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Note: Attempt Any Five questions.
Assume suitable missing data_ if any.
. 1. (a) Verify that the following i$ an inner product on R where u = =
(x1,%2) and v = (34,¥3)

fwv) = Xy, 2x13’z by 21’23’1 +5%2y2
[CO5] [5]

. (b) Let G: R? - R? be the linear mapping defined by
5 G(x,y.2)=(x+2y—zy+zx+y—22)
Find a basis and the dimension of the i 1mage of G and the kernel of G.
[CO5] [5]
2. (a) Venfy Stoke’s thcorem for A = (x? + y 4)l = 3x}’f +(2xz +
22)k over the surface of the hemlsphere x% +y2 + 2% = 16 above the
xy plane. _ ) (CO2] [7]
(b) Show that 56l =n. [CO2] (3]
3. (a) The vibrations of an elastlc strmg are govemed by the pamal
differential equation
d%u  9%u
dt? ~ Ox? :
The length of the string is m and the ends are fixed. The initial
veloc:ty is zero and the initial deflection is u (x,0) = 2(sinx +
sin 3x) Fmd the deflection u (x, t) of the vxbratmg string for t = 0.
. (CO3] (6]
(b) Determme whether or not the’ followmo véctors in'R3 is linearly
deper;dcnt
ul-—(125) uz —(131) u; —(257) u, =(3,1,4)
; s e [CO:] [4]
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4. (a) Sllow‘th;at the set of all positive rational

abelian group under the composition defined by
(0 (ab)

axb=73" . ST
iy . [CO4] 5] 4
¢t R be the relation defined in 1.,‘

(b) Let [ be the set of all integers and le . «
such that xRy holds if(x—)is divisible by 5, x€l Y el,ie. R = {(x, - ‘
_ ¥) : xel yel, (x—) is divisible by 5}- Show that R is an :
v . .~ equivalence relation in'/ and determine. all the possible equivalence -
TR - classes in the set [ with respect to relation R~ 7 fon G
ke PR Tt (U M Y I SR [CO4] [5]
5. (a) Prove that those élements of a group G which comimute with the.
square ‘'of'a given element b of G form a subgroup Hof G and those
which ‘Commute with b itself form 2 subgroup of A. .- Sk
Set H= {'x € G: xb? = b*x}jand SetN={yeGiyb=by} -
, [CO4] [2]
(b) Obtain the solution of the following wave equation, using the
method of separation of variables: :

=0 at x=9 and x= L ' ("
‘ [CO3] [5] ™
‘b is 2 scalar function.
1C02] (4]
le of-the function

given that v =10 when t — w as well as v
6. (a) St 39 i 2 covari ‘wher
) Show that siis2 covariant vector where

(b) Determine the poles and residue at each po

et .
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Max. Marks: 50
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2 ! I
% A

/< e &

- Y1 (i) IFF and G are functions of position co

-ordinates g and momentum co-ordinates py, dct' ine
thc Poissoa’'s brnckefs ofF and G, Pro

ve that (a)[F,G]=- [G Fland (b) (g1, p] =- 5y

(2) [c0o3]
(ii) Whnt isa cyclic coordinate? Prove that Hamlltoman of a conservative system is equal to
; AR H " the total energy of the system, . (2) [CO1]
« (iii) The motion of a system during at interval of time may- be regarded as an infinitesimal
i contact transformation generated by Hamiltonian, Explain, . 2)[co1] -
5 . _ (iv) What is a four vector? Show that scalar product of two four vectors is invariant under
Ot  Lorentz transfonnatlogxs. ' ‘ © (2)[CO4]
(v) Investigate the stability of circular orbit of radjus o, whcn a partxcle of mass m, moves
e under the influerice of central force . :
$ O : a .
N ] fA(r).= r—z-i- o 1 : (2) [COs5]
o S

2. (i)Derive Hamilton’s canonical e
show that the Hamiltonian,

5

st = B H—p—e"'+;mw’x’e

quations of m_otion. Using Hamilton's equations of ,motipr'l,

o/

3 . ) L g leads to cquauon of motion of a dampcd harmonic oscillator X + 1 + *x=0 (5) [CO4]
> ’ . : -
- - - (i) Obtam the Hamxltoman for an harmonic oscillator, whose Lagranaxan is given by
3 ) . 5o . _ L(x, )—-x’ - ;wzxz - ax? (5) [COs]
) . 3. (l) Determine the canonical n-ansformanon deﬁned by the gcneraung function
3 e : o | R@Q.0 =3 me(gcoro

F ind also the new Hamiltonian, K. The old Han'ultomzm isH =

(u) Define Poisson bracket of two dynarmcal variables. For wh
transformahon equatxons

- 24

z—+ 3 matq? (3)[CO3]
at values of m and # do the

- 3 . @g= q cosnp
§ . . : P = q™sinnp

.- . presenta canonical transformation? Obtain the wcneratmg function.

’ (5) [CO3]
5 B |
i" : .
| '

€
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4, (i) What Is differential scattering cross-section? Discuss the problem of charged particies
by a coloumb field and obtain Rutherford’s formula for differential scattering Cross-
_ section. : (5) [CO3]-
(ii) Derive the equation of orbit of a particle moving under the influence of a central force -
consistent with the inverse square law and discuss briefly the special cases depending upon
the energy and hence of escentricity. . - (5)[col]
using Hamilton Jacobi method.
5 e i (5) [CO3]
$n_)A bead slides without friction on a smooth wire which is rotating with-angular velocity ®
inthe force free space. Find its Lagrangian equation of motion and also find its radial
acceleration, - : (5) [CO4]

5. (1) Discuss one dimensional harmonic oscillator problem,

ons can be regarded as’
ski space.

(5) [CO3]

.. 6. (i) What is Minkowski space? Show that the Lorentz transform ati
transformations due to. a rotation of axes in the four - dimensional Minkow.

H_ence'deduce the Lorentz transformation.

1) and (x2.y2) and revolve about its Y-axis to

tion of the curve for which the surface area is
- (5) [CO2]

. (ii) A curve passing through fixed poiﬁts Cxn,
me} a surface of revolution, Find the equa
minimum, : i

Arrresy o -
SHHAR . B e T
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! Note: All qucsnons carry equul mnrks
‘ ; © Assume suitable mlsslng data: ilfany.
: o5 Q. 1 Write the nmc-mdepcndent Schrjdinger- equatlon for hydrogén atom and
e Wol‘\ out for its solutlon for radial part only. [10] [CO1]
e : ‘ '. : Q 2(-‘1'\ Show that thc Componcnts of angu]ar momentum do not commute in
SR cAnditi _ position space.. . i S| [4] [C03]
: Wi ‘(b) Suppose you have a ‘normalized wave f'unctlon att=0,i.e.,.px (x,0). Show
: SN that it wnll stay normahzed as time cVOlves. . [6] [CO2] .
Uy ‘ : ey LR : 2 OR
‘ ] : _ Q3(a) Show that the commutanon relation [x p,] ih remains unchanged
: " S ‘under a unltary transformation. : 4] [CO3] -
|3 "% . (b)Show th’a; the vectors ?
IR - ' _ cos @ - /=sinf : o\ .
| : Ay =| sing |;. Az = cos8 | A3=|0
; - ’ 0 ' 0
: (6] [CO2]

. form an orthonormal basis set.

) Q4 Obt'un the Clebsch-Gordan (CG) cocff'cwnts for system of two non-
ST g mtcractmo particles with angular- "nomcntumj, —Eand J,_'E, and write the

[10] [COS]

corresponding matrix.

ETE

e




ORI E—
R A

inciple underlying the Var/altona[ Method and prove

Q.5 1llustrate the ba;sic,. pr
(10} [CO5]

that the ground state energy is the smallest elgcnvalue

Q.6 Consnden an electron inside an mFmtely deep one-diniensional potential
e SPEA o
V(‘c) =1, 0 <x [.
= oo forx < 0andx>L

The normalized wave functions are

. _ nrrx
| Yn = \[—sln .
Assumnng a perturbation of the form Y' = —eFx, show that in the first order

[10)[ CO04)

perturbation theory, each enérgy level gets shifted by — 1/2 eFL.
OR. :

Q.7 Use a gaussian frail function, ¢ (x) = Ae=-b**, 1o calculate the ground staf=

‘51131"’}' for the ‘one-dimensional harmomc oscillator

= n2 2 2
H ———-——2 + mw x . )
by invoking the Vari thod ‘ 04]
g the Variational method. - (10] (CO4]
—END-—- .
2
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. Coﬁrsé Code- MSPH 107 . ' Course Title- Applied Optics

Time: 3:00 Hours Max. Marks: 50

Note: Question 1 is mandatory. (2x4 =8 marks)

Answer any six [rom question 2-8.' (7 marks each) )
Assume suitable missing data, If any. Where symbols hava their usual meaning

Ty

1. (a) A light from a 220-\;van iamp unifdrmly’ spreads out in all directions. Find the intensity .

and the amplitude E, of the E:M. waves at a distance of 10 m from the lamp:

(b) ,Ca]c‘u]uté the distance between two successive positions of the movable plate in Fabry-
_ Perot Interferometer for which 'we get coincidence of fringe system due to sodiam light ().,
:=5895.93.A, A;=5889.96 A,). :

; Ecl)"[h'a plx;ne aif'f:r;ﬁlétib'rﬁ"grating, width of opaque space is double the width of the
“: transparént space. The.number of lines per cm is 5000. Which order of the spectrum will
be missing? Find the angular separation between the wavelengths 5460A and 5480A in the

second order. . - .. _
‘-'(d)—Calculate the thickness of:q uénc_:r wave plate with po=1.6247, p=1.5672 for .=5893 A.

_ e : - [CO#1.5]

2. What do you understand by double refractjon? Describe the construction and working of
Nicol Prism. How would you produce and detact the following using Nicol Prism and
quarter. wave plate: (a) plane pblan'zcd light, (b) circularly polarized light and (c)
elliptically polarized light. s "

. L . [CO#4]

.3. Describe half period zones? What is zone pl%_lc? How the zone plate is constructed?

- Compare zone plate with convergent lens; also explain how a zone plate ‘acts’ like a
-convergent lens having multiple foci. g

. - [CO#5]
Derive the expression for the intensity of Fraunhofer Diffraction due to a single slit. Show
that the intensities of first and second maxima are 1/22 and 1/61 of the intensity of the
central maximum respectively.

>

[CO#5]
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. ' : g ‘ 33 iral with its application.
e . e 5. Discuss and derfve Fresnel’s integrnls' Also, discuss Cornu’s 3p e o]

the salient ‘features and .
6. Explain the prlnclple and thecry of hologmphy MSO, discuss 1Coi]

applications ofhologmphy

Also, discuss its application.

7. Write Fourier & series and dcscnbe Fourier tmﬂSform sheorsi: [CO#3]
in optics. { ' ' - ' :
o = B Being Poynting vector. Dediice Lheorctically Poyntmg thcorcm for the flow of enelrgy in
g 3 an el !
electromagnetic fi f‘c‘ld : . [CO# 1}

s .
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. Question No.1 is compulsory.-
2 All questions carry equal marks.
3. Assume suitable missing data, if any.
4. Attqmpt any 5 questgqns out of6 questions. - -

) Max.Ma r:ks=50 ‘

~J

Ql (2) Whlch BJT confguratlon is most common]y used for
the below mentioned apphcatlons? _
(i) Impedance Matching
(i) Amplification ° [2] [CO2]
(b) The constant-current region of a JFET lies between ...... ,
i) cut off and saturation g
ii) cut off and pinch off ‘ i
iii)0and Ipss R v
_iv) pinch-off and breakdown g e o : [2]1[CO2]

-(C) IfADM =3500 and Acm= 0.35, the CMRR is.. 5

(i) 1225 .. - (ii) 10,000 - (iii)8odB". . - -
(iv) answer (ii) and (iii) : ‘[2] [CO3]
2] [CO4]

. -(d) Write the excitation table of a RS th Flop.
(¢) Three T flip flop are connected to form a counter. How many -
maximum no of states and the max1mum count is p0551ble?

" Also explain the results. .
(1) 5. (i3 - - (m) 8 - (1v) 7 [2] [COS]

Q2 (a) In a P-type germanium; n; = 2.1 x 10‘9 - , density of
. boron is 4.5 x 103 atoms /m’ "'“he electron and hole

‘mobility are0.4 and 0.2 m2 v-! 5! respectively. What is
its conductivity before and after addition of boron
. atoms? ; [3]1[CO1]

(1
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(b 3 ili
(! 2‘ rl;\nb: Sf ls(l)hf(:n_m 2r.oom temperature with a cross-sectional
= cm® is known to contain a uniform) hole
concentration of p = 4, ( )

S.10% em™ 3, In anapplied electric
field F = L.5kV/em, the measured current is 45 mA.,

(1) determine the average drifl velocity ol holes; »
(ii) calculate the hole diffusion coefficient! [5]1[CO1]

(c) Graphically ex

plain the 1V-characteristics for a zener
breakdown and

an avalanche breakdown. [2] [CO2)

Q3.(a)Calculate the value of feedback e

aleul sistor (Rs) required to -
self-bias JFET with Ipss=40mA, Vp= :

-10V and VGSQ= -5V. .

Loy deat 3, fet . B1[CO?]
(b) Find the h-parameters of the circuit'shown in the below
figure: §
L loa  waT,
B s
v, stoa. v,
o 8 [5][co2]

(c) The'dc current géi}n,_of a tramsistor in CE configuration 15 )
100. Find its dc current gain in CB configuration? [2][CO2] .

Q4. (b) Assume Sj]icon (bandgap 1.12 eV) at room temperature
_ - (300 K)-with the Fermi level located exactly in the middle -

of the bandgap: Answer the following questions: - .
(i) What is the probability that a state located at the bottom of

the conduction band is filled? ’ :
(ii)- What is the probability that a state located at the top of. the
" valence band is empty? - - ; A _[5] [CO1] -

L

BT S L R

(b) Explain the working of OP-AMP as an integrator and derive
the expression for the output voltage (Vo) for.a given input
voltage (Vy). For the circuit given below, how long does it take
for the output to reach saturation voltage and also draw the
output?

