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B.Sc. Programme 5th Semester Examination, 2022

SEC2-P1-MATHEMATICS

Time Allotted: 2 Hours Full Marks: 60

The figures in the margin indicate full marks.

The question paper contains SEC2A and SEC2B. Candidates are
required to answer any one from the rwo Courses and
they should mention it clearly on the Answer Book.

SEC2A
PROBABILITY AND STATISTICS

GROUP-A / T@%-% / 9 e-&
I. Answer any four questions: 3x4=12
@-CFI BTG elres Tee mies

P IR TTASHD] IR o —

(a) Show that the probability of occurrence of only one of the events 4 and B is
P(4)+ P(B)—2P(AB).

@€ (T4 QR B ToARER (I G0 ol WoI7 AR P(4) + P(B) — 2P(AB) TR
A I B events AT U&H 31 TH AA TS probability P(A4) + P(B) — 2P(AB)
g 9= YA TR |

(b) If 4 and B are two events such that P(4) = P(B) =1, show that P(4+ B) =1 and
P(4B) =1.
IM 4 @R B @¥ 7L €Al (event) W® P(A)=P(B)=1, O @AS @
P(A+B)=14&xk P(AB) =1
I 4 A B events @I ATl P(4) = P(B) =1 ¥Y, YA R P(A+ B) =1
A P(AB) =1%o |

(c) If P(Xz—l)zé, P(X=0)=% and P(le):%,thenﬁnd EQX+1).

I P(X=—1)=é, P(X=O)=% GO P(X=1)=% ©iZ@E EQX +1) @3 N4
a1
afs P(X:—l):%, P(X:O):% 3 P(X:I):% MY, EQX+1) ® A4
foig )|
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(d)

(e)

(®

(a)

5094

Verify that the function

1 -x/0
f(x)={5€ , x>0

0 , elsewhere
is a possible probability density function. Find P(2< X <6).

le’“”g , x>0
f(x)=486
0 , elsewhere

S[CAFF0 TSI probability density function 2@ el AGIR T P2 < X <6) @3
o e =41

ng’l Wheld
L e , x>0
f(x)=486
0 , elsewhere

U<l possible probability density e & 9= verify TR | P(2< X <6) fvig
X |
Justify — The mean of a binomial distribution is 9/2 and the standard deviation

is V3.

TRPRSS el @ 9 (Justify): Binomial distribution @9 9T¢ (mean) 9/2 @<}
standard deviation /3 &1

IET TR— binomial distribution &I mean 9/2 & 319 standard deviation
NER

The radius X of a circle has uniform distribution in (1, 2). Find the mean and
variance of the area of the circle.

3% 06T IPIE X, (1, 2) (8 IS I6¢H (uniform distribution) SR | JCE CFITCER
%1% (mean) 9 variance & fNe 32

MRS Bsgd (1, 2) A1 G fAdRT B | MAThRSG! 8FHeAd] mean 37
variance 071 TR |

GROUP-B / ff@ts-4 / \qg-@

Answer any four questions:

- BIAf6 e Ted wies
FHl IR UTAEHH] IR 4 —

From an urn containing 5 white and 5 black balls, 5 balls are transferred at
random into an empty second urn from which one ball is drawn and it is found to
be white. What is the probability that all balls transferred from the first urn are
white?

516 1wl 9=k 56 st To7 TS Gl e (AP 56 61 AEIETed S Qfe f@sr
T BIEAO I TS 22(© GFTb T6T (0T 79 &0 FWl ANS| A | OIRCeT & et
QAT BB FF 67 AW| 28R TS| I T ?

5 §ar 31 5 HIAm el YUDI ATST 91, AMAHT WUl 5 aeT el QAT JISTHT
|ikar o Elare USel Wiell Mdlear @1 |al STal 2| uftel JreEe
AIRTHT Fel el &6 Adl & ¥ probability R TR ?

