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full marks for the questions.

1. Answer the following as directed : 1x10=10

(a) Describe an open ball in the discrete

(b)

metric space.
Find the derived set of the sets (O, 1]
and [0, 1].

(c) A subset B of a metric space (X, d) is

open 1if and only if

) B
i) 5ieB.=B° iy

fiii). B#B
(iv)] B # B° _ ;
~ (Choose the correct one)

o Contd. s



(@) If A is a subset of a metric space
[_ (X, d), then which one is true ?
e i 0 d(a)-d(d)
| () d(a)=d(a
oy : (iii) d(A)>d
(iv) (AUB)°=A4°UB® | Wiad
Wwhere A, B are subsets of a metric

space (X,d). (Choose the false one) (h) When is an improper Riemann integral
| said to be convergent ?

: (d) Which of the following is false 2
(i) AcB= A°c B°

(i) (ANB)=4°nB°
(Choose the true one)

(e). The closure of the subset

F'_={1,%,%; } of the real line R is ' ~ (i) Evaluate _[e""dx if it exists
Q) ¢ i () Show that r(1)=1
woAil) F : i s
- 2. Answer the following questions : 2x5=10
A FU{O} S | i (a) Let F be a subset of a metric space
() F-{o) ' (X,d). Prove that the set of limit
' (Choose the correct ‘one) it points of Fis a closed subset of (X, d).
() In a metric-space an arbitrary union S . (b) If F, and F, are two subsets of a
. of closed sets need not be closed, . - metric space (X,d), then

- Justify it with an example. - it
: : FNF, =FRNF,. Justify whether it is

false or true.
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)P e (x dx) and (v, dy-)'-'bg'mietric
~ spaces- “and frX Y. I for all

subsets A of=X,s-f( );- (a), then

show that f is continuous on X.

(d) Let f:[a,b]> R be mtegrabie Show
that | f | is mtegrable ;

i:(e)Show that the: funct:on f [a, b]_):IR-Z
-+~ defined by fi(x)=c for all xe [a,b] is

integrable with its integral c(b-a).

Answer any four parts :_i RIS g o

(a) Define a complete ﬁetric space: Show

that the metric spa‘ce:'”}’f':-IRﬁ ‘with the

Lt metrlc glven by Sy o
d;o‘-(x,y'J' (le, =Yy IP)P p>1

. where x= (xl, x2, xn) and :

i Py y= (yl-‘ y21 )y?’l) are 1n IR-R’ IS"‘-.
a complete metnc space E 1+4=5

()

Let (X,dy) and (Y,d,) be metric -
spaces. Prove ‘that a n_'lapping

_f'X—>Y is contiﬁi'ioﬁs on X if a.nd‘

only if f- I(G) is open in X for all open‘
subsets G of Yoo o 5

- Prove that if the _metric._space. (x,d) is

disconnected, then there exists . a

_ continuous mapping of (X, d) onto the

discrete two-element _s'p"ac_:e (X, dg)-
D

Let fi[a,b]>R be ‘a continuous

function. Prove that f 1s 1ntegrable

5

“Discuss the convergence of the integral

I—lp- d:'c: for varmus-vajues of p. 5
1 X pre - i

Show that for a>=1,

5 e i ek TRt
B Ny o
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4, Answer any four parts :

@ )
)
®) )
(i)
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10%4=40

Let (X,d) be a metric space. |
Define d_:Xxx_y.]}zg by

d(xy)
1+d(x,y)

x,y € X . Prove that d" is a metric
on X

d(x,y)= for all

Also show that d and d' are
equivalent metrices on X. :
4+2=6
Prove that a convergent sequence
in a metric_space is a Cauchy

(c)

(d)

sequence. 43
L
4

Let-(X, d) be a metric space and
F be a subset of X. Prove that F |
is closed in X if and only if F¢is |
548

open.

If (Y,dy) is a subspace of

metric space (X, d), then show ;
that a subset Z of Y is open in Y
if and only if there exists an open
set G X such that Z=GNY.

(e)

Prove that a metric space (X,d) is
complete if and only if for every nested

sequence {F,},s; of non-empty closed

subsets of X such that d(F,)—>0 as

(= ¢]
n — o, the intersection [l F, contains

one and only one point.

()

(i)

()

(Sem-5/CBCS) MATHC1/G 7

n=1

10

Prove that in a metric space
(X, d), each open ball is an open
set. 4

Let (X,dy) and (Y, dy) be metric

~spaces and Ac X. Prove that a

function f:A—Y is continuous
at a € A if and only if whenever a
sequence {x,} in A converges to
a, the sequence {f(x,)}

converges to f(a). 6
Define uniformly continuous
mapping in a metric space. Give
an example to show that a

continuous mapping need not be
uniformly continuous. 1+4=5

Contd.



(i) Prove that the image of a Cauchy
sequence under a uniformly

continuous mapping is itself a
Cauchy sequence. - 5

() Let (R,d) be the space of real
numbers with the usual metric. Prove

that a subset IR is connected if
and only if I is an interval. 10

(g9 Let f:[a,b]>® be a bounded
- function. Show that f is integrable if .
and only if it is Riemann integrable.
10

(h) (i) State and prove first fundamental R

theorem of calculus. Using it
show that :

| _ff(x)dx_. g4 for f(x) %3

143426
(i) Let f be continuous on [a,b]. &
F’I‘?Ve 'that thﬁ‘.re exists c e[a, b]--

. ::.such that I f (x dx f (c)
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1. Answer the following as directed : 1x10=10
i) Is R2(R) is a subspace of R3(R) ?

(i) Let A be a 5x4 matrix. If null space of
A is a subspace of R¥ then what is k?

(i) Let S be a subset of a vector space
V(F) and S contains zero vector of V.
i Then 818 hoAei
(A) linearly independent
(B) linearly dependent

e



~ vector in R™ ?

Answer the following qucstlons :

(C) Both linearly independent and : i :
linearly dependent () Lst: 4 be the 417 roa) ma.m_x s
(D) None of the above - 2 9.0
: =k 177070
- (Choose the correct option A=
_ | eTon) 9 -2 -2 0
(iv) Write the standard basis of the vector 1 1. -2 | 1
space of polynomial in x with real co-
efficient of degree < 3 Then the charactensUc polynomlal
% for A is : :
. o A)  x%(x-1)?
(v) “The eigenvalues of a triangular : ( ) 9
: ’ 2
matrix are the entries on its main ), -1t
diagonal.” (State True or False) (€) x2(x+1)’
. ; _ i (D) None of the above
(vi) Define inner product on R™ ( Choose the correct option ) .
; ' i .9 (x) What do you mean by the length of
(vii) Which vector is orthogonal to every.' B, yecoran IR s I

2x5=1b 5 

'Let V be the vector space of all

. )
(viii) How do you 'e:i:plajn di ] functions from the real field R to R.
. | : 1_"?“.’=1 i Show that W—{ff('?) 2+f(1)} is
. g@omemcally where W is a subspace not a subspace of V.
of the vect g .
S tbace R7(R) 2: (i) Show that every subset of an

1ndependent set is independent.

'(_ ZF"_IC?CSJWTHCZ@Q : - '_a'{Sem-sfcsc:S]MATHCQ/G 8% < Contdst




(i)

(iv)

()

. " Answer any four questions :

e O o o 4
= an V= ’ .
e ls Y el

eigenvector of A P

Let T be the linear operator on R3
defined by T'(a,b,c)=(a+b, b+c,0).
Show that the

xXy- Plane“{(x:y;o) xyEIR}
T-invariant subspace of R3.
o 74l R 4 _
Let Y= and U=|,|. Find the
6 2 :
orthogonal projecﬁon of y on_fo u.
5%4=20

Prove that the non-zero vectors ' !
U, Uy,....,0, are linearly dependent if

- and only if one of them is a linear

fi)

" combination of the preceding vectors.

Let iy,v,;, 53 be non—zer'o

- ‘exgenvectors of an operator T:V oV

corresponding to distinct eigenvalues

21 'lz /1 Prove that Up Uy yeuie,Up 8TC
hnearly independent.

. 3[3'3‘“ 5{CBCSIMATHC2/G 4

1 (iti)

(iv)

()

vy

Let A and B be two similar matrices
of order nxn. Prove that A and B
have same characteristic ‘polynomial
and hence the same eigenvalues.