[5][CO3)

Vi (10mv)

Q5. (a) How mariy different types of register are there? Explain the
.~ working of a storage register. - [51[co4]

(b) Design a shift register circuit which could be built from D-type
- flip-flops with the ability to shift data either to the right or to

. the left, on command. Explain the working by using schematic

and clock diagram. k ’ [S]1{COs]

Q6. (a) Convert JK.to D flip flop and draw the final circuit
diagram. - - - [5][COs]

(b) Draw and éxplain the logic diagram, truth table and clock
diagram for a 4-bit Ring counter. v [51[CO4
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MSPH201: Atomic and Molecular Physics

Pdrt A (Atomnc Physxcs)

Ql.
(a) What is Zeeman Effect? How it can be understood on quantum

mechamcal basis? Obtain an expressmn for Zeeman splitting of atounc
energy ' levels in  a - magnetic . field, B. Explain the
magnetlc splitting of sodium D-lines. : [S][CO#2]

; (b) What is spm—orbxt interaction? Calculate the energy shift due to spin-orbit

mteractxon téerm in H—hke system Discuss the significance of this shift in
relation - ¢ . to -+ the ' = . fine ~ structure of
hydrogen spectral linds... ¢ <7 g e [SI[CO#1]
(c) Compute the field gradlent of a 0. 5 m Iong Stem- ‘Gerlach magnet that
~ “would produce a 1 mm-separation at the end of the magnet between the

two components of a beam of silver atoms emitted from an oven at 960 .
°C. The magnetlc dipole moment of silver is due to a single ;=0 electron,

© justas for hydrogen (Boltzmann constant k= 1 38 x 102 K). ;
g [5][CO#2]
"Q2 State Bohr’s: postulates and deduce an expresswn for the allowed

energies of the hydrogen atom. Show an energy level diagram for the -

observed transitions. What are the limitations of Bohr’s theory? :

x; BIIC "‘1]

: . OR ‘ :

Derive an expression for Larmor precessional frequency. What is its

importance? A beam of electrons enters a uniform magnetic field of flux

density 1.2 Tesla. Calculate the energy difference between electrons

whose spms are parallel and anuParallel to the field. [5][CO#2]
Q; erte Short Notes on any Two of the followmcy . .
(a) Vector-atom model - T <o [25][CO#1]
(b) Lamb Shift . : . .- [2.3][CO#1]

(c) Stark effect - : B e T [2.5][CO#2,3]
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P#rt B (Moleculﬁi thsics)

: Q‘*Attemptanyrwe ,6:f'¢he following. All parts carrty equal marks.

o N TR ; [15][CO#3,4,5]
(2) Explain Kasha’s rule with a suitable schematic diagram.

G _ . ) Discuss Predissociation.

e . (©) Discuss Fortrat diagram. . S
I B - (&In CO the =0 —»J=1 absorption line occurs at a frequency of 1.15 x 10"
Fire s "+ Hz What is the bond'length of CO molecule? -* . e i, SR S
T . (e)Discuss all the factors affecting the intensities of rotational spectral lines,

including the role of isotopic substitution. - -
() The force constant of the bond in CO molecule is 1870 N m!. Calculate
; ﬂ?e frequency of vibration of the molecule and the spacing between its
-y ; vibrational energy levels in eV. Given that the reduced -mass of
e g - . CO=1.14x10"% kg, h=6.63x10* J s and 1eV=1.6x10"J. ;
: YN (g) If the fundamental band of H!CI*S lies at 3.46 pm (micron), calculate the
wavelength of the corresponding band of H2CI*’. -

Q5. Answer the following: . ’ :

(a) The carbon monoxide (CO) molecule has a bond length R of 0.113 nm
_ a.nd masses of the 12C and 160 atoms are 1.99x1026 kg and 2.66x102% kg _
respectively. Find (i) the energy and (ii) the angular velocity of the cd.

. molecule when it is in its lowest rotational state. . [5][CO#5]
® De’?__-’?-, energy/frequency expression of a’ diatomic vibrating rotator
. considering the ‘Concept of Born-Oppenheimer approximation and obtain
the transitions between the rotational-vibrational energy levels, i.e., the

vibration-rotation spectrum. ' . [SHCO#5]

A
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n_.s'wer Agll guestions T
Udssume smfable m:.s'smg dafa ;f any

.,
A

;I'Ql Explam the fundamental characteristics of Nuclear Forces" Which of

Sy RN S S Pl T the nuclear phenomenon happens due to dlsmtegratlon of the atom1c

b nucleus? Determme the minimum energy (in MeV) needed to remove just

B s : ' one proton from the nucleus C. (Let the mass ofa proton be 1.0078 u, the

SR L S “-‘massobeeuoOOOu andthemassofBbellOO93u) 5[C0O:1.2]

i

P R T el e Q. i) Explam the xmportance of the use of beam of particles (Electrons or -

. protons) in the ﬁeld of nuclear physncs"’ Use energy methods to calculate ”

prs

the d1stance of the closest approach for a head-on collision between an

alpha particle with an initial energy of 0.5 MeV and a gold nucleus (‘97Au)

! p atrest. : A _ ; ; . 5[C0O:2]

-! e e ii) Explain the term: Binding energy per nucleon i m v1ew of the stability of

. CR : g nuclei. Give an example of a compound which has a doubly magic number

»nucleus‘? Explam semi-empirical mass forrnulai with significance of

1

various terms in terms of their gravrcy i -5 [CO

i
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n various achievements and failure

Q3. Starting from assumptions, mentio
of shell model and its implications for the heavier and lighter nuclei an
5 [CO:2

its structure with examples?

Q4. Explain the foilowing: 20 [CO:I’ 2,

Nuclear Scattering Processes, Contro

Nuclear Spin and Nuclear decay, Nuclear Magneti
Power, Different types of Nucle

its Workmg, Rc

lled ..thermonuclear Reactior
¢ Dipole mortne!

Environmental effects of Nuclear

Reactions, Ma.m Components of Nuclear Reactor and

of particle phymps in astronomy

Q 5. i) Explain tha d:fference among alpha, beta and gamma decay with

examples? If radxanon lS dangerous then why do we use it? Why dc

_ Nuclear Reactions Release Tremendous Amounts of Enercry’7 5 [CO: 3,“{’

ii i , s nacti
.) Does fusion produce radicactive waste the same wa‘y as fission does®
Explain? ! i :

plain? Illustrate! the difference between fusion and fission reactions’

- | .
Can fustgn cause ainuclear accident? Justify with examples? 5[CO:3, 4
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MSPrH207 - IFIBIER AND INTEGRATED OPTICS
e “ Max. Marks: 50

- 1. Answer any five

(a) The values of the propagation constant [} of TM,, modes are smaller

- than those of the. corresponding. TE,, modes.. Explain:.

'(‘b) -Write 'the .‘trariscendental equations -for the symmetric and
“asymmetric TE modes of a symmetric planar step index waveguide at

cut off.

(c) Bljieﬂy indicatel with the aid of suitable diagrams the difference

between the meridional and skew ray paths in step index fibers.

(d) Sketch a diagram for normalised [requency vs normalised
propagation constant for" fundamental and first higher” order

" propagating mode in case of step index optical fiber.

(e) Calculaté the pulse broadening per unit length of the fiber having
= 1.5 and cladding

core diaméter_-= 100pum, core refractive index
refractive index = 1.48. ° '

(r) lustrate the following conditions in an optical fiber

() “Angle of incidence is Iesé than ‘the critical angle of

incidence

(i) Angle of incidence is equal to the critical angle of

‘incidence

- (iii) Angle of incidence is greater than the critical angle of

incidence

[2#5 =10 marks]  [CO:1,2

11

Pu

2
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B

2. Plot normalized v

adial intensity distribution of |
modes for a ste

m Ly and LIy,
P index fiber,

13 marks) |CO:1)
3. Brieny explain the

techniques whic
narrowing

hare adopted 10 ol
in semiconductor |

ain line widih
aser diodes,

13 marks) [CO:3)

4. Explain the Plasma — Activated Chemical Vv,

apor deposition method
for the fabrication ol optical fibers,

13 marks| [CO:4]

5. Consider a 30 Km long optical fiber that- has.an atenuation of

0.4dB/Km at 1310 nm. Find the optical output power Pout if 200p0W
of optical power is launched into the fiber. 2

13 marks] [CO:2]

6. Consider an LED operaling

z d?n
At this wavelength — .~
dad

—0.00055 um~2. Calculate (i raterial

dispersion.
13 marks] [CO:2)
7. Starting  from (he Maxwell’s Cquations for dielectric medium,

establish an eigen value equation for step index optical fiber. Point out
the method to solve the above mentioned Eigen value cquation.

OR

' Using boundary Conditions for a TE mode (!erive “the cige.nval'ue,

equation for.a planar symmetric _élcp index waveguide, Discuss the .
graphical method to find its solution.

[5marks]  [CO:1,4,5]

“ 0. (a) Ot

at 1.3pm with a spectral width of 20 nm.

8. Calculate the power associated

with the symmetric TE mode in a
planar step index waveguide.

[5 marks) [CO:1,4,5]

ain the expression for waveguide dispersion i optical fibers.

y [3 marks| [CO:2,4)

(b) An approximation for (he norm

alised Propagation constant in
single mode step index fi

ber is given by
b(V) ~ (1.1428 - @)2

Obtain  the corresponding  approximation for

the waveguide
d’(bv)
parameter VvV T

and hence write down the expression for

. vwavegﬁide dispersion in the fiber.

[2 marks] [CO:2,4)

10. A double heterojunction LED emitin

870 nm has radiative and non radiative reco
and 100 ns respectively.

g at peak wavelength of
mbination times of 60 ns

Determine the total carrier recombination life time and the power
internally generated within the device at a drive current of 40 mA.

IT the refractive index of the light source material s n = 3.5. Find the
“power emitted ffom the device. : :

[3 marks}] [CO:3]

(b) With the help of suitable diagram, explain the frequency response

for an’ LED, exhibiting electrical bandwidth and optical bandwidth.

Mention the relationship between optical bandwidth and output power.
[2 marks] [CO:3]

(AN .Wha( is threshold.gain? Obtain expression for threshold gain in

a laser diode.
|5 marks|  {CO:3)
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END TE - 'MSPH215  Plasma Physics
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Note : Attempt all the Questions.
"All Questions carry equal Marks
Assume Suitable missing date, if any

-

he construction and working of Q-Machine in a dusty plasma. How

e the plasma parameters (electron densnt/ and ternperature) using
5 [1 OJ[CD#l]

Q.1.Explain t
can you measur
Langmuir probc techques7

Or

What is the, magnetlc ‘moment in plasma’? Show that for a dxamagnctlc case the
magnetlc moment is glven by ;1=--%~B where w,is the transverse kmetxc energy

of the particle. [10] [CO#1
]

Q.2. What are thc electrostatlc ion —cyclotron waves? An ion ‘beam of density Mot
velocnty v,llz, charge (+e) and mass mp is propagating through a plasrm. )f
electron density Noe, electron temperature Te, ion density nijo, ion mass mj, ion
temperature T,~O immersed i ina static magnetic ﬁe]d B,||Z. Show that the growth

rate of the unstable mode is given by

YE , g 5 s
B I - S " - [10] [CO#2
48 YY) = 2 ]
)
1+ ke
pi

Or

Show that the dispersion relation for electrostatic waves in a magnetized plasma
is given by '

. ‘ X A
a,p2k”2. mPZ kz a)p' k2 @i kz

>

e=1-—B 2=
o2 2 aP-a kz,. P mz_wz o

-

[10] [CO

It
~
—



22‘0'

-schematic diagram. Show that the growth rate of the FEL instability ig given b-y’ﬁ

o AR \

ol Instabilities (KHD? For a fully ionized plasma

ic field, show that the instability occurs if

Q. 3. What is kelvin Hel

in the presence of magnet

’ 2
il L_A__]
A>ﬂ{+ Z(16)

[10] [CO#3]

nEtion ? ‘Solve the Vlasov equation- for an

Q.4. What is the distribution fu
where

(Bs =0) and _obtain  e=l+Z.+¥.

isotropic  plasma
| [10] [CO#4]

: 2

. 20

20 e2 o y d _—A.D___ 1+—"Z ml,o’h")]

’ffﬁaf'h‘z[‘*/‘Tz(“”’”m)} v
t e ’

Q.5. What is Free Electrdn Laser (FEL)? Explain the physical mechanism using -

S
_ . /3 ‘ :
lcwc B ‘ [10] [CO#5]
~ Or
What is Cerenkov free electron laser (CFEL)? Explam the Phyg;; |
mechanism using suitable schematic diagram- [rojfe ]
C
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Note: Answer Any FIVE questions. Question No. 1 is Compulsory.
Assume suitable missing data, if any

1. Answer all the questions. » A ) '[2 x 5]

[a]. Exp]aln Bragg’s law? Derlve the Bragg’s formula: 2dsin0 = n\:

(Col)
[h] Determine the freqnency and enelgy of CuKa (1=0.15418 ) and
FeKa (4 = 0.19373 nm). . . (Col)

[c]- Briefly, explain energy dispersive X- rays (EDX) spectroscopy.
How EDX is beneficial for characterization of materials? (CO2)

[d]. Draw SEAD patterns of single crystalline, polyctystalline and

amorphous ‘solids by TEM/ HR-TEM. .- (CO4)
[e]l- What is the difference between IR and FTIR? Why I{Br material is
used -as binder for sample preparaiipn in FTIR? - (COo3)

2[a]. Define ‘multiplicity’ and . ‘structure factor’. Assuming proper

fractional atomic positions of ‘body centered cubic’ cell, find out.the. :

structure factor in mlxcd and unmlxed state of mten51ty
(con [s]
[b]. Explam the basxc prlnClple and mstrumentatlon of X-ray Photo
. Electron Spectroscopy Write the different characteristics studied/
a.nalyzed by XPS (CO3)[5]

3[2] Discuss workmg and prmcxple of FTIR. Consider a FTIR pattem of -

any compound and show finger print and characferistic regions in it
and explam Write the wavenumbers of C-0, C-C and C=O stretches.
(CO3) [7] -

[b]. A microscope consists of a 5X ohjer,ti;/e and a 20X ocular. The

distance between the lenses is 15 cm. (a) Detemine the overall

- magnification if the eye is relaxed-(b) determine the focal length-of
the ocular lens (¢) (I'IC focal length of the objectivq lens. (CO4) [3]

4[a). Discuss ahout secondary electron (SE), backscattered electron (BSE)
and .X-rays ejection and their applications .in material
characterization for 4 scanning electron microscope (SEM).
Distinguish between SEM and FE-SEM.

[b]. An electron beam of brightness, 10" Am™sr! is focused to a spot of
diameter 100 nm at the specimen. What is the current density within-
the spot and what is the dose rate in electrons.per square nm per
second? Take the convergence angle to be 0.04 radians. ’

(CO2) [3]

5[a).. Discuss about contaet_and non contact mode of ‘Atomic force
microscope (AFM). Using force - distance curve, explain the
cantilever and tip interaction with the specimen to measure adhesion

“ force using AFM. ' (CO4) [7)

[h] Define Peizo sensmvny in AFM, if a cantilever travels a distance of
. 40 nm during adhesion force measurement for a deflection of 5 V
s;gnal calculate the sensitivity of Peizo crystal. (COZ) B1-.

