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B.Sc. Programme 5th Semester Examination, 2023

SEC2-P1-MATHEMATICS

(REVISED SYLLABUS 2023 / OLD SYLLABUS 2018)
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 two Courses and
they should mention it clearly on the Answer Book.

SEC2A
THEORY OF PROBABILITY (REVISED) AND PROBABILITY AND STATISTICS (OLD)

GROUP-A / Rei-% / @9 g-&
1. Answer any four questions: 3x4 =12
ke @-@F 516 207 Tea niss
P TR YA ITIN <

(a) If the probabilities of n mutually independent events are p;, p,,-:-, p,. Then
show that the probability that at least one of these events will occur is

1-(1-p)d-p,)--1-p,).
M p AR WRCF BT TR IR py, py,-oe, p, 2, ORE ML @ ST
@~ @6 Foal B TSR 2 1 —(1— p,)(1—p,)--(1-p,) |
e n YRTIRSD HUHT T~ HUD[ HSHAED py, Py, p, T THU R & It ge8s
HEY DIFHT U TICT HeT He probability 1-(1— p)(1—p,)---(1-p,) 8|
(b) Find the Median for the Poisson distribution having mean 2.
2 STGT& Poisson I00R ST o4 591
Mean 2 9T Poisson fIaRor T ARt Median o ) |

(¢) Given that: P(4)=3/8, P(B)=5/8 and P(4+B)=3/4. Find P(A/B) and
P(B/A). Are A and B independent events?

e Witrs P(A)=3/8, P(B)=5/8 @R P(A+ B)=3/41 P(A/B) xR P(B/A)-
G R T 4 @R B FRE 2

P(A)=3/8, P(B)=5/8 X P(A+ B)=3/4 MY P(A/B) X P(B/A) Fvflg TR | & 4
¥ B A HATE® 8 ?

(d) If X is aPoisson (u)-variate and P(X =0)= P(X =1) then find g and P(X >1).
X @& Poisson () 5eRIf* @R P(X =0)=P(X =1) O p-a3 A 37 39
GR P(X >1)-43 I @& 3|
I X Poisson (u) TR 9T AT P(X =0)=P(X =1) YT x4 3 P(X >1) & 99
o R |
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(e)

®

(a)

5094

A bag contains 10 white and 5 black balls. Two balls are drawn in succession
without replacement. What is the probability that first is white and second is black?

@36 F1eal 1015 3wl @R 575 Fice 71 ST 277 76 I671 (ol 251 elfegioig =il | 2w
A6 AWl QR @1 &6 FIEN 2SR TSI F'© 2

TSI SHTMT 10 FeT Al 3 5 FeT Plefl Metlews B | HicRATa fIHT IR g8 Meflewn
oS TFrepTiorT | Ufgar AT 31 QIRAT BTell g probability & &1 2

Determine the value of & such that f(x) defined by

) kx(1-x) , O<x<l1
X)=
0 ,  elsewhere
is a probability density function. Also find P(X > %) .

kx(1-x)
0 ,
IR To7g TS @R P(X > L) -am ey ffer 1)

0<x<l
S o wwife = @l

k-ﬂawﬁcﬁWWf(x)z{ R

[k(1-x)
f={e -
A f(x) TSI probability density HeH =Y k @ 79 BT 6 ? P(X >%) afy
Ao R |

0<x<l

elsewhere

GROUP-B / eio-4/ wg-

Answer any four questions:

fafeiie - b1Af5 @rs Tee wiss
P TR YT IIN <
Let X be a discrete random variable having mass function
X -3|-2] -1 0 1 2
P(X=x) | k| 2k | 2k | 3k | k? | 6k> +8k
(i) Determine the value of £ .
(i) Find the distribution function F(x).
(ii1) Evaluate P(X <0).
4 X @ Koz random eI 7 mass SR 2513
X -3|-2] -1 0 1 2
P(X=x) | k | 2k | 2k | 3k% | k7 | 6k* +8k
() k-3 fNd@e 32
(il) ToAATS F(x) PR
(ili) P(X <0) ==
qMI X TS discrete AT @R 8 STAH! mass Bl
b =31 -2 -1 0 1 2
P(X=x) | k| 2k | 2k | 3k% | k? | 6k% +8k
() k dram o TR |
(ii) IR weT F(x) o |
(iii) P(X <0) Pl ISP R |
2

6x4 =24

2+2+2
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(b) There are two identical boxes. The first box contains 5 white, 7 red balls and the
second box contains 5 white, 5 red balls. One box is chosen at random and a ball
is drawn from it. If the ball is found to be white, calculate the probability that it is
drawn from the first box.

