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Paper : DSE-1.1 .
{ Analytical Gg_nmet}ry )
1. Answer fhe followiﬁg questions. :
fa} Write the centre of the conic

fx - 2)2 (y+1)
9 - _16-

=1 1

fb) Write the processes to sketch the
hyperbola . LD L4

24P/446. . . ( Turn.Over )



c}

{d)

ERRS

Find the centre, foci, vertices and length
of the major axis of the conic

4x? +y% +8x-2y+1=0

Describe the graph of ‘the curve
7 16x? +9y? ~64x-54y+1=0
Also find its centre and foci.

Describe .'f:hg gr_aph. of the hyperbola

% -y? —4x+8y-21=0

and sketch its graph.

2. Answer the following questions :

(a)

(b)

()

24P[446 -

Write the condition of -ta.ngency' of the

liney = i + ¢'to the elhpse-«—+y .
| A

Write Ttue or False : -

A parabola is the set of all points in the

plane that are equidistant from a fixed

line and a fixed point not on the line. -

Deﬁne an ellipse. o

{ Continued }-

@

(e)

Find and sketch the curve of the

(f 3 )

Find the equatlon of the ellipse, one of

whose foci i 1s («»1, 1), eccentm:lty is % and

the corresponqlmg directrix ._.zs y=x+3.

' Find the equation of the parabola whose

axis is parallel to the y-axis that has its
vertex at (5, - -2) and passes through the
point (9, 5).- Also sketch it. '
Or

hyperbola whose foci (6 4) and ( 4 4)
and eccentr101ty is -2y :

3. Answer the following questions :

{a)

)

{c) .

24P/44‘5

: :_sketch its graph.

- Write . the condmon that the quadratic

equation - .
Ax2+Bxy+Cy +Dx+Ey+F 0

.represents parabola - o L

_Determme a rotatlon a.ngle 9 that will
eliminate the xy—term of the conic

2x? +J_xy+y ~10=0

Consider .the equation .
S X caxy 247 <6 =0

Rotate t_ﬁc_' co&rdiﬁafe: axes tdz remove
© " the xyterm, then identify the type of

conic represented by the equatlon and

{ Tum"Ov.er )



@

Let an x’y’-coordiﬁate system be
obtained by rotating an xy-coordinate
system through an - angle 8 =45° Find
an equation of the curve 3 x']2 +(y’]2 =6
in xy—coordmate.

Or

' Ident1fy and sketch the curve
52x2 ~-72xy+73y +40x+30y 75=0

4. Answer the following questions :

(@)
()

()

fd)

(€

24P/446

Write the geriere.l equatioh of sphere,
Write True or False :

The section of a sphere by a plane is'a

_ sphere

Wnte the standard

equation of
hyperbola of two sheets, =

Fin__d'the centre and radius of the sphere

x2 +'y__2' +z2_ -8Bx +4y¥62+4 =O

A plane paese_s through a fixed point
(@ b, c) and meets the axes A, B, C.

- Show that the locus of the Sphere OABC

is E+b+—9-2 where 0 is the ongm

x Yy z

-5

{ Continued )

(51

Find the equation of the sphere through
the origin and intersecting coordinate
axes at distances @, b, ¢ from the origin.
Obtain the equatlon of the sphere
cu‘eumscnbmg the  tetrahedron
by the plane x=y=z=0 and
2_x+3y+4z_—12=9. '

5. Answer the following questions :

{a)

(b)

Fll‘ld the radius and the centre of the
circle

x2 4y2 422 +12x-1'3y-_16z+1-11 =0,
2X+2y+2z=17 -
Find the equation of the sphere for
which the circle '
x2 +y +z +7y 22+2 0,
2x+3y ~4z=8
is a great cirele.

Or

~ Show that the plane 2x- 29+z+12 0

touches the sphere

x2 +.y_-+z -'—2x.—4y+2z'—.3=0;. -

" also find their point of contact.

| 24P/446
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(6) . | (7)

6. Answer the following questions : - pfapér :.DS-E__I'Q _
o { Portfolio Optimization )
) Find the condition that the plane 1. Answer any five of the following questions : 1x5=5
bc tmy+nz=p may touch the sphere : . : S ' ' '
' ; {a) What is risk averse?_ -
x? +y +2z% +2 x+2 +2hx+d 0 i
g fy _ 5 ! (b} What is portfoho"

. _ . )
(b) Classlfy and sket ch the quadric surface {c} What is the value of variance 0_ nsk free

o
(any one) - | 5 investment?
2 o ' o o {d) Define business risk. -
X% Y 22 4 : | o :
i 9 4 16 =1 N i (e} Define risk-frec asset. -
x2 32 ' ' (i What __.'is _r'nuhiél-fu_ﬁd_?-
W z="+Z - o
2, (a) If an investment that costs $300 and is
worth .$350 after being held. for two
years, find annual holding period return
(annual HPR) and annual holding period
: yleld (annual HP’Y) P -4
{b) Definé expected return’  of an
investment. Calculate the expéected rate
of return of the following economic
scenarios’ : S 1+2=3
Economic Conditions -~ | Probability | Rate of Return
Strong economy - 025 020
Weak economy - |- 025 |- -020
No major change in economy| 050 | _0-1.0 o
SUUSUL R L | Q4P 446 Tum Over }
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@

i 3 .{a)'

(b)

249/446 :

(8)

Write the measures of risk in terms of
variance and standard deviation of the
estimated distribution of expected

‘returns. Define  the relative measure
2+2+1=5:

‘coefficient of variation’ of risk.

_Descrlbe d1fferent types of nsk of an
Imvestment '

Or

~ Write three -ways to change the

relationship -between risk and the
required rate of return for an
investment.

Descnbe the relatlonshlp between risk

'and return N

Descnbe the 1nvestment objecuves for
25 years old investors and 65 yea.rs oid
investors. - : -

State Qne-f\gnd theorem.

What are’

the assumptions  of the -
Markowitz portfolio. theory? -

( Continued ) |

fc)

Cé.léulétte _

@

(9)

return for a portfolio of investments.
the expected . return of
portfolio of risky assets g1ven by the
iable :

Weight (). ' Ezgpected Securtty
{Percent of Portfolio) -
' 020 010
025 011
0-25 012
0-30 013,

What are the vana.nce a.nd standard
devratlon of rcturns for an mdmdual

1nvestment'? Calculate the vana.nce for '

an mdnudual nsky asset given by the

04P/446

followmg table : 2+2+3 7
Posmble Rate of _EJQJeCted Secum'y %babﬂiﬁes
Retum (R; } Retum [E{R )] [_P;v)
B 008 0103 - 0-35
b 0,10 . 0,103 - 0-30
0-12 0-103" 0-20
014 0103 015
Descnbe : vanance and standard
g va.natmn of returns . for A portfoho of -
~ investments. SR 7
( Turn Ovér. )
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( 10 )

(e) Define risk-free portfolio using standard
- deviation of a portfolio of investments. 2

() Writé short notes on any two of the
following : 3Ix2=6

i) O_ptzrnal portfeiie |
fii) Efficient frontier . o
(111) Changes of slope of SML

4. Answer any three of the followmg questlons

5x3= 15

(a) Wnte five assurnptmns af eapltal market
theory '

{b) Discuss the relatlons between risk and
. leCI’SlﬁCElthH of portfolio.

(c) - Derive the equation of the capital asset
pricing model (CAPM). '

' .{d)-_ Determine the expected rate of return
with CAPM for the following five stocks

Stock Beta
A 070
B 100
- C - 115
D 140 -
E -030
where, economy’s RER=0-05, and

‘expected return on the market portfolio
EfRy) =0 09,

{ C_ontinued )

5.

24P/446

(11 )

What is security market line (SML)? Draw a
rough - diagram of SML showing low risk,
average risk and high risk of an investment.

e . 1493

Suppose that during the most recent
10 years period, the average annual total
rate ‘of freturn including dividends on an
aggregate market portfolioc was 14 percent

Ry =0-14) and the standard deviation of

annual rate of return for the market

portfolio over past 10 years was 20 percent

(G =0:20). Examine the risk-adjusted -
performance of the following portfolios using

Sharpe measure :. '

Portfolioc | Average Annual Rate| Standdrd Deviation
of Return _ of Return
D 013 . 018
E | 017 . 022
F. o016 - | . o023

Also, plot thelr Sharpe measures Wlth cap1ta1
rnarket line (CML) L _ . 7
_ - Or _
Describe  Treynor portfolioc performance
measure with example,

{ Turn Quer )



(5)
(e
(d}

(e}

24P/446

-are given by 4g+p=11,. :
respectlve}y Find the equilibrium set. 2

( 12 )
Paper bSE—IS

( Financnal Mathematics )
( For 2020 batch or later )

Lét the. supply fi.lhetioh of an. 1tem is
given by 5g+3p = 65. Write the inverse

-supply function. ~ -~ . . : 1

Let .P be the_ selliﬁg- price. of .an __iter_n(

‘Write the revenue after introduction of
excise tax T.: : . 1.