6[a] Explain thc prlnClple‘WOtkmg and application of thermal gxawmetnc
. technique (TGA) Write any example for multiple transition. with

i weight losses and signify the transition process. (CO5) [7]
[b]. A mixture of CaCOs and CaO is analyzed using TGA technique.
TGA curve of the sample indicates that there is a mass change from
145.3 mgto 115.4 mg. between 500—900 °C Calculate the percentage

of CaCO; in the sample ~(CO5) 3

" 7. Diseuss briefly any FOUR. 5X4]
[a]. Magnetic force microscopy (MFM) ) {CO4)
[b]. Deep level transient spectroscopy (DLTS) * - (€COo3)
o [c]. Bright field optical microscopy (BFOM) (CO4)
- [d]. Differential thermal analysis (DTA) - - (CO5)
[e]. Atomic absorption spectioscopy (AAS) - (CO3)

[f]. Differential scanning calorimetry (DSC) N {CO5)- *

2

S~

oy . -
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! ; : MSCH 101 Inorganic Chemistry
“ 3 g : . [Tihe: 3 Hours] ‘ [IViax. Marks: 507 .
i- [Instructions: All Que.s"tions are compu_lsory :

: “Neat diagrams must be drawn wherever necessary.
; i Assume missing data if any. |

; ' b : N ‘Part A (Chemical Bonding and Stnbilitv‘co’nstar@

’ ‘ "Q1a) Discuss the structure of following molecu[es using VSEPR theory-
: e, © i) PFs 0 R ;
y ! S ' " " ii) SFa, , : o
| ; iii) CIFs - o
E : s ' iv) (ICl2]" :

, "+ v) [PbFe]* A i
5 : " _ b) Using VSEPR approach differentiate between the hyf:ridizaﬁon, molecular

shape, and variation in bond angles of BF3 and N(SiHs)s ! CO1 (5 marks) A)

/_L . Q2a) Predict the shape of an H,O molecule on the basis of a Walsh Diagram for
= ; 5 . an AB, molecule. ' : P : Cco1
' - : S b) Calculate the overall stability.constant for a [Cu(NH:)]>*, given that stepwise
“stability constant for this complex are log K1=4.0,1og K2 =32, 1og K3 = 2.7, log
. K, = 2. Write' down the chemical equation involved (including stepwise) during
the formation of above complex. CO2 (5 marks)

at is the information that cfan be obtained from a

\ : e ¥ .
R ’ 'Q3 a) Define titration error. Wh

' ! o, & . titration curve in complexometric titration.- i ,

e I _ . b) Calculate the value of pMq in a titration of metal ion toncentration 107'* M

: ’ with EDTA at pH= 10 using EBT as indicator having logKy.epoTta of 19.4.

’ J as : ‘ : CO3 (5 marks)
: RPN . ..Q4 Define formation constant. How one can determine the formation constant
i Y. S " using pH metry and jobs method. ’ R, . gt CO2 (5 marks)

Pagel
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, showing that n, ® and o. are

QS Definé n, ¢ and a. Derive a relatior
independent of total coneentration of ligand. CO2 (5 ma rks)d

Part B: Supramolecular Chemistry

Q6 The rate of electron transfer involving [Ru(bpy)s)*"* pair is greater than th
. CO4 (5 marks)

involving [Ru(NH3)]2***. Explain. .
1]**. Explain itk

| diagram of [Ru(bpy
: CcO4 (5 marks)‘

Q7 Draw and explain the molecular orbita
possible electronic transitions. :

in the complex ((NH3)sRull-L-Ru'"(RTE3)s

Q8 Select an appropriate ligand “L”
CO5 (5 marks}

and explain the three (1, IT and III) mixed valence behaviour..

:29 What are the po§sib[c éogfo_rmations for Calix[4]arene ? Mention the relevern
ypes of interactions that are responsible for the dual binding of cations an

neutral molecules in the p-tert-butyl Calix[4]arene. CO5 (5 mar 1‘51

2+ that makes this complex
as of this complex? -

CcO06 (5 ma;f’}

. Q10 What are the special features of [Ru(bpy)s]
~successful photosensitizer? Mention also the limitatio
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. MSCH - 103 (Organie Chemistry -1

Af[a.‘c. IlIarl(s -50

Course A: Stereocheinistry

1Y st et 2 ' ~ coie
“a) ‘Assign correct chirality to the following molecules [I, II]. 2]
e RGE B SR - g .
H o . ' : COCH
L ' TH ' HOOC— '
) OH ' .
C o ‘ 0k I
b) Predlct the most stablc conformer of butane-2 3- dxol with pror—~)
Justlﬁcatxon : . . ) _ [1']- ]
c) Explain Enantiotopic and diastereotopic faces with suitable
; examples. . : ‘ ) [2]
2] Comment on any four . : i O CO1&2 [2x4=8]

a. Racemlc Mlxtu:e and Racemlc solid solutxon
b Stereochemlstry of Ansa compounds "

c. Lowe’sRule -

d. Clural Lanthamde Slnft Reagcnt

. e. Enantiomeric Amphﬁcatmn
[3] State Cram’s rule. Predict the predominant diastereomer formed in the

following asymmetric mdu_ctlon._Explam_ the mechanism. C02[2 1 2]

=N

i
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oA e
\ CHsMBBT  prajor Product + Minor Product
W0 '
: (4] A solution of (+) alanine from a fossil displays a specific rotation; [a]=
TR b  4.25.1f the specific rotation of pure (+) alanine is 8.50, Calculate C02(2]
: ! : . (i) the optical purity of the sample and '
(i1) find the amount ot (+) and (-) form of alanine in the samplé-
[S] Discuss the stereochemical aspect of cyclohexene col1[2] -
o L[] {l_'lustmfe‘the:fo[lowiﬂg‘éhii‘bpticalf"brobefties" S oo 21 ]
b _ (a) Circular birefringence and (b) Circular dichroism.

Course B: Reaction intermediates & Mechanism
. (Answer any five questions)

[7] Write the reaction and mechanism of Lossen fearrangement. CO4{5] )

W,

(8] Give mechanism for the given reaction: ‘ CO3&4(5] {

[9] Whatis Claisen-Schmidt reaction? Give mechanism. ~ CO3&4[5] - -
[10] Cemment on the reaction of benzene and phenol each with chloroform
and sodium hydroxide. Provide mechanism if any. . CO3&4[5]
(11] Disptiss the regioselectivity in radical halogenation with example.

‘ CO4[5]
[12] Give a method each for the generation of carbocation, -carbanion,

carbene, radical and nitrene. CO3[5]
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S +MISCH 105 Physical Chemistry-1

Time: 3 Hours _ Max, Marks: 50

[Note:  Attempt all Questnons

" All Questions carry equal marks.

: QZ illustrate Garrett-Brattain space charge.

= 1/(kb + 4ka[A]eq)

. order ofthe overail reaction is unity.

" Assume suitable missing data, if any.

B, S ' Part"A

Q1. Describe the relationship between the current density and the

electrode potennal [5 marks][CO2]

[5 ma.rks}[COB]

- Q3. Consnder the dimerization'A < A2 with forward rate constant &, and

backward rate constant ky. Show that the relaxation time is:
- [5 marks][CO5]

Q4. Give an example for organic decomposmon reaction and prove the
- [5 marks][CO4]

Q5. Explain ﬂash photolysis or Oscillating reactions with an examplé.
[S marks][CO1]

' Part-B
Q1. (2) Is the wavefunction y(x) = (2/L)'? sin(rx/L) of a particle in a
- "box an eigenfunction of the operator d*/dx? and, if so, what is the

.corresponding eigenyalue?
(b) SLate the postu!ates of quantum mechamcs [2 marks] [CO1]

[2martks] [CO3]

_.‘) ’

B

PO

I

)

W



D

Q2.

. Qa.

Q4.

Qs.

Q6.

Q7.

‘A particle ina

e . P

S

n infinite one-dimensional box system was described

by the wave function ' -

i 2

Yyx) =N ¢* /2a, Normalize this function. [3 marks] [CO2]
(i) Using factorization method in the following equation, reduce it

o (- ) = -2 |
iy, 28 (- byt ) =
(4 marks] [CO4]

What are ladder operators? Find out the commutator of [a,a-]
' [1 + 3 marks] [CO1]

for a linear harmonic oscillator.

Applying step-up operator on ,, find ¥4 for a linear harmonic

oscillator. :

Wy = Ny (4y2—2)e?’/? - [4 marks] [CO5]
in a sphere may be

Confirm that the wavefunction for a particle
written as (6, ) = 0(6) ®(p) by the method of separation of
variables and find an equation for ©(8). . [4 marks] [CO4]

Deduce average value of <r» for Wqs.

L, 2N\3/2 .
wis=2(% e=7/a0 2 [2 marks] (CO3] | _

-———End-—
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MSCH107 Elementmy Topics for Chemists
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Section 1(7 marks)
-Q-1 (a) Find the angle betwccn two vectors a and b wnh magmtudes

V3 and?2, respectively havmg d. b= w/— i
(b) Find the magmtude ofa X, b ifd = 2, 1 3) and b = (3, 5 =2).

mog Wy g 21(co1)
Q-2 IfA:G ‘g) af;dz"_(o 1) fndksothatAz kA= 2l
‘ : [2][001]

Q-3 Investigate the following system of equations for solutlon using
matrix mcthod :

[3][co1]
: X—y=6 »
. ' 2x+y=0 -’
: ) .. -OR ' )
_ 11 1. R T
Show that |A|=l'a c|=(@=b)-c)c—a)
. el . ‘L

Sectlon-‘.’. (11 marks) C :
Q-4 (a)Fmd the derivative of the function flx) =2x sm(xz) x>
0 with respecttox.. . - S [2+2+2 6][CO2]
(b)-Identify a pomt of maxnma/mmlma inf(x) =@+ 1)2

(c) Evaluatc f xe*dx .

i

28C
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Q-5 (M Cheek Whether the following differential equation is exact,
1243=8)[CcO2)
Ax(vy — 2)dx 4 (X4 29)dy = 0

(M) Show that the given differential o

Tntion is homogenecons and
then solve . 8

(= 9)dy - (v 4 Wiy =0
Sectlon-3 (7 marks)
Q-6 (n) A totnl of 52 % employees in n company are females, 15 94 of

total employees nre managers and 30 %% are elther females ot manage
What is the probability 1y

M Two balls nre randomly
and S black balls, Wit i
is white and the other is black,

Q-7 Find the medinn and mode of the follow

18,
nager,

[112=3)[C02)
ing grouped data,

e —Te— e ____[4]ICO2)
Classes_ [0-10_ 11020 30-40 [ 40-50 ]
Frequency |2~ [12 8 6

‘ Course A: Biology for Chemists

QI. What is & cell? What is the difference between prokaryotic and

cukaryotic cells? Explain the different organelIC§ present inside a
cukaryotic cell.

511C03)
Q2. What are biomolecules? Explain different types of biomolecules.

[51[CO3]
Q3. Write a short note on (any two):

1. Glycolysis
2. Krebs Cycle o
2. Pentose Phosphate Pathway

[51[CO4)

Q4: What is a protein? Explain different levels protein structure.
Describe biosynthesis of amino acids. What are hormones? [5].[C04]

Q5: What are nucleic acids? Explam different types of nucleic acids.
2
1at are different forces that hold nucleic acid double hc“ccs. together
[5] [CO3)

0.1

0.2

03

explosion. Explain dif
conditions when you ¢

Q4.

Q.s.

Q.6

Q7.

Conrse B: Standarg l,u!mrnMry Prncllu;ev‘An;;l

- Suggest the possible me

4

# m;lml ﬁurr;y N

Attempt any FIVE, qnestions from (he following

emistry. Explain any one in
[5)[cos)

List poasible sonrces of fire in labh? Discuss any one in det

Write 81X prineiples nfrgirr;;:i;
detail,

ail.
[5][C06)

Define and clasaify Fire, Explain the difference between Fire and

ferent types of fire extinguishers.

Suggest the
N uae them and explain the PASS n

methad.,
[5])[co6)
Supgest and explain any three green expetiments/ procedures that
can be followed in the chemiatry laboratory. [5][COs5)
What do you mean by MSDS of a chemical? Explain. [5][CO5]

asures that can be taken in case of
accidental contact of chemicals with skin

and chemicals in the
eyes. Write some of the adverse health i

mpacts due to exposure

of chemicals. [5][CO6]
Draw and explain any five safety symbols that can commonly be
* found on the label of a chemical container, [5][CO6)
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|.’N0t'_e_f "I_AS'SHI_ﬂe 5‘}1Jf.ﬁb1¢5miss_ihgf'dat‘ét'plf BAY s e RGRE
; ) . i g S ;l‘ . ‘. ' 3 ¢ .
[ Answer any four of the following [3 x4 = 12] [C01&2]
: '(.a) Explam the catalync cycle for the Stllle Couplmg and its apphcatlon
' in orgamc synthests 2
(b’ Explain J'uha-Peterson oleﬁn‘é'tion"with 'suitabie example.
(:c) Expluin ithe Homor-Wadsw‘oﬁh—Egimds reaction with suitable
- example. . )
: (1d) ‘ .E*cplam the reacnvuy of organocuprates a.nd Grignard rcagents ona,
. -B unsaturated carbonyl compounds.
(e) V'Explam Ramberg-Backlund deﬁmtlons
Answer the following ' - @ s [2x2 = 4][C03]
. (u). Distinguish between homogeneous and heterogenous hydrogenatic... }
. (®) Writea short note on Corcy Chaykovsky reacnon
31 Descnbe the mcthods of preparatlon and one xmportant use of any
. three of the followmg reagents N ’ [3x2=6] [C03 &4]
(a) (PhaP)sRuCIH "(b) 9-BBN 1
(c) NaBHiCN . (d) Disiarnyl borane
[4] Differentiate between Shapiro ga'.nd Bamford Stevents Reactions.
’ [4][CO1]
[5] - Write the short note on any two ofthe followmg [2><2 4][CO1-3]
(2) Sulphur Ylides  .(b) Birch Reduction (c) Wacker reaction
© [6] Listthe products and outline the mechanism of any three of the

following transformations: - | [4x3 =12][CO1-4]

/.‘)

—
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NaBH J_o  (pPhy)RACI
4

YT i Ha, CeHs
) | \g/ MeOH ,
‘ O O .
N RS CRs 00 NaOH v) quivs

[7] ‘Write tﬁe missing product(s) or reagents in any eight of the following

- -4
reactions.. [l’><8 8][CO1-4]
o}

i) DIBAL-H

j 0’ ) LIAIH, ! n , . -
ML EC/=a 8 S ny i) HyO
- i) Hi@* » ; ‘

o
~ bo i) Se0j, HzO
. \ 7 :
lin E;O _ | e iv) Dioxane

o 2 o] . o) ?
v) /O/k Al(O'P)4 ) i) ij v D) N,':CLZ: (/-.
i . o - 0 p
. OaN ?Propancl

o 8 mol % Pda(dba)s

: ot , /\/\HL .
vii R = A~ e ———
’ O’ BrAWSE ©" T AsPHs, THF, Heat

- NHAc

3 mol % Rh(PPhy);Cl
e —————

RT, Hz02, NaCH

B
b Ph OH c” ci
HO=—H » =5
’ H Ph ) ;
. I N
N N—
s
- |
3 ©: + H-C=C-SiMe, - __Pd(PPh)Cl 7
. NH: ' ’ ) Cul, ELNH, 30 °C : [
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Note: Atempt all Questions™*
' All Questions carry equal marks.
Assume sultable mlsslng data, if any
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' :Ql lllustrate the mteractwon between spin and the magnetic field and

derive the express:on for separation between neighbouring energy levels.