G IFCNR 120 AR 2ivee 5T A, 710 =1ie 76 @R meRbee 51 wwi, 57 e

361 SI(R | ARSI G {6 A e G (T @6 <91 (ol 2811 Jfw TTio vl 27, O
T 2l I3 (UCF (SR TSR o7 11

el EACT THI 9T 8% © | Ufeel] Sy T 5 92T el X 7 G [l Tell S SRAT SRy
5 geT ] 5 g Al MAe® B | AT ST TSeT g7 BT 31 <&l d1e T3eT MefT
feyepTforay | Ife Mef AT FSTeHT T Mef) ufdelT ga=7 a1 & 9+ probability i R |

(¢) A random variable X has the probability density function f(x)=ax(2-x),
0<x<2.Find a, E(X) and var(2-3X).

X @3 random BFRIM IF FERA T SAFS f(x) = ax(2—x), 0< x <2 2,
a, E(X) @R var(2 —3.X)-43 i+ faefa 541

TSl ST TR X @I probability 8¥cd He f(x)=ax(2—x), 0<x<2 & |
a, E(X) ¥ var(2-3X) Fog |

(d) The probability density function of a continuous bivariate distribution is given by
f(x,y)=x+y , forO<x<l, O0<y<l

=0 , elsewhere

Find the values of m,, m,,o,,0, and write down the regression lines.

3o W] bivariate SRR FOCA TSI TG S(FS

f(x,»)

=x+y , @AFT0<x<1, 0<y<l
-0 , w9

= my, my, 0, o, -9 T 7 9 9= regression @IS @791
fR=aR bivariate fIeRUT @Y probability SFcd et fIgUa! &
f(x,y)=x+y , 0<x<l, 0<y<] ®drart

=0 A

mg,m,, o, 0, o 99 ol R 1 regression WITEH g |
(e) Find the mean and variance of Binomial distribution.

Binomial IBCF 9T G2 (SWHIe e 541

Binomial faaRumeT Fem™ 31 variance FoRT TR |

(f) Use Tchebycheff’s inequality to show that for a random variable having p.d.f.

A

x-L Sz.L}ZE

2 J12

f(x) =1 , if0<x<l

=0 , otherwise

4

Tchebycheff’s SPTMO QAT (MAS &

g

X—l SZ-L}Z%,C?IW x @30 random HEAIM A p.d.f. T

2 J12

f(x) =1 , IMO0<x<l

5094

=0 , 9q9
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(a) ()

(b) (@
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pdf f(x) =1 , 3IR0o<x<l
=0 , 3T,

qUPHT TSl AT AT AR Tchebycheff @ SRFHMCT  TRIFT TRR

-
2

gz-L}zi &0 9l JHI0T R |

NI

GROUP-C / eti-o / ¥g-T

Answer any two questions:

famfeiie @-eie 715 elvse Tes s
P+l G DI STR @

(I) A4 and B are also independent.
(I1) A4 and B are also independent.
(IIT) A and B are also independent.

M 4 @R B 6 T 961 20, WIRE e @

() A 9k B F&=

() A @R B =

(Il) 4 9 B F&AI

I A X B g T HEHTES WY A0 R
() AXIB UNTEIT©|

(Il AXB UM ETAD |

() A B U TTT O |

If 4 and B are two independent events, then prove that

(i) If X and Y are two independent random variables, prove that

E(XY)=E(X)E(Y).

IMm X @& Y 96 F& random beRIf 2CeT, @9 FF £(XY) = E(X)E(Y) |
Ife X XY TZ Eaa AT oRe® U THIT R E(XY) = E(X)E(Y)

1 5, _
—x“e "

f(x) =42
0 s

Find the moment generating function of a continuous distribution having p.d.f.

O<x<oo

elsewhere

and hence find mean and variance.
b SIfIv=a B moment generating SIS (e T T p.d.f.

1 2 —x
—x"e , O<x<o
f(x)=12
0 , B[] q
R (T (AT ST U< (ol fefT 41
1 2 —x
—xe , O<x<oo
p.df f(x)=12
0 , 3T

NPT T3eT FAR-R fIaRor @ moment generating theld Aol W | AegHE et

variance Ui AUl TR |

12x2 =24

2+2+2
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(i)

(©) (i)

(ii)

(d) @)

5094

(ii)

(iii)

I) If X isa N(0,1) variate, then prove that Y =1lx?isa 4 1) variate.
2 2

(IT)  Find the characteristic function of a Poisson distribution with parameter z .

() x @6 N(0,1) 571 (variate) 2T, e ¥ @ ¥ =L x? 21 y(L) ooy
an u APIGE 72 @SB Poisson (4 characteristic SHFS el 41
() IR X N(0,1) IR N, THOT R Y:%Xz,y(%)%l??fl

(Il) WRIAER 4 W@ Poisson fIaRUN @I characteristic Here I=iT TS |

The regression lines are x+ 6y =6 and 3x+2y =10, find the mean and the
correlation coefficient.