Let ¢ be .the capital after n years
where r is the rate of interest. Wnte the

_ present value. _ 1

Let the demand and supply funcnons
Sg — 2p 4

Find the eblufioﬁ -.Q'f the recﬁi‘rehce _
equation y, = Sy,_; +6. Given y, = g_ 5

Find the present value of an annuity of
H for N years, at given fixed interestr.

S i
{ Contihued )

2. (o)

b)

fc}

(13 )

Write the economic interpretation of
stable equilibrium. : : 2

For the supply and demand set_

S= {@,plcz bp-a} and
D={lg p):q=c-dp]

'Fmd the equlhbrlum price. : -2
The supply and derhan_d ~ sets
are given by {g p):3¢g-p=-16},
{lg p):g+p=28). Find the price
sequence. o 4

or
Determme whether the . Cobweb model
predlcts stable or unetable equlhbnum

_ for the market w1th q S{p)=2p-3 and

3. ﬂq

(b}

. gF (p)ﬁ18 _p

Define marginal cost.© = 1.

'Let a ﬁrm has cost functlon

Clg) =700 +21q 3q +q

Show that 1ts margmal cost is always

' .posmve R 2

24P/446
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(14 )

(15 )

| _ fc} Let supply and demand functions are : ' L ¢ o X _
i ' given by 3g-2p=12 and 2g+3p=48. B. [a) Define porti'oho.p an investor.
i: An excise tax T per unit is imposed. (b) Describe  an ecbnomy' .With many
Determine when the revenue is industries
.E:. maximum. - industries. |
gt L Or _ fc} Find the extreme value of the function
Find. the maximum and minimum 2 .., 2
= 2xy+2y° -160x-120y+8
values of the function Fix y} 3x"+2xy+2y . Y
fix)=x? -8x3 +16x2 —5in the interval Or
[L, 5]-_ | Let the demand for two items are
: x=2-2p* +3pY¥ and y=9+3p* - pY
' 4. (a) erte the mathemattcal representatlon : o ' :
of elasticity of demand. ; The cost function
! Clx y) = 8 +x +2x2 Jq,r+y'2
b Deﬁne marginal revenue. ! 2 th_. . fu_ i :
. : : _ : Fin e profit function.
(¢} Let for an efficient small_ﬁfm,_ the cost : ' : ' :
function is C{g)=g° -10g> +110g+180 6. {a) Define Leontief matrix.
and maximum productmn capacity per } : S -
day is 12 units. Determine fij profit {b) Describe return matrix.
function and. fiij break-even point.  2+2=4 ( ' Descr:ibe how ' ;co' méke m.o'nej-'r with
{d) Discuss -clasticity of the demand matrices with an example.
function. - ' : ' o or
- Find the equation for production
Let the demand set for an item is “scheduile X = {#;, X5} in terms of external
P Ve 200 13— demand d ={d,, d), where input-output
: D=le pi:q"C+p ] 2003 model with two industries 13 given by
i Determine the values of p where the E ' 0- 5 O 2 '
demand is elastic. o | 0.3 0-4
24P/446 \ { Continued }
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(1) (37)

|. 7. (o) Define derivative asset. - _ 1 Papel.' : DS}?."I"B

i | | | | ( Financial Mathematics )

' ' {b) - Write one form of hedging. 1 : i :
(c) Write one use of comparison principle. 1 ( For 201’9 ba_t_Ch 01_11:7 ]

: {d) Write by which investments are _ ' Uﬁrr—-l

:iji -+ described. : 1 ' "

: | e | 7 i estions : . 1x4=4
e} Define cash flow stream. 2 . 1. Answer the following questions : .

S | : | : : {a) Déﬁne nominal interest rate. .. .

- 8. (@} Define nominal interest rate. 1 _ ) _ AT
o . ' - Write one form of hedging.
(b} Define discount factor. - o1 ®) e on _ S
{c} Let r be the rate of interest per year. . () Mention the comPgnson prmc1pe
Write the amount after one year, if pis ) . '
the principal amount. . B (d} Define simple interest rate.

(d) Write the continuous compounding

] formula for present value. 2 | 2, Answer the following questions i 2x4=8
(e) Describe compounding at various '.-, (a) Def_mé cash flow stream.
- intervals.: - o 4 i _ : : R .
- O o {b) Write the continuous compounding

SR P for . -t'value._
Let (100, 200, 300, 400) be the cash ; formula for.present valu

flow stream and the rate of interest is
10% for .each . period. Find the future
value at the end- of cash. flow.

{c} Write ‘the nature of growth under
cornpound mterest

-E (/) Find the internal rate of return of the {d) Write about Fhe time value of money.
| | cash flow (], 0, —1, 1} _ 5 ' ' | |

24P/446 S ( Continued | | 24P/446 | ( Turn,Quer )




(18 )

3. Answer any four of the following questions :

{a)

)
(0

A{d)

- {e) Derive the mathematical formula. to ;
calculate annuity. 5
4. Describe mortgages. 4
UNT—IT :
5. Answer the following questions : 1x4=4 F
fa} Write for what purpose net present
- value is used.-
{b} Define money rharket
(o) Wnte when securlty is terrned as zero
coupon bond.
(d) Write True or False :
_ An_huities are traded.
24Pf/446 { Continued ) |

6x4=24

Find the internal rate of return of the
cash flow (1, 0, 1, -1}.

Describe compounding at various levels.

Find the present value of a cash flow -
stream. '

Find the corresponding effective rate for
3% compounded monthly.

:: 7‘

6.
(a)
(b}
(c)
(d)

{a)

(b}

{c)

(@)

(b)

24P/446

Answer the following questions :

Answer any two of the following questions :

(19 )

2x4=8
Write the formula to calculate annuity.

Define amortization.

:Write' about face value of a bond.

Describe price-yield curve.

4x2=8
Compute future v_a.lué of cash flow
stream - (-2, 2, 15, 1}, the periods are
years and interest rate is 10%.

Describe maturity. -

Describe duration.

Answer any four of the foliowmg questmns

5x4=20

Describe - | municipal  bonds and

corporaté bonds.

Derive the mathematical formulation of
Macaulay duration.

f Turn Over )



( 20 )

{¢) Describe immunization.

{d) An 8% bond with 15 years to maturity
has a yield of 9%. Determine the price of
this bond. : :

{e) Describe the  derivation of variance of
the rate of return of the portfolio. .

() Describe two-fund theorem.

ok ke

i
i

il
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Paper : DSE-2.1
( Mathematical Modelling )

Full Marks : 60
Pass Marks : 24 .

- Time ;IShdurs o

1. {a) What do you mean by an ordinary point
of the followmg dlfferentlal equatlon?

d2
Y
a (x}~——+a{x}—+a (x)y O 1
e ’
(b} DeﬁneBéssel_fs equation of order zero. 1

24P/448 g { Turn Over )




(2) o | (3)

‘2. {a) Show that x=0 is a regular singular {c) Evaluate’ the “following usxng

point of the differential equation convolution theorem (any oné) : 4
2x2— 2y (x-5By=0 3 (TR A S -
@ ax . s®+4?)
. . . . . . ' . 1 .
(b} Find the power series solution near (i L [#“*_—]
x=0 of the differential equation (s-2)(s® +1)
d?y +x day +'(x2 +2y=0 o | (d) Solve the initial value problem using
dx? dx o : ' Laplace tra.nsform y” +y tcost with
: y(O) 0,y (Ol " o S
in powers of x. 6 L
or ' 4. (@) Write tWo _eharacteristit:s of Monte Carlo |
. o si'.mul'at'ion “technique.. ' 2
Solve the following Bessel’s equation : i . (b) erte the algonthm th at g1 ve s the
d2 y dy P . sequence of calculations needed - for
_ dx +xy 0 a general ’ computer simulation of
: P |  Monte Carlo technique for ﬁndmg the :
. area under a curve, = . . _ 3
3. {a) If L{F(t)} =_f(s), then__ prove that ' 5. fa) . Describe the ._midd_le-square ~method -
: : 91 (s _ . for generating random numbers. Write
L {F{at}} =Ef (E} | | 2 . two d1sadvantages of rmddle “square
NS R o method T T 3#2=5
(b} Prove that L . . _ - {b) Use lmear - congruence method to’
b} Prove S . ] _ : R generate a sequence of 10 random
L‘{—asi'hat}z¥ a : ' 3 numbers Wlth xo —27 a=17, b=43
32+a_2 R and m =100 ‘by'the rule
R x,, .1 ={dx, + ) mod(m) o 5