[5 marks] [CO1,CO3]
Q2. What are the selectmn rules for rotational and vibrational Raman
Spectroscopy? The " anti-Stokes lines of the pure rotational Raman
spectrum of a molecule are of roughly the same intensity-as the Stokes

- lines, but.the:anti-Stokes lines of the vibrational Raman spectrurn are

generally much weaker than the Stokes lines. Account for this

observation. . (5 marks] [CO1,C04] |

Q3. What is Helsenberg uncertalnty prmmple and apply for a particle in
one d1mens1onal box ’ [5 marks] [CO1,CO5]

" Q4: Deduce Einstein co-eﬁ'cnent for various emission processes

. ) : [S marks] [CO2]
Q5. lllustrate Stark Effect in detail : [S marks] [CO1]

L Q6. Calculate the wavenumbers and wavelengths for pure rotational
* lines in the spectrum of HCI corresponding to the following changes in

rotational quantum numbers 0 — 1, 1 — 2 and 8 — 9. The rotational
constant of HCl is 10.5909 cm™" | , [5 marks] [CO5]

~Q7. The intensity of a transition is proportional, to a first approximation,

to the population of the originating energy level. For a diatomic

. -molecule treated as a rigid rotor, what is the population of the J* level. '
- (a) Sketch Ny against J-and find the most populated J-level. (b) Find

-approximation for the rotational quantum number of the rotational
energy level with the maximum population along with corresponding
wavenumber and the rotational energy of most populated state.

[5 marks] [CO5]

e WA
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Q8. () Deduce the bond-stretching vibration freque
diatomic molecule AB by classical method. )

(b) Given. that the stretching frequency of a C-C bond 1
approximately 1000 ¢m~!, Calculate the stretching frequencies of C=C
and C=C bonds on the assumption that double and triple bonds have
force constants which are, respectively, two or three times those of
single bond. (10 marks] [CO3](CO5]
Q9. Explain why the overtone of a particular vibrational band of ar
anharmonic oscillator will not be found at exactly 2, 3, 4, .~ times the
frequency of the fundamental. 5 marks] (CO3]

ncy Vosc of

----- —End--—-
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End SEMESTER EXAMINATION & Chemistry

THIRD SEMESTER . November 2022

* . [Time: 3 Hours] '
. Instructions: Atterpt any 10 questions

. Q2

s

¢ MSCH 205 Inorganic Chemfstry—3
[Max. Marks: 50]
Neat diagrams must be drawn wherever necessary. - -

Assume missing data if any.
All question carries equal marks.

- Following the 13 electron ule, determine in the following complexes. _
T D | 5 . oty
(i) [*-Cp OS(CO) - |

(ii) [Co(CON}"

(ifi)[n’-Cp Fe(COF

(iv) INI(COBMNO) (NO as linear)
(v) [®-(CsHe)Mn(CO)2(CH3)}

Fe(PPh3)2(CO);. You're given Fe metal, Co, PPhs. Use any reagent of your
choice. . o ' [CO2]

. The rhenium complex Re(CI)(N2)(PMe2Ph)s upon -heating loses a

- colourless gas and form a new complex. The new complex obeys the 18-z

rule,. does not possess M—M bond, and its *'P NMR chemical shift ara

comparable to that of the parent compound. Suggest the possible structure.
' [CO2]

The substitution of CO by seven different phosphine ligands in V(COJs
shows that the basicity/ nucleophilicity of the phosphine affects the rate of
the reaction. It is also observed that the rate is unaffected by the
concentration of CO. for PPh3, AS*= -28 e.u. Comment on the mechanism
of the reaction: - . [CO3]

Hexane -

. 25°C ~ - : h
V(CO), + PRy ————— V(CO)sPR; _)

s

.Suggest a sequence of reactants for the selective preparation of cis-



«ion of chloroform
= B ed frOm the rsaclion )
QS. The compound CosCH(CO» *° forms the presence of rerminal carbonyl

. _ with Cos(CO)s. The TR spetiu-a sh:W Ay IH-NMR. Prepare the reaction
fe1, e ) only and the presence of CH 15 confir™ [cozj
.. : : based on Wade’s rule.. +
forms RCH-CH2CHO. The reaction 0CCurs
. " the temperature
at 120°C and the catalyst used is Co«CO)s. However, V‘{hen et geom i
is raised to 185°C RCH.CH,CH:0H is f‘ormetli 232 maj-OfI:h reduction of
competing reaction. . Write down the . steps involved in the e (03]
aldehyde to the alcohol. o -

Q6. CH,=CHR on hydroformylation

. ‘ . - \ cess for the
Q7. Discuss the advantages of Cativa process over Monsarnto proce= (CO3]
production of acetic acid.

Q8. Warker process is used for the synfhesis of aldehyde and ketones f"‘l)?jhz
. alkene using a palladium catalyst in agqueous medium. How wou yo

. < 1
prepare acetone from 1-propene? Write the suitable mechanism. A[vC~03;

: ‘ - Q5. Which of the following compound are likely 10 act as a promoter in the
{) : : Cativa process? Justify your answer for: [CO4]
Gals, [Ru(CO)LsT [Ru(CO)LT, Znla, Lil, Sils -

Q10. What will be the expected -pro_ciuct from the Warker process if the reactiGh:
is carried out'in (a) methanol medium, and (b) hydrocarbon medium?
. ‘ [CO3]

QI1. When a freshly sublimed MesNO.2H20 is reacted ‘with Fe(CO)s, a MesD
iy substituted iron carbony! is formed along with CO». Show how the product:
are-formed. e B pes Twme Sl o ' 2R B [co4

Fe(COJs + Me;NO2H,0 — ,T:g Fe(CO).(Me;NH,) + COa + 2H:0
- 2i=3)

Q12. Write the product A, Band C in the following reaction: [CO5
Pi(Et;P)(CH,CMes) A RE _ p-c
cis ) ‘

R.E.= reductive elimination

{:) . . N ’ . TR . x = ¢cyclometallation
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THIRD SEMESTER i‘(ovember 2022
MSCH 2[)7b Inorgamc Reactmn Mechanism anJBioinorgnmc ,
s 5 Chemlstry ;
[Tisne: 3 Hours] == [M;z;x. Marks: 50]

Instructions: All Quesnom are compul.mry ;
‘Neat diagrams must be drawn wherever nece:sary
. Assume mi.ming data if any.

PART A
1

Ql Discuss and explam electron transfer reaction m the following
reaction

[Co(NHg);Cl]"’-P [Cr(HzO)sl]z‘-} [Co(NH:)stO]" [Cr( H,0)sCIP*
:C03 5 mzrks)

'Q2 - "'What “are substitution reactions? Discuss SNI and SNZ

mechanism for octahedral complexes. Enlist the factors that affsct
rate of subs‘xtutxon in octahedral cornplex
‘ ‘CO1(5 marks)

i
H
i
l

Q3 Propose an efficient route for the synthesis of cis and trans isomer
of [Pt(NHg)zCIz usmg squar- planar PL(CI )4]2 / [Pt(}'qg)dz’aa starting

_material” -* 24 CO” (5 marks)

" PARTB

Q4 Explain jn detail the structure and function of H’o & Mb. Also
mention changes that occur in heme group of haemoglobin on going

- from deoxy to exy form. .. - CO4 (5 marks)

Qs Cla_,sxfy the elements based on their action in bxolomcal systen.
Give suitable xampl= for each. Which metals typlcall v bind in
chlorophyll, corrin, and protoporph mn IXin blologal} system?

2.5%

L)
-

voadal

N

Wh

e
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CO4 (5 marks)

§ =8, ‘ Q6 Distinguls.h between natural and synthetic oxygen carrier using
suitable examples. Explain the role of Vaskas complex as an oxygen
carrier? e ' , CO4 (5 marks)

m complexes in cancer

P ' ()7 Discuss thfe mechanism of action of platinu
treatment. Why is cisplatin used. by oncologist in preference to the
: © CO6(5 marks)

S trans-isomer.

Q8 What are iron sulfur proteins? Explain in detail the role of Fe-S
proteins in biological system with emphasis on structural features. .
.CO4 (5 marks)

|
Q9 Explain the mechanism of biological nitrogen
Highlight the ﬁole of Mo cofactor in nitrogen fixation.

PRI

fixation. in detail,

D | . N ‘ " CO4 (5 marks)

3) | g, = | ; 310 What is :,meant by active transport in Na* -K * pump? Give a
S ; lagrammatic | representation of the process and explain the

; e mechanism inyolved in it. . ;. &

: -  CO5 (5 marks!_

o
g |
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: THIRD SEMESTER SR M.Sc. [Chem]
‘ - 5ND SEMESTER EXAMINATION Now/Dec-2022
i .
. MSCH= 2079 (Organic Synthesis and Heterocyclic Chemistry)
i .- Timer3 Hours: - ' Max. Marks: 50
0 ['gte'-v«’AssumeYSU’tablEymissiqgtdata,_jf anys: A P
] V : : [1] DISCUSS the retrosynthctlc analysis and synthesis of any four
B ’ ; g e “ ) . i molecules [5><4 20] [COI&Z]
SRE WA P e B oasaE : EtOOiZj\ Hooc
B -EEC b T e e ™ M foy T BERE g, e EERe - E . H:c—c —Ph .
} =5 3 a0 1 : ‘ ‘: - P O 2 NH: : CEET - )
| : ' [2]. _VHow will you - synthesxze .azepine from mtrobenz ne? Discuss the
: mechanism. . . ) , [4][CO3&4]
S B . [3]1 Write the product(s) for the reaction of quinoline or isoquinoline (do
2 y * any one with a-c) w1th (a) HNO3/Hz2SO4, (b) Bro/AlCI3, and (c) Ha, Pt
: - 12NHCL [31C0O4]
f ' "o R [4] Write the ‘Paal-Knorr’ synthe51s for furan and pyrrole w1th mechanism
L s T, involved. _ 7 . [5][C03]
} ‘ _ [5]1 Give any one synthetic method with mechanism for azetidine and
il g S oxetane. . [5][C03]
Y ; E - [6] Write short note on the 1mportance of heterocychc compounds. .
= | i ‘ . [3][CO3]




AN

.7,

i

+ [7] Complete the reaction (any ten)

o o |
w M+ e et
R R '

(l) J

i

aq. NH:NH:

e cone: HNG

© cofic: HySC:

O TR AT 1 ===

25

[10x1=10][CO3&4]

N
Ly 2804,
() [\> HZ .
' N

H

' J.i';""H*—-,-
i) [ Y e
.o

-

(b) CucCl

'.'(ix)'-:DbL (x)' A

w oW,

() ===

»_
{2) UAIH,

=5°C

.- i _ZM..
4 N

H

)

NaNOz HCl ‘O

. ) . : N . ) ) s ‘ -
" N Bry, AcOH. '
(vii) [S>-—NH2 %GSTC_- | (viii) E \>—NH2 -

D
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MSCH 207d Solid State Chemlstry

Time: 3: 00 Hours ' Max. Marks: 50

(2]

3]

(i)'Describe'ézoch:alski method for crystal growth. ©  3[COI1]

" (ii) Define non- -molecular solids. . - 1/4[CO3]

(iii) What do you mean by superconductor’? Explain it. 1%4[CO3]
iv) What ' is " the relation between electron affinity, ionization
poténtial and band gap? Explain with the help of energy band
diagram. T ) 4[CO3]

() Explam the X-ray emission spectrum of copper 3[C02]

(i) How 'are_ synchrotron - radiations. advantageous over
conventional-X-ray sources? - 2[CO?.]

(iii) Dlstmgulsh between conductor and insulator with the help of

' band tbeory ) 3[C03]
Gv) Sermconductors are the buxldmg blocks of the modemn
' technology Just1fy it. , ' 2[CO3]
® Denve Bragg’s equation. B[CO 2}

(ii) When a crystal was studied by T.he Bragg’s techmque using X-
rays of wavelength 229 pm, and X-ray reflection was observed at
an angle of 23°20". N _ 2[CO2j

(a) What will be the corresponding interplanar spacing?

(b) When another- X-ray source was used, a reflection was
observed at 15"26' ‘What was the wavelength of these X-rays?.

2
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(4]

(3]

(6]

(71

(iii) Describe Meissner effect. 2[CO3]
(iv) Explain the conduction mechanism in | the serniconductors.
3[CO3]
(i) Draw and briefly explain the pha.,e diagram of eutectoid
reaction in the system NazO-SiOz. - - 343[CO3]
(ii) Explain the types of semiconductors known tO'you-' 2[CO3])
etic domains: - - 2[CO4]

(iii) Discuss about the ferromagn

(i) List out ali the practical considerations that must be taken into
- 3[CO1]

account for a solid-state reaction.
(ii) What are the limitations of powder ZRD mcthod? 3[Co2J

(iii) Elab_orate the classification-of magnetic materials in'detail. -

" 4[C0O4]
(l) Is there any difference between ferrites and ferromagnetic
materials? Explain with suitable examples. 3{C04]
(ii) Discuss the phase diagram of eutectoid reaction in the Fe-C
system. : 4{CO3] -
(Gt Wnte a short note on Curie and Cune-Wexss law. 3[CO4]
Write a short note on the followmg 2V4x4[CO1-4]
(i) Magnetic domains ‘
(ii) Stockbarger method.

- (iii) Nucleation and growth

(iv) p-n juncticns
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e .,j_: .+ MSMA-101, Abstract Algebra
" Timle: 8 Hr. ' ‘Maz. Marks: 50

w2 AR iy

Note: Attempt Any Five questions. -
All questions carry equal marks. .

1. (a) Define a normalizer with an ezample. State and prove the nec- .
i .essary and sufficient condition for HK -to be ‘a subgroup of a group
G, whenever H and K are subgroups of G.
. (b) Define a cyclic group with an ezample. Show that there are ¢(n) .
‘generators for a group of order n.

- 2.i>(a) Deﬁne a quotient group with an ezample. show that a subgroup'
o lNISTLOWTLG.lZTLGlﬁIN Nz forallz € G. ,
(b) State and prove 3rd fundamentul theorem of group 1.somorph1.sm

3. (a) Let G be a finite group of order n and p, a prime divides 7.
Then show that G has an element of order p.
(b) State and prove Sylow's Second Theorem

: 4. (a) Define an integral domain with an ezample. Show that every
finite integral domain is a Field..