2 1 0
Let A={|0 1 =1|. An eigenvalue of
‘ L 0D, i v 143

A is 2. Find a basis for the: ..
corresponding eigenspace.

| i S u I T
Let A =[_4 _J. Find a formula
for A2, given that A = PDP! where -

il B 2l 520
e 2w 2=f7 )

Define orthogonai set. If

; S—{u1,u2, LU } is an orthogonal set

of non-zero vectors in R", then prove

- that S is llnearly mdependent and

hence is a basis for the- subspace'

spanned: by S.

3(Sem-5/CBCS)MATHC2/G 5 = i 2,1 Contd,.



R T .vector space V has a basis (i) Let T be the lincar operator on 3,

: . defined by

B ={v,v,, ..., v}, then prove that any i T " i 53

set in V containing more than n 4 5l @) =\l b %y 5T O

vcictors must be linearly defpcndent. { (a) Find the matrix of T in the basis
Also show that every basis of V must

consist of exactly n vectors. 5+5=10 ; {e=(L11), ,=(11,0), ;= (1,0,0) }

Fonds j (b) Verify that [T],[v].=[T(@)], for

Let U and V be vector spaces over the any vector yeR3. 4+6=10
same field. Let {uy;uy,...., U, | be a

basis of U and let v,,v,, ...., v, be any 5

arbitrary vectors in V. Prove that there An n* n matrix A is diagonalizable if
exists a unique linear mapping and only if A has n linearly
EEPEIT A such that independent eigen-vectors. 10
Fl)=v, F)= vy, ) =0, 10 . (iv) Define  orthonormal set and

Bl e : orthonormal basis in R" Show that
(i) Find the eigenvalues and eigenvectors ; i
- {u,,uy,u,} is an orthonormal basis of

of A:E ;} 10 A R3, where
b 3ffii]  [-1/4E -1/466
w=| YNIT | wp=| 26 | uy=|-4/4B6

e

OR

S_ta.te Cayley-Hamilton theorem for

B el e Y e T et D

 matrices. Use it to express 1/Vi1 1/V6 7/J66
' 0AS_-3A%-A%-47 as a linear g 1+1+8=10
polynomial in A, when A= [_i ;] ki
- 10

 3(Sem-5 /CBCS) MATHC 2/G 6 8 bemi=s /CACH) MATHC 2/6; 7 “ontdi




- OR
Define inner product space Show that
the following is an inner product in R2:
'(u v) =y~ XYz = XY, +3x,Y,

Where u_(xl:xz) v= (yl:y2)
Also show that for all u, vin R2

Jurvls]u)+ || | 2+5+3=10

3(S‘fm-~">/CBCS) MAT HC 268" 0 4000 -
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1. Answer the following questions :  1x8=8

| (a) Define probability density function for a
' -continuous random variable.

(b) | What conclusion can be made about the
conditional probability P(A] B) if

. P(B)=0.7

{c) State the multiplicatién"th'eorem of
expectation. 8 A i fe

. Contd. -



{d) * Write the sample space for the (b).. Find k, such that the function fdefined

experiment of tossing three coins at a by
time.
fe) Under what condition Cov(X,Y)=0 ? ;| Flx)= kx* , when O<x<1
0 , otherwise

. t option for binomial e % : :
g gg;?i:-‘gz’zcomc Rk is a probability density function. Also
determine P (4 < x<%).

(i) variance = mean

(i) variance > mean {c) . Show that in a frequency distribution

(x;, £;); i=1,2,...,n mathematical
(ii) variance < mean ) expectation of the random variable is
: nothing but its arithmetic mean.

g 1If 'the_ mean, median and mode of a
continuous distribution coincide, name

-the distribution: - _' {d) Define Poisson distribution and hence
(h) For a Bernoulli random variable X with f prove that > p(r)=1.

P(X=0)=1-p and P(X=1)=p, e

write E (X ) and V (X ) in terms of p.
3. Answer any two of the following : 5x2=10
2. Answer the following questions : | 3x4=12

~fa) If X and Y are two random variables, ' show that A and B are also
show that : independent events.

Cov(X,Y)=E(XY)- E(X)E(if)

(a) If Aand Bare independent events, then

A 3 (Sem-5) MATM 5/G 3 C
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{b) A bagcontains five balls and it is known
how many of these are white. Two balls
are drawn and are found to be white.
What is the probability that all are
white ?

(c) A coin is tossed until a head appears.

. 'What is the expectation of the number
of heads required ? -

4. Answer any two of the following : 5x2=10

fa) The probability density function of a two-

dimensional random variable (X, Y ) is
given by

flx+y)

x+y, O<x+yc<l

0, elsewhere
Evaluate P (X <}, Y > 1)

.(b) X is a discrete random variable having
"7 the following probability mass function :

56

Masspoinxsx:0|1‘2|3|4.” 7
P(Xx=x) : O|k|2k]|2k|3Kk|k?|2K? 7k2+k‘
3 (Sem=5) MATM 5/G 4 AR IaAL

(c)

(i) 1 Determine the constant k.

fi) 'Find P(X <6). -

(i) What will be P(X>6) ?

A random variable has the following
probability distribution :

K 3120 1 2 3
p(x) : 01 0:3 04 0-2

Find (i) E(X), and (i) Var(X)-

Answer any two of the following: = 5x2=10

(a)

(b)

If X be a Poisson distributed random
variable with the parameter g, then

prove that E(X)=u and V(X)= u

Prove that the mean and variance of a
binomially distributed random variable
are respectively #=np and o” =npq
(where the symbols have their usual
meanings).

3 (Sem-5) MAT M 5/G 5 Contd.



(c) Write:ithe probability density function of ' "fc) - State and prove Bayes’ theorem.
a random variable X which follows L : gV
normal distribution_ wi_t_h_ mean # ‘and } ‘

] B ' (d) Let the events A, Az, ..... , A, be
variance 2. What is standard normal

variate ? Find its mean and variance. ; '.‘_.mdependent and P( J p;. Show that
' b Tk S ST e H the probability that at _Ieast one of these

: X ‘ k
6. - Answer any two of the followmg 5x2=10 || : events will occur is 1 “H(‘l 5 Pf)~
. i
(a) A random variable X has the densaty
function given by :

fx)

e ———

2¢72* | x>0
iz iR Dng L x e
= wRind = vralin Tty T ol ey

(i}’ - the moment generating function;

. (i} _the first four moments.about the
origin.

) (E) 'Fmd the moment generatmg functlon of
a contmuous prubab:hty dlstnbutlon,

; whosedens1ty1s —;-x e, O<x<oo and

deduce the values of mean and variance.

3 (Sem~5) MATM 5/G 6 & 3 (Sem-5) MATM 5/G /e © 300
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Answer either in English or in Assamese.

PART-A
1. Choose 'the correct option from the
following : 1x10=10
OISR 9T T qR Tlenedl 2

(i) If a and b are any two integers, then
there exists x and y such that,

I a W b oI R@E FAe 7R3y 2T,
(SIS ©% x BF y 16! 7AW AR, WS

(@) ged(a, b)=ax+by

Contd.



b
(c) ged(a,b)=ax" +by"
" (d) ged(a,b)=(ax+by)
() Let m be a positive integer. Two

integers aand b
. are congruent moduylp

=«
srwn%m < FGT WA @ TR b e
congruent modulo
9Fg Ty v 'ﬁ S
(@ m|(a-b)
(b) m|(a+b)
(€) m|(axb)
(d) Both (b) and (c)
[ (b) 9= () Tery |

If (af) a=b(modm) and (s
¢=d(modm), then (Ceforers )
(a) a+ch+d(modm)- )
(b) @-c=b-d(modm).

) ac=p
=b-d (mod
(d) All of the abov?)

(&9 @idizmRm)

(iii)

3 (Sem-5/CBCS) MAT REI/RE2/G 2

(iv) The RRS modulo 6 contains the set of
integers
RRS modulo 6 © TFR e TR el

ES
(@ {0,5}
2 ) {15
(c) {1’ 2,3 }
@ {136} s
(v) The s_olution of the linear congruence
_2x§l(r_nod1_3) is %
2x=1(mod 3) @R congruence 5]
SR
@ x=2(mod3).
(b) x=1(mod3)
(¢ x=0(mod3)
(d) None of the above
o (e a5 )
(vi) Euler ¢ function of a prime number p,

ie., #(p)="
a5t GTFE kA p I SRER 4 e

#(p)=2
(@) p
(b) p-1

3 (Sem-5/CBCS) MAT RE1/RE2/G 3 i Contd.



