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Q.1 (a)

SECTION-A

Find the singular solution of the differential equation 9p*(2-y)* -4(3-y).
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Q1 (b)
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Using Laplace Transform, solvethe VP #y"+2ty'+2y = 2;y(0)=1 and y'(0) isarbitrary.
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Q.1 (d)| If mass density at any point of a cord varies as the radius of curvature of the curve in E,:';fi:::t:m
which it hangs freely under gravity, then prove that this curve is the catenary of uniform | o this margin

strength. (10)
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Q.1 (e)

A train of mass M kg is ascending a smooth incline of 1 in n and velocity is v m/s, its
acceleration is fm/s® Prove that the effective power of the engine is Mo(nf+ g)/n watts.
(10)
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Q2 (a)

Show that the equation (4x + 3y +1)dx + (3x + 2y + 1)dy = O represents family of hyperbolas
having as asymptotes thelinesx +y=0,2x +y+1=0. (15)
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Q.2 (b)

Find the values of @, b and c such that the maximum value of directonal derivative of

f=axy® +byz+cx’z" at(1,-1,1) is in the direction parallel to y axis and has magnitude 6.
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: ; Candidates
Q.2 (c) | Three forces P, Q and R act along the sides BC, CA and AB of AABC in order to keep the | mustnotwrite
system in equilibrium. If the resultant force touches the inscribed circle, then prove that | ™ o
I+cnsu+(1+cosB}+1+cosv:EL (15)
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Q3 (a)

2
Find singular solution of the differential equation yz[?—"‘-) —Enj[ﬂ]
T

tan® i+ y° sec’ p—x* tan*p =0 directly and from its complete primitive. Determine tac

locus. Show that the envelope of family of curves, which is represented by the given

equation, is y = £xtanp.

dx

(20)
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Q.3 (b)

A person is drawing water from a well with a light bucket which leaks uniformly. The
bucket weighs 50 kg when it is full. When it arrives at the top, half of the water remains
inside. If the depth of the water level in the well from the top is 30m, then find the work
done in raising the bucket to the top form the water level. (15)
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Q3 ()

Prove that the central orbitis a plane curve.

(15)
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d*y ]
Q.4 (a) | Giventhaty, = 1% is a solution Crf the differential equation, IEI (x* + 31}u + 6y =0,

find the other linearly mdependr_nt solution of the above differential equation and write

down the general solution of the differential equation. (15)
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Q.4 (b) (a) Calculate AxF. (b) Evaluate ¢ F.dr around any closed path and explain

(20)
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Q.4 (o)

A particle attached to a fixed peg O by a string of length I, is lifted up with the string
horizontaland then let go. Prove that when the string makes an angle  with the horizontal,

the resultant acceleration is gvl+ 3sin’0. (15)
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Q5 (a)

SECTION-B

Solve the initia Ivaluepmhleml ? 4 y)dx+ (xPy - }f ujﬂ} 2. (10)
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Q.5 (b)

If the unit vector f and binormal b makes angle 0 and ¢ respectively with a constant unit | mst
i !
vector @, prove that ?E%% g ‘%- (10)
éﬂ-\blw‘\&-ok"‘\, Mo.kl.;\ &_ B i The a,
-
2 gl = —
T'% . (as » o= L8 O
It (al
— ==
Alis B wake Lo '&MH« e
— —_—
=2 i —
ETMT:I = Csan% = Mtgzbq —)
[

Candidates

on this margin




NEXT IAS MATHEMATICS | CSE (MAINS) TEST SERIES-2024 | TEST-3 | page 47

(7da mo e decontnid el
F YCORET I 2
A -siddd o (-v7) 2= CYED)
e Y )
Hgnddd . - TED —O
Decdiq @ 20)
~Rone [@ofly] L (R | e
-ty T EYED i
I i IR

Candidates



NEXT IRS MATHEMATICS | CSE (MAINS) TEST SERIES-2024 | TEST-3

Q.5 (c)

Prove that Ax(¢A)=(Ad)x A+H(Vx A) (10)
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Q.5 (d)

A particle is projected in a direction making an angle a with the horizontal. It passes

. ¥R 0y - XY,
through the two points (x,, y, ) and (x,, y,). Prove that tana = 7= :
S e Re, 3] (x5,)(x; ~ %))

where R denotes the horizontal range. (10)
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Q5 (@)

A cylinder of radius 'r' whose axis is fixed horizontally, touches a vertical wall along a
generating line. A flat beam of length 'I' and weight IV rests with its extremities in contact
with the wall and the cylinder, making an angle 45° with the vertical. Prove that the

reaction of the cylinder is et L and the pressure on the wall is W/ 2. Also prove that the

ratio of radius of the cylinder to the length of the beam is (5++/5): 4+/2. (10)
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Q.6 (a)

1

d d
Reduce Bt

dx*

i

dx

+Qy =R, where P, Q, R are functions of x, to normal form. Hence

Ify 5 15
s ——4x—==+(4x" - 1)y = -3e" sin2x. 20
solve = e ( )y (20)
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Q.6 (b)

A particle of mass 5 units moves in a straight line towards a centre of force and the force
varies inversely as the cube of distance. Starting from rest at the point A distant 20 units
from centre of force O, it reaches a point B distant i from O. Find the time in reaching from
A to B and the velocity at B. When will the particle reach at the centre? {15)
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Q.6 (c) | If @ and P are the two possible directions to hit a given point (a, b), then show that i‘;ff:,ﬂ:ra,
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Q.7 (a) | Solve the differential equation: (1- f}d—:f -4x i-fyx- -(1+x')y=x. [25) |
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Q.7 (b) | Find the radii of curvature and torsion at a point of intersection of the surfaces 3;?:;“:,59
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Candidate
Q.7 (c) | Find the law of force for the orbit 1 = a2 cos 20 (the pole being the centre of the force). e m,:,h
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Q8 (a)

Solve the following initial value problem by suing the Laplace transform technique:

du 4{;
dt*
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+3y(t) = f(1), y(0)=1,¥'(0) =0 and f{f) is a given function of ¢. (15)
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Q.8 (b)

Given that Cis a curve of intersection of the cylinder x* + y?=4 and the plane X

+y+z=2and Cisdescribed counterclockwise. Verify Stokes Theorem for the line integral

I[Uh*l-l dy - z*dz). -}F- j |+14\.z‘*|¢f- e (15)
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Q2.8 (c)

A semi-circular disc rests in a vertical plane with its curved edge on a rough horizontal
and equally rough vertical plane, the coefficient of friction being . Show that the greatest

angle that the bounding diameter can make with the horizontal plane is sin™ [%‘%]
I
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