X+6y=6 @R 3x+2y=10 regression (I 2(1, oA GR correlation
coefficient-4a3 T ey 211

x+6y=67%3x+2y=10, regression JEEH &1 | T R ey UM
(correlation coefficient) 9T el'IiS |

The joint probability density function of the random variables X, Y is
f(,y)=k(Bx+y) , whenl<x<3, 0<y<2
=0 ,  elsewhere
Find (I) the value of £
(II) P(X+Y <2)
(ITI) Investigate whether X and Y are independent.
X, Y Be19i03 I& ASRI S (joint probability density function) 261
f(x, v)=k@Bx+y) , @ACT1<x<3, 0<y<L2
=0 , g
(1) ka3 9 e w1
1) P(X+Y<2)
() X @R Y F&« Al owe 5211
IR RERe! TYh probability BT hef JAUDR B,
f(x,»)=kBx+y) , Sd1<x<3, 0<5y<L2
=0 R
ol R (1) k dr a9 (1) P(X +Y <2)
(Ill) X I Y WA= & a1 & A9 R |

The random variable X follows normal distribution with parameters
(m, o) . Find the distribution of ¥ =aX + b where a and b are constants.

X @3 random eI A normal IV SEPRE A (m, o) *HRINGE 72|
Y = aX + b -3 I [l 9 @A ¢ IR b &&F |

WRIFER (m, o) YU AHFT fdaRor a8 IFRIfid @R X of follow T8 |
Y =aX +b BT RU G, T8l a X b RRRi® |

Find the probability that a leap-year selected at random will have 53 sundays.
GENETSIR o @ SRR (leap-year) 53 afRaica Temt 4 w41
IR HUHT T TRTDT 1T gHHT 53 ST 7 probability T S |
State the law of large numbers.

Large numbers -4 346 g %41

Qefl HETE0 D] DI Seeld N

3+3

3+3

2+2+2

Turn Over



UG/CBCS/B.Sc./Programme/5th Sem./Mathematicsy MATHPSEC5/Revised & O1d/2023

(a)

(b)

(c)

(d)

(e)

®

(a)
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SEC2B
DIFFERENTIAL GEOMETRY
GROUP-A / Tonl-% / #9g-&
Answer any four questions from the following:
fa=eTe @-CFi9 516 elvea Ted wies
P TR YD ITIN <
State Frenet-Serret formula.
Frenet-Serret 74 @I 34|
Frenet-Serret &I SEl Sy TR |

Show that the curve

y(t) = [% cosh ¢, %sinh t, tj

is not a unit curve. Is it regular? Justify.

e @ y(1) = (Lcosh t, Lsinh t, tj AN @3 @FF @@L (unit curve)

V2 V2
2@ =1 9Bl & regular 2R 2 TG Aore! ABIE T

asb y(t) :(Lcosh t, Lsinh t, tj T3CT Ul dgh Blg 9T IHI0T IR | & Y fafia

V2 V2
B ? ~Irfad R |
Define Osculating plane and Osculating sphere.
Osculating ¥& @3 Osculating (oNETF W@ 741
Osculating A= 37+ Osculating T (sphere) BT TRYTST IS |
If geodesic curvature of a curve on a surface is zero everywhere, prove that the
curve is geodesic.
PO TR (I @6 IFE@AR geodesic curvature I IR W T R 2N I
@4 @i geodesic 2 |
IS TICT AAEHT asheh! geodesic IhaT TR T 1Y b geodesic & W TR |

Find the arc length of the curve y(t)= (2t +1, 4¢+3, t*), >0
y(1)=Qt+1, 4 +3, t%), >0 IFEAT (arc length)a@mﬂﬁw e w1
b y(t) =2t +1, 42+3, ¢%), >0 B AT S QI |

Prove that 2nd fundamental form of a plane is zero.
i3] 9 9(e1 2nd fundamental 15 =7 |
I, DT AT TR B T g8 1 HHI0T R |

GROUP-B / -4/ wg-@
Answer any four questions from the following:
faferie @-@F 5/Efb 2tid Ted wies
P TR YD IIN <9
Find the first fundamental form of the surface o(u, v) = (coshu, sinhu, v)
o(u,v)=(coshu, sinhu, v) W 1st fundamental F@if el 32
b o (u, v) = (coshu, sinhu, v) BT URAT JTERYT BT U TR |

6

3x4=12

6x4 =24
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(b) Find the curvature of the curve y(¢) = cosht,

1 1
— ——sinh ¢, ——cost |.
(ﬁ V2 V2 j

cos tj Jg@2lfba 3@l (curvature) fNea 41

y(t) = [\/_cosht \/_smht \/_

1 1 1
=| ——cosh ¢, ——sinh ¢, ——cos¢ | @ aghdT FURT TR |
(\/5 V2 V2 j
(c) (i) Show that the surface e“ cosx =cos y is minimal.

