d—zd—3 :
dt dt° dt
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