24P/448 {Continued) | 24P/448 =  (Turn Ovér)



(4)

Write a short note on ary one of the
followmg ' -

fa) Morning rush hour ‘queuing model

{b) Harbor model with exarnole

Answer any one of the following :

@ A firm makes two produdts X and Y,
and has a total production capac1ty of
9 tonnes per day. Both X and Y require
the same production capacity. The firm
has a permanent contract to. 's\upfsly
at least 2 tonnes of X and at least
3 tonnes of Y per day to another
company Each tonne of X ‘requlires
. 20 machine hours of producnon time
and each Y requires 50 machine hours
_ of production time, The daily maximum
" possible’ number of méichine hours
is 360. All of the firm’s output ¢an be
‘sold: The profit made is ¥ 80 pcr tonne
of X and ¥ 120 per tonne of Y. Solve the
problen by using graphical method to
- determine the production schedule that
vields the maximum- profit.

24P/448

5

{ Continued }

24P/448

(5)

(b} Usmg simplex ‘method to solve the

following linear programnung model :
Maximize Z =4x; +3x,
~ subject to ' .
2 +x, <1000
X +xy £800
x; €400, x, <700

and x5, x, 20

8. A company wants - to produce three
products—A, B and C. The per unit profit
on these products is ¥4, ¥6 and T2
respectively. These "products require two
‘types of resources—manpower ‘and raw
material. The LP model formulated for
determining the optlmal product 1's as
fo]lows :

Mammlze Z = 4x1 +6xy. +2x3

subject to the constramts
) x1 +Xq +x3 <3 (Manpower_ constraint)

fi) x;+4x, +7x3 <9  (Raw - material

-constraint) - I
where x;, x5, X5 aré the numbers of units
of products A, B, C respectwely to be
produced and Xy, Xg, x3 2 0.

( Turn Over }



2

and (ij) 7 =-8mi +3mj+4mk.

o

0_6, where O is the ' circumcentre of

( 6)

Find the opt_imél product mix and the

" corresponding ‘profit of the company.

Find the range of the profit contribution

of product A in the objective function

‘such that current optimal product mix

remains unchanged

Paper : DSE-2.2
| Mechanics )

" Full Marks : 80 .
Pass Marks : 32

Tlme : 3 hours

Determine the moment about the origin

O of the force F=_—5Nt —2Nj+3Nk

which acts at a pomt A. The position
~ vectors of A are () 7 -4m1—2_m_; <Imk

5 > o - ——
Forces P, O, R acting alqng.QA, OR,

. the triangle ABC, are in equllxbnum

'Show thatl S _ )

a?p? +¢? -a?)

| 24P/448

bz(c:2 +a2-b?) 2@ +b? -

2+2=4

02}

6

{ Contintied }

(7))

Or
: » 5 o 3 .
Forces P, Q, R acting along L_a:, E,_I’E‘,
where [ is the incentre of the triangle

. ABC, are in equilibrium. Slhow that

fc)

| {d)

2. _(a) _ _
_ friction

A

- .coeﬂ'ic:ent of

P:Q:R =CDS£:-CQSE:COS—C .

Show that two couples in' the same

‘plane whose moments are equal and of
the same sign are eqmvalent to one

another.

‘An electric light ﬁxrure weighing 15 N
hangs from a point €, by two strings

AC and BC. AC is inclined at 60° to

the herizontal and BC at 45° to the -

vertical. Draw the free body diagram

and determine the forces in the strings -
AC and. BC.,

Write _dbwn_ the -_Coulo_ﬁlb’s laws of

'An automoblle is on a roadway 1nc11ned

at an angle @ with the horlzonta]s If the
static and dynamm

_fnctlons between the tyres and road
| are’. 06" and 05 respectively, find the

24P/448 -

maximum mclmatmn ‘Bmax" at which

car can climb at uniform speed. It has.

a rear-wheel drive and a total loaded

. we1ght of 3600 kg
{ Turn Over )
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. 3.

fc)

d)

o

(@)

- force field, F =~VV, where the symbols
' 2+3=5 |

(b).

State .

Show . -that the ki
-+ a system.for some referenc'e is equal

(8)

anid Ixy for the area

Find I, I,
and y=-e*.

bounded by y=e*
COr
Find the centroid of the region bounded
by y?=2x the line X +¥Y=1 and
| 10 7

y-axis.

and p_rove the theorem - of

Pappus-Guldinus.

Establish the relation between second

) moments and product of 1nert1a

What d6 you mean by conservative
force field? Show that' in a ‘conservative

have their sual meanmgs

_-._k-_inetic . energy. :-of

.. to. the sum - of . kinetic. énergy of the
. total mass ‘moving - relatxve to that

24P[448

: reference with - the- veloc:ty of the mass

. centre and kinetic ‘energy of the motion

. .of the parﬂcles relative to the mass
o centre. .

( Continued )|

2+2+2=6

2+4¥6§

7

|
1
]
|
|
1
|
|
1
|
1

(9

Or

-+ ‘Show that thé moment of ‘the resultant
- -force' on ‘a particle about a point, fixed

'in-an- inertial reference; equal to the

time rate of changé of moimetit -of the
. linear momentum of the particle relative

{c}

{d)

o)

to the inertial reference frame.

Derive the moment of momentum

‘equation for a system .of particle.

Establish the relationship between time
derivatives - of ‘a " vector for - different
references meving arbitrarily relative to
each other.

Show ‘that | the klnetlc

sum of the kinetic energy of the mass

) '_"'__centre and the kinetic energy “of ‘the

systern in 1ts rnotxon relatlve to rnovmg
frame of reference :

Fdr a ""givéh é'bnSef\?ative- force field -

R -~(5.zsmx+y)1 +(4yz+x);+(2y —5cosx}k

find the force potentlal What is the
work done ol a particlé startmg at the

. ongln and moving in.a c1rcu1ar path. of

24P/448

radius 2 to form a sermclrcle along the
posmve x-axis?

‘ energy .of .
a systein of particles is equal to the

_ 6
{ TumOver}




(10 )

Or

A 'solid cylinder of mass 20 kg rotates

~ ‘about its own axis with angular velocity
" of 100 rad/s, the radius of the cylinder
©is 025 m. Calculate the kinetic energy

: assomated mth the rotatlon oi‘ the

i eylinder:

.I!Tﬁv'

ﬂﬁj

(dj

hﬂl'

24P/448

Write _the.:Goldb.ach | co'r.xj_ectx_'u_‘e'. 1
Cah : tixe' Di'ophant'i.fne" 'eeluation'
_.14x+35y 93 be solved? Give reasons
to" your answer. . . . 2>
Write the  value of 1:(30], \irhere ni{x)
denotes the pnme countmg functlon o1
fas=s b(modm) and x= y(mod m), then
prove that ax = by (mod m). :

Find the rcm_mz_;de_r when 15! is divided

by 17. . . 2

(Contirued ) |

Paper : DSE-2.3 "
_ (Number Theory)

- Full Marks : 80
" Pass Marks : 32

Time: 3 houré.

2. Answer any three of the following :

{a)

{b)

(¢

(11)

Find .the -general: solution ef the
equation” 5x +3y = 52.

Use ' Fermat’s theorem .to .verify that

17 divides 11'%% 41,

Solve the simultaneous congruence :

R ,xEShn0d7y,
: x = 7{mod 1))
.. x=3(mod13)

(d)

(e}

3. (a)

4. Answer any. four of the following s

o)

24P/448

'(p SYt=(p- 1)(mod{1+2+3+

'- Prove that if p is a prime,

If pbe a prime number then show that
S+ tp- 1)

then
a? = a(mod p) for any integer a.

Write. the value of o(p) w'h'ere' p is
ane o '
Prove that for eac¢h” posmve mteger n,
prjun + Y uin +2Ju(n +3) =

Prove. that__;_for aﬁy integer n>1

) -
2 =Nd . -
S

- (Tum Over } -

4x3=12

Ix4=12




|
e

! @
| I (d

|I o (e}

| 5. (¢

- @

24P/ 448

HF is a mmt'ipfﬁca’ti{fe' fanction ahd

Firy= 314

dln
then prove that f is also muihphcaﬂve

Prove that

the functmn s is
u1t1phcat1ve S

Find the hxghest power of 7 that divides
20001

For n >'2,' bfbﬁe thé.t q)(n] is even integer.