© 2-1

(d) None of the above
(8% <b1s 7z7)

(vii) Which theorem states that
prime, then (p-—l)l =-1{
{a) Dirichlet’s theorem
(b) Wilson’s theorem
(¢) Euler's theorem
(d) Fermat’s Little theorem

p %
(p-1)1 =~1(mod p)
Totoi 2

(@) Dirichlet 3 ool
(b) Wilson 3 Btsifry

(¢ Euler 3 Gopoyy
(@ Fermat 3 Ly, Totoipg
(vm} “Let p pe a prime
divide g, the, qf
Statement of
(a) Dirichlet’s theorem
’ (b) Euclig’
. (0
. (d)

S theorem
Fermat’s Little theorem
ilson’s theorem

3 (Sem=-5/CBCS) May pg URE2/G 4

I p is a
mod p)’ ?

RO =W, cefeqy
—@CBTW@H@T

and p does not

EI(rr_'todp)” is a

Sk e W;{{Q{}]_WP, a"ﬁ-ﬁ\?j[éﬂ
ol S G af!= 1(m0d 'p) R
2, i '

o GRS AT
(@) Dirichlet 3 T

(b) Euclid 9 AT
(c) Fermat ¥ Little Goi#iD

(d) Wilson E'@‘?{'.?n‘.ﬂ pron
ix) The unit place digit o
. 34ﬁamww ESl

(a) 3

(b) i

(c) s

divides
) ’(I(‘il'}xe iighest power of 7 that

(x

28:2:@%7;%“@23

(@) g
(b)
(c) 10
d) S | : :
Ansuiexj- the following questions
- oo eRn Ted 2

m to
. mainder theore

ly Chinese re

(a) App _

2x5=10

solve - Tolsiy el SR TR T
x=3(mod5)
x =5 (mod 7)

Contd.
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(c)

- (d)

(e)

Answer an )
_— Y four questions - -
\ ()

(b) ' Find ¢(100).

$(100) T W Sfiear

Prove n) is '
that z(m) is multiplicative, j e |

;;n:f.n)=f(ﬁ)f(n).
T 7(m) AR @
r(m'n)=r'(m)¢-(n)| :CWTI e

Find ¢(12).
o(12) 3 7 Fer

Y be any real Rimbers

prove that x
(where t Id+lyl < [x+y]

<x)
Sk
= @’Tﬁj?[;?[ﬁwm?mﬂmlmq
= | X+y
(S [x] Bt 75 e ey )
=X

x| d '
[ ] enotes greatest integer

Wﬁﬁmww . 5x4=20

F.m.d the remaing
divided by 17

R = 3w
- Sl el <411

er when 30%0 is

3 (8em-5/CBCS) MATRE1/RE2/G 6

@

(@)

3 {Sem-S,iCBCS] MAT RE 1/RE2{G

If p is prim

prove that the linear

lfd:g_cd(a,n)
ax=b(modn) has 2

solution if and oniy if d|b.-

congruence.

% d=ged(an) T = @
ax=b(modn) a3 congruence T ol
ﬁmmmﬁmuﬁmamnﬁmdm

e and k>0, then prove

that
o p @51 GRS A oi% k>0 B

oot e = J

s(pF)=pt P =P (1 *%}
Vetify this result for $(16)-
4(16) 3 2@, Teor Ao

For n= pk, pisa prime, prove that

n=z¢(ﬂ), where Y. denotes the
d}n d1n

sum over all
n=p", TS p b cfer TR, I MR

positive divisors of n.

7 Contd.



(e P;ove that no integer of the f |
4n+ 3 is the sum of two square .
BRI WM @, 4n + 3 SR 751 354 ms'
(I &6 TRt A @RI o

1] . ithc;w. :iha(t:i an _integer. pP>1 is a prime
divmesx:;s a:l:: implies either p i

p divides b, :
(MY @, 961 998 A p>1 @B AN

'ﬂfiﬁﬁa b
- b, p @ ReER Jam —
ﬁﬁWWWhp@ﬁWi : d

PART-B

WWEW@W‘WWE‘W%I;?:%

4 (a) Show that the

{1,5,7,11} is a RRs
system) modulo 19
. 5

e a, | caoTDT
) ] 5: 7, 11 Tper He
@1 modulg 123 RR}SI A

) If q
. aé'e;;:'( ¢ be integers such that
| modm) and d = ged (¢, m)
= ,m),

then prc
hen proye that a=b [mod -"—IJ
a2

set  of integers
(reduced residue

5

3 (Sem-
(Sem s;cscs)r-mazl,mmm 8

A L

5. (@ Hfpis a prime, the

(b) - Prove that 5

S pig aepnmes

3 (Sem-5/CBCS) MAT RE 1/RE2/G 9

ac=bc (modm) d =ged(c,m)
£ m

oo, < T “"“'b[’""d d]

n proir;e' tha;c

i p 4Bl IR, (o082 < 1
#(p1)=(p-1)¢ (p-1!)

prime to eac
number n.

EY[A]

5

n+3uand 7nix¢ are co-

h other for any natural
5

ot 41 (0 TR IR At n T WA

5n+3 ‘?SIFQ- 7

(p- 1)t =-1(mod p)-

.’,”'4 LSRG <1 S

then prove that

5

oW p @B CTFR T, (O08 AT T &

(p-1)t =-1(mod p)-

(b) Solve the following simultaneous
congruence : 5
x =3 (mod11)
x=5(mod 19)
x =10 (mod 29)
Contd.



OeR HT congruence (26! AR S
x=3(mod1 1).
x =5 (mod 19)
x=10(mod 29)

7. (a) Using pro I
perty of congruence
- that, 41 divides 220—1.g % Shmg
Congruence 3 4 IrgH [ (e
: 9@
2%0-1, 41 @ Rereg)
(b) PI‘EJVC )that any  positive integer
n\n>1) can be expressed uni
a product of primes. R ass
TR A R g TG R
n(>) F A A Ronat
A 1S oo o9 ARy

n=pfl ,aq be €Xpressed as
pPtpg?,

8. (a}

Gk 5 i
Pk__ , then_ Prove that

¢(n)=nJI’:]l[1_iJ

‘Tﬁﬁm. & 5
n=pf1_pgzm pe
PR e R
m m"‘ W m, ¢(n)=: nﬁ[]—._l__
| Jj=l p;

3 Sem-5/CBCS) MAT REI/REY/G 10

(b) 1f m and n are any two integers such

that (m,n)=1, prove that }
#(m, n)=4(m).¢(n)

ﬂﬁmmn@maﬂamﬁm

(m,n)=1, (oS anel ¥ @

g(m, n)=$(m)-4(n)

is the prime

171 k1 k2 kr
n=p L.pgZe Pr
e Py St then prove that

factorization of n>1,
f n;Pfl-sz-----Pf' @l n>1 I
iR Tedli T, (908 o 9 &
z(n)=(k; + 1)(key +1) oo (k, +1)

kp+1
k1+1 k2+1_.1 rr _1

"pl _ ng Kiraee X =
o) p-1 pp-1 pr 15

oes in the end

(b) Find the number of zer o

of the product of first 100 natu

* numbers. 5
e 100 Bl TR AR FRFEFEE CTRS
ol R TRt e

Contd.
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10. (a) Define Mobiu’s fun

cti
that on. Also prove OPTION-B
1(6). s ( Discrete Mathematics)
e e Full Marks : 80
)u(m'n)zﬂ(m)_ ( W CEL
TR A (6 #n) Time : Three hours
(b) For eachp )ﬁ:nq St | The figures in the margin indicate
that Positive integer n>1, sh ' full marks for the questions.
g =1, show
;P(dF{;’ if n=1 1. Give very short answers : 1x10=10
n -} |
*ﬁf‘iﬁ; fin>y 5 (a) Define upper and lower bound of a
R ) >133M% i | poset. ' '
@ Zﬂ(d)={1’ R n=1 (b)) What is a chain ?
d -
11. () = 0, 3f n> 1 (c) Write the commutative law of a lattice.
- (a _ .
TECt a m>Q pe intege (d) Define a sublattice.
a,m)= rs ' . .
m)=1, then prove th such that ! (e) Every singleton set of 2 lattice is a
a"(”*)zl(m g o f sublattice. State true or false.
LI odm | )
G, m >0 e ’f°=¢)n 5 _ () State De Morgan’s law.
K R, RIS (@,m)=1 | (g Write the identity 1aw of a Boolean
a’™ _q ( 2 : | algebra. .
(b)  Solve (e ;:gd m) M) Define a Boolean variable.
f(x)= 2 ' 5 (i) Define a compiemented lattice.
& + = - -
3 (e _____::7':0(mod 3) o () Write the basic operations of a
e _ Boolean algebra.