6x4 =24
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(b)

(©)

(d)

(e)

)
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Let X be a discrete random variable having mass function:

X o122 345 6 7
P(X=x) |0k |2k|2k|3k]| k2|22 | 72+ k
(1) Determine the constant £&.  (ii) Find P(X <6). (i) P(0< X <4)

4G X € discrete T2 B¢ (random variable) IR mass function T 2&18

X O[1]2]3]4|5]| 6 7
P(X=x)|0|k|2k|2k|3k]| 12| 2k2 | 72+ k

() k &3 = e 41 (i) fR=as P(X <6) (i) PO< X <4)

ATEI Mass function:

x 0112 |3|41]5 6 7
P(X=x) |0k |2k|2k|3k]| k2|22 | 72+ k
HUDHT X TSI discrete 3T =R &

() k& & 79 F@re | (i) P(X <6) @t (iil) PO < X < 4)

The Probability density of a random variable X is 2x¢™ for x>0 and 0
otherwise. Find the probability density for X2 .

@6 TR Be1 (random variable) X @3 probability density function 6% 9 x > 0

20 2xe™™ o GR WG (0 2| O X2 @3 probability density function faef
¥4

T3el AT TR X @1 probability density 2xe™ , x>0 P aF I 0
YD AT BT X2 BT probability density ol 77|

State and Prove Law of Large numbers for equal components.

I TARTR I I WIS (Law of Large numbers) FREIRS € 2f¥ief T

I component ®I AN TSI F&TERG! FUH Seelg 31 JATT TR |

The chance that a doctor will diagnose a certain disease correctly is 60%. The
chance that a patient will die by his treatment after correct diagnose is 40% and
the chance of death by wrong diagnose is 70%. A patient of the doctor who had
the disease dies. What is the probability that the diseases was diagnosed
correctly?

G OIeR @3 e @it FFeiE Nt T2 TeRA 60% | 7T @it e »&
@ PR Siar Qe TR 40% @R e @t (e e Jgra TR 70% )
Q@ T TSI @AM T 91 @it AfdFeid ey Far TeRe T 2@ ¢

usel fafecas o fAf¥=a I e 79 chance 60% 81| 92! e wU =g

gf USer faRP T chance 40% B &1 Y& e uwama gSer faRMl 1=
chance 70% &1 fafrcas @1 User el <9 97 T8 | <9 I |98 e
AYPT R 9= probability BT BT ?

The random wvariables X and Y are connected by the linear relation
2X +3Y +4=0.Show that p(X,Y)=-1.

TREA X GR Y, 2X +3Y + 4 = 0 @RS 70/F 311 7RIS | &4 F9 p(X,Y)=—11

IRgH T 2X +3Y +4 =0 o SsIvahl JIAT oRew X 317 ¥ © | yvrfad
TR p(X,Y)=-1|

Turn Over



UG/CBCS/B.Sc./Programme/5th Sem./Mathematicssy MATHPSEC5/2022

GROUP-C / Tetol-a / a8-1

Answer any two questions:
- 75 rid Tee wies
Gl G UTTERH] SR o —

@ ()

(i)

(b) (@

(ii)

(© (@

5094

(ii)

If X and Y are two random variables, then show that

E(X +Y)=EWX)+ EQY)
M X @R ¥ 76 IR A 2, &N [ E(X + V) = E(X) + E(Y)
afe X 1 ¥ g5 AT =R WY gdfad TR
EX+Y)=EX)+EQY) |

Show by Tchebycheff’s inequality that in 2000 throws with a coin, the
probability that the number of head lies between 900 and 1100 is atleast
19/20.