Use Euler’s theorem. to estabhsh any

one of the follomng o

{1) For any mteger n>0 51 d1v1des

1032?’-‘.4‘9 7 '
i} For any integer. a,
“a¥ = a{modl1729), . -givern  that .

1729 = 7xl3X19

For any pOsmve 1nteger n, prove that

¢(n) N E md

din
Also verlfy 1t for n= 12

Define Dlnchlet product of a.rrthmetlc
functions. . Also prove that
(fxglxh= f*lg*h), where f, g and h
are arithmetic functlons and % denotes
their Dirichlet product.

s

{a}

)

(bj

o

(dy

{18 )
Prove that if f and g. are both
multiplicative functions, then their
Dirichlet product f*g is also
- ‘multiplicative, . o '
Find the order of .5 modulo 12

and hence determine the order of-

56 modulo 12.

If a is a primitive root of m, then show
that a® is also a primitive root of m
if and only if (k, o(m)=1.

- Show .that..the primitive root‘of 13

are given by S= {2” 1<n<o(mp,

(n, d(m)) =1 when 2 IS a primitive root
of 13. Also find the’ exact number of
primitive roots of 13.

If gcd(m, n]~1 where m>2 and n>2,

“then prove that the 1nteger mn has

no primitive roots.

Write the Euler’s criterion for quadratic

~residue-of a_;n'-e‘dd prime. Find-which of
- the integers 1,2, 3, -y

: 12 dre-quadratic
residues of. 13 and which are non

IR o __residues of 13. .
{ Continued ). 24P/448

. 2
{b) Prove that if*a has order Qk modulo
. an odd prime p,_then a ——l(modp} 3
. Answer 'any” five of the following :©  5x5=25

( Turm'Over)



A o ( 14 ) ' {15 )

fe)  State quadratic reciprocity law. Also Paper : DSE-2.4
. | . (29 | \ ) _ -
I . - find the value o =) : { Biomathematics )

o _ N Full Marks : 80
Solve  the following - quadratic . Pass Marks : 32
! congruence : - Time: 3 hours
‘l | 2 +7x--+.10_50(mod 1Y) : | ' |

. S _.- .

UNIT—1

g} Define L,egendfe symbol [ ) where » 1. Answer any o of the foilowmg quest:ons

is an odd prime and ng(a’!g 1. Prove {a) A -population is originally 100

_that a= b(modp):b E ~|. Hence . ; individuals, but because of the

; \p g -comblned effects of births and deaths,
i i :
| show that ( 131J [%} t it triples each hour.
|| ' . . L ] il Make a table of populatlon size for
| . : - t=0 to 5, where t is measured
(k) Show thatif pis an odd prime, then ~in hours. - o
Bl a '_0" B P o fi) Give two equations modelling
> :6 T : ! - the population growth by first
=1
" . expressing Frer in terms of B and
o : - DR | ' 'then expressmg AP in terms of F.
{1}\ - Show that 7. and 18 are the or;ly_ | (i) What can you Say about the
o __mcongruent so]utlon ofx = —l(modS ) | birthrate and death rate for this
' s . f " population? :
|
|

G} ‘The “messagei IWGA 1U ZWU has been
~+ ~encoded with a Caesar cipher. Decipher

() In the .early_ stages of the. development
_ S it, using exhaustive ___cz'yptqanalysis. '

' - of a frog embryo, cell division occurs
! at a fairly regular rate. Buppose you

W 24p/aes (Continued) | 24pfaa8° . (TumOver)

CTWex2=15



fc)-

2. Answer any fwo of the fo]lowing. questions :
: : : T1ex2=15

fa).

24P/448

“of susceptible is

{ 16 )

'. observe that all eells dnude and hence

the number of cells double
every half-hour.:

roughly

(il Write-down an equation modelling
this situation. You should specify
how much real-world time is
required by an increment of 1 in ¢
and what the m1t1al number of
cells is.

(i) Produce a table and graph of the
number of cells as a function of £.

Obtain a simple prey-predator model
explaining . in detail the assumptions
takken.. Also .find. the equilibrium
positions. SR

UNIT~-IT

Conmder the SI ep1dem10 rnodel If the

contact rate is 0} 001 and the number
200_0 initially,

determine— ' L

fi) the number of susceptlble left after
3 weelks;

- {ii} the density _of s_usceptible-:when the

rate of appearance of new cases is
a -rmaximum;,

- { Continued)

(b}

(17)

fiiij the time (in weeks} at which the
rate of appeararice of new cases is -
a maximum; '

fiv) the maximum rate of appearance

“of new cases

In .an-..SIS_.model,. if the infection is

spread “only by a constant number of

catriers, then show that

1) = [

aCN

(OGN | (-(aC+B))
aC+f

aC+ﬁ

- where I and C aré¢ the number. of

(c)

24P/448

infectives and carriers; N total
population; « and [ are .contact rate
and susceptlble rate respectwely, Iy is
the infectives at t=0.

Let. x~and Y. i‘especfiﬁely ‘denote the
preporti_on_of susceptibles and carriers
in a population. Supposé the carriers

" are 1der1t1ﬁed and removed from the

populaﬂon at a rate [3, so that = By.

Suppose also that the dlsease sprea.ds_

at a rate proportmnal to the product
.of x and y, thus S

gxu——ozxy
dt :

{ Turn Over J



o { 18 ) ( 19 )

|M i

- ‘ | ~ () Determine the proportions of (b) What is Routh-Hurwitz criteria?

||| - - carriers at- . any tlme t, where Explain with reference to multiple

5 _ : - YO = species communities. 2+5%=T%
i':| : . . L o S .

i fij) Use f‘} to find the Suscepﬂbles at (c) Discuss bifurcation and limit cycle with

il

|!. time f, where *(0) = respect to any biological model.
(m) Find the proportion of populatmn | )

! _ - that escapes the epidemic. o :

| - . o i UNIT—Iy

' -U.NIT-_IH . ' 5 4. Answer any two of the fo!lowmg duestions :
= L 7%x2=15

3. Answer any two of the following questions : fa) Write a short note on any one of the

_ - T%x2= 15 following : -~ . o -

{a) Cons1der the competltlon model for two (il One spemes model with d.lfqulOI'l
species with populations Ny and N, : i I

: . (u) Two spec1es model with dlﬁ”usmn

iN_l__rlNI'(]_;El__bl _{\Tg) ; o

odt K K l (b} For a ' blood vessel of consta.nt radlus R,

an o N length L and driving force P=p; - py,

Tdt'% =1, N 2{1 —by; —IJ ; show that 'the average velocity of

, _ 2 _ b the flow is equal to half of the

: whefé only one species Nl,_.has limited | maximum velomtyLand the resmtance is
. carrying - capacity. - - Investigate. their ; proportmnal to '1.‘,_4 R |

: - . stability and sketch the phase plane = |

o - © ‘trajectories.’ [Here K1 ‘and: K, are
i - - ‘carrying capacities; #, and r, are linear - . (c)
o birthrates of the populations Ny and N, - !

- _ - respectively. by, and b, measure the “j
' competitive effect-of N; on N, and N, :

on N, respectively.] - 4+3%=T7Y% |

Consider the arterial blood-"'\éiscosity
u=0.027 poise.. 1If the length of the
artery is.2 cm, and radius 8x107° cm
and P=p - pg--4><10.3 dynes/cm?,
then find— - =~

. { Turn Over ).