MATRE1/RE2/G 1o .
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2. Give short answers :

(@)

(b)
(c)

(d)

(e)

(@
(b)

(c)

@)

(e)

2x5=10
Let A={1,2,3,4,6,8,9,12,18,24} be
ordered set with the relation ‘x divides
Y. Draw its Hasse diagram.

Write the properties of a distributive
lattice.

Give an example of a modular lattice.
Prove that in a Boolean algebra B,
(@) =a, YaeB-

If L be a lattice, then for every
a,belL, prove that gvb=p iff g <b.

Answer the following : {any four) 5x4=20

Show that (z*, /) is a lattice.
Express the function
f(xy2z)=x+yz in a sum of
minterms, |

In a distributive lattice (L, <) prove
that aanb=aAc and

Boolean

avb=avec=b=c.

Gi\fe an example to show that the
union of two sublattices may not be a
sublattice,

Express the Boolean function

f(x,y,z):xy+x'y as
maxterms,

product of

3 (Sem~5/CBCS| MAT RE1/RE2/G 14

4.

1
3 (Sem-5/CBCS) MAT K8

Prove that the elements 0 and 1 of
Boolean algebra are unique.

Answer the following : (any four)10x4=40

i t
(a) Prove that a non-empty finite pose

has .
i) at most O
EI)I) at most one lea

ne greatest element;
st element.

i complcmcntcd
“ iil}s?tzbut?\lrzt latlt?c:e a::he following are
equivalcnt :
(i) asbh
(i) anb'=0
(i) a'vb=1
By o : e subsets {2, 3}, {4, 6}

(C) COnSider th {[1: 2) 31 4) 5’ 6 }’ / }'

(if exist)boun ;
Find for eab und and lower

I e and least
(')' atest lower pound
(“) . pboun )
er te on l{arnaughdxr;hl;
i t no PR

(d) Write & ?hoéoolean algebra a e
method ﬁl maps and simp
Karnaug 3 os
following p;?s
{) i Contd.
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(e)

(g)
(i)

(ii)
(iii)
(h)

(i) AB'+A'B

(i) AB'+A'B+A'B’

Simplify the following  Boolean
expressions :

() x(y+z)(x+y+z)

(i) xy+xz+yz

i) x+y(x+y)+x(x+y)

Determine all the sublattices of Dj,
containing four elements.

Dy, ={1,2,3,5,6,10,15, 30}
Also-draw the Hasse diagram.

In a Boolean algebra B, prove the
following :

(a+b)r=a'.b', Va,beB
(a.b)+(a'+b')=1, Va,beB
(a+b)(a'+c)=ac+aB, Va,b,ceB

Express the following in disjunctive
normal form : (any two)

() f(oy z)=(yz+xz')(xy'+2)

.(ii) f(x’y’z),,:.(x*x'y+-’C'yz')(xy+(xz)')(y+xyz')
(iii) 'f(x,y,z)=(x’y)'_(x+y) _

3 (Sem-5/CBCS) MAT RE1/RE2/G 16 DT 3500
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Total nuﬁfaber of printéd pages-24
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2021
(Held in 2022)

MATHEMATICS

(Honours Elective )

Answer the Questions from any one Option.

OPTION-A
- Paper : MAT-HEE—SOIES
( Number Theory)
DSE (H)-1 :
Full Marks : 80
'i‘ime : Three hours

'The figures in the margin indicate
full marks for the questions.

PART-A

1. Choose the correct option : 1x10=10
(i) Two integers a and b are coprime if
there exists some integers x, y such
that ' |
(@) ax+by=1
| ' _ Contd.



(i)

(i)

e S SRS R A

(b) ax-by=1

(0 (ax+byr=1.
" (d) None of the above

Let' d =ged(a, b),neN. If d| ¢ and
(%, Yo) is a solution of linear
Diophantine equation ax +by =¢, then

- all integral solutions are given by

(@ (xy)= (xo' L Lo MEEJ

o d d

] (e (s
2

@ (x y);Exu ‘,+ Edi’,yo _EdEJ

-.{d_) ] (x, y)=‘('x'0'._22,y6 +EEJ

d d

A re;:luce:d residix oté il

. ceC ue systém modul is
a set of integers r; such that S
- (a) ] [ri» m]:l

TR m)-=1_‘

(d) None of the above =

3 (Sen-5/CBCS) MAT HE I/HE 2/HE 3/ 2

T S PR AR

- ()

(v)

(vi)

Suppose that m; are pairwise relatively
prime and a@; arc arbitrary integers
(j=1,2,.. k) then there exist solution
x to the simultaneous congruence

xaaj[mod m_,-), such that x are
(a) congruent modulo
. M -—*ml.mg.mg...-mk
) &
(b) congruent modulo M= Y m;
: Jj=1

(c) congruent modulo m;
(d) Both (a) and (b)

The product of four consecutive positive

integers ‘is divisible by

(a) 20 =

(b) 22

) 24

(d) 26

Euler’s ¢-function of a prime number

p, ie., (p) is

@ p

. 3(Sem-5(CBCS) NAT HE I/HE O/HE 3/G 3

() p-1

p
P

© 5 |

(d) None of the above

Contd.



(vii) For which value of m,

CRS (mod m) = RRS (mod m]"P |, 2. Answer the following questions : 5
[ i o R 2x5=
(@) 1f mis a prime _

b) M mis & composite '7 : (a) If pis a prime, then prove that

((g) lrfrot:ifothe above - . , 5 .' #(p))=(p-1) $((p-1)!) 2

(viii) If ‘b( dm), then - (b) Find all prime number p such that
V ca = cob\moam), :

; p? +2 is also a prime. T2
(a) asb(mod e ) ; : 3 i oo lal 3 :
(e, m) 1 (c). For n= p*, p is a prime, prove that
(b) a=b(modm) o b ' n=Y, ¢(d)
i d|n ;
(¢) a=b(modm.(c, m)) : :
(@) Nome of the above 5 _ where ; denotes the sum over all
. | n
(ix) The unit place digit of 273 is positive divisors of n. 2
(a) 4 & ]
(b) 6 sl - ' : (d) Find the number of zeros at the end of
¢ 8 A the product of first 100 natural
@ 2 otk ¥ | numbers. 2
(x) The highest power of 7 that divides 50| | fe) Find o(12). | 2
s LU £
(a) 7 - i ) '
(b 8 7 - 3. Answer any four questions : 5x4=20
(Cd} 10 iz | (@) If ¢ is Euler’s phi function, then find
(d 5 #($(1001)). S

3 (Sem-5/CBCS) MAT HE I/HE 2/HE 3/0 4
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()

(©

(d

(e)

M)

(ii)

Find the remainder, when 3040 is
divided by 17. 5

" State and prove Chinese Remainder

Theorem. e S

If p, is the nth prime number, then
prove that ‘

pu<2®" iz R L -5

3 e ¢
If n= P{c‘ Pg_” p§3 pf’ is the prime
factorization of n> 1, then prove that

z(n) =y +1) (ky +1) (3 +1) ... (K, +1)

kl+l_ kg'i-l ) )
olr)=P_ 1 P o1 prti-l
p-1  pp-1 p -1

) 2Ya+214=5
Define Mobius function. Also show that

pmn)= p(m)-u(n)

Hence find u(6). 1+3+1=5
PART-B )
Answer any four questions : 10%4=40

4. (a)

If d=(q; n) prove that the linear

congruence ax=hb(modn) has a
solution if and only if d| b, 5

3 (Sem-5/CECS] MAT HE I/HE 2/HE 30 6

(b)