(b) Define Mazimal ideal with an ezample. Let R be a commutative
ring with 1. Show that an ideal M is a mazimal ideal iff R=M is a
Field.

5. (a) Define principal ideal domain with an ezample. Show that the
ring R={n/m|lm. n€Z, n odd} is a principal ideal domain.
(b) Define Euclidean domain with an ezample and sh.aw that every
ideal of an Euclidean domain is principal ideal. )




2%
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’

ne embedding. State and prove the embedding theorem.

6. (ﬂ)'De/Ai

(5) Define unique factorization domain with an example. If R is o=~

U 11 .
£D then sho.w that an element in R is prime iff it is irreducible.

e T T B s A

&)
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Time: 3 Hours, ] {5 Max. Marks: 100

[ Note: Attempt anyfive and all questions carry equal marks. |

(1) (a) Let (X,p) be a metric space and let a be a point in X. Let f '
. and g be real-valued functions whose domaias are subsets of X
and ranges are sets of real numbers R with the usual metric. If
lim f(x) = L and lim g(x) = M, where L, M = K, then show that
x—d .
() im [f(x) + g(x)] = L+ M.
i0) lim [f(2) - g(9] = L= M.
(@i Tim [F(g()] = LM.
@) im £ =%, M#0. : : (con
(b) Let f : R — R be continuous and let f(g) = O for every rational
number g € Q. Then, prove that f(x) = O for every real numter
5 _ xeR ;o L ‘ {COoD
- (2) (a) Let (X,p) be a complete metric space and {F;} be 2 non-empty
" closed subs;t of X, for all n € N such that F,,; C F, and
diam (F,) — 0. Then show that [ F, contains exactly one point.

n=|
(CO2) . .
(b) Define the subspace. Let (¥, pr) be a subspace of the metric
space (X, px) and A € Y."Then prove that .
(i) A is open in Y if and only if there exists a set G which is
open in X such that A = GNnY
“(ii) A.is closed in Y if and only if there exists a set F which is
closed in X such that A = F N Y. (CO2Zy .
(3) (a) Let (X,px) and (Y, py) be two metric spaces. Then prove that the
sequence ((x,, ya)) is 2 Cauchy sequence in the product metric

=T

7 .



R L e O e

A

. f‘)\\'\sﬁ

o

D

_ space (X x Y, p) with p = px + pv if ar}d 0“1}' if (x,) and U"ClOa;e

g = : Cauchy sequences in X and Y, respectively. © “( 2). A

- ‘ (b) Define the compact metric space and show that every closed -

subset of a compact metric space is compact. ». (CO2).- ’

(4) (a) Prove that a subset of R is compact if and only if it is closed ar)d

' - : bounded. _ ' (CQ%)

! - : (b) Show that a metric-space is sequentially compact if and only if it -
: ‘has the Bolzano-Weierstrass Property. : (CO2)

(5) (a) Show that a metric space (X, p) is totally bounded if and only if

every sequence in X contains a Cauchy subsequence. - (CO2)

(b)If f : X — Y is a continuous mapping of metric spaces and

y ot (X, px) is connected, then show that f(X) is connected in (¥, py)-
‘ - : (Co2) ' ; ' ’

o ' ) . (6) (a) Define the uniform continuity in metric space: Let (X, px) , (¥, py)

' ‘ B L and (Z, pz) be metric spaces and f : X — Yand g : ¥ — Z be

) ’ uniformly continuous mappings. Then show that the mapping

go f: X — Zis uniformly continuous. ’ (C0O3)

(b) Show the function f : R — R defined by f(x) = x? is continuous

3 _ I A T s <. - . but not uniformly continuous in the usual metric space (R,p).

oo« " et AR (CO3) - ' .

i i -l ST (7) (a) State the Weierstrass approximation theorem. Let f:{0,1] —» R

be a continuous function, and let B,(x) be the Bernstein funcdor.

Then prove that for each £ > 0, there exists ng = ng(g) € N such

' that = |f(x)- Bu(x)l <&, O<x<landnzn, . (CO4)’
v ] T () Evaluate the following: . '
o, "= C ® ﬁ:(‘;)m-w
e 55 . k=0 -
S . S i ool nekf &\
A
W | o ' - : i s (7  ank(k)2 . : o
5 . G 3| | ¥ =2y (£). (CO4)

i .' i NE ~ (8). (a) Discuss the deficiencies of Riemann Integral with example.(CO4) 3¢
(b) If f : [4, b] — R is differentiable on [a, b], and f” € R[a, &), then
povethat  [Pf(dx= G~ f@. . (CO%

)
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Note: Attempt ﬁ.ny Fi\/‘]}] qucs{‘.ibna. Eli(.ch' question carry equal marks.

Assume suitablo missing data, if any. ©

)

1. State and prove | Plcm‘d—Lmdelof theorem for solutions to initial value [10]

‘ probloms of first order ordma.ry dlfferentlal equations. : CO-1
2. (a) Determme the smgular pomts of the differential equatlon [5] CO-2
2:1:(2: - 2)2y” +3zy’ + (z — 2)y =0"

.and classify them as regular and irregular.

‘ _, (b) Define Legendre polynorma.l P (x) If m and n are non—negatlve [5] CO-2 '

mtegers such that m 7é n then show that / P (2) P (z)dz = 0.

3. (a) thain a fundamenta.l'ma.t;ix & for the following homogeneous [5] CO-3

. system
31 4
ek 0 2 6|x
dt -
0 05

(b) Show that unique solution ¢ of the non-homogeneous vector dif- [5] CO-3

ferential equation %:— = A(t)T + F(t) thet satisfies @(to) = T where

" to € [a,b] can be expressed in the form

b(t) = ()7 (to)o + B(2) [ @'I(U)I*;‘(U)du '

1

NS RN
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" where ‘I’(t) is an arbitrary fundamental matrix of corresponding homo-

geneous vector differential equation..

+E) Consider the differential equation =, + g(t)z = 0 where ¢ is
continuous andlq(t) >0ona<t<bh Let gn denote the minimum
valiie of ¢(t) on a < t < b. ‘Show that if Im > =
solution of the given equation has atleast k zeros on a<t<b.
(b) Transform f;he self-ad_]omt'equatlon
d [ dz
[t dt

mto .a Riccati equatlon using smtable tra.nSform For thls Rmcatl equa-

, then every real

]—i—(l—t)z—o t>O

~ tion ﬁnd a solutlon of the form ct™. Then _ﬁnd a general solutlon of the

: '~ glven self- adJomt equatlon
: (a) Determme ‘the nature of the crltxcal pomt (0,0) of the system

dz £ d o

L ETIR gointy ‘

" .__and deternune whether or not the point-is stable Also, draw t:he phase
portalt ]

" (b) Define Wronskla.n for the n vector functlons ¢1, 2, vy o
Let these n vector functions are linearly dependeni;. Then show that
Wié1,¢2,...¢a](t) =0Oforalltona <t <b.. - i)

. (a) State and prove Cauchy-Peano’s existence theorem for initial value

" problems of first order ordinary differential equations.
(b) Find a series solution in powers of (z — 1) of Airy’s equation
: y” —=.ZY = O.. i
X X

5] CO-4

5] co-4.

5] CO-5

[5] CO-3

[5] CO-1

[5] CO-2

oy

iy,
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Note Attempt. any Flve questlons :
All questions carry equal marks.
**Assume suitable mlssmg data if any.

Ql(a) S_how that the set DIOS of all .the divisQrs of 105 w.vr.t, the partial
- order relation “division” is a lattice. Is this a complemented .

lattice? If yes, ‘find the complement of each element and if not,
--find the elements not havmﬂ complement (6).(COD

(b) Define Boolean algebra Which of ‘the followmg> subsets- of -

" power set £(S) of S where S = {a;b, c}, are Boolean sub algebra
~of (Jo(S),U,n, ", ®,5) and which are not? Justify the answer.
() © By ={0,{a, b}, {a,c), S}
L Gy Bz = {0.{a}. (b, c}, S} °
i) By = () (@b). ) 5}

Q2(a) Let (L, p +) be a lattlce Defne a relatlon "onlLs.t.
a< b lff a°® b =a

Show that < defx1ed above is a parnal order relatnon on L.Also prove
that a° bls the glb of a & b. o o - (6) (COl)
- (b) Prove that ina dlstrlbutlve lattice, the complement of an élement,

if exists, is unique. , L 4 (COL3) -

Q3(a) Explain the method of constrUcting minimum automaton
equnvalent to a glven automaton. Hence construct a ‘minimum
Page10f3

(@) (Ccaln).
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automaton ¢

) 1ivalent (o Tinsi
given bolow. : i antomaton whose fiTsitic

m table js

Statery; A b

Qo Q4 ; 1
N s Qi 93
KD s (K] Ty
93 : T ‘lﬁ
qa ‘ 'n 10

@ g qs k .“‘15“

b Consnder the finite :mc m'\clunc w
given by the following table

(7) (COo3)

hosc transition ﬁmcluon §is

State/s 0 1
’ -—-> ) 92 : 91
L4} e q3 .. ; . q0 -
Q. 90 : » q3
QG Qo g

Give the entire scquence for the followmg mput slrmgs
@) 101101 (i) H]H (iii) 1]0101

- Which strings are accepted by. the. machme? o (3) (CO"*) ne

Q4(a) Apply Dul\stra s alﬁorlthm to f:l(l the shorlest path from stot
for the graph glven below:

[ 2 b

Page20f3

(b) Prove tiar if

agraph has exaci|
must be a p

srapl Y tWo vertices ofod(ldcgrcc,lhcre
ath Joiming them, :

(5) (COa)
Q5(a) Explain Kruskal’s nlgonlhm for finding Minim

‘of a weighted p graph and hence
lhc graph given hclow

@ b b

E)
el

al spanning tree
find the minimay spanning tree for

(7) (CO4)

e

(b) Producnon rules of a grammar G are given by
$—0S4,2, 5012, 241 > A2, 1A, > 11.
Test whelher (i) 00112 € L(G) and (i) 001122 € L(G) .
(3) (CO3)
QG(a) ngrite the following as implications: .
(i) A sufficient condition that a ﬁgure be rectangle is that it be
a square. v
(i) Tama citizen of India if I am living in Delhi.
(nl) An necessvy condition for Ausmlmn to win a'cricket match
is that they have at least two left-handed batsmen.

, (3)(co2)
(b) Is an mJectxve function from a set to itself a surjective? Give

reason for your answer. . - (7 (Con)

Page3of3
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Tlme 03 00 Houifs

T R o "‘.“fote All questions carry equal marks

Assume suntable m:ssmg data |f any.

; o : Q 1 (i) Give axiomatic deﬁnmon ofprobablhty : o [2][CO1]
i W g Vs A L - (ii) Three urris contain respectively 1 white and 2 black balls; 2 white-
: : and 1 black balls; 2 white and 2 black balls. One ball is :

! s Y s % Ei " transferred from the first to the second urn; then one ball is

.,'”' _ transferred from the second to the third urn; finally one ball is
. ~ drawn from the thlrd Urn Fmd the probablhty that’ the ball is
o G Wit T [61(co1]

t ; : i ; 'Q.2 (i) The probablhty denS|ty ofa contmuous dlstrxbutxon is glven by:
i bk T N . : f(x)——x(Z x), 0<x<2
: : A T Compute the mean, variance and the coeﬁ"cxent of skewness.
S Sl TN W )y : ’ i g : (3)[CO2]
(i) A random varlable X has probablhty density function glven by
g(x)=12x (1-x), 0<x<I1 )
* . Compute A|X-m|220), and compare it with the limit given by

Erg A R .Chebysheff’s inequality. Here, mand o denote the mean .and
‘ 7 : s ) standard deviation of X . ; [3][CO2)
& (m) State and prove weak law of large numbers. [2][CO2]
.OR : HEA

: If x=4y+5 and y = ke + 4 be two regression equati'ons of “x on
g A ' . y” and of“y on x” respectively, then find the interval in which &
' fo.fr ; s o 5 hes ',: SO =l o Je T [2][C02]
Q (1) Fmd the mean and standard devxatxon ofNorma] dlstnbutxon
ot ST : _ [S][CO3]




Q.4

h T
f %ng%f%m}ﬂ'}m:fﬂm?ﬂr‘-h’ﬂmlﬂ.'mmuuummu-./.._W .

A9

i
i
dents-on a cert
t to follow Pois
dent on this sec
dents on this sectl

rtain section of highway
son distribution, find
tion during a week
on during a two

[3](CO3]

(ii) The average number of acci
is two per week: Assuming i
the probability of (a) no acci
period, (b) at most three acci

week period. .
OR
A market research, agency that conducts interview by telephone
: hat there is a chance of 0.4 that 2

was found from past experience t

“call made. between 2:30 ‘PM and- 5:30° PM will be answered:
Calculate the probability that an interviewer’s (a) 10™ answer will
come on his 20" call-(b) 1% answer on his 37 call. (3](CO3]
(i) From a normally distributed population, samples are drawn of
size 25. Given that the mean of the population is equal to:.the
standard error of the sample mean. Show that the probability of the
‘mean of a sample of size 49 drawn from the same population will
bfa negative is 0.0808. [Given P(|Z < 1.4)=0.4192]  [4][CO4]
(i) Assume that 3000 male students of a university are normally
distributed with mean 68.0 inches and standard deviation 3.0
1nche§_ 80 samples consisting of 25 students each are chosen from

_.the given male students of the same university. In hov/ many
_SampIes, would you expect to find the mean between 66.8 and 68-’{/:”
inches. [Given area under standard normal curve enclosed between
'z=-2 andz=0is 0.4772 and betweenz=0and z=0.5 is 0191 5.]

. _ . _ 4][CO4

v Q.5 (i) The mean of a sample of size 50 from a normal '[.')E)p]l.[ﬂat'?ogi
1s _fournd_ to be 15.68. If it is known that the standard deviation of the
population is 3.27, find the 95% confidence interval for the

POpu]atiqn mean. [Given u,=1.9€0] [3][CO5]
(22 A random sample with observations 65, 74, 64, 71, 70, 69, 64
d‘),'6"7’ 68 is drawn from a normal - population with standard
6;v1anon 47.956. Test the hypothesis that the population mean is
o at - 1% level of  significance. = [Given = that
| (0<Z<2.58)=0.495]. : ; [5][€CO5]

- OR EeE

Prove that (i) £(X)=m, (i 2y 2=l ' - |

. : X)=m, (i) E(5')=2"o*., where mand o d

mean and standard deviati the i ior g
mean anc s rc fewanpn of the population and n denote the
ple size. X and $* has its usual meaning. - [5][CO51--

-
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AR Note: Attempt ANY.F IVE questxons All questlons carry equal marks: p
‘ Assume suitable missing data, if any. . .

