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UNIVERSITY OF NORTH BENGAL

B.Sc. Honours 3th Semester Examination, 2024
DSE-P1-MATHEMATICS

(REVISED SYLLABUS 2023)

Time Allotted: 2 Howrs Full Marks: 60
The figures in the margin indicate full moris.
Symbols hove their nival meanings.

The question paper contains DSE1A and DSE1B. Candidatces
are required te answer any one from the nvo DSE1 courses and they
should mention it clearly on the Answer Book,

DSE1A
PROBABILITY AND STATISTICS
GROUP-A
" Angwer any four questions: Fxd =12
(a) If X be a discrete random variable having the follewing probability mass function: 3
X D1 ] 2dunJ¥4 [ 5] 6

TP(X=x) | 0| kop 2k | F| 4k | 55| 6k
then find (i) the constant & (i) P(X <5) and P(X =4).

(b) Define simple and composite hyvpothesis. Lxplain them in the context of Nim, o) 3
distribution.

{) If Xisa p(f) variate then compute Fi XY,

() If #(X,Y) be the comelation coctficient between two random variables A and ¥
prove thal 1=, <1,

(¢} A coin is tossed repeatedly until » head is oblained. If the tosses are independent and 3

probability of head 15 p for each toss, lind the expected number of tosscs,
(f) The probability density function f(x) of a random variable X is defined by |%+1

Lt ek

b —

Fixs %cz W — o < x <o, find mean and variance,
GROUP-B
2y Angwor any four questions: oxd =24
{a) A point 7 is taken at random in a line 48 of length 2a. Fipd ihe mathcmatical 3-3
cxpectation of | 48— PB|. Also find the probability that the arca cxceeds %ag i
(b) A random sample of size 20 from a normal population gives a sumple mean of 42 412
and sample standard deviation 6. Test the hypothesis that the popolation mean is 44.
State clearly the allernalive hypothesis you allow for and the level of signilicance
you adopled.
{c) State and prove Tehebychetl's inequality, 2:4
(d} If X and ¥ are slandardized random variables and pf{aX +bY, bX +a¥) =12+—h;, f
a + b

find (X, ¥), the comelation coeflicient between A and Y.
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£ _
{e} If X is a normal {m, &} variate prove thal P(a < X <ht= :D| h'ﬂ-]—tIJI E;m] and 6
W iF LT
PX —ml»>ac)=201-D(a)], where B{x) denotes the standard normal distribution
function.
(f) The joint distribution funetion of X and ¥ is given by 4+2
'l_ = R RN 1 ) . ¥
Fyp (3, G2 & g e o x20, y=0
,  elsewhere

Find marginal densities of X and ¥ and PLY+Y =1). Are X and ¥ independent?

GROUP-C
3 Answer any fwo (uestions 12%2 =24
(@) (i) Let {X,} be a sequence of random variables such that S, =X +&, ot X, 4
has a finite mean A/, and finitc variance 8, for all #. Then prove that
, hwi—iri,»ﬂ as F—> o if E;" i"F—HJ a8 i =y
H n
{fi) Prove that the sum of two tndcpendent Poisson variates Maving paramelers g o

and g, is another Poisson variate having parameter Mg 16 .
{b} (i) Two random variables X and ¥ have lcast squareregression lines with equations 2x3 =6
3x+2y-26=0 and 6x+ y—31=0.Find E{X), E(Y) and p( X, ¥).
(i) Let p be the probability that a coin will fall”*head® in a simple toss in order Lo 343

test Hu:pz% against f,: p=3/4_ The-coin is tossed 5 times und H, is

rejected if more than 3 heads are Obtained. Find the prabability of Type 1 crror

and power of the test,
(e} (i) TfXand ¥ arc two random variablcs having joint density funetion: 343

‘I 3
. oMl : 0<x<?2, 2<pcd
Fix, py=18 ' '
0 i utherwise

Find P(X +¥ < 3and P(X <1 | ¥ <3,
{ii} Show that it ¥.is a random variable having the Poisson distribution wilh )
parameter ¢ and @ —w then the moment generating fwiection (n.g.dl) of

= , . i e )
L=— 2 appro:amate to m.g f. of ihe standard normal distribution.

f
W
{d) (i) Supposc ¥ and ¥ be two independent random variahle cach having the same 6
probability density function f(x)=2xe™ , £ 0. Find the pdfof VX2 +y?,

(i), Obtain 99% confidence interval of the population standard deviation (&) on the 6
101 10
basis of the data Y_x, = 620 and D xl =39016.
i=1

i=1

DSEIB
DIFFERENTIAL GEOMETRY

GROUP-A
Answer any four questions from the following Ix4d =12
1. Find the osculating plane at a poiut / of the curve 7 =(acost, asing, be).

2. Check whether the surface (z - a)® = xp is dovelopable ot not,
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13.0a)

(b)

14,

15.{a)
{b)

16.(a)
(b)

5092

Show that the Gaussian curvature at every point of a sphere of radius a is 1fe” .

Prove that the 2nd fundamental form of & plane is zero,
If ¥ =#{u) is the cquation of the curve with respect to the parameter 4. Then prove
N FxF|

5
|77

that & -

Show that the parametric curves on the sphere x=gsingcosy, y=gsinusiny,
3 = acosy [omms an orthogonal system.

GROUP-B
Answer any four questions from the following fixd — 24
Tind the involules and evolutes of the circular helix 7 = (acos#, asin &, hE)

Prove that first fundamental lorm 1y invariant under parametric transtormation.

Show thal the curves # — v = constant are gcodesic on a surface wilh the metde
(1 +uYdu® = 2uv dudv+ (1 +171)h?

It the langemt snd binormal at any point on a curve makes angles & and @
respectively with a fixed dircction then prove that

sint! d6 -k

sing d¢p T
Prove that if L, M, N vanish at all points on surfaces than the surface is the planc, £,
M, W are second fundamental cocfticient.
Find the Serret-Frenet approximation of the.eurve ¥ =F{s), where ¢ =arc length
measured from a fixed point Q@ (5 = () on the curve.

GROLUP-C
Answer any two questions from the following 12x2=24

Define Gaussian curvatute, Find the value of Gaussian curvature at any point of the  1+443+4
right helicoid ¥ ={ucosw, #sinv, av). Hence show that the right helicoid is a
minimal surface,

Prove that the necessary and sufficient condition for a curve to be a helix {s thal the

ralio of the curvature 1o the torsion is constant at all points.

For any cugve prove that! 2+2-2+2
() N R =0 +3+2

i) £ A F ==t
(iiiy. 74 F =gt

F
vy 7R = Ayt
¥

() TV —pk? —p — ke

(viy  FEFY R 2% 1 ik

Prove that a surface is 2 developable surface iff the specific curvarre is zero at all peints. o+o
Frove that the geodesic curvature of a geodesic on a surface is zero and conversely.

State and prove Serret-Frenet formulac. fi+3--3

Find the arc length parametrization for each of the following curves.
(i) P()=4dcosii—4sinej, 120
(i) FlE)=(e-+3, 2t—4,20), ¢23
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