5. (a)
(v

6. (a)
®)

7. (a)

3 (Sem-5/CBCS) MATHE I/HE 2/HE 3G 7

(i) When a number n is divided by 3
it leaves remainder 2. Find the
remainder when 3n+ 6 is divided
by 3. : 2

(i) Prove that 5n+3 and 7Tn+4 are
coprime to each other for any
natural .number n: ¢ 8

If p is a prime, then prove that
(p-1)!=-1(modp) . 3

Using property of congruence show that

41 divides 220-1. 5

Prove that every positive integer (n> 1)
can be expressed uniquely as a product
of primes. . S

Determine all solutions in the integers
of the Diophantine equation
172x+ 20y = 1000 S

If n be any positive integer and can be

expressed as n = pit. p3?...... pe*, then

K
prove that ¢(n)=n r[ (1 --1—] . 5

J=l J

Contd..
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8. (a)
()
9. ‘(a)
(b)

£

If m and n are any two integers such
that (m, n)=:1, prove that - ~ :

o ¢(m°.n)=¢(m)_--¢5(r-;). el o

* For each positive integer n>1, show

that

z#(d)_:{l,' i

d|n 0;1fn>1 5

If k denotes the number of- distinct |

prime factors of positive integer n, then
prove that ot P '

Y [ul@)]=2* -

dln

Show that ; ,u(d) r(d)= - l)k S s

where k denotes the number of distinct
prime factors of positive integers 'n.

’ | ! ; 5
Prove that

() z(n) is an odd integer iff n is a
perfect square. : 5 :3

3 (Sem-S/CBCS) MAT HE 1/HE 2fHE 36 8

TTRELLEINATA

10.

(a)

)

144

()

3 (Sem-5/CBCY) MAT HE I/HE 2/HE 3G 9

solution if ‘and only if p=1(mod 4).

.{ii') For any integer n 23, show that

$urer, ;

k=1

Let p be an odd prime. Show that
thc.cOngnJence %2 =-1(mod p) has a

5

If n>1 and ged(a,n)=1, then prove

~ that ¢*® =1(mod n). 5
Ifnis a positive integer and p is a

prime, then prove that the exponent of
the highest power of p that divides n!

is Z{—n?] j Bl S 5 .
k=1l P . .

Solve 3[x]= x+2{x} where [x] denotes
greatest integer < x and {x} denotes

“ ‘the fractional part’ of x. 5

Contd.
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| ; OPTIbﬁFB “ N (viii) Can a force and a couple in the same
o ; | -plane be equivalent to & single force?
Paper : MAT-HE-5026 : - : :

(Mechanics) o0 BT, Dene e countn

Full Mark.s..:- 80 . : (x) State Hooke’s law.
- Time : Three hours o

The figures in the margin indicate N

' ok Answer the following quesﬁons . 2x5=10"
full marks for the questions. W ' " :

| e (a) Find the greatest and least resultant of

: : two forces acting at a point whose

(i). What is the physical significance of the ' ‘magnitudes are Pand Q respectively. _
moment of a force ? : : ' a i ; : :

Answer the following qucstioﬁé 1 1x10=10

i - 8 : ; b) Find the centre of gravity of an arc of
|1 {ii)) State Newton’ : i o - | ‘
| : _ wton’s second law of m9hon. a plane curve y=f (x)-

' (iii) Define angle of friction. . |

. | '7 (iv). (c) State the laws of static friction.

Define the centre of gravity of a body.
Wil ) Whaf. do you mﬁcan “by .términal e o (d) Show that impulse of a force-is equal
velocity ? o5 | R e, to the momentum generated by the
= S ! L : g 25 force in the given time.
“ \:fht?lt'ls the geometrical representation : P e
o € simple harmﬂnic motion? .. . = (e) Write the expression for the component
(vi)) What is the 1 . e B of velocity and acceleration along radial -
: equival ength of arm of a couple and cross-radial direction for a motion
quivalent to the couple (P, p) having '

constituent: f ; . B2 <  wlaa pRIUCE Joeiplans cac,
_ orce 0.f m_agmtucie F? ' : i ¢ '

k) lScni-ﬁjl(;BCS) MAT HE 1/HE 2/HE 3}6 10 : . T G 5 ! 3 3 {Sem-5/CBCS) MM HE 1/HE 2/HE 3!.6 Al : Contd.
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b
b
B

3. Answer any four questions of the following :
5x4=20

(a) The line of action of a force F divides
the angle between its component forces

P and Q in the ratio 1:2. Prove that .

o(F+Q)=P?,

(b) Pand Q are two like parallel forces. If
P is moved parallel to itself through a
distance x, show that the resultant of

P and Q moves through a distance

Px ' A

P+Q’

() Ris the resultant of two forces P-and
Q acting at a point and at a given angle.
If the force P be doubled, show that
the new resultant will be of magnitude

V2(P2 4 R?) —02

(d) A particle of mass ;m moves in a straight

line under acceleration mn2y towards
gah-po%nt O on the line, where x is
e dz;ctancc from O, Show that if x= «a

and —=u I'
at when t=0, then at time t,

‘ x=acosnt+.lisinm
n ;

3 Sem-5/CBCS) MAT HE 1JHE e 36 10

(e

A particle moving with simple harmonic
motion in a straight line has velocity v;
and u, at distance xi, xp from the centre

of its path. Show that if T be the period

' X2 —x2
T xf—
of its motion then T =2x ;2,_3
vy —Y;

~ Show that the sum of the kinetic energy
- and potential energy is constant
. throughout the motion when a particle

of mass m falls from rest at a height h

-above ground.

4. Answer'any four questions of the following :

10x4=40 .

'(a) Forces P, Q and R act along the sides

BC, CA and AB of a triangle. ABC and
forces P!, Q' and R' act along OA, OB

and OC, where O is the centre of the

circumscribed circle, prove that

(i) PcosA+QcosB+RcosC=0

fi) - EELL QL BR
i a b o

3 (Seu-5/CBCS) MAT HE 1/HE 9/HE 36 13 Contd.



(b) State and prove Lami’s theorem. Forces
P, Q and R acting along OA, OB and

oC, where O is the circumcentre of

that :
P N o R L .

a2 (p? + ¢ —az) b2(c? +a? —bg) c? (a2 +b° —cz)

Find the centre of gravity of a
circular arc of radius a which
subtends an angle 2a at the
centre.

© )

(i) Find the centre of gravity of a
uniform parabolic area cut off by
-a double ordinate at a distance h

from the vertex. )
(d) (i) Show that the least force which
will move a weight W.along a-rough

horizontal plane is W sing, where
¢ is the angle of friction.

(ii) If a body is placed upon a rough
inclined plane, and is on the point
of sliding down the plane. under
the action of its weight and the
reactions of the plane only; show
.. that the angle of inclination of the
plane to the horizon is equal to
the angle of Iriction,

3 (Sem-5/CBCS) MAT HE 1/HE 2(HE 3/6 14

triangle ABC, are in equilibrium. Show |

.

‘r‘
I
|
I

(e)

A particle moves in a straight line under

" an attraction towards a fixed point on

(9_)

(h)

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/G 15

the line varying inversely as the square
of the distance from the fixed point.

- Investigate the motion.

A particle moves in a straight line OA
starting from the rest at A and moving
with an acceleration which is directed
towards O and varies as the distance
from O. Discuss the motion of the
particle. Hence define simple harmonic
motion and time period of the motion.

Find the component of acceleration of
a point moving in a plane curve along
the initial line and the radius vector.
Also find the component of acceleration
perpendicular to initial line and
perpendicular to radius vector.

A particle is falling under gravity in a

medium whose resistance varies as the
velocity. Find the distance and velocity
at any time t. Also find the terminal
velocity of the particle. -

Contd.



OPTION-C
Paper : MAT-HE-5036
( Probability and Statistics)
Full Marks : 80 '

Time : Three hours

The figures in the margin indicate

1. Answer the following questions

full marks for the questions.

1x10=10

{a)] Write the sample space"-for the

(b)

(c]

3 (Se-5/CBCS) VAT HE 1/HE 2/HE 3/G

experiment of tossing a coin three times
in succession or tossing three coins at
a time.