T
ST

A

‘i' S )
) L@

e e L)

(6)

(7

(15 (a) Show that'the set ‘W of all polynom.la,ls 6n’[0, 1/2] is a subspace but not a closed set

in the normed space C[0,1/2] equipped with the norm |[. [|ec- : “[5] CO#1

. (b) Let 1/ and Wi'be Banach spaces. :Prove that a'sequence (T%) of operators T, € B(V, W)

is strongly opera.tor convergent if and only if (i) the sequence (||T»||) is bounded and
-(ii). the- sequence (_[‘nv) is Cauchy in-W. for every total subset ]\J of V [5] CO#1

: (a) ‘Prove that the space {7 is a HJlbert space if and only 1fp =12, el - [5] CO#2-
“(b) Let T:V53>Whea bounded linear operator from a Banach space V ontc a Banach
"~ . space W and let Bo'= B(0;1) C V be an open umt ball Prove that T'(Bg) contains .

an open ball'about 0 € W. - . ; (3] CO—L3

- (a): State and .prove the closed-graph. theorem _ ‘ ' (5] CO#
L ».(b) Let V. be ‘a Banach space and W a normed space. Let (T ) be a sequence of bounded

linear operators T : V= W such that (||Tnv]|) is bounded for every v € V. Prove
“that the sequence (T )-is bounded.- - - (5] CO#3

(d) For any closéd.subspace W of a Hﬂbert space #, prove that ?-L wewt. [a] CO#4
- (b) Consider the. operator T : £2 —¢? defined by .. - ¢ RO g

. '_T(‘il,xz,...,_zn,...) =(0,Z1,Z2,: .y Zny---)- -

Show that I" i5:linear and -bou.x;ded. Find the adjoint operator T, . [5] CO#4

('é_'.) Let V be a normed space and T : V — V a compact linear operator. Prove that the set
of eigenvalues of T is countable; and A = 0 is the only’ p0551ble point of accumulation

of that set. . . [5] CO%#5
(b) Let T be a’bounded lmea.r operator on a complex Hllbert space H # {0}. Show that
the spectrum of T is nonempty. [5] CO&5

(2) Let T: H — # be a bounded self-adjoint linear operator on a complex Ehlbert space

#. Prove that the residual spectrum o-(T) of T is empty. [3]- CO=#5-

(b) Let T be a normal operator on a Hilbert space H. Prove that (i) v is an eigenvec-
tor of T with e.xgenva.lue X if and only if v is an eigenvector of T* with eigenvalue

X, (ii) if A1, Az,..., X, are eigenvalues of T and E),, Ey,,..., Ey, the correspondmg .'

eigenspaces, then- the E)\,’s are pairwise orthogonal. : ’ [5] CO#
(2) Let V be a liear space equipped with inner product {.,.). If v, — v and w, — w as
n — oo, prove that {v,, wn) = (v, w) as n — co. [5] CO#2

(b)- If {e;} is an-orthonormal set in a Hilbert space #, and v is any vector in #, show that
v—>3 (v, e,)e, is orthogona.l to e; for each j. (5] CO#4
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< (b) qu Gomory s cuttmg plane method to solve the followmg n:uyed integer LPP

" Mazz = 2zy + 1‘2

T e A AT A WS RAT N R pes

Term Examination
November 2022
(MSMA 203)

' I“nc]
IV Semester (M.S¢.);
Operat ions chonr(‘h

Max I\Jm kq 50 Time: 3 Hours

NOte Attempt any five questlous Each question carry equal ma.rks

Q1- (a) Four- different Jobs can be done on four different machmes The matrix below

‘gives the cost in rupees of produClllg job i on the machine j.

= [ My | My | M | My
T 1.6 |7 J-11:]:6

Y o0y R B A I (o
‘J4 10 4 8. 3
. How-should the jObS be asmgned to the various mach_mes so that the total cost is
[5][CO2,3, 5]

- m]mmlzed

- Bllco 1]
subject to:
kl +$2 < 5 i

S 671 +2x0 < 217, A
oz, 20 20 and :nl is mteger

Q 2.. Con51der the followmcr Linear ProgrammlnGProblem Y Py By [4+3+3] [CO1]

Mazz = 313 —|—4:1:2+:1:3+ (:1,_4,

- subject to:

8:1:1—|—3$2+4a,3+:z: < 7
277 +6z2 + z3 +5:r4 <3
.’1’1+4I2+5$3+2I4 <8
.271,12,-’133,1”4 > 0

(a) solve the above problem by sunple\ method

(b) ana.lyse the optu:nal solution if vector B is changed to (13 3 S)T
bele) analyse the opt1ma1 solution if cost vector Ci is chanced to (3,8,1 )

Q 3.. (2) Using graphical method calculate the minimum time to process jobl and 2 on
five machines A,;B,C,D and Ei.e: for each machine find the job which should be
done first. Also find the total time needed to complete both the jobs using fol-
lowing table. . [: ][COZ, 3,5]

Jo]i 1/Job 2 | Sequence | corresponding Job Time
Job 1 1ABCDE 12351
Job2 |CADEB 34215




T R SN R BTN

237Y

o m machines when the

[5](CO2]

(1) Explaj | o
pm“pclealg the method to evaluate optimal job sequencing for © S
“-e88ing order of miachines is same for sach job.

Q 4.

; : g ' : s the .7
a) Con 3 . . - e, Ly . player A choose _
: (=) sidet & Game 2 person zero sum, Game: problem. Play Following. © -

Strategies Ay and A4, and Player B chooses the strategies B, B il [5][CO2,3]
18 the payoff matrix for both the payers. R R e T ke

: \L PlayerA — Playe:pB Bl B2 133 ;
Ay L 2 4 .| 11
T Ag PRUTRMETS jay 0N I Nl I L : - hisal
A ‘ i : : Vi e ' i ica
metlilga(;:.e th“* Optimal _Stl§é.teg1es for the players and value of the game USIDg Exap
(b) E:\PI“Tm Dominance principle to reduce the size of Game. Give suitable example too.
Q5.; (a) Explain Kendall’s notation for representing Queueing Models. . [5][CO2]

(b) Thgr? 1s.only one counter, window at the school gate to collect the fee. The mean arrival .
raf? =8 0.80 person per minute. The mean service rate of billing and collecting mons-zy is
0.75 person per minute. If &n arrival is described by poisson and service time is described
by exponential. Calculate: '+ _ A ' ; 5] [QOZ 5]

-1 The probability that no one is in the system ( the service is idle‘)- :
A .. The average number of units in the system. ' v
Q.6. ;'_j_(s»u) E-xplain rules o draw tha network diagram and also g—iﬁ}e Fu]kersqn I-J rule for A
, . labelling the nodes of the diagram. Give suitable example.. [5}[0027‘4? 5] -
(b) A small pro ject consisting of eight activities has the following chai‘actéﬁstics: '
Activity | Preceding Activity. Optimistic time |-Most likely time | Pessimistic time
A .= - ) . B : 12" ;- FARs o
C A AR 8 : 9 s 10 -
D e T o 10 - . 715 20
E A : 7 8 : 11
i B G2l . 9 .9 - e B
G D i : T EC R S DTN,
H E,F,G S5 -8 5
(i) Draw the PERT network for the project. S . [5] [CO2,4]

(i) Determine the critical path.
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; s T Note All questlons are compulsory ‘Assume suitable mxssmg data, if

any.

Q1. a) Show that if g¢d(a,b) =1, then god(a+b,a-b)=lor2. (5] [CO1]"

b s .. -. . .b)Prove that 28+233=0(mod899). ;.. Tl )
S ! . ) N OR = ’ ' e A ‘
Find the solutions of the systern of congruences:
3x+4dy=5(mod13) ) :
2x+5y._7(m_od13) i oL e pa) ICO2]
J - Q2 a) Let gcd(m,n) 1 and m'and ri are positive mtegers then prove that - AL
e B = S Mt “")+n“‘”"—1(modmn) b [:] [CO3]’ Lo .,
" b) Ifevery pnme that d1v1des n also leldes m, then estabhsh that F ‘f
~ @(nm) =ng(m) and show that in pamcular ¢(n )—n¢(n) for every i ]
posmve mtegern (& : R [:] [CO3] iE

. Q3. a) If an mteger n>1, has the prlme factonzatxon h= P1 Pz s A :
. then show that Z/J(d)f(d) (-1) : [:’] [CO3] b

| .b) Using a table of indices for a orim'itiv_e' root of 11; solve the

R " congruence: 3x*=5(modll). 1 o ocioer ~[5]-[CO4]" - - R
A LT R g RS L T A e e e e o T P
P:igelofz




T

B

Q‘4. a) Prove that if p and g are odd primes and ¢ | (a” —=1), then either

1 \ :
. £ q|(a=1) orelse q==2kp4-1 for some integer k. (51 [(;04]

il ‘ i imiti £13.

& b) Find the index of 5 relative to each of the primitive roots o

:{ : ki (5] [CO4] ﬁ

W : Q5. a) Evaluate the following Legendre symbol: (46¥47;). (5] [CO5] -
A , b) Solve the quadratic congruence 3x? +9x+7 = 0(mod13). _

! ' ' . OR -

X, P : : " For an odd prime p, prove that there are 2= ;l—f(p,—l) quadratic

non regidues of p that are not primitive roots of p.  [5] [CO5]

AW i Y A

"!t'-

g o i - 2 _ Page2 of 2
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! s ; Note: Attempt - AN Y Eight questions. All questions carry cq'ual marks. Assumc
i o ‘ " suitable missing data, if any.
b, i = e ‘ 1..Disc uss Routh - Hurwitz crxtcrlon for the cquation
pEE s A 1 ok R e U -2 f(s) =s* +as®+bs-+¢ : '
! ‘ A aud find the coudition for stability. | : ' [cOo-4]
¥R e el e R, e ol My Solvethe mlfml value problem : R
Gt i i LY ke A LR i . 53 =AX
' ; o : ! ; dt ; .
3 ‘_ . Whee A= [ 5 1] with X (0) = (1, )T. : - [CO-2]
At 0 1 . : S . e 5
: 3. Find e whcrc A= 10 : _ [CO-3]
oat : iy 4. Dlscuss SIR model in detail. : - ' [co-3t
: ; i £ 5. Solve the non—homngenemxs system of ODE '
: B gy : dx :
; — =AX 4+ F(t
st e T 17, T o [i _13] with F@) = (%97 - [co4
!
i - i :
' . 1
i :
i
i
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: ] ‘ i _linear system j
: i 9 6. Discuss the stability of the following non lin N :

. L de = ginz —4Y ,
| . | " %; = sin2z — Y :

S e g 7. Define logistic model in detiail.
> Y e on with an exampl

Di i ' E.
8. Discuss the concept of hifurcatl e pf, an OD

N 9. Draw the complete phase portrait of the linear system .
; de — —,-21: -y i ’
o @ o= 4z — Ty
10. Define Lyapunov's nta.hiiit_y’ theorem with An example.
3 2

(CO-4]
[cO-3)

. [co-5),

[co-4)
- [CO-5]

™
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M_Az_ %a,b@ﬁﬂzmg_q_m_ﬂ_v__me t Syste
i ; 3 Time: 3Hours G d L Max. Marks: 40
N N .« .ty ., |Note: ‘Questions - 6 arexcompUlsory Answer any2:in'Question 7."
ATy : LR R Assume SUItable missmg data if any :

i Ql State the constramts on relat1onsh1ps in an E R dxagram
A : ' [5][C01 C0Oz]
Q2. Wr1te an SQL query for the following schema [3+2][C02]
(a) _Course (course_no, dep_name) a8
"Enroll (stud_id, coufse. 10, status)
" Find the students who are enrolled in atleast one course by CsS
: Lo R o) e LU0 | S ezl A department and not enrolled in any courses offered by AM
< . : L , départment. _
(b) Project (pno, pname, budget, cxty)
A Name the project whose budget is greater than aII projects in
Delhi.. :

Q3. Consider the followmg tables R, S, T, W with the following functional
dependencies:. . g [2+3] [CO3]

L s e AR el R (A1, By, 1, D)t {A1 —B1 C1Di; C1 = AiBi}

2 S (A2, By, Ca, D2, E2): {Az Bz — C; Ds Ez; C2 — D: Ea}

T (A3, Bs, C3, D3, Es, F3): {A3—B3 C3; A3C3—PD3E3F3 Fi—Ai B3} )

w (AA, B4, Ca, D4, EJ): A4 Bs— C4 D4 : g

For each of the above 4 tables (R, S, T, W), determiné the following: .

. ) L a) Find and list all the candldate keys Notice that composite keys
! o ’ count as one.

b) Give the canomcal cover (for ea.ch set of functional dependencxes)




Q4.

~ornot? If not, convert it intn 3NF.

Q6.

Q7.

. For each of the following

B PR VT L e

k-

I‘or the relation R.(3¢, Y, Z, W, P) and the functio

Fa (X~ Y, Y= P, and 7 -+ W}, determine v whether R.is in 3NF

(5] [CO3]

schedule, dctcrmmc whethcr the schedule

is conflict serializable or not:

Wi(x)
b) Ri(A), Wa(B), Ra(A), Wi(B), Wi(B), Wi(C), RJ(B), Wi(A)
c) Way(C), R;(A), Wg(B), Ra(C), RJ(B), R3(A), Wi(B)

Coxmder the following schedules S; and Sz. Check whether each of .

these schedules ig -strict, cascadeless, recoverable and/or non-
recoverable? : [4] [CO5]
St ri(x); 1a(2); 1(2); 1a(e); 13(y); wi(x); cr; wa(y); ¢3; ra(y); W?(Z),
.WZ(Y), Cay

Su ni(x); ra(2); (0 1(2); raly)i o) wilo; c; W2(Z), w3(y);
w2(y); €35 ca;

Write a short note on the followmg (Any 2): [5+5] [CO4, CO5]

a) Concurrency control techmques
b) Indexing and types of indexing -
¢) B and B+trees

nal dependency set

(6] [CO5]
) Ry(x), Ra(0), Ra(y), Wix), Ru(z), Ra(¥), Rn()’), Ra(y), Wi(2),
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)

Note: Answer any five questions.

All questions cixnjy equal mnrkﬁ. ;
‘Marks are indicated against each question,
Assume suitable missing data, if any.