24P/448 {cahﬁnaed.)'.'fg4p;44s' B



5. Answer any two of the followmg questions :

(20)

i qz(r) and the maximum = peak
velocity of blood; -
{ii) the shear stress at the wall

Here qz denotes ve10c1ty along Z-axis,
p and p, denote pressure at two ends

of the artery

UNIT—V

- 10x2=20

(a} Let D and d and W and w respectively A
~ denote altele for tall and dwarf, and j

round and wrinkled seeds of peas.
Find the outcome of the product
DdWw xddWw using Puneet square

© or using probability. Also : find the

probability = that - the progeny of

. DdWw xddWw .is dwarf with round

(b)

@

seeds. : ' : - 6+4=10

‘Explain, in detail the Hardy-

Weinberg equilibrium, mentmmng the
assumptions considered - for -~ the

- equlhbrlum

- Compare and contrast stage structure
model with age structure model:

. Kk

5 SEM TDC DSE MTH {CBCS}
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- (:November: }. -

~MATHEMATICS ... s,
cnf-Core ) o

 Paper:cC-12 |

- . Full Marks : 80
Pass Marks :

Ttme 3 hour
The figures in the_hi_qr‘giqg.:i’ndicaté Sl marks
- for the questions
1. ;-(ajs_-'e"zsmfc.-;-l?rue ‘or False -
+ Every. tyclic: group: is’ abeliar

by De;ﬁ_ne cliéracﬁeﬁsﬁ’c“i-subgrdu D

foo M ¢bean automorpfusm of a |
ST théws ShOW that" H = f-{x EG{q;(x] x} ig" a
'subgroup of (G it nendt s

{d). Show that lfO(Aut G) > 1 then O(Gi > 2
fe} .- ‘Lt Gbeai group ' SHow" that the inappmg
¥ G—)G'-'such that'’ ¢(x) <1 VxeG '_

s an automorphfsm if and only 1t' G
is abelian. . . L .4

24PA88° .  (Tumower)

W




i)

2. Answer any tiwo of the following :

(a)

{)

(c)

(2)

Let T be an _automqrphiém of G. Show
that O(Ta) = O(d) for a€ G. Deduce that

Ofpaa™ )= O(a) for all a, be G.

Determine Aut(G), where G is Klein's

© 4-group..

Prove that the characteristic subgroup
of G must be a normal subgroup of G
The oonverse need not be true.

Let I{G) be the set of all inmer
automorphisms of a ‘group G. Then

- prove that -

(G)-”g[a”

Express U {165) as an external direct

. product of cyclic group of the form Z,, .

{)

-(c)'

24P/438

G]_: = {aa

Find the number of cyclic subgroups of

_ order 10 in Zm ®Zys.

If m and n are. relatxvely prime, then

prove that U{mn) = U{m) @ Uln).

Fmd the external direct product of the
following two cyclic groups :

a’=e} ;. Gy ={b, b*, b® =e,}

6x2=12

2

3

5

| { Continued }

(d)

fe)

(3)

Prove that a group G is internal- direct
product of its subgroups H and X if and
only if {i) H and K are normal subgroups
of G and {u) HnK {e}.

Let A and B be cyclic groups of orders

. m and n respectively. Prove that AxB
is cyclic if and only if m and n are

relatively prime.

- Shbw that a'?g.roﬂp of order '4".'i.;s'either

cychc or an internal direct product of

S tWO cychc subgroups each of order 2.

4. (a)

{b)

{d

Wnte ‘the class equatwn for ‘a, finite

- group G.

If a be an element of a group G, then
show that G is: abelian, if and only if
Cl(a) {a} VaeG :

Let G be a finite group and Z (G} be the

~ centre of G Then prove that

(dj

24P/438 .

W
,,3;(6, O(Nia)

0(61=0(z(3) +

If G is a ﬁ.mte group, then prove that

oG
(G] E O(N(ﬂ))

where the sum is _taken over one
element of each conjugate class.

+ . f Turn Quver '}
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- MATHEMATICS
( Core )
Paper : C-11
{ Multivariate Calculus )

Full Marks - 80
_ Pass Marks : 32

. Time': 3 hours

| The ﬁgures in the margm indicate full marks
for the quest:ons

1. f(a) State the domain of the function

w = xylog z ' ' 1

{b) - Find the level curvé of

1l
v |
passing through the point (v2,-+2). 1

24Pf105 _ _ - Turn Quer )



2

(¢ Show that limit of the

functions does not exist {any one) :

X

uwam01& 1y

)  lim 22
(x 5)-(0,0) |xy| .

fi

({dl At what point/points

the function fixu =log (xg + y2)
continuous? Justify your answer.

e} Show that w,, =w,, where
{i) w=1og(2x+3y)
{ii) w = xsiny+ysin x + xy
. Or
Find the linearization of
fy=x _—xy+%+3

at (23).
. dw

- Find-&-é-attxlwhere w = z-sin xy and

x=t, y=logt, z=e'"1.

Or

Find the derivative

flxy, 2} = xy +yz+ zx at the point (1,-1,2)
> . - - ~

in the direction of A =3i +6j-2k.

24P/105

- { Continued )

(9

)

(@)

| b
24P/ 105

(3)

Find the tangent plane and normal to
the surface x2 -_|-y2 —-z% =18 at (3, 5-4).
Or

Prove that if f{x 1) has a local extremum
value at a point {¢, b) of its domain, and if
the first partial derivatives exist there,
then_fx('a, by=0 and f,(a b)=0.

Find the local _. extrema or saddle point
as applicable of the function -

Fooy=x° -y® -2xy+6
Use Lagrange’s mu_ltip__liers to maximize |

C fley=x?+2y-2¢

~ subject to the constraints 2x -y = 0 and

y+z=0.

| Or _
Find the point on the plane
x+2y+3z=13 closeSt to the poin_t' (1,11}

Sketch. the reglon of mtegratlon of .
- e seonaa

on the plain paper, where the region Ris
bounded by the hne ~X+ y=1 and the
curve x? +y*

Define cyli.ndri_caI coordinates.

{ Turn Over }



{c)

(d)

fe)

24P/105

(4)

State Fubini’s theorem for a region R.
- or

~ Determine the limits of the double
' integral

 [f s

~over the region R bounded by the line

x+y=1 and the curve x2 +y =1 while
integrating at first with respect to x and
secondly, with respect to y.

Evaluate E J'f dxdy and then change
the order of integration by drawing

2

diagram. .. _ 1+3=4

Or

Evaluate IIR(y—2x2)dA, where R is the

region inside the square {x[+y|=1.

Cha_nge the following into an equivalent
polar integral and evaluate

L v

—-a—-x

Find th_e volume of the tetrahedron in
the first octant bounded by the
coordinate planes and the plane

x+£+§£1
2 3

{ Continued )

4

(g)

fa)
{bj

fc)

(d)

Integrate

(5)

Evaluate : . 4

| 'j:“J;"’SJ':@spQ sin odpdbdo

Define flux across a plane curve. 1

State the fundamental theorem on line
integrals. _ ' 2

Use transformations u=x-y and
v=2x+y to evaluate the integral

[[,ex? - xy-y?)axdy

where R is the region bounded by the
lines y=-2x+4, y=-2x+7, y=x-2 -

and y=Jx+1. N 4
. . Or .
Find the Jacobian
o6 4 2)
o v W)

of the following transformations :
fi) x=ucosy; y= usiny; z=w
i) x=2u-1 y=3v-4 z=Lw-4

where f(x, Y=x+y and C is the circle

_ _x2 +y? =4 in, the first quadrant from

24P/105

(2,0) to (O, 2) ' 4
{ Tur Over:)



fe)

( 6)

If§=Mf+}[}'+Pﬁ, where M, N, P are - .

functions of x, y, z; be a field whose
component functions have continuous
first-order partial derivatives, then

. —>
* prove that F is conservative if and only

4. {(a)

(b)

{c)

@

~ that the lines parallel to the axes cut it -

if P,=N,, M, =P, and N, = M,

Fmd the flux - density of
F xzi —xy} zk. '

Define surface integral.

Integrate G(xy, 4 = 2 over the sphere

x2+y?+z2 =1

Let C be a smooth closed and simple
curve in the xy-plane with the property

in no more than two points. Let R be the
region enciosed by C and assume that
the functions M{xy and N{xy and
their first-order partial derivatives are
continuous at every point of some open
regiohs containing C and R. Then show

. that : _
N | %(Mdpr Ndy);’[‘[R(Nx-—My)dxdy

24P/105

4

{ Continued )

m T,

24P—2000/105

(7))

{e) Prove that the flux of a vector field

F M1+N_’;+Pk where M, N, P are

functions of x, Yy, 2z across a closed
piecewise smooth oriented surface S, in
the direction of its outward unit normal
field A, is equal to

J'J’Dv-f?dv

where D is the convex region w1thout

~ holes or bubbles.

* &k ko
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( Ndiremb’er )
_ ZOOLOGY .
( Dlsc1j;>hne Spemfic Electwe )
{ For Honours )
| Paper : DSE-3
N Endocrinolocvl

. Pull Marks': 53
. Pass Marks : 21

Txme 3hours o

- The ﬁgures in the margm mdtcate ﬁJII marks
’ - Jor the questwns E -

1. Fl!lmtheblanks:_' . 1x5=5

(a} The postenor p:tulta.ty gland 1s '
_ composed of mamly cells _ o
- (b} ' protein helps to transport 1od1de

out of the thyrozd cells into the folhcle

"~ {c) The adrenal cortex secretes a group of
- .hormones called :

24P/213° - (TumOver)



(2)y - ( 3)

FREE IR R e
: . A caw BRI

' (d) Single hormone secreted by pineal gland o 5. What do you mean by gonadal hormone?