(9 @6 J@IEF 2000 A WCEFA (throw) F4I9 79 Tehebycheff’s inequality
74l (w21 (@ @G head 900 (RCF 1100 I =1 TSI FAACF 19/20 ™A
w3er Ryadl 2000 Tee wifFaT 900 A 1100 HI =41 head TS+ Hem
%H A BH 19/20 B 4R Tchebycheff @I inequality §RT G¥aTS |

Show that Poisson distribution is a limiting case of the binomial distribution.
(A8 (@ Poisson distribution T Binomial distribution @3 311 <G |

JHIOTA R binomial fAGRUT®I limiting case Poisson faa=oT 27|

Obtain mean and variance of Poisson distribution.
Poisson distribution @9 mean €< variance @7 fef <511
Poisson fdaRuTT mean 319 variance fHiTolT |

Find the moment generating function of the normal (0, 1) distribution and
hence deduce the n-th central moments.

Normal (0, 1) distribution €% moment generating function & ffy 79 a3
2309 1-9¥ central moment & (3 3411

Normal (0, 1) fddRUIAT moment generating Held U TR 31 n-th <1
moments U1 TR |

Let X is a normal variate and Y has y° -distribution with n degrees of

. X e :
freedom. If X, Y are independent then prove that i has #-distribution with
X
n degrees of freedom.

A X @30 normal variate 9% Y @3 n F& fG& &35y -distribution (2|
i X o ¥ A8 5% 7 O Gl @ i - 1A ol R r-diswibution
N

SR
AN X USel normal TR B M n degrees of freedom WU®HT Y @I
y’-fIaRer 8| Afe X A ¥ W[@a= © 9+ YA TR, iyas‘rndegrees

Nis

of freedom HQHE -faavoT B |

12x2 =24
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(d) (1) The joint probability density function of two random variables X and Y is

(a)

(b)

(©)

5094

(i)

k(1—x—y) inside the triangle formed by the axes and the line x+ y =1 and
0 elsewhere. Find the value of & and P(X < %, Y > %) . Also find the

marginal density functions of X and Y.

b I b1 X @R Y &7 joint probability density function 1 9 SrFay @<}
x+y=1 G QIPIS] Tored o k(l—x—y) & GR 99 0 | k 99

A GR P(X <%, Y >%) @3 WA R T4 9zele X @R ¥ @9 marginal

density function afe fefa 31
e A NG x+y=1 o a-vH Bl M ggdaer Al wIRew X
I Y ®I HYH probability density Held k(1—x—y) B A 3% R 0

B k P(X<%,Y>%)?ﬁ A9 ol TR X & Y @1 marginal
density % afe fAoig R |

If the random variable X is normal (0, o), find the mean and variance of | X |.

gt Y 795 51 normal (0, o) T OIZCH | X | @9 mean and variance et et 521

afe Afaffd @R X TSel normal (0, 0) 81 W4, |X| @ mean 31
variance 0RT TR |

SEC2B
DIFFERENTIAL GEOMETRY

GROUP-A / Tets-3 / wis-®

Answer any four questions from the following:

Q-G BIFf6 ATF Ted w3

FH IR TTAEHDH] IR o —

If R, is the radius of spherical curvature, show that
ixt”
R = | : |
KT
P
(7R R, TP TR (R, ) Wl R, = X
KT

TATHR aehaTd] o R ¥Y, UH O TR —

| Exi”]

R
KT

A

Find the torsion and curvature of the curve » = (3u, 3u’, 2u’).

r=(3u, 3u’, 2u’) I & torsion '€ IFOR (curvature) ¢ N+ e 77

I®b r=3u, 3u’, 2u’) B torsion 3N Tehar T 0T TR |

2
Show that the curve y(¢) = [1 +tt ,t+1, ! 5 tJ is planar.

1+¢ 1-t
N @ (1) = il T IO |

qsh 7’(l)=(

2
I+1 ,t+1,¥] planar 81 9= YA TR |

5

3x4=12
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(d) Find the evolute of the curve x'=acosu, x* =asinu, x’ =acotau, where 3

a(#0), a(# %) are constants.

092 304 evolute W 39 x' =acosu, x* = asinu, x> = acotu @A a( 0)
GER 0((7&%) 3T |

b x' =acosu, x’ =asinu, x’ =acotau P evolute 0T TR | a(=0), a(i%)

ReRipes &l |
(e) If r =r(u) is the equation of the curve with respect to parameter u . Then prove that 3
x|
I

(where " stands for differentiation with respect to u).