Is the probability mass function

X ~-11 0 1
P(x)|0.3(0.4 (0.4

admissible ? Give reason,

Sketch the area under any probability

curve with probability function p (x)

between x=c and x=d represented by
o

Ple<X <d)=| p(x)dx,

c

16

‘ (d)

' (9)

(R

(i)

()

3 (Sem-3/CBCS) MAT HE I/HE J/HE /G 17

(e)

What conclusion one can make about
the conditional probability P(A/B) if
P(B)=07?

State the multiplicative theorem of
expectation. -

Mention the relationship among the
mean, median and mode of the normal

distribution.

‘If Xand Y are two independent random

variables, then find Var(2X +3Y).

Write the mean and variance of
X-u

o

standard normal variate Z =

¥

where p and o are mean and standard
deviation respectively.

When is the correlation coefficient
between two random variables X and Y

Zero,

State weak law of large number.

Contd.



2. Answer the following questions ¢ 2x5=10

(a) Prove that probability of any impossible
event is zero. -

(b) If Xis a ra,ndom vériable, then prove |

that Var(x)=E(x?)- {E(X)} .'

(c) Find the constant c such that the
function

fle)=ox?, 0<x<3
0, otherwise. .

is a density function and also find
P(0'<x< 3).

{d) A random variable X has densﬂ;y .

_function given by
flx)=2e"2*, x>0
0, otherwise ' ‘

then find the moment gcneratmg
function.

(e) Comment on the following stétemént'

_‘I‘hc mean of a binomial distribution
is 3 and its standard deviation is 2”

3 (Sem-5/CBOS) MAT HE 1/KE 3(HE 3/ 18

Answer any four parts from the following :

(@)

" (b)

(_é:)

(@)

Fl)=—

5x4=20

A bag contains 6 white.and 9 black
balls. Four balls are drawn at a time.
Find the probability for the first draw

~ to give 4 white and the second to give

4 black balls if the balls are not

‘replaced before the second draw.

For two independent events A and B
“prove that (i) A and B are independent,
‘and (i) A and B are independent.

A random variable X has the functton

1, where —w< x <w, then

(i) _ﬁnd the value of the constant ¢;

(i) find the probability that X2 lies

between -é— ‘and 1.

The joint probability of two variables
X and Y is given by

fx, y)—' (2x+y)0<x<2 0<y<3

0 , otherwise

Find (i) F(Y/2), and (i) P(y=1/x=3)

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/G 19 - Contd. -



(e) A coin is tossed until a hcad appears.

What is the expectation 0
of tosses required?

() The probabﬂlty of a man hitting a target g '_

is +
is 7

(i) 1f he fires 7 times, what is the

probability of his hitting the target | -

at least twice ?
How many times must he fire so

()

the target at least once'is greater
than §

4. Answer any Sfour parts from the followmg
10x4=40

(a) For nevents A, A,, A -
1 A2, A, ,An,‘.prove.‘r

that
(fa)-fre-

........

Sy p(s nA)

1< Istn

ZZZP(A1 NA; nAk)

1.’: ‘<J"k5n

1)
Hence find P(U A,]

i=]

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/G 20

f the number

that the probability of his hitting | _‘ i

PANnA AAy.....(A) |

3 (Sem-5/CBCS) MAT HE 1/HE 2/HE 3/6 21

Suppose that two dimensional
continuous random variables (X, Y) has
joint p.d.f given by

"(b)

flx, y)=6x%y, 0<x<1l, O<y<l

‘0 , elsewhere
y . 11
(i) - Verify that [ [ f(x y)dxdy=1
00
L 31
(i) Find P(O «<X<=,=—<¥Y< 2]
4’ 3
(i) Find P(X+Y <1)
(iv) Find P(X>Y)
() Find P(X <1JY <2)
The probability function of a

“(c) ()
. . random variable X is given by
O
L Yy)=—,-3<x<6
floy)=27 :
0 , otherwise

Find the probability density
function for the random variable

1
==(12-X
u=202-X).

Contd.



fil  Define moment generating fl_mction ]
" of a random variable X. Find the |

moment generating function of | (i) Obtain the equation of two lines
binomial distribution. - of regression for the following
' data:
(d) §) The probability curve Y= f(x) has |

a range from 0 to @. If f(x) = e X:]65|66 |67 |67 |68 |69]70]72
find the mean and variance. /. Y:|67|68|65({68|72 (72|69 (71

i) 1f X be a continuous random Also obtain the estimate of X for
variable with probability density Y=70.
function

(g () If Xis a random variable with

x)=ax, 0sx<1 "
) ’ mean p and variance ¢?, then for

a, 1sx32 B any positive number k, prove that
-ax+3a,2<5x<3 _ , 1
- 0, otherwise P{|X"F|2k0‘}SE§

compute P(X <1.5) | ; o agn 3
' | (i) A symmetric die is thrown 600

fel i) Dttri\fc Poisson distribution as 1 times. Find the lower bound for
8 hfniting case of binomial| the probability of getting 80 to 120
distribution. ; sixes.
W P ' i
” b;{':;fn;iﬁt r;ear? and variance of a | (h) The random variables X and Y have
opecthiiy 'ﬁg‘;’,‘]‘g’d variable are the following joint probability density
npq. function :
41 () Define correlation coefficient of two flx,y)=2-x-y; 0=xs1, 0sys 1

random variables X and Y, Show |
that correlation coefficient is!
ndependent of change of origin - Find—
and scale, SRR E
- (i) marginal probability density
3 {Sen 5/LB0E MATHE VHE /HE A0 22 ; fancilone: of X and X

0, otherwise

5 3 e SICBCS) NAT KE |/HE 2JHE 30 23 Contd.




(i) conditional density functions ;
() Var(X);
(iv) Var(Y);

(v) covariance between X and Y.

3 (Sem-5/CBCS) MAT HE I/HE 2JHE 3/0. 24 . e




Total number of printed pages-7
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2021
(Held in 2022)

MATHEMATICS
( Skill Enhancement Course)
Paper : MAT-SE-5014
( Combinatorics and Graph Theory )
Full Marks : 50
Time : Two hours

The figures in the margin indicate
Jull marks for the questions.

Answer either in English or in Assamese.

1. Answer any four of the following: 1x4=4

ol feic bifIby 2T Tl 991

(a) State the pigeonhole principle.

[RicpEE T REEIT

(b) State the disjunctive or sum rule in
counting,

T GO o 7t |
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(¢} A college campus has four gates. You

can enter to the campus through a gate
and can exit through a different gate.
In how many ways you can complete
the entry-exit process?
T @R (G1rs BIRGH o6 e gl «3|
GUF (SOTA 2T FEE (AAA @ G2
(NBE =2 SR a1 offt fom foa w@nem
Aral-age e oqf<ar 2

(d) Write true or false:

“Union of two distinct paths joining two
points contains a cycle.”

51 7 By foal
“uot B RN 1o1 {7 A feme <61 b
AP 1"

() Draw all possible graphs with three

points.

51 R A3 TSIy FHEER @2 S 3 |

2.  Answer any three of the following : 2x3=6

Se [l fofb! ews Teg w1 -

(@) Give the difference between a connected
graph and a complete graph with
diagrams.

B! RIS (T4 Bl B T54ef (i e {1l
2R TS S =9
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R YTE R

tmaras

(b)

(c

(d)

G is a graph with p points and g lines.
H is a graph with r points and s lines.
Then find the number of points and
lines in G+ H and Gx H.

p O R Si1% g 51 A2 % G 961 @1 B /g
W% s O A2 I H <6l @41 G+ H SI=
Gx H® 79 ©ii% 3res wie fefa 3=

Determine the number of diagonals
formed by joining the angular points of
a decagon.

BT WSS R0 Ao FfE e
= 27 I 2

In how many ways n girls and n boys
can be seated in a row of 2n chairs if
two boys or two girls cannot seat
together ?

n G = S n Tl (ERE I 6l *S A
2n ¥ TS [FuE «@wel gz #nfF afi vem @
A TN QAR GCPeAral FhCE ?