- is . P . _ Write the chemical natures and functions of
(e} _____ cells secrete the testosterone estrogen and progesterone. ' 2+6=8
hormone. _ Or

Describe the histological structure of testis

2. Wnte bneﬂy on any four of the following : with suitable diagram and write the

' R 1A4x4=16 endocrine functions. 5+3=8
{a) Hypothalamlc nuc1e1 and thelr functlons- _ o _
() ‘Thyroid gland disorders - " 6. What do you mean by signal transducer?
() Somatotropic hormone Explain the role of hormone in homeostasis.
. 2+6=8
{d) Neurosecretions _
fe) Cushing’s syndrome .. - . Or.. :
_ o What are the common causes of endocrine
3. Why are hormones called as chemical : gland disorders? Explain the disorders of
messenger" Briefly explaln .the chemical ' ' adrenal gland and pituitary gland. - 3+5=8
nature of hormone _ 4+4=8 ‘ .
4 % K

Why is pmea.l gland called ‘third eye’? How
does the pineal . gland regulate biological
rhythm and reproductlon? 2+(3+3) =8

a. Gwe an account of hxstology of pltultary |
gland “and ‘mention ‘'the" filnctions of
hormones secreted by’ neurohypoPhys1s 4+4_—8

Describe ~ the histological structure of

pancreéas with suitable diagram and write the

- roles of pancreatic hormones in physiological
activities. : - 3+b=8 - o _ . _ _
24P/213  { Continued. ) 24P—3000/213 5 SEM TDC DSE ZOO (CBCS) 3 (H)
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~ { November ) - -
| ZOOLOGY
| ( Dlsmphne SPeCIﬁC‘Elecn ve ) e
" (‘For Homours )
-Paper DSE—4 N |
‘ Biﬂlogy of Insecta }

FulIMarks 83
PassMarks 21 §

ﬂme 3 hours

Theﬁgures in the margm mdmteﬁdl marks :
for !he questlons :

 fa) The visual umt of a compound eye of an
- 'Z'msect is :

) legs are madlﬁed for. Ieapmg and
R __Jumpmg |

(g 'Butterﬂy belongs ‘to*the order R

24Pf214 ] ( "f_um Over )



(d) are the main osmoregulatdry and
excretory organs'in insects.

fe The body cavity of insects is called

Write short motes on . any two .of .the

2i
following : TR 3x0=6
(@) General characters: of class Insecta
(b} Types of antennae
fc) Allelochemicals
3. Answer any three of the fallbwing : 4x3=12
{a} Male reproductlve system of insects
(b} Insects as mechamcal vectors
{c) Plant—msect coevolutmn
(d}_--.---Gemtal -appendages:-;, e e
4. Give an account on the structure of wings in
" insects. A
: : Or RS Lo xiie .
Write a brief note on different moutliparts of
_insects with respect to their feeding habitats.
5. Explain the digestive or endocrine system of
insects with suitable labelled diagrams. . 7
24P1214 ¢ ¢ { Continued.)

6.

(3)

Discuss in detail about the social |
organization and behaviour in any one
insect. 4+4=8

What is metamorphosis in insects? Give an
account on insect hormones responsible for
growth and development. 2+7=9

Or

Write short notes on any fwo of the
following : 4Y3x2=9

fa) Abdominal appendages
(b) Insects as plant pest
{c) Morphology of insect head

* % %k
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'_Péper C-1 1 o
( Molecular Biology ) o

Full Marks : 53
: PassMarkS' 21

| Ttm.e 3hours .

‘Ihe ﬁgures in the margm mdr.cate full marks

R Fﬂl in the blanks

'-_{a}

forthe quest:ons

Senruconservatwe rephcatlon of DNA.

was first demonstrated in ;

@

_The process of synthesxs of RNA from'
i DNA tcmplate 1s called

Eukaryotrc cells conta.m disi:iﬁ_ei:

" fuaclear - RNA™ polymerases that

. transcnbe dlﬁ'erent classes of genes

' 24#’/%_'9

IX5—5



24P/259

(2)

{d} The enzyme involved in amino amd
actwatlon is

fe} DNA glycosylase is an enzyme involved
in base excision repair. Its function is

Write briefly about the following {any two) :
4x2=8

fa} Salient features of DNA and RNA

(b) Semiconservative - nature of DNA
~ replication '

() Split gene

- Explain the following (any two) : : 4x2=8 .
fa) * RNA interference - '

(b} - Features of genetic code =
(c/) Watson and Crick model of DNA

List the enzymes mvolved in the prooess of
DNA replication. ‘Mention _their functions.

Explain the process of synthesis of lagging

strand during DNA replication using suitable
illustrations. : 2+2+4=8
or . _
Briefly explain the bidirectional nature of
DNA replication. Give a note on:DNA ‘repair

mechanism. . . = . . 444=8,

{ Continued. }

5.

24P--3500/259

(3)

Explain the process of transcription in’
prokaryotes using suitable illustrations. 6+2=8

Or .

Explain the formation of closed and open
complex during _thé initiation of
transcription. List the. various transcription
factors in prokaryotes and eukaryotes and.
mention their functions. ' 2+2+2+2=8

Explain the process of translation in
prokaryotes using suitable illustrations. 8

Or
State the Wobble hypothesis.- Describe the
stage of initiation of translation in
prokaryotes with appropriate illustrations.
List the various Iinitiation factors (IFs)

' 1nvqlved and mention their functions. 2+4+2=8

What is RNA ediﬁng? Explai.h the process of
RNA edltmg of the apohpoprotem B gene.

'2+6=8

What are post-transcriptional modifications?

- Explain . the various - post—translatlonal _
modifications. . " _ 2+6 8

 wk ok
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Jor the questions o

1. Fill in the blanks : o 1x5=5

fa) ‘One gene one é_nzyme’ hypothesis was
proposed by _— . :

(b)  Sigma factor is associated with
sensitivity to -

{¢j C-locus, which is responsible for colour -
in maize, is present on chromosome
number __..
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Jor the questions
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_ Full Marks : 80
Pass Marks : 32

1. Choose the correct sanswer from the
following : ; ' 1x8=8

fa} The relation between parsec {pc) and
astronorical unit (AU) is
) 1 Mpc = 206265 AU |
(i) 1 Mpc = 206265 x10° AU
(i) 1 pc=206265 AU
fiv) 1 kpc = 206265 AU

24P/353 { Turn Over }




(2)

(p) The luminosity of a star is related to its

effective surface temperature as
() LeTg

(i) LT

(iii) L oToge

fiv) L ocTe%

{c) On the celestial sphere, the north pole

has a declmation of
i n
T
4=
(ii) 3
e T
i) ——
(i) -2

fiv) O

{d) The mass-luminosity relation is given

by
i) LM
(i) Lo M?
1
fiii) L = M?

(iv) L oM

24P/353

{ Continued )

(e)

(3)

Newtonian telescope used in astronomy i
is a ' _
{i} reﬂecti:dg telescope
(iij refracting telescope
{tit} dispersive telescope

. fiv) None of the above

From the solar system, the galactic
centre is situated at a distance of about

fii 1 Mpc

i} '8 kpc

i) 1 AU

fiv) 1 kpe

(g}

(hj

Andromeda Galaxy belongs to a galaxy
of type

{i} elliptical

{ii) circular -

{ifi) spiral

(iv} irregular - _

Abc_ording to Harvard sbé'ctral
classification, - . with decreasing
temperature ' towards the right, the
sequence. is D S

(i} A-B-F-G-K-M-O

(i) O-B-A-F-G-K-M -

i) O-B-A-K-M-F-G |

24P/353
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(4) (5)

2. (a} Define - apparent and a?solute ot _ Or '
magnitudes of a star and derive an The o Centauri binary system is
expression for the distance modulu32.+4=6 1338 pc distant with a period of