" 2. What is interview? What are the méjo'r éésentials for

i3

1. Define dialogue, Distinguish between dialogue and debate. -

i " (10) (CO2)
interviewee?. - . . : . (10) (CO1)
_Bring out the major characteristics of presentation. (10) (CO2)
Present the pHonemic transcription of any ten of the following
words: D ’ ) (10) (C0O3)
. Teacher, Caption, Absolute, Democracy, National, Character,
Friend, -CIeVgi_‘, Truth, Deliver, Optimist, Creation, Legacy
5. Write two words each with the symbols: /i:/, v/, /ei/, e/, lu:/
A s | (10) (Co1)
6. Discuss the major types of writing. Illustrate your answer, |
S e : ‘ - (10)(CO3)

4

-_ 7 .,Dcﬁhé‘_ndﬁce_as a formal communication. Write a notice about

‘the hike of annual fee for students of B.Tech. Imagine relevant

details. "~ ' : . (10) (CO4).
8. Distinguish between a CV and a resume? Prepare a CV of your
own. - : (10) (CO4)

Write a report on the post pandemic situation in India. Imagine
relevant details. (10) (CO4). . :

)

10. Write short notes on any two of th'e following: (10) (CO3) ‘

a) Memo A
"b) Place of Articulation
c) Cover Letter

d) Good and Bad Newsletters
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MSBT 101 Biochemistry '
Time: 3 Howrs . . Max.Marks: 40
Note All questions are compulsory .- : I

Q. 1 Attempt any four ofthe followmg : : ; " 1X4=4 [CO 1]

a. Hydrophoblcxty

b. Insulin

c. Biologically active ammo acxds<
" d. Chymotrypsin

e.. Dialysis

°f. Buffers

Q 2 Attempt all questlons : B _ 2X4=8[CO 3]

a. Describe the anaerobic conversion of pyruvatc to ]actate with exarnple and
reactions involved. : ;

b. Analise the fate of galactose and fructose to pyruvate conversion.’
Describe with pathway.

c. What is Pyruvate dehydrogenase and what are it’s function. In cell where
itis located. ’ =

d. Draw the structure of glutathmne and describe the functions. -

Q.3 Attempt any four questions. 2X4=8 [CO 4]

" a. Explain integral proteins, types, and functions.
~ b. Discuss three types of motion of single. phosphohpxds in a bllayer with

dlagram

1,



RBP4

' &t ; ' ture. Explain
1 DNA struc

"?éj ¢. What are nucleotides, how they are arranged 1D

with diagram :
d. Elaborate the DNA sequencing method.
e. Central dogma of molecular biology

i 1.5 X 6= 9 [CO 3]
Q.4 Write short note on all with diagram. .

’

2. Aldoses
: b. Phospholipids .
¢. Lipoproteins
d. Hemiacetals and Hemiketals
e. Glycosidic bond
f. Reducing and no reducing sugars

o 3 i ‘ _Menten kinetics
i oot Q.5 Explain enzyme kinetics. Derive the expression of Michaelis Menteg (Co 3]
) S how the hneansatlon of t’s curve is done.

. i oIved
: i . Q 6 Draw and describe Pentose phosphate pathway with phases inv bt 6]

Or.

Draw and discuss Calvin cyc]e What is the locatxon. Why is it called dark
reaction? :

Q 7 DLfferﬂrmate between any | two of the followmg : 2X.—4 [CO 5; CO 6] .

-a. O‘c1dat1ve phosphorylatlon and Oxidative phospnorylatlon
b. Active and Passive transport
c. Glycolysis and Gluconeogenesis
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Note All questions carry equal marks.

_Assume suitable missing data, if any

{
t

Q.} Write short notes on: [10] [CO1;2]

(i) gMe_mb:riane carbohydrat'es

(ii) Atomic Force Microscopy
(111) Cell cvcle check pomts

(1v) Nucleus : GERR b , s
(v) Chromatin orgamzatlon | | | g

i

[

Q. 2 Write short notes on: [5] [CO 3]

(1) rLysosomes

(ii) Microbodies

(b); Describe the structure, functions and significance of extracellular
matrix in plants and animals [5]

' Q3 Write short notes on: [10] [CO 4]

(1), Zygotic gene effects

(ii) Differentiation of germ layers

(ii1) Cellular polarity

(iv) Maternal gene effects

(v) Homeotic gene effects in Drosophila.
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Q.4 Explain any TWO of the following: [10]

(1) Heterosis and Apomixis

(i) Tumor suppressor genes and oncogenes
(iii) Matmo cell types in yveat

(1v) Se\ determmdtlon in Droqc>p11lla

v .‘ ¥ e AhE'Y ‘ ; ‘A . ' o M . 1 ' : ,,
Q. 6 Describe In brief the “cells of the immune system

[CO 5]

[10] [CO 5]

""’I
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Note: Answer all the questions. :
Assume Suitable missin data, if any.

Q.l [A] Altembt any TWO of the fol'l‘o.wi'n"g

: mp ©#[cor]
i “(1)“ Design ‘a strategy to analyze; the repetitiveness of DNA sequences
: ~ based on cot, valie. How is coty correlated to genome complexity?
(i) Give a descripti '

(iii) Describe the structure of ntlcle6§0mes. Also explain nuéieosomé
: phasing with reéspect to the transcription start site (TSS) - 3
[B] " Analyze the specificity of vesicular trafficking ‘wi

answer with suitable well-labelled giiag'rams. A [ [CO4)

Q2 [A] Attempt any TWO of the following B e {2'+2] [CO2]
(i) Mismatch repair in prokaryotes depends on the methylgtlo_n status of
' . DNA. Explain the mechanism of _prokaryotic mismatch repair of

DNA lesion and the role of methylation in the process <
(i)  Write short notes on the following - o i
(@) Watson-Crick base pair — draw and mention the positions of
atoms involved in H-bond formation - 2 -
- (b) Cre-lox mediated recombina;io'n. . sy lad b
(iii) Assign explanation(s) for the fqllownpg in Mg each - 5
- (a) DNA Pol ] acts on two Okazgl}(l fragmentsﬂ§1.m1'11taqeops]y _gp ‘ is
capable of nick translation | ey t s
~(b) DNA ligase requnres‘ cofaqtor‘ for its activi y . s

97¢
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(i)

Answer the fp\\owing" 5 m[i*'

2] [CO2, CO4)

Assign explanation(s) for any two of the following in ~60 words each

(a) DnaB helicase requires ATP for its function

(b) Leading " and lagging: strands of DNA are synthesized
simultancously by DNA Pol I in a manner analogous to

Trombone
(c) DNA triple helix formation
Discuss about the following in detail
(a) Signal recognition particle (SRP), SRP-receptor,
(b) Wobble hypothesis :

Q.3 [A] Attempt é\ny TWO of the followiné
‘Assign explanation(s) for the following in =60 words cach

ot

Q4

26%

0)

(i) Give a descriptive account of general transcrip

(iii) Discuss the mechanism’ of antiterm

(a) Acetylation of histones enhances transcription
(b) CTD tail of RNA P6l II plays important roles
and post-transcriptional processing

the transcription catalyzed by RNA Pol 11

example of 1rp operen

[B] Attempt any TWOQ of the following

@)

Give a descriptive account of the control of Jac opero

Ses61
: [2%2] [CO3)

in transcription

tion factors involved in

ination and attcnuation, taking

[2+2] [CO3]
n by repressor-

inducer system. Clearly describe the structure of Lac repressor and its
site(s) of binding. What is the inducer and how is it formed?
(i)  Write short notes on the following

(a) Enhancer
(b) Role of double stranded RNA in gene silencing

(iii) Give a flowsheet representation to show the mechanism of catabolite
repression. Also draw diauxic curve to explain catabolite repression

[A] Attempt any TWO of the following

U]

Explain the following in ~60 words each

[2+2] [CO4]

(@) Formylation of initiator methionine increases the efficiency of

prokaryotic translation

(b) * Shine Dalgarno sequence helps in initiation of translation from

5* end of prokaryotic mRNA

P.T.0.

(ii)
@iii)

[B]
Q.5 [A]
0]

(i)

(iii)

(B]
®

. (iiA)«A

f i
Write in briel about the following
(a) Conformational ch:mges.in cis.ring of prokaryotic chaperonin
Jeading to substratc protein folding and release from chaperonin.
(b) Translocation step of prokaryotic translation .and effects on
interactions between various types of RNAs on ribosome

ibe any two of the following e :
l?\;smsi;:i—_yﬁcance of eukaryotic mRNA circularization in translation
(b) Ubiquitination targets the proteins for proteasomal degradation
Ec) Localization of eukaryotic ribosome at the 5’ end of mMRNA and

tart codon during translation . = '
S ccisfy the functions of any three proteins / RNAs that pi\rl'lf:!patc in
th[:: post-transcriptional processing of cuknryog:c RNAs. Take one
example each from post—transcriptional processing of mMRNA, tRNA

; b ini i cesses in which each is involved
and rRNA. Explain in brief the pro AR

' Attempt any TWO of the following (2+2] [CO5)
Assign reason(s) to any two of the following
(a) Concentration of p53 rises at the time (?F DNA damage
(b) -Roleof phosphorylation status of pRb in cell cycle
Explain the following statements iy A
(a) Mutations in tumor suppressor genes are usually recessive n
their effects on the individual cell
(b) A retrovirus can transform a host cell by inserting its DNA next
to a proto-oncogene of the host
Compare and contrast the following, giving 2_points for each
(a) Conservative transposition and Replicative transposition
(b) Gl checkpoint and G2 checkpoint
Answer the following questions [2+2] [COS])
Briefly describe any two of the following
(a) Frameshift mutation and Point mutation
(b)  Mechanism of action of any two chemical mutagens
What are proto-oncogenes? Describe the mechanism of conversion of
proto-oncogene into oncogene in chronic myclogenous leukemia '.
' - ' [4] [COS)
* IEND *

3
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Assume suitable mlssmg data if any'

7 e
" ]

a) E‘(plaln brleﬂy the prmcuple and mstrumentatlon of Fluorescence'
Spectrophotometer. : - Ed ; :

% b) What do you understand by FRET'7 Explam w1th an example how

1

Q.4

Qs

()

(i1)
Q6.

can FRET be used to study mteractlons in'live cells. (4][CO 1]
a) Explain wlth an example the prmc;plc and. advantages of using
Affinity Chromatography in the punﬁcatron of proteins. [4]{CO 2]
What is the basrc principle mvolved in Electrophoresrs’7 How is 2D
Electrophoresis performed to separate proteins from a mixture and

“what is its advantage over 1D gel electrophoresrsV [4][CO 2]

a) ‘What are the differences. in the mstrumentatlon and applications

o of preparatlve and analytical Ultracentrrﬁjgatxon techniques? S
b)) How can-you. determme the molecular mass of a pamcle using’

: Sedrmentatlon Equrhbrrum method'7
-a) Give pomts “of drfferences between Rate Aonal technlque and

~[4]ICO 3] .

\‘,\g;:@\\ ity

Isopycnlc techmque while performmg densxty gradlent

_centrifugation.

b) If ultracentrifuge speed is 60000 rev/mm calculate
the angular velocity (@ in radian per second) and the centnfugal field, .

-G, ata point equrvalent t0 5.2 crn-from centre of rotation.

How many ‘times g’ is thlS equlvalent to? N g [4][CO 3]
Explam the prmcrple ~mstrumentat10n‘ and workmg of a Geiger-
Muller counter OR a Scmtrllatron counter “for detection of

radioactivity. vt v ' [4][(:04] gl
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i Y { 1 ‘Cr.
a) Explain briefly any 2 applications of radioisotopes in biologica

Q.7
: studies. 4]
. ; b) How is [sotope Dilution analysis performed? Hloe A
: " e : Q.8  Write briefly: i AR aTT ique?
; (i) Why is MALDI-TOF considered as a ‘5‘7&""omzat.)on'te(:h.mqge'
o i (1) Why is. vacuum required during operation of a'mass Spevcthxl"on-zetér?_,_

(iii) What d6 you .understand by ‘ablation’? " - ; <
(iv). What is the relevance of 70eV energy associated. with accelerated
electrons while using Electron Impact ionization technique?

. [4][cO 5]
: ‘ Q8" Describe in"detdil how MALDI-TOF can be used to. characterize
\ : B P o - mixture of organic molecules. - : [4][co 5] -

Q9. With the help of schematic diagrams, explain the difference in.
‘Electron Impact and Electrospray lonisation techniques used in mass-

Spectroscopic analysis. , - - .- [4][cO 5]

OR f it i

Q-9 Expiain in detail any 2 methods of enzyme/cell immobilization.
Mgntion 2 industrial applications of this technique. !
' - | [4}{CO 5]

Q.10 a) What are the steps involved to determine the 2D structure of a
Protein through X-ray crystallography? A :

: - ' b) What are the 2 ways in_‘which vapour diffusion can be performed?

T Ny - 3 : : 2 : [4][CC 5]
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| | All questinnq are tompulsory

& Questlon 2: Dxfferentxate rmy three from the followmg |

CATA nul] and altemate hypothesxs
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Total no. of pnges: 2 . ROl 00, 1o
Flist Soiestor M.SC BIOTECHNOLOGY
End-term exnmlnﬂli“" Noyember 2022

COURSE CODE: MSBT 109
COURSE TITLE: Biostntistics and Computer Applicﬂion

Note: Use of statistical table or sclentmc cmlcuhtor Is allowed.

e .Quesuon i Attempt any two from the followmg 3 X 2-'\ 6 m'lrks)[CO# 3,4,5]

a. What 19 a mlcromj-ay? Dlscuss its’ 1mporrant steps lor process of microarra /

- .data mmlys19 2

. b. Discuss: phylogeny or phylogenetyc asaocnat:ons EAplam mono-, poly- and
para- phytetic groups.? -

iti DigeussHofmol oy modelmg and key steps involved in the process.?

