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B.E. MECHANICAL ENGINEERING EXAMINATIONS - 2024

3.

4,

First Year First Semester
Mathematics-I
Time : Three hours Full Marks:100

(Notations and symbols have their usual meanings.
Use separate answerscript for each group.)

GROUP- A
Answer any five questions from the following.

(a) Define a convergent sequence of real numbers. Show that,
vn o .

Ty = {n 1 } is a convergent sequence. 4
(b)Examine the convergence of the series:
. 1 oy 1 1 1 1
(1)28111; (11)§+2.22+3'23+4.24+'-- 3+3
(a) If

. ae® —bcosz +ce™®

lim . =2,

2—0 zsing _
find values of a, b, c. 5

(b) Find the range of a for which y = (2 — 623 + 1222 + 52 4 7) is con-
cave upwards and concave downwards. Find also its point of inflection. 5

(a) State the Lagrange’s Mean Value Theorem. Use this theorem to prove
<tan"lz <z, if z > 0. 1+3

1422
(b) Define a monotone sequence and a bounded sequence. Show that the

, . 3
sequence {x,} defined by 2; = 5 and Xp41 = 2 — . forn >1is

. n .
monotonic and bounded. Find the limit of the sequence. 6
(a) Find all the aSymptotes of the curve

y3—Zwyz—-zczy+2:v3+2w2—3zvy+w—-2y+1=O. 7
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(b) Prove that radius of curvature at any point of the curve
z=a(f+sind), y=a(l—cosd)
is 4a cos %. 3

(a) If y = sinaz + cosaz, then prove that

Yo = a"y/1+ (~1)" sin 20z

(14

(b) Show that the function

when z # v,

0, - whenz =y

is not continuous at (0, 0). 3

(c) State the Euler’s theorem for a homogeneous function defined on R2.
2

(a) Find all local maxima and minima of the function f(x,y) = x? +
ry + y? — 3. 5

(b) Use Lagrange’s method of undetermined multipliers to find the max-
imum and minimum of the function f(z,y) = 5z — 3y subject to the
constraint z2 + y? = 136. . 5

(a) If v = r3 and r? = 22 + y? + 2% then show that

1 1 1 9
—Uys + —Vszg + —Vgy = —
Yz 2z zY T
4
1,317
(b) If u =sin™" [“—i—ﬂ{-] then prove that
, z2+y2
8%u 0%y 0%u  tanu |
2% — + 2 Y = 13 + tan?:
i + ”’aa:ay +y Oy? 144 (13 + tan”u)
6

(a) Using Lagrange’s method of multiplier, find the shortest distance of
the point (2,1, —3) from the plane 2z +y = 2z + 4. 5
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(b) Define directional derivative for a real valued function defined on R2
at some direction. Show that the function

2

LY
f(m) — w4 + yz when (m:y) 7& (0! 0)1
0 - whenz=y=0
has directional derivative at (0,0) at any direction. 5
GROUP- B

Answer any five questions from the following.

1. (&) Prove that the necessary and sufficient condition that a bounded real
valued function f(x) be integrable on the closed interval [a,b] is that for
each € > 0, however small, there exists a partition P of [a,b] such that
0SUP,f) - L(P,f) <e. 6

(b) Given

0  xis rational
flz)=1. o
1, xis irvational

Prove from definition that f is not Riemann integrable on [a,b | for any

a<b. 4
2. (a) Prove that the improper integral f1°° ;i—,’;', p is a real number, cogverges

if p> 1 and diverges if p < 1. 4

(b) Examine the convergence of following improper integrals

o\ (00 g3 N | 1

(l)jo 3—;5-’_35113: (Il)fu ﬁf—=m) 3+ 3

3. (a)Evaluate [[ 1/%:—;{%;%@ over the positive quadrant of the circle
2 + 12 =1. 6

(b) Prove that B(m,n) = 2 fO"/ ? 5in?m=10c052"~19df,m,n > 0. Hence

deduce that 8(3, %) = 7. _ 4
rl dz . 5
4. (a) Evaluate fO m

(b) Evaluate [[rcosfdrd@ over the region R bounded by the initial line
and the two circles r = 3cosf and r = 5cosd. 5
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5. (a) Find the entire area enclosed by the curve r = acos2f. 4

(b) Find the approximate value of fo V1 + 23dz by Simpson’s § Rule tak-
ing six intervals. 6

6. (a) Find the area of the loop formed by the curve 4y? = z%(4 — x). 5

(b) Find the length of the arc of the parabola y? = 16z measured from

the vertex to an extremity of the latus rectum. 5

7. (a) Find the volume of the solid generated by revolvmg the cardiode
r = a(l — cosf) about the initial line. 5

(b) Find the surface of the solid generated by revolution of the astroid
2, 2 2 .
23 +y3 = a3 about the x-axis. 5