' 79-92 years. The A and B components
Or . have a mean separation of 23-7 AU.
Describe the trigonomefric parallax What is the total mass of the system? If
method for measuring distance of stars. primary component, o Centauri A has a
Can the distances of all stars be mean distgn‘(_;e of 11-2 AU from the
measured by this method? Why? 4+1+1=6 system’s barycenter, what is the mass
' of each of the component stars-in the
fp) The apparent magnitude of the sun * system? |
is -268. Determine its absolute _ :
magnitude. It is given that the distance fe)} Draw the celestial sphere showing the
between the sun and the earth is celestial  poles, celestial equator,
1.5%10*! m. : 3 ecliptic, vernal equinox and autumnal
equinox,
Or _ :
Define luminosity and the radiant ff;x_k 1%4=3 3. (a) Explain the horizon coordinate system
_ T with proper diagram. Discuss the
{c) Explain the direct method  of . ' shortcomings of this system. 4+2=6
~ determining the radii of stars. (b} What are light gathering power,
: Or. resolving power and diffraction limit of
The distance modulus of the star Vega an Op‘Fical _ t‘?le‘_‘scc’pe? Qﬂculate the
o & What is its distance from us? diffraction limit of resolution of a 3 m
is -0-5. telescope for the wavelength of 600 nm.
(d) Using Stefan-Boltzmann law  of o . 2+2+2+2=8
radiation, obtain the ratio of radii R h
and R, of two stars. with surface 4. (aj Draw a schematic diagram showing the
 temperatures T, and T, and of absolute - layers of solar atmosphere. =~ - 4
magnitudes M, and Mj, respectively. 5 ye Ver auns phere.
54p /353 { Continued ) ‘ 24P/353
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(6) T

(b)) Write a short note on any one of the 7. (a) State Hubble’s law. Given that the val
e . alue
following 3 of the Hubble constant <
(i) Solar activity . o 70 kms™' Mpc ™!, estimate the age of the
(i) Extra solar planet yniverse. ' 145=6
: . _ _ : 0
5. (a} Draw a labelled H-R diagram and _ ] r
explain its significant features. 3+2=5 (b} Dlscu'ls‘,s the concept of cosmic ladder
| - Explain how Cepheid variables star
(b) Draw blackbody radiation curves for : have been used for ‘o5 stars
three objects with mean temperatures ? distances of nearb _ measurng
7. T, and Ty respectivel h th | y galaxies. 2+4=6
L 12 3 pectively, Suc that _ !
T >T,>Ts : 3
6. Answer any three questions from the
following : - Bx3=15 .
(a) Make & sketch of the Milkky Way Galaxy : Paper : DSE-2 (B)
and label its various componen_t_s..Show i ( Physi ' : o .
. _ : cs of
the position of the sun in it 4+1=5 | v Devices and Instruments )
' . . . i Full .
(b) With an appropriate diagram, explain . . P;ssﬂ:;rk;fs. 53
Hubble’s classification of galaxies. What B .ar = 21
is the type assigned to the Milky Way . 1. Choose th ' o
' _ i ' he correct answe
Galaxy? . 4+1=5 '. following : swer from the
: . . S | 1%5=5
{c) Distinguish between spiral and elliptical - i (@) A unij 2 )
galaxies giving one example of each |; . Juntho?l transistor has
type. 5 (i} two pn junctions

o : | ii} one p-n j i
(d) Draw the galaxy ~rotation curve. . !! () pr Junction
Describe how it can give an € idence of I {iii) three p-n junctions

~ presence of dark matter. 243=5 {iw) None of the above

24P/353 | ( Continued ) | 24P/353
- . ' { Turn Quver }



3 (b}

L - (g

{d)

24P/353 -

( 8)

In a P-channel JFET, the charge
carriers are

{ij electrons
fii) holes
(iii) both electrons and holes

_{iv) protons

Which of the fol_lowirig filter c.ircuits
results in the best voltage regulation?

fij Chock input
(i) Capacitor input
(iiijj Resistance input

(i) None of the above

A Class 10 clean room can ‘have

_ ’ ,
{i) 35 dust particles per m

: 3
(i) 350 dust particles per m

: 3
{iii) 3500 dust particles per m

e 3
{iv) 10 dust particles per m

Electronic-Grade Silicon (EGS) 1s
{i) pdlycz'yst__alline material
(if) single-crystal material
.(iii) : amofphou__s material
fiv} monocrystalline matgria_l

{ Continued ). |

(9)

2. Discuss the construction and working of a
unijunction transistor (UJT). Naine some of

its important applications. 3+1=4
Or |
Discuss the construction and working of a
JFET. Mention its advantages. ' 4
3. Write short notes on any fwo of the
~ following : o 3x2=6
{a) Depletion-mode MOSFETS
(b) MOS device
{c) ‘i‘unnel diode
4. (@) What is the need of filter circuit?

{b)

5. The

filter.

Describe qualitatively the action of L

' 1+3=4
Or
Give a comparison between active and
passive filters with examples of each
type. ' 4
Explain the woﬂdng of an astable
multivibrator with a- circuit diagram. 4

intrinsic stand off ratio for a UJT is

determined to be 06. If ‘the inter-base
resistance is 5 kQ, what are the values of

RBl and RB2?

24P/353
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{ 10 )

6. Draw the basic Phase-locked Loop (PLL)
configuration. What are the purposes of loop

filter in PLL?

7. {(a)

(b}

8, Write notes on any wo of the following :  2x2=4

Why is wet etching process anisotropic?
Mention the challenges related to

etching process. 1+2=3

Or

Define the three parameters, which
determine the performance of a

- lithographic exposure.

Discuss different types of layering
steps.
Or

Discuss briefly ~chemical vapour
‘deposition method with its advantages.

{a) Photoresists
(b) Projection printing
{c) Shadow '-printing
(d) Electron lithography
9. Write the full form of RS-232. Which wires
do the symbols TxX and ‘Rx’ mean? - -1+1=2
24P/353 { Continued )

2+2=4 -

(11)

10. What are the features/advantages of GPIB? 2

11. Draw the circuit diagram of CE amplitude
modulator.

12, What do you mean by

n?odulation? Mention its different types and
discuss briefly any one of it.

amplitude

1+2+2=5

13. What is modulation index? Give its physical
significance.

Paper : DSE-2 (C)
( Physies of Earth )

Full Marks : 80
Pass Marks: 32

1+2=3

1. Choose the correct answer/Fill in the blank

from the following {any eighf :

{a)

- 24P/353

The solar system is located
Milky Way Galaxy. -

(i) at the centre -

(i) in a spiral arm

iii} at elliptic plane

fiv) at the edge -

1x8=8

_ aof the

{ Turn Over }



(b}

(c}

(d}

fe)

" background radiation falls in the
range of the electromagnetic spectrum.

24P/383

(12 )

The ice sheets of Greenland and
Antarctica, continental glaciers and
snowfields, sea ice and permafrost form
the '

fi} biosphere

fii} geosphere

(iii) hydrosphere

fiv) cryosphere

Volcanism is the process happening in
the ' '

{i) geosphere

- {iif atmosphere

(iij) biosphere

{iv) cryosphere

In the stratosphere, the temperature
increases with height due to the
presence of :

i} ozone layer

fii) ozone hole . .

fiii} less amount of gases

(iv) sulfuric acid droplets

The frequency of the cosmic microwave

fij visible

fii) infrared

(iij) microwave’

{iv) radio frequency

{ Continued )

{g)

(h)

{i

24P/353

(13 )

Earthquakes can occur with
faulting. o
{i) normal

(it} reverse -

(iii) thrust

fiv) All of the above

Which of the following describes the
build-up and release of stress during an
earthquake?

.} Modified Mercalli scale

{ii) Principle of superposition

(iii} Elastic-rebound theory

fiv) Travel time difference

The point where movement occurred
‘and which triggered the earthquake is
the : :

) dip

{ii} epicenter

(iii} focus

(iv) strike

Thle present-day climate change is due
to the ' . .

fij change in  earth’s  orbital
parameters :
(i} solar activity
(iii} human activity
(iv) ozone hole
{ Turn: Over )



G

?“ fa)
{b)
{c)

@

( 14}

The global warming is due to the
(i) natural greeﬁhouse effeét

fii} enhanced greenhoﬁse effect
(i) runaway greenhouse effect

fivi climate change

2. Answer the following gquestions :

What is a meteoroid? State the
difference between a meéteor and a

meteorlte. : : 1+2=3 :

State the differences bctwéen the
terrestrial and Jovian planets. Why are

they so named? - 3+1=4 -

Which planetary bodies in the solar
system exhibit resemblance with the
earth? Explain.

What is cosmic microwave background
radiation? Explain its relation with the

origin of the universe. 1+4=5

Or

Discuss the different stages of the

formatlon of ‘o star.

3. Answer the follomng questlons :

()

24P/353

Discuss the mteractlorl between the

dﬂferent spheres and the suhd earth.