N X3=6 marks)[CO# 1,2]

b. Type I and Type Il error ' ' ;
c. Primary: and secondary databases : :
< d. Descnptwe and 1nferént1al statistics

'Vquestlon 3: I.n the sample space S, if two events A and B occur, which are not

mutually exclusive. Then represent them with a Venn dxagram and with correct

. (5 marks) [CO# 1] z

.representations:- . (A1 +'B’);> (A 0 B’); (A ﬂ B) B N A)v'

“Question 4: Defirie the following terms: (10 marks) [CO# 12,3 5]*’;
.Candidate Key; Clade; Docking; Biostatistics; Relatxve Curnulative Fr°quency
Curve DBMS MySQL; Parsimony; Tuple; Mutually excluswe events

Questlon 5: Attempt any three ofthe following: (4 X 3-!- 12 marks) [CO#1,2,3]
a. Discuss clustering and its common types.? . |
b. A bag contains 10 white and 5 black balls. Two balls are drawn at random
one after the other without replacement. Find the probab1hty that both black
balls are drawn.?
“c. The probablhty that a boy will get a scholarship is O 9 and that a girl will get
"~ is 0.8. What is the probability that at least one of them will get the

scholarship.? ;
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‘ ' ~ which are used during
d. Discuss the utility of at least three Boolean operators, which

literature search strategy on databases such as PUBMED B B ' g

Question 6: For a random sample of 10 patients, who were fed on allj;etog:;lsc
diet, and were observed to have an increase in ove‘ral.l bod.y weight in ki ogrf 12, :
which is as follows: 10,6,16,17,13,12,8,14,15,9. Likewise, anothcr.set. of :
healthy controls was fed on the same diet, and they also reported an increase -
weight, as follows: 7,13,22,15,12,14,18,8,21,23,10,17.Since both groups rep0frt;=
an increase in weight. Therefore, test the hypothesis ‘of whether the effect o tnﬁ

~ ketogenic diet significantly differs among the two groups of individuals (pat;egtgs ‘
Versus Controls) or not. The degrees of freedom for 20, 21, and 22 are 2.09,2.03,

and 2.07 respectively at a 5% level of significance. {For further calculation: square

” ‘ + . qe w & 8 P
root of 21.7 and 5.454 is 4.658 and 2.335, respectively. Also, 7 divided by 4.65
is 1.503.} 5 ¥s g : (5 marks) [CO# lﬁ

Question 7: Explain the' properties of normal distribution. Discuss positively anda

- hegatively skewed data.? _ (3mgrk$) [CO#1]"

Question 8: Write a ﬂo;w chart showing the steps in the compilation of a hxgh‘
level language program in a database: We want to see which number is larger from
the three numbers W, Q,/R. Compare W with Q. If W is larger, compare it with Re
If W is found larger than R, it means W is the largest number; otherwise, R is the

largest number. If in thé first step W is smaller than or equal to. Q, thern i i
compared with R. Now,'iIfQ is-larger than R, then Q'is the largest number else R
is the largest number. | % (3marks) [CO# 21+ ‘
vl . '. .
A -
’ X
1 X q
' : %
e
. ;F' : ;
- T ; ) e
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g it o Note Answer ALL questlons
ST IININ. RN Assume sultable mlssing data if any

SR ; . e Q ] Defne the term Nabla factor Explam growth assoc:ated product
. . , S - formation with the help of diagrams. . [14+3=4] CO |
N ik : : Q.2 (a) What is turbidostat: Describe an air-lift. bioreactor with'a neat
s d T ; e and labelled diagram along thh its advantages over conventijonal
i T 5 ’ iR E e et e bloreactor., ; [2+4=6]CO 2
s ‘ i : o s W : [b] CSTR volume 750 L. contams 8g/L .glucose as a feed flowing with.

LR & LT ‘. e s i [ flowrate ‘of 150 L/h.-Microbial system follows Monod model with Um=
. ey O A £ 7 0.4 h!, Ks=15g/L, Yx/s=0.5 g cell mass/g substrate. Determne cell
A S SRR e R Tl 3 ‘produced at steady state condition. ‘ [41coz
\ HLS i i ' e - Q.3(a) In a fermentation process producing baker’s yeast, the biomass
O L g Ty is separated using a continuous centrifuge, operating at 4000 rpm, with
‘ ; _a feed rate of 80'1/min. The solid particles may be assumed to have an
average diameter of 0.05 mm. The density of the biomass is 1010
~_kg/m’. The fluid may be assumed to have propemes of water. Find the

e a . . .- sigma factor for the centrifuge. - . S [5]1CO3
' Y (b) Discuss the principle and equxpment s-used in drying during product
recovery. [61CO3

: By : e Q.4 (a) Explam the mechanism of enzymatic reactions during sta:ch
- and sugar conversion processes. :
. OR . i :
‘What is HFCS? Explain how ferrhen_tation is a method of preparing and
preserving foods.- ' Ea . [5]CO4




S R MR

CKm=6.7 X 104 M and Vinax = 300 nmole

‘ Culculute i for galactose-6- sulphate. -~ )

B R R R R e

ot

mentation industry.

(b? Discuss the role of microbes in fer (6] CQ 4
me that hydrolyzes

ism contains an énzy
he rate of glucose

Q. 5 A marine microorgani
%luuos&ﬁ -sulphate (8). The agsay I8 pased on t
ormation. The enzyme in a cell-free extract

(1. AL 10° M galactose and 2 )(

6-sulphate is a competitive inhibitor
155 nmo!es X Iner X min’!

By
10° M glucose-6-sulphate, v was

has kinetic constants of -
s ¥ liter'! X min!, Galactose-.

[4] CO 5
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‘ BE A e Note: Attempt 5 quest:ons in total. Question 1 is compulsory.
" .| Assume suitable missing data, if any. :
Q 1 Ansiwer all the followmg questions:
R : - [a] Enlist and discuss in brief any 3 factors that mﬂuence the
e, St e Ll e . nnmunogemcny of any substance. Ll 3] CO#I]
i+ SR ' [b] What is a biosensor? Differentiate between sensitivity, detection
o b iyt 0 limit and specu"cxty of a biosensor. : [3] [CO#2]
[c] Differentiate between Type 2 and Type 3 hypersens1t1v1tes.
Provide any 3 differences. - - [3][CO#3]
‘ [d] thch retrovirus affects immunity in the human body? Name the
28 : . : ‘ primary cell type and the disease that it causes., [3][CO#4] -
: (o ‘ oy < [e]Is it possible to determme the presence of virus in a sarﬁple using -
: RBCs? If yes, what is the technique that is utilized? [3] [CO#53]
[f] What is the significance of MHC for transplantation? [3] [CO#3]

T

2.

Q. 2[a] DlSCLlSS ‘in brief the sxgmfcance of adJuvants in vaccine
development Can a TLR ligand be used as an adjuvant? Explam
- ‘ [4][CO#I]

ARE]

e ' [b] For an ELISA, annbodles against Vitamin D are required.
However, Vitamin D only does not elicit an 1mmune response.
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dto p‘ro'duce antibodies against

Discuss one strategy that can be util‘ize 4 [COH1]

: : this vitamin. ' i
i i . Q. 3[a) Enumerate any 5 differences between Class | and Class Il MHC
' receptors. i [5] [CO#3]

: ~[b] Which cell type is involved in delayed-type hyp?rsensitivities?
o p What is the role of the primary mediators in the allergic response?
G o ; - [3] [CO#3]

" Q. 4 [a] Define a virus. Enumerate the properties shared by most viruses.: .
5 rijul : ' | [41[co#4]
[b] HIV is included in.which class/family of viruses? Which cell .
: ‘type(s) is(are) primarily infected by HIV? Enlist and discuss in brief
A B, ; any 2 methods for diagnosis.of HIV. [4] [CO#4]

Q. 5 [a) Enumerate the steps involved in plaque assays for counting of virus .
infected particles. Can plaque ‘assays be conducted if virus does not

kill cells? 2 “ [4] [CO#5]
[b] Which technique can .be utilized for detecting viral proteins in
body fluids? Discuss in brief the steps involved. [4] [CO#5]

Q.. 6 Enumerate any 4 advantages of DNA vaccines. Consider a
h’ypotheti_cal,situation involving the'design of a peptide ‘vaccine
against,HI'V. Which method would you utilize to test the-efficacy of
the vaccine and how? : . [4+4=8] [CO#1,4]

s T AR o v Q. 7 [a] Name one techniqﬁe that can be utilized to calculate the affinity
e ‘ fa ot _Tate constant of antigen-antibody interactions. Briefly discuss the
steps involved. T ) [4] [CO#2]

L [b] Is .there a technique.that can be utilized to detect viral/bacterial
: Pk v, DNA in a given sample? If yes, detail the main steps involved.
‘ | . [4][CO#2,5]
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L Note Answer all questions. Assume suitable missing data, if any.

0.1, lee sultable reasons and explanations for the following answers: [4x3]
Answer any 4 questions. = e (CO# 1)

- (a) Bioethics is normative ethics and breach of ethical principle has led to

~ . punitive action.
(b) TRIPS agreement platform has led to sharing of patent benefits in all

Lo member countries but is not without a price.
(c) Regulatlons regardlng GMO is different in different countries
(d). Trademark v:olatlon can be on the basis -of market presence even if it is not

]

L-F el egistered, |
~ (e) Patent'is a government given monopoly awarded by a speCIfo government

where the patent has been filed. However a PCT application (Patent
Cooperation Treaty) lS an international patent, binding on all WTO member

ARSI P countrles
P 2. -Attempt any 4 q_uestlonsﬁ the following: [ 4x3] (CO #1, 2)

(2) Describe the patent: application procedure in India.
(b) How is prlor art’ crucnal for grantlng of patent and to prevent post-grant

opposition?
(c) How is copyright dlfferent from patent? Enumerate using examples how

' copyright violation is of several types and can be a cause. of litigation?

(d) Patents, trademarks and copyrights are for different purposes, explain. In

case an inventor has patented a particular computer chip in a country which
- allows patent on computer chips and is applying for- protection of his
monopoly in.India by way of trademark, is he legally correct? Give suitable

explanation for your answer.

(e) What is a geographlcal indicator? How are regulatory trademarks different

from individual company trademarks? Give suitable examples.

3. Write detailed factual data for the following case studies. Attempt any 3
questions of the following: [ 3x3] | (CO# 3)

W

te b

R
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4 Attempt any 2 questions of the following: [ 2x3]., "~ -

T e 1 g B e e
1 AT

e

(2) Evergreening of

patents
(b) Patent violation on the basis of traditional knowlefdge gy
(€) Post-grant opposition of patent, leading to retraction of pate

(d) Drug répurposing to side-step patent restriction

\

(CO#4) -

(@) What are the different stages of clinical trials?. How does one ensure that the .

cohort chosen for a clinical trial is justified, discuss using examples.

(b) How is placebo different in prophylactic and therapeutic trials? :

(€) What are concurrent controls? Can we conduct retrospective clinical trials?
What is informed consent? e

5. Write short notes on the following: (All questions are compulsory) (CO#5)

(a) Triplépackéging' o < ko 2] .
(b) Biosafety facility Level Il ; - (2]
(C) Biosafety Levelllland IV~ ' (2]

(d) Consequences of indiscriminate use of genetically modified crops [2]
(&) Historical background for regulations for Biosafety and Bicethics (3]

ndy

et
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ote: Answer all of the ﬁ)llnwlllg question
ssume suitable missing datn, if any.

A

1. All questmm are ComLulsm y, answer briefly.
- [(2%8) CO-2, 3, 4 51

a. ‘Write down twd blomaterials sach:for the designing of scaffolds
of muscles, neurons, adipose and cardiovascular system.

b. List two advantages and two dlsadvanlages of positive and ‘negatlve :
-photoresist. What are the common applications of each?. '

c. Calculate the time required to remove a 250 ‘p.m thick silicon layer-
from the surface of a<100> wafer. The etchant is KOH with an
approximate oxide etch rate of 0.25 pim/min. o fd |

1. What are hommg peptides; wute down two. hommg pepudes used
in cancer treatment. ; LR e g

Briefly explain bio- 1educt10n mechamsm for synthems of snlver'

- nanoparticle using mlcrobes g ., -

[Bnef]y explain the mechamsm of mlmowave ass:sted one pot

: synthesis of metalllc nanostructure in solutiori.

Describe co-pr eClplfatlon in nano synthe51s using su1table example

1. The LD50 for 20 nm s:lver nanopamcles is estlmaled to be about :

354 mg/kg ey |

.
.

ML

U
3

I. Worldw1de the aver age welght of an adult is 137 lb What is
.this weight in kg, LN )

L Calculate the lethal dose of 20 nm SIIVCI nanopartlcles for an

avetage adult, in mg.: ~ .

"71. 5

Fl¥
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Q2. Allémp@ny five of the following qucs(lnus‘ [(4x4) CO-2, 3.4, 5]

a. Describe the principles behind the Czochralski method for silicon
manufacturing. .

b. State the difference between wet and dry etching process. Write
down three anisotropic ctchants and mention the reaction
mechanism of any one? '

c. Describe lab-on-a-chip, discuss about its fabrication process nnd
explain its application in medical diagnostics,

d. Explain the principle of biobarcode assay, What are its advantages
and significance in cutrent scenario? )

e. Dcfine LDsoand LCso, describe ROS induced lipid peroxidation
inside celi. : ,.

f. Give the details on Etch stop methods in microfabrication
technology. )

g. Elaborate on therapeutic application of carbon nanotubes; why
only carbon nanatubes out of trémendous nanocatriers. - 5

h. Bricfly describe the cach of the following Etch parameter on the
Etch profile of the microstructure in RIE chamber

1. Plasma
Il.- Pressure

III. . Gases

Q 3. Attempt any one out of the following questions ’ [(6) CO-3,5] .

a. Define Biomaterials and’ along with its classification briefly
describe, what is the significance of cell-surface interactions in the
area ' of regenerative medicine, discuss the application of
biomaterials in implants and prosthesis. n o

. 3 OR

b. What is tissue engineering and how tissue engineering methods are
currently being implemented in regenerative medicines, discuss
about strategies applied development of artificial skin? s

. OR' ;

c. What is nanotdxicology? How does nanomaterial affect-the vital’

organs of the body, ‘briefly explain the toxieological mechanism of
nanomaterials. How' to estimate "the potential hazard related to
nanoparticles. . o :

-4,5
() 4. Answer any one, . . ’ {(6) CO[S ;né
" a. What is biosensor, briefly describe the dn’f?rcn't components e
' types of biosensors and explain their applications with suitable

examples of target analytes.

b. What are the diﬂ'creﬁ! modes of dctecliop in bi'osensor.s, that a;:
electrochemical transducers and expl_aln their applu:at;_or::r N
different types of biosensors with suitable examples o g

analytes.
4 OR

the role of nanomaterial in clinical diagnostics and

. Briefly discuss e .
c. Briefly antages and significance in-

treatment of cancer, what are itsvadv
current scenario?
Q5. Answer any one_ [(6) CO-2]
a. Discuss about the biosynthesis of metallic nanomaterials using‘plant
derivatives, In addition explain the pharmacological properties of
metallic nanomaterials.
§ OR
b. Briefly describe the various techniques involved in liquid based
synthesis of nanomaterial. How can we get 0-D, 1-D, 2-D am‘i 3-D
nanostructures using nanosynthesis methods, explain with suitable
example. -
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s : [Note : All questions carry equal marks. Y ‘
Assume sultable mssmg data, if any St

Q 1 What is the d1fference between gene therapy and cellular therapy?

e | g Explam the viral and non viral vectors of gene therapy Design’

& T R % . - gene therapy strategy - agamst any " disease of ‘your choice with
v ; ernphasxs on the 51gna111ng pathway ta:geted [10][CO1]

: S . Q 2 Descnbe the pros and cons of usmg recombmant human growth
hormone Mentior - ten other apphcahons ~of recombinant
. : e i B ['10][C02]

technology..

-

Q3 " Differentiate between thxomboszs and atherosclerosxs Design
molecular therapy fqr thrombosxs atheroscler031s arid fibrinolysis.

{3 " What is the side effect of blood thinner administered for a long time -
: : ‘ [10]{CO3]

to patients? :

=

': : ; G " Q.4 Name five cytokines used for therapy in cancer. Explain individual
' cytokine therapy versus combinatorial cytokine therapy for cancer

using diagram. Name one vaccine used for cancer.
" : ' .- [10][CO4]

resistance ‘to

silencing confers
the

Q.5 RNA1 mediated oncogene
tumourigenesis” Comment on the given statement explaining

" type of oncogene silenced and its effect on associated signalling

pathway. [10][COs5]
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