AW 7 = r(u), FRNOR 1 G AAEF 96 G AN 2, WIRCH &N 4 (3,
x|
I

(@A, " stands for differentiation with respect to u)

Afd parameter u BT THAT 7 = (1) THd! AHBROT WY, AT TR
x|
L

(S8l '9! differentiate with respect to u )

(f) Find the envelope of the surface 3xt> =3yt +z==¢. 3
3xt’ =3yt+z=¢ BLICIGE envelope e 77
Adg 3xt’ —3yt+z=1 B envelope MU TR |

GROUP-B / Reti-4 / wg-
2. Answer any four questions from the following: 6x4 =24
@-CFI BIAfG v Tee wies
Fl IR UTEHdH] IR oG —

(a) (1) Prove that the asymptotic lines are orthogonal if and only if surface is minimal. 3
2 9 @, SIPFIEITE @es (Asymptotic lines) #19 21, M @R (FIETNG
fw oppreafs w-fam 231
Asymptotic @S ofwad © Jfq 3T Jfq A FAg <AdH B 9T JHT TR |
(1)) Show that the parametric curve on a surface r(u,v) =(ucosv, usinv, v) are 3

asymptotic lines.

A€ @, r(u,v)=(ucosv, usinv,v) “POER T ACIEE Il
SRICGITDE @21 (asymptotic lines) 21

Adg r(u,v) = (ucosv, usinv, v) AT HYBI parametre I asymptotic NETEw
B 9T UHI0T TR |

(b) Prove that the necessary and sufficient condition for a curve to be helix is that the 442
ratio of the curvature to the torsion is constant at all points.

2ol 9 G I helix TSR AT @ 217 (necessary and sufficient) =S 7@
3% [F0e I@e! (curvature) € torsion €3 SIS AT B |

|d fdgEwAT ashdl ¥ torsion @I 31GUTd ReRid 8 W= condition TICT ash,
helix g1 37Ma¥dd X YA condition & ¥+ JHIT TR |

5094 6
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(c) Define Principal curvature. Calculate the Principal curvature of a torus.
Principal curvature €3 3R 718 | &F torus ¥ Principal curvature @3 3« fefd &4

Principal Jghdl T GRHST TS | US<TT torus dI principal Ihdl &I A g TR |

(d) Define developable surface. Find the conditions for a surface z= f(x, y) to be a

developable surface.

Developable surface @ & @€ z = f(x, y) "@Wﬂ%ﬁ developable "ﬁ (surface)
267 = ey 41

Developable Hdgd! UREIYT 7% | USCT A8 z = f(x, y) developable |a8 §ef
condition 8% fvg TR |

(e ()

(i)

Write down the Serret-Frenet equations for a space curve.
@3 space curve 93 & Serret-Frenet &3 FAae (74|
Space ThdT RN Serret-Frenet AU o0 |

2+4

1+5

Obtain a necessary and sufficient condition for a space curve to be a plane curve. 4

@ space curve @3 plane curve 2T TC @ 2 1S fommrel 41|
U3l space dsh plane b B AMGLID AT UIE condition &% FUig TR |

(f) Calculate the second fundamental form of the surface

rw,v)=w,v, u’ +v2)

r@u, v)=(u, v, u® +v*) 7oand second fundamental form ot 541
A 1, v)=(u, v, u> +v*) ® g fundamental ¥9 &I 077 TR |

GROUP-C / Tetol-at / -1

Answer any two questions from the following:
- 75 Ard Ted wies
H §8 ITAEHdH] SR oRkd —

dr dN

(a) (1) Show that the curve r =r(s) is asymptotic line if and only if —-— =0,

5094

(ii)

ds ds
where N is surface normal. Write the necessary and sufficient condition for a
curve to be geodesic.
@48 @ r=r(s) IEL G0 asymptotic IF I v R (e AW (iff)
%-CZ—N: 0 2| @A N 2N surface normal. €& WFA geodesic REAX
s ds