Answer any two of the following: 5x2=10

©R A 7o e Ted o

(@)

Show that a complete graph with n
vertices consists of n (n-1)/2 edges.
mYeT @ n TREMIE F5q @71 GBre
n(n-1)/2 B A= AF
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(b)

(c)

(@)

n+l n n
Show that [ J=( J‘*‘[ J
r r=1) \r

where n, r are positive integers.

n+l n n
\3 =
m{mm( X ] (J{]
T9 n, r YT QS TR |

Let G be a simple graph with at most
2n vertices. If the degree of each vertex
is at least n, then show that the graph

G is connected,

2n Fw JAT RIS G 9O 596 @4 |
Tff AfSTol TR I° TWe: n =, (O%
(Y8 G (7B <51 TN =74 |

How many positive integer solutions are
there in the equation

x+y+z=13 suchthat x,y<4, z<6 ?
x+Yy+z=13 T x,y<4, z<6

FIRATE 4T 4G FAqmg q5 72
e 2 :

3 (Sem-5/CBCS) MAT SE/G 4

4. Answer any three of the following:
10x3=30
el e fofany e Tew o

(a) Show that the maximum number of
lines among all p point graphs with no

2
; is | £
triangles is [4 J
s (@ Igw 99 p RIS @14 oo A9
2
S AT AR [%J.

(b) Show that any set of seven distinct
integers contains two integers x and y

such that either x+Yy or x-Yy is
divisible ‘by 10.

oeTl (@ A0 for orde MR 7S 9o
7Ol SqUe FRAL x S y A IS x+y q
x-y I 10 @ [y =@

(c) Show that if G is a linear graph of n
vertices such that the sum of the
degrees for each pair of vertices in G is

(n-1) or larger, then there exists a
Hamiltonian path in G

3 (Sem~5/CBCS) MAT SE/G 5 Contd.



orye @ M G @Bl n B Mege @R (i Give definition with an example of cach

R IR Ao MR 9 7B (n-1) of the following:
A OrELT ST W, (o8 G © bl RrEoAA BT T TACS Cors AR s i :
il {i)  Pseudograph
(d) Find the number of integers between 1 ForE
and. 250 that drctdivisible™by any of {ii}  Product rule of counting

the integers 2, 3 and 7.

2, 3 "R 73 R @ona Ferm, 1 W
2503 TS F WAS MAR o WA Fefy

SemiR A H

(iii) The problem of Ramsey

=1 _ TR F
L el fjv) Complete graph
(e) (i) Show that a simple graph with at r’fﬁ' : g c{p L
least two vertices has at least tiwo e
vertices of same degree. ' (v} Complement of a graph

(Y63 (T 83 7hr TR b1 e Y @B 7IF
(TR SR ISR S 75 Traffry oifesa | 4

(i) Show that in a graph, there are
even number of vertices of odd |
degree.

T4 (T 9O A (e wmey e

TR )01 =
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(Held in 2022)

MATHEMATICS
{ Honours Elective)
Answer the Questions from any one Option.
OPTION-A
Paper : MAT-HE-5046
( Linear Programming)

DSE{H)-2
Full Marks : 80
Time : Three hours
The figures in the margin indicate
Jull marks for the questions.

1. Answer the following as directed

_ 1x10=10
(a) A basic feasible solution whose
variables are.

(i) degenerate
(1) nondegenerate

Contd.



l :

; e = LS ) ? (g9 What is pure strategy of game

(i) non-negative : : , N - theory ? _ _ : _

(i) None ?éhtfoi :‘:gecmect- answer) ll (h) Is region of feasible solution to an LPP
GAk r .

. : ~constitute a convex set ?
E uality constraints of an LPP
(b) The neq

verted into equation by (i) Is every convex set in R™ a convex
can be con .

l| ‘ polyhedron also ?
introducing. .- ‘ E 5 | () Is every boundary point an extreme
© (i) negative vanabl#s 3 1 ,‘ ' poinf: of a convex set ?

i) non-degenerate B.F. i ' ;

(11)_ Hon-QcRek s A Sae I 2. Answer the following questions : 2x5=10

i) -slack and surplus vana e - .

(it o ! (@) - Show that the feasible solution

. OVC 5 [, = 2 -

(iv) None 0(,2:;2; the correct a'nswer) .' X =Lx;=0,x3=1,2 = 6 to the system

: 3 e b min Z =2x; +3x, +4x,
lution of an LPP, which optimize | N e
2 ?h'so 1;jet':ti’w.*, function is called Hov s.t.
e o : :

xl +X2 + X3 =2

) e, o | i JCI—'JC2+X3—_»2 5 JCIZO
. o . : : | -
(i) basic solution |

is not basic. -
(i) basic feasible solution

(b) A hyperplane is given by the equation
ot imal S(‘)lution_ _ - k 3x1 + 2JC2 +4x$ +TX4 =8 .
‘ (1“). optim Sk Find in which half space do the point
i None.c‘;f?hﬂ;e prff: correct answer) | 6,1,7,2) lie.
0S¢ : : G '
Find extréme points if any of the set

S={xy): |x|<1, |y|<1)

(d) Show by an exam
~two convex sets
convex set.

' i f line segment in |- |
. gnte mg‘gqu.auon Q i | ple that the union of

is not necessarily a

1
I
' - v iR o . : f.an LPP ? Ear (c)
(d) What is artificial vanablt_z of : ll :
|
. |
() Define dual of a given LPP. ’
|

3 (Sem-5/CBCS) MAT HE 4/5/6/G 3
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) 1 x=2%=3%%

3 -Answe;- any‘ four questions : ‘

(@

(b)

()

-1 aBFSof the LPP |
max Z =X +2x;+4X3 .
s.t.. 2+ Xo +4x3.=11
3 + Xy +5X3 =14 '
x "xz,-xa >0? Explain.
5%4=20
t the set of all feasible

Proxe thaf an LPP is a convex set.

solutions ©

Sketch the convex p?gtgsonin paned
ollowing Po a
'ctjljle erfsion’a’l Euclidean sp'?ce. f;s LR
s oints are vertices - Epr. 3 e
tlil:}isi gs the convex linear combin
othe ;

of the vertices

[010]’ (0:1)1 (1’0): (_2_’4 .

' : £
If xo €S where Sis the St_at of alljfcs_t;
the LPP ﬁlin Z=cx, su_&ich. Fhat; ncﬁor;
> 0 minimize the objective iU S
g - ox then show that xg also maxi

i r S.
the objective function Z* = ('—_ c)xove it

3 [SC',]];S,'CBCS) MATHE 4/5(6/G 4

Spanned by :
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(d) Find the dual of the following LPP :
min Z, = x; +x, + x,

sit. ;' x1-3x2+4x3=_5

2x-3x, <3
QX2‘—x3 25
C Xy, Xp,x3 20

(e) Prove that the dual of a dual js a primal
problem itself, -

(fl Write the characteristics of an LPP in
canonical form. '

Answer (a) or (b), (c) or (@), (e) or (),
(g) or (h) : _ 10x4=40

(@) Old hens can be bought for Rs. 2 each
but young ones cost Rs, S each. The
old hens lay 3 eggs per week and the
young ones S eggs per week, each being

- worth 30 paise. A hen costs Re. 1 per
week to feed. If [ have only Rs. 80 to
spend for hens; how many of each kind
shall I buy to

‘Rs. 6 per week, assuming that I can

- not house more than 20 hens ?

Formulate the LPP and solve by

~ graphical method.

: (b) Find all basic and then al] the .basic

- . feasible solutions for the equations
' 2x; +6x, +2x3+x, =3 ' :
o 6X +4x, +4x; +6x, =2
and determine the ‘associated general

convex combination of the extreme
‘point solutions. (R :

3 Contd.
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(c)

St
theorem of LPP.

ate and prove the fundamenta]

(d) Solve by simplex method :

(e)

From

problem : g
o |
s, S, S, | S, |Supply |
0, |1 2 1 4 | 30
0,3 2 AL | 50
O, |4 S . 9 CZ.O
Demand 20' 40 30  10 106

max Z=3x +5x;+4X3
st 2% +3x,<8
3x, +2%) +4x3 15
2x, +5x3 10
Xy, Xp,%3 20

If in an assignment problcrh, a constant
is added or substracted to every

element of a row (or column) of the-
“cost matrix [cy], then prove that an
" assignment which minimizes the total
_ cost for one matrix, also minimizes the
total cost for the other matrix.

" Solve the following transportation .