(TAE @ ¢ cosx = cos y FIGH6 minimal.
T8 e” cosx = cos y ~gATH &l WAl FHTUT R |

ash y (1)

(i) Find the envelope of the surface 3xt* —3yt+z=1".

3xt2 =3yt +z =1 ?Poa6d envelope T 41
qag 3xt> -3yt +z =1> B envelope TGN |

(d) Define surface, surface patches, and atlas. Write down a surface patch of unit sphere.

‘dW (Surface), surface patch @3¢ atlas (F @O T | QB (N G0 surface
patch foTCd (w8 |

TE, TAEDI IS 37 TS Pl YRHTNT & | THTS MeATh! Adad! DT oy |

e) Define parametrization of a curve. Find the parametrization of the curve
p p
7(t) = (cos® t — 1/2, sintcost, sint) for >0

J@ AR parametrization T 9 y(r) = (cos® ¢ —1/2, sintcost, sint), t >0 I NIIEE|
parametrization b ffasa
aghep! parametrization GINT y(7) = (cos’ £ — 1/2, sintcost, sint), >0 Y AR |

(f) (1) Write Rodrigue’s formula.

Rodrigue-93 3@ =14
Rodrigue &1 el o |

(i) Show that the surface xy =(z—a)” is developable.
@8 @, xy = (z—a)? W’ﬂ% @3 developable.
HdE xy = (z—a)* developable & 9= THIU TR |

GROUP-C / Teti-ot / wgg-
3. Answer any two questions from the following:

famfeiie @-eie 715 elvse Ted mes
P+ §F UHPI IR <

(a) Find «, 7, n, t, b for the curve y(€)=(acos, asin@, bO) and verify Frenet-
Serret formula.
y(@)=(acos®, asin@, bO) IELEAT &) «, 7, n, t, b 37 91 Frenet-Serret
4t G2 T4
ah y(0)=(acosb, asinf, bo) DI AR K, 7, n, t, b FOR”T TR 31 Frenet-Serret
I Pl RN R |

5094 7

1+1+1+43

2+4

12x2 =24

2+2+2+
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(b) (i) Prove that the area of a surface patch is unchanged by reparametrization.

(ii)

(©) (i)

(ii)

(d) @)

5094

(ii)

R < (I ‘7[@?6?@ (%q reparameterization 9% 778 S7IfHAS® A |
Reparameterization §RT Tge! WTE HT P d&elTd TS HeiT THI0 R |

Find the second fundamental form of the surface:
o(u,v)=(cosucosv, cosusinv, —sinu)

o(u,v)=(cosucosv, cosusinv, —sinu) Wﬂﬁ 2nd fundamental Fif faefa
<41

T8 o(u, v) = (COSU COS v, cosusinv, —sinu) DI ARAT TERYT BY FURT TR |

State Gauss-Bonnet theorem for simple closed curve.

Gauss-Bonnet T?171W) Sad $9 796 I @A &) |
FTYRT closed IghapT AR Gauss-Bonnet SUUTET ool X |

Define principal curvature and Gaussian curvature. Find principal and
Gaussian curvature for the surface

o(u,v)=(—coshucosv,—coshu sinv, sinu)

Principal curvature €38 Gaussian curvature (& JRGIRI® 34|
o(u,v)=(—coshucosv,—coshu sinv, sinu)

"jmﬁﬁ principal €3 Gaussian curvature foefa w1
fif~Auet aehar 31T Gaussian IehdT BT IRHTET S |

JdE o(u,v) = (—coshucosv, —coshu sinv, siny) @t fifauer arfy
Gaussian T 107 TR |

Define normal curvature. Find the normal curvature of the curve

y(t)=(2, 2t, 2(t* +1)) on the surface o(u,v)=u—v, u+v, u* +v?).
Normal curvature & 92 o(u,v)=u—v, u+v, u® +v*) Wﬁ?l ICheEl
7(t) = (2, 2¢, 2(t* +1)) IR0 normal curvature 5 fef 521

THA  gbeT B URMIST S | ab (1) =(2, 2t, 2(2 +1) P AAE

o, v)=W—v, u+v, u> +v*) AT T aghar (HIe |

Define geodesic curve on a surface. Prove that all great circles on a sphere
are geodesics.

PR B9 geodesic IFERAT RGNS F1 &N F9 (NI G 76eT
Vﬁ/ﬂ?&@ (great circle) @ geodesics.

BT geodesic Tshed! TRMTNT 5 | AT AT A 3T Jaiew geodesic & &I T
YHIUT IR |

2+1+5+2

1+5

2+4