{ Contmued )

(b)

c)

(d}

(15 )

Explain how the glacier ice sheets and
polar ice caps influence the earth’s

| ecosystem. ' 3

Name different layers of the earth’s
atmosphere. Discuss the variation of
temperature with  altitude. What
constitutes the earth’s atmosphere?
2+3+2=7

Discuss the variation of pressure and
density of the earth’s atmosphere with
“altitude. 5

Or

Explain = the  components of the
biosphere. '

4. Answer the following questions :

(a)

{bj

{c)

24P/353 .

Distinguish between earthquake

magnitude and intensity. Discuss

various earthquake magmtude scales.
1+3=4

What are faults? Discuss the different

types. of faults responmble for causing
earthquakes. = .. . .= 1+2=3

What are seismic waves? Discuss the
different types of seismic waves and
their - characteristics that distinguish

one from the other. 1+4=5

( Turn Qver }



( 16 )

Or

{d) What are earthquakes? Discuss the
different types of earthquakes based on
their mode of origin. : 1+4=5

5. Answer the following questmns :
{a) Discuss the timeline of major geological
and biological events of the earth. 1+4=5
| .I Or .. | .
Discuss the role of the biosphere in

shaping the environment. : 5

(b) Discuss the future evolution of the
earth and the solar system. 5

6. Answer any two of the following questions :
7X2 14

{a) Explain the role of Mllankowtch cycle

~ on paleoclimate change. Is this affecting

the present-day climate change?
Expla.ln '

(b} Explajn how human actlv:lty is aﬂ'ect:lng
the environment. -

{c) Explain water cycle. How does it help in
maintaining a steady state?

*** .
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{a) The ratlo between the el_ectrlc ﬁeld and
the magnetlc ﬁeld is

Moﬁo

_ '-""-.r-(uz}
: \”*050
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(2)

(b) A cyhnder constramed to move on

24PI 282

a plane such that its axis of symmetry
is always parallel to the plane, then
the degrees of freedom are '

fii 2
(i) 4
(i) 5
(i) 6
() In variational principle, the line integral
of some functions between two end
. points is- : '
(i} zero .
(i} infinite
fiii) extremum
{iv) one h
(d} For a partlcle movmg u.nder the actlon
. of conservative force, the Lagrangmn
of the system” '
i) is mdependent of posmon _
(i) increases in the direc'uon of
-~ conservative force’
v {iiij decreases - in the dJrectlon cof
- conservative force
{w) More mformatlon__ needed .
(Continued )

_(e)--

o

(3)

A stick of one metre in length is moving

_away from an observer at a speed of

0:80c. The observer will see the length
of the stick as

i3 06 m

- i) 1255 cm

fiii) 1 m
(w) 1 66 m .
A square is travelhng Wlth the velocny '

of light in its diagonal direction.” The
observer 1n the rest observes 1t as .

{9 square
{ii) rectangle

(i) pa.rallelogram

fiv) rhombus

In a nuclear plant 1017 Joule energy
is available from mass conservatlon
How much mass was lost? '

) O1kg

| - (i) 1kg "
(i) 10 kg

(h}

fiv) 100 kg

" A fluid is called turbu.lent when _

i} the wscomty of ﬂu:.d is high

' (u) Reynolds 3 numbef " is ' greater
_"than 2000 - ' ST :
: {m} Reynolds number. is less
- than 2000 - '
{w) the dens1£y of ﬂmd is. low
A Tum Over )
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2. (q}

(4)

Ifa eharged partlcle is moving through

"~ a transverse uniform electric field,

show that the path of the particle will -
be parabola inside this field.

‘State and prove Hamilton’s principle.

Or

A partu:le of mass m falls a given

ZZD

1/2
distance Zy- _in -tune to =[—-) . and

the distance travelled in time t 'is_ given

by_ z=at+bt%, where constants a and b
are such that the time ¢, is always the

-same. Show that the integral I;“'L dt is

. extremum for real wvalues of the

" horizontal. Use Lagrange’s equations to

'coeﬁielents only when a=0 and b=

A partlcle of mass mis. pro_]ected with
initial velocity u at an angle o with the

~ describe the motion of ‘the projectile.

()

©

3. (@

24PI282

_ -neglected

The resmtance of the air may be.

-

: ,Estabhsh the Euler Lagrange equatlons

of _motion by differential method

Usmg Hamilton’s equatlon of mouon,
deduce the equations of motmn of
a compound pendulum ' '

( Coritinited)

3

{c)

(51}

Derive the Hamiltonian for a charged
particle in electromagnetic field. .

Define generalized momentum. ‘Establish

the principle of conservation of angular -

momentum usmg generallzed notations.

: _ 1+4=5
o Or . _

An inverted - pendulum - consists of

-a particie of mass m supported by

- a rigid. massless rod of length L The
~ -pivot O has a vertical motlon given by

4. (@)

(b)

. z=Asinwt. Obta.m the Lagranglan and .

dlﬂ'erentlal equation of the motlon _ . 5

I a partlcle is shghtly dlsplaeed from
“the point of equ111bnum ‘executing small
" oscillations, then calculate the potential -

energy about a -point. : of. stable

- equlhbnum 3

Three rigid spheres ‘are - eonnected by -

hght flexible rods with relatlve masses
tmg i mg =1:2:1. Describe all the

normal modes of the system and the

normal frequenc1es R 6 .

_'Show that the total energy ‘of a coupled
... System w1th three degrees of freedom
is equal to the sum -of energ;les of its

24P/ 282

_I_prlnc]_pa_]_ mode of oscﬂlatlon SN
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State the postulates of special theory

. of relativity. 2

(b)

Write short notes on any two of the
following : : :

- {i) Length contractlon

. fi) Twin paradox

fiti) Momentum 4-vector

| or
An astronaut wishes to detertni.ne his
velocity of approach as he nears the

-~ moon. He sends a radio signal  of
. -frequeney 5x109 Hz -and compares’
- this t'requency with its echo, observmg
- a difference of 86 kHz. What is the

. moon? (Use the terms of fnst—order v/c) ) 6

fel
6. (&)

.

. Discuss’ space like, tnne like and hght )
like mtervals : SRR 3
_ Denve the expresswn of rela.tm.stlc total
energy. . o - o .4
_Explam the ooncept of sunultanelty in
- the context Qf spech relativity. -4
Or . . - N .

velocity of space vehicle relative to the

A muon is travelling w1th speed'

... .v=0-99¢ (c stands for velocity of light}
o veruca]ly down through the atmosphere

24PI 282

Its half-life in its own rest frame is 15 )

‘microsecond. What is its half-life as
~‘measured by an observer on the earth?’

{ Contmued o

3><26 _

(7)

Show that EZ — p2c? is invariant under
Lorentz transformation. = 4

Define relativistic Doppler  effect.
Discuss the salient features of
relativistic .-Dopp_ler-.eﬁ”ect.- - 2+3=5

| | or _
Excited Fe>7 nuc_lei_ sonietiines decay
to produce y-ray photon of frequency
3.46x10'® Hz. Find the frequency of

" the photon emitted at an angle of 60°

in the laboratory frame. relative to the

- direction of the Fe 37 nucleus, when it is

(b}

moving with a velocity 6_><1_07 ms™. 5

Explain the concept of four-force

and discuss the conservatmn of four-
momentum. ' - 2+3=5

Oor

A beam of 10*n* mesons moves in "

. a circular path of radius 20 metre at
S a speed 0-99c. The proper mean life of

24P/282

the n* meson 1s 2. 5x10‘S ' c.

(1) How many mesons survive when
the beam returns to the pomt of
origin? S

{iij How many mesons would left in
a beam that had remained at rest

" at the origin for the same period

of time? - 2+3=5 .

(Tum Over)



8. (a) Wnte ‘the equation’ of cont1nu1ty of flow
of liquid and prove it. - 2

{b) Write down Po1seu111es equation for
© liquid flowing through a capillary tube.
From this equation, show that if two
capillaries of radii rp and r, having
lengths L and [, respect1vely are set in

S series, the rate of ﬂow Vis glven by

" 'where P is pressure dlﬂ'erence across

.the arrangement and nis the ooefﬁcmnt _
of VlSOOSlty : I 1+3-4

Three cap1llar1es of - 1engths 8L 0.2L

and- 2L, with radii r, 0-2r and 0.5r
. -respectnrely are _connected in series.
. If the total” pressu.re across ‘the system
in an _experiment is: P, then calculate

the © pressure across t_he - shortest

() Writé the 'qualitsti\ré_" description of
turbulence of a - liquid. - What : is
..+ Reynolds’ number? S 142=3
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