3 (Sem-5/CBCS) MAT HE 4/5/6/G. 6
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(g) For any zero-sum two-persons game
where the optimal strategies are not
pure and for which A’s pay-off matrix

is _ ;
B
Iy, Iy,
A xl g, a,
xllla, a,

the opti'mai strategies ari
e, gles are (x,,x,) and -
(¥,,y,) then prove that v
X _Gaa 0y Y _ 9y —ayp
X G -agp A El_ 5
e s 2 4 —ay
I‘the_value of the game to A is given by

and

- @109 —G1ay,
o ay, +_a22]—(a12 +ay)

~(h) Solve the ganie whose pay-off matrix is

-1 -2 8
7 5 -1

6 0 12
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1- Answer the following questions :

OPTION-B
MAT-HE-5056

Paper : _ 4
nometry and Astronomy)

{ Spherical Trigo
Full Marks : 80
Time : Three hours

ndicate
' margin iﬂdf-ca :
res in thethe questions.

1x10=10

The figu
fuf}? marks for

. 1 difference
; e fundamenta
it Eéﬁ‘izezna spherical triangle and a

plane triangle.
(b) Define primary cirlee. | = k]
fc) Define polar triangle and its. prim
. " triangle. _
-{d) State-the third law of Keplfer._
7 (é} Explain what is meant by r
setting _off stars.

() Write any two coordinate sys
locate the position of a heaven
on the celestial sphere.

{g) Define synodic period of a planet.

at o
(h) Mention one property of pole of a gre i : :
‘ 3 (Sem-5/CBCY) MAT HE 4/5/6/6 9

: circle. .
3 (Sem~5/CBCS) MAT HE 4/5/6/G 8

ising and |

ly- body -

() Just mention how a spherical triangle
is-formed. : ;

() - What is the declination of the pole of
the ecliptic ?

i 2.

Answer the following questions : -2><5=10

(a) Prove that section of a sphere by a
plane is a circle. %

{b) Discuss the effect. of refraction on ..

f y sunrise,

[ (o) ‘Drawing a neat diagram, discuss how
i horizontal coordinates of a heavenly
body are measured. -

' (d) Prove that the altitude of the célestial
. pole at any place is equal to the'latitude
of that place." ’

(e} Show that right ascension a and
declination -5 of the sun is always
connected ° by the equation

. fand=tanesinag, ¢ being obliquity of
. the ecliptic. .

3.  Answer any four of the following : .
i : ’ . 5x4=20

 {a) Deduce Kepler’s laws from Newton s law
' of gravitation. kS -

~ Contd.




(b) Show that the velocity

: e B 2 _ “ _
- elliptic, orbit-is v = p(r 5

(o

@)

(e)

of a planet in its

2 }_) :.. where

,u.=-G(M +m) and a is the semi-major
axis of the orbit.

" z ahd z, are the zenith ‘distances of
a star on the meridian and the prime
vertical respectively, prove that

cotd = cosecz;Secz, —Co0sz; .

where § is the star’s c_ieclinatlon;_
If H be the hour angle of a star of
declination § when its az_lmu_th is A
and H' when the azimuth is (180°+ A),
show that e 1 I

. 'cosl(H'+H) :
2

tang = RS SRR
: .'cos-é(H’—H) ‘

In an equilateral spherical triangle ABC,

e . A
prove that _2cos-g—sm-é—=1.

If v is the angle which a star makes at
rising with the horizon, prove that
cosy =singsecd, where the symbol_s
. have their usual meanings. o

' 3 (Sem-5/CBCS| MAT HE 4/5/6/G 10 -

4. Answer any four questions of the
following

10x4=40

(a) If the colatitude is C, prove that

()

(e

{d)

S fe)

3 (Sem-5/CBCS) MAT HE 4506/ 11

. C=x+cos™}(cos xsécy)
where tan x = cot § cos H and
siny=cosdsinH, '
H being the hour angle.

In any spherical tfian;},le ABC, prove

that sin A ="sinB _sinC Also. prove
iy sina  sinb  sinc - :
that an(.A+B)= cosa+cosb_ :
sinC

l+cosc

Define astronomical refraction and state

- thé laws of refraction. Derive the

formula for refraction as R = ktan¢,

¢ ‘being the apparent zenith distance

of a heavenly body. Mention

oL a | one
ltmltatlon of this formula. :

.On account of refraction, the circular

disc of the sun appears to be an ellipse.
Prove it. ' .

Derive Kepler’s equation in the form
M=E—esin_E, where M and E are

respectively mean - anomaly - and
eccentric’ anomaly. :

* Contd,




- rbits .to be
ing the planetary ©
Y ﬁ?zﬂﬁi zgmd coplanar, prove that the

sidereal period P af;d th: gf: ogfafeeciiq()tg OPTION~-C
f an inferior p ane - - -
the carth's periodic time B by A Paper : MAT-HE-5066
:-1'-=—1—~~;: ; . : ¢ ( Programming in C)
S P p
Calculate the sidereal period (in mean ‘. Full Marks : 60
solar days) of a planet whose s:d@real : _ i
period is same as its synodic period. Time : Three hours
(@) Préve that, if the fourth and higher The figures in the margin indicate

powers of e are neglected, JSull marks for the questions.

i
: TR } : ,
E=M _i__ﬁﬂﬂf___l (ﬂ"] ' 1. Answer the following questions : 1x7=7
e l-ecosM 2 \1-ecosM | :
: is a solution of Kepler’s equation in the | . (@) Write any two special characters that
- form ' . ' . ~are used in C. ;
(h) Derive the expressions to show the | . (b '%érétilon two data types that are used
effect of refraction in right ascension ? 1 1anguag¢.
and declination. : _ (¢) For x=2, y=5, write the output of the

C function ‘pow (x, y).

{d) Convert the mathematical expression

I L7 ' ] : : z=e +logy+1+x
; e into C expression.

(e) Write the utility of clrser ( ) function.

; ()  Write a difference between local variable
and global variable,

() Write the C library function which can

e evaluate |x|.
3 (Sem-5/CBCS) MAT HE 4/5/6/G 12
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2.

i jons :  2x4=8
Answer the following questions : 2 _

(a). Write the difference between

‘assignment’ and ‘equality’.
. 3 H
() How does ‘x + +’ differ from 4+ +x ?

() What is a string constant ? Give an

example. . :
(d) Write four relational operators that are
used in C.

s =15
Answer ary three parts : 5x3

(a) Explain artihmetic and logical operators
in C with suitable examples.

(b) List three header files t.hf':tt are used _1r51
C. Also write their utilities. : 3+2= .

"A=5; B=3
A=A+DB;
B=A-B;

A=A-B; H B
Write the output of A and B from. thé
above program segment in C.

(c) Write a C progiam to find the sum Qf

all odd integers between 1 and n.

N - . i ., 100p
d) Write the general form of do-while %
“ and explain how it works with the help |

of a suitable example.

3 {Sem-5/CBCS) MAT HE 4/5/6/G 14 .

_ - transpose and write

3 (Sem-5/CBCS) MAT HE 4/5/6)6 15

(e)  Write the utility of bre
statements with the

; help of suitable
examplgs,

arrays required
Programming ? How are one-dimensional
arrays declared and inputs given to array ?
Explain briefly with example. Write a
program to read given n numbers and then
find the sum of a] positive_and negative
numbers. ; 2+3+5=10
Or
How are two-dimensional arrays declared ?
‘Write a C program to read a 3x3 matrix and
print the same as output. Hence write a C
program to réead a 3x3 matrix, print its
the determinants of

both. - 1+4+5=10

Write a C program for cach of thé
following : -

(a) To evaluate the function
F)=x?+2x-10, x>0

=|x],x<0

() To find the biggest of three numbers. -
. i S

Contd.

ak’and ‘continue’
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Or

Explain with.example the ‘if” statement and
nested if’ statement in C. Write a C program
to find the roots of a quadratic cquation
ax? +bx+c = 0, for all possible values of
a,b,c. , 5+5=10

6.  What is the basic difference between ‘Library
| - lfunctions’ and ‘User-defined functions’ ?
| Mention two advantages of using ‘User-
defined functions’. How are such functions
declared and called in a program ? Write a
C program using function to.find the biggest
| of three numbers. 14+2+2+5=10

Or

| Writfz a C programme that reads a number,
| obtains a new number by reversing the digits
of the given number, and then determine .

“the ged of the two numbers. To build the
bProgramme, use two functiog

€ 18 — one to find
ged and another to reverse the digits. 10

6
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