ARG @ 7 *SfH =74 |
I% r=r(s) asymptotic Y@ B ufg 3ff IfX A ﬂ.d—N=0ﬁ T

ds ds
YHTOT TR | N TSI g normal 1| a5 geodesic § 3MMawdd A g
condition < |
Show that the locus of the centre of the spherical curvature is an evolute if
and only if the curve is a plane curve.
(MANE @ G (AMETIPIR TFOIR (LS FLEARLE HalPael -E 90 evolute T
G (FIETNG I T Foe I 2|

MATHR dehdTd] Bxdl locus USeT evolute 8T AfT 19 IfT A1F I USer
plane a B H=I YHUT TR |

12x2 =24

4+2
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(iii)

() (@)
(1)
(iii)
(©)
(i1)
(d) ()
(1)
(iii)
5094

Show that tangent plane is same at all points on the generation of a
developable surface.

w4l @, @3 developable surface €3 3% RMC® tangent plane @ @2 201
YA TR developable \agd! IcdfaAT o fagaT w2l Y@@ plane T4 © |

Calculate the first fundamental form of the surface
r(u, v)=(cosh u, sinhv, v).

r(u, v)=(cosh u, sinhv, v) Qj@\ﬁﬁ%ﬁ First Fundamental form f&&i=iel <21
Adg r(u, v)=(cosh u, sinhv, v) &I U2 fundamental ®9 077 = |

If (I, m) and (', m") are direction coefficients of two directions at a point P,
then show that cos@ = Ell’+ F(Im"+I'm)+ Gmm’ .

Ffw (1, m) € (I', m") 4G direction @3 direction coefficients 28 @ (&I 59 P
(S, O&@ MAS @, cos@ = Ell’+ F(Im'+1'm)+ Gmm’

P fag syl g3 fRemesal Qe i (1, m) 319 (I, m') ¥ yAIford
TR cos@ = Ell'+ F(Im"+1'm)+Gmm’ |

Prove that if L, M, N vanish at all points on surface then the surface is plane.
Define normal curvature.

WL, M, N ¥ W a3 2o 9% [rs, o awd 79 @, 25 @3 e
Normal curvature €< e8] 1€ |

Afe L, M, N 94 fI5ewa &Y Hag TSl plane §© 9+l YA TR |
Normal IhdT &I GRHTET TS |

Prove that a surface is a developable surface if and only if the specific
curvature is zero at all points.

e 39 (@ @36 surface (%) developable surface 2@ M @R @FFETg T
2itor ML specific IR e [+ 23|
WW%WWdevelopableWﬁaﬁ&ﬁﬂﬁW@
fa=gar fafdre o 3= g5 |

Prove that the geodesic curvature of a geodesic on a surface is zero and
conversely.

2 T4 (T GF 0 IR T2 @I geodesic 99 geodesic IFOR N Hel) R @R
fRie @ 779 |

AAGAT geodesic BT geodesic IhdT Y B WAl YA TR AT JABI Ieel Ul |

Calculate the Gaussian curvature of the surface r(u, v)=(u+v, u—v, uv).

rw,v)=u+v,u—v,uv) ‘VKW Gaussian I&OR I+ fozhofd 341

ATE r(u, v)=(u+v, u—v, uv) d Gaussian Ihal HI A [T TR |

Write Rodrigue’s formula.

Rodrigue @ @b 74

Rodrigue &7 3 oI |

Show that the curve u +v = constant are geodesic on a surface with the metric
(1+u?)du’ —2uvdudv +(1+v*)dv* .

@A @ y+v=constant IEFL geodesic I G ‘Vjté?f ToR AR (D

(I+u®)du® =2uvdudv +(1+v*)dv*.

USel A8l d% u+v=constant geodesic B WAl YA TR | Metric &

(I+u*)du® = 2uvdudv +(1+v*)dv’ |

X